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Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards’, which is available from the ETS| Secretariat. Latest updates are available on the ETSI Web
server (https://ipr.etsi.org).

Pursuant to the ETSI IPR Palicy, no investigation, including I PR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETS| Web
server) which are, or may be, or may become, essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not congtitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

Foreword

This Technical Specification (TS) has been produced by O-RAN Alliance and approved by ETSI Technical Committee
MSG.

Modal verbs terminology

In the present document “shall”, "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" are to be interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of
provisions).

"must” and "must not" are NOT alowed in ETSI deliverables except when used in direct citation.
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1 Scope

The contents of the present document are subject to continuing work within O-RAN and may change following formal
O-RAN approval. Should the O-RAN Alliance modify the contents of the present document, it will be re-released by O-
RAN with an identifying change of release date and an increase in version number as follows:

Release x.y.z
where;

x thefirst digit isincremented for all changes of substance, i.e. technical enhancements, corrections, updates,
etc. (theinitial approved document will have x=01).

y the second digit isincremented when editorial only changes have been incorporated in the document.

the third digit included only in working versions of the document indicating incremental changes during the
editing process.

The present document specifies the control plane, user plane and synchronization plane protocols used over the
fronthaul interface linking the O-DU (O-RAN Distributed Unit) with the O-RU (O-RAN Radio Unit) with a Lower
Layer Functional Split-7-2x based architecture (explained below). The scope of this document includes both LTE and
NR (5G). A separate document contains the O-RAN M-Plane (management plane) specification.

In the following, “Layer 1" and “Physical Layer” are assumed to be synonymous.

In the main body of this specification (in any “clause”) the information contained therein is normative meaning binding
on any compliant system, unless explicitly described as informative (a capability described as “optional” may or may
not be included in acompliant system but if it isincluded it shall comply with the optional capability description).
Information contained in an “Annex” to this specification is aways informative.

2 References

2.1 Normative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies. In the case of areference to a 3GPP document (including a
GSM document), a non-specific reference implicitly refers to the latest version of that document in Release 15.

Referenced documents which are not found to be publicly available in the expected location might be found at https://o-
ran.org/Reference.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, O-RAN cannot
guarantee their long term validity.

The following referenced documents are necessary for the application of the present document.

[1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications'.

[2] eCPRI Transport Network V1.2 (2018-06-25) "Common Public Radio Interface: Requirements for
the eCPRI Transport Network".

[3] IEEE Std 1588-2008 " Standard for a Precision Clock Synchronization Protocol for Networked
Measurement and Control Systems”.

[4] 3GPP TS 38.211 V15.1.0: "NR; Physical channels and modulation".

[5] R1-1800296, "NR OFDM Symbol Generation Option Analysis’, Intel, 3GPP TSG RAN WG1
AH#18-01, Vancouver, Canada, Jan. 22-26, 2018

[6] R1-1800802, "OFDM signal generation”, Nokia, 3GPP TSG RAN WG1 AH#18-01, Vancouver,
Canada, Jan. 22-26, 2018

[7] ORAN-WG4.MP.0-v07.01: "O-RAN Fronthaul Working Group Management Plane Specification,
Release 07.01".
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3GPP TS 38.104 "Base Station (BS) radio transmission and reception”, Release 15, v15.2.0 (2018-
06).

3GPP TS 36.104 "Base Station (BS) radio transmission and reception”, Release 16, v16.7.0 (2020-
07).
RFC 1166: "Internet Numbers".

"|EEE Standard for Local and metropolitan area networks -- Time-Sensitive Networking for
Fronthaul," in |EEE Std 802.1CM-2018, 8 June 2018.

"|EEE Standard for Local and metropolitan area networks -- Time-Sensitive Networking for
Fronthaul - Amendment 1. Enhancements to Fronthaul Profiles to Support New Fronthaul
Interface, Synchronization, and Syntonization Standards,” in |EEE Std 802.1CMde-2020
(Amendment to |EEE Std 802.1CM-2018, Oct. 2020.

3GPP. TR 38.801 V14.0.0: "Study on new radio access technology: Radio access architecture and
interfaces’.

3GPP TS 36.213: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer
procedures’.

ITU-T G.781 (04/2020): " Synchronization layer functions for frequency synchronization based on
the physical layer”.

ITU-T G.810 (08/1996): "Definitions and terminology for synchronization networks".

ITU-T G.8260 (03/2020): "Definitions and terminology for synchronization in packet networks".

ITU-T G.8261/Y.1361 (2019) Amendment 2 (10/2020) Timing and synchronization aspectsin
packet networks

ITU-T G.8262/Y.1362 (2018) Amendment 1 (03/2020) Timing characteristics of a synchronous
Ethernet equipment slave clock

ITU-T G.8262.1/Y.1362 (2019) Amendment 1 (08/2019) Timing characteristics of an enhanced
synchronous equipment slave clock

ITU-T G.8264/Y.1364 (08/2017) Amendment 1 (03/2018) Distribution of timing information
through packet networks

ITU-T G.8271/Y.1366 (03/2020): "Time and phase synchronization aspects of telecommunication
networks".

ITU-T G.8271.1/Y.1366.1 (10/2020): "Network limits for time synchronization in packet networks
with full timing support from the network".

ITU-T G.8271.2/Y.1366.2 (05/2021): "Network limits for time synchronization in packet networks
with partia timing support from the network".

ITU-T G.8272/Y.1367 (11/2018) Amendment 1 (03/2020) Timing characteristics of primary
reference time clocks

ITU-T G.8272.1/Y.1367. (11/2016) Amendment 2 (08/2019) Timing characteristics of enhanced
primary reference time clocks

ITU-T G.8273/Y.1368 (2018) Corrigendum 1 (10/2020) Framework of phase and time clocks

ITU-T G.8273.2/Y.1368.2 (10/2020): "Timing characteristics of telecom boundary clocks and
telecom time slave clocks'.

ITU-T G.8273.3/Y.1368.3 (10/2017) Amendment. 1 (11/2018) Timing characteristics of telecom
transparent clocks for use with full timing support from the network

ITU-T G.8275/Y.1369 (2020) Amendment 1 (05/2021) Architecture and requirements for packet-
based time and phase distribution

ITU-T G8275.1/Y.1369.1 (2020) Amendment 2 (06/2021) Precision time protocol telecom profile
for phase/time synchronization with full timing support from the network

ITU-T G8275.2/Y.1369.2 (2020) Amendment 2 (06/2021) Precision time protocol telecom profile
for time/phase synchronization with partial timing support from the network
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[33] IEEE Std 1588-2019 " Standard for a Precision Clock Synchronization Protocol for Networked
M easurement and Control Systems', November 2019.

2.2 Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1] 3GPP TR 38.901: " Study on channel model for frequencies from 0.5 to 100 GHZz".
[i.2] 3GPP TR 36.932: " Scenarios and requirements for small cell enhancements for E-UTRA and E-
UTRAN".
3 Definition of terms, symbols and abbreviations
3.1 Terms

For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term
defined in the present document takes precedence over the definition of the sameterm, if any, in 3GPP TR 21.905 [1].

C-Plane: Control Plane: refers specifically to real-time control between O-DU and O-RU, and should not be confused
with the UE’s control plane

Cascade mode: Mode of Shared cell which isrealized by several O-RUs cascaded in chain. (See clause 13)
DL: DownLink: data flow towards the radiating antenna (generally on the LL S interface)

eAXxC: extended Antenna-Carrier: adata flow for a single antenna (or spatial stream) for asingle carrier in asingle
sector. Includesthe fields BandSector_ID, CC_ID, RU_Port_ID and DU_Port_ID (see clauses 5.1.3.1.6 and 5.1.3.2.4)

FFO: Fractiona Frequency Offset. Thisisdefined as Af/f_norm which is used to describe frequency error, typically on
the output of the T-TSC filter in the O-RU. It is the same as the Fractional Freguency Deviation defined in ITU-T
G.810.

FHM mode: Mode of Shared cell which isrealized by FHM and several O-RUs. (See clause 13)
Hop: physical link between 2 s-plane nodes (where node can be O-DU, switch or O-RU) as defined in IEEE 802.1CM

LAA: Licensed-assisted access: Carrier aggregation with at least one secondary cell operating in the unlicensed
spectrum.

LLS: Lower Layer Split: logical interface between O-DU and O-RU when using alower layer (intra-PHY based)
functional split.

LLSU: Lower Layer Split User-plane: logical interface between O-DU and O-RU when using a lower layer functional
split.

LLS-C: Lower Layer Split Control-plane: logical interface between O-DU and O-RU when using alower layer
functional split.

High-PHY : those portions of the PHY processing on the O-DU side of the fronthaul interface, including FEC
encode/decode, scrambling, and modul ation/demodulation.

Low-PHY': those portions of the PHY processing on the O-RU side of the fronthaul interface, including FFT/iFFT,
digital beamforming, and PRACH extraction and filtering.

M-Plane: Management Plane: refers to non-real-time management operations between the O-DU and the O-RU
O-CU: O-RAN Control Unit —alogical node hosting PDCP, RRC, SDAP and other control functions
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O-DU: O-RAN Distributed Unit: alogical node hosting RLC/MAC/High-PHY layers based on alower layer functional
split.

O-RU: O-RAN Radio Unit: alogical node hosting Low-PHY layer and RF processing based on alower layer functional
split. Thisissimilar to 3GPP's“TRP” or “RRH” but more specific inincluding the Low-PHY layer (FFT/iFFT,
PRACH extraction).

PLFS: Physical Layer Frequency Support, as per ITU-T G.8271.1. SyncE is one example.
Processing element: See clause 7.5 of the M-Plane specification [7] for adefinition of processing element.

PRTC: Primary Reference Time Clock. There are different types of PRTC defined in both G.8272 and G.8272.1.
Unless the specific type isindicated, areference to a PRTC in this document could include any of these types.

Q<I.F>: denotes a signed two’s-complement 1+F bit fixed point number with | signed integer bits, and F fractional bits.

S-Plane: Synchronization Plane: refers to traffic between the O-RU or O-DU to a synchronization controller which is
generally an IEEE 1588 Grand Master (however, Grand Master functionality may be embedded in the O-DU).

Shared cell: The operation for the same cell by several O-RUSs. (See clause 11)

Slot: thisisagroup of 14 symbols, for LTE and NR. LTE has a separate slot definition within 3GPP whichis 7
symbols but that definition is not used in this specification. So for NR, “dlot” in this document means slot as 3GPP
definesit, but for LTE “dot” in this document correlatesto the LTE “TTI” as defined by 3GPP.

Spatial stream: the data flow on the DL associated with precoded data (may be same as layers or different if thereis
expansion in the precoding), and on UL associated with the number of outputs from the digital beamforming
(sometimes called “beams”).

SSM: Synchronization Status Message: part of ITU G.781 and G.8264 standards.
T-TSC: Telecom Subordinate Clock; thisiswhat ITU-T standards refer to asa“Telecom Slave Clock”
TAE: Time Alignment Error as defined by 3GPP TS36.104 and TS38.104

TE(t): Time Error — The difference between the time indicated by a clock or timing signal, and that indicated by a
reference clock or timing signal. See ITU-T G.810, clause 4.5.13.

TRX: Refersto the specific processing chain in an O-RU associated with D/A or A/D converters. Dueto digital
beamforming the number of TRXs may exceed the number of spatial streams, and due to analog beamforming the
number of TRXs may be lower than the number of antenna elements.

U-Plane: User Plane: refersto 1Q sample data transferred between O-DU and O-RU

UL: UpLink : data flow away from the radiating antenna (generally on the LLS interface)

UNI: User Network Interface as defined by eCPRI network requirement specification

UQ<I.F>: denotes an unsigned I+F bit fixed point number with | unsigned integer bits and F fractional bits

3.2 Symbols

For the purposes of the present document, the following symbols apply: None.

3.3 Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An
abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in
3GPP TR 21.905 [1].

eNB e NodeB (appliesto LTE)
FHM Fronthaul Multiplexer
gNB g NodeB (appliesto NR)
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O-DU O-RAN Distributed Unit (see clause 3.1)
O-RU O-RAN Radio Unit

SMO Service Management and Orchestration
BMCA Best Master Clock Algorithm

CA Carrier Aggregation

eEEC enhanced Ethernet Equipment Clock
ePRTC enhanced Primary Reference Time Clock
OTA Over the Air

OTDOA Observed Time Delay Of Arrival

PRC Primary Reference Clock

PTP Precision Time Protocol

SYNCE Synchronous Ethernet

T-BC Telecom Boundary Clock

T-GM Telecom Grand Master

3.4 Document Conventions

3.4.1 Terminologies
For the purposes of the present document, the following terminologies apply.

ignored Within this specification, it is sometimes stated that certain information elements are to be
“ignored” by the receiver (generally for “reserved” fields but in some cases other fieldstoo). In
this case, the fields shall be ignored for the purposes of processing at the O-RAN application level,
but in the case of certain packet error-checking such as Ethernet-layer CRC or parity calculations,
the fields shall be included in the CRC or parity calculations. Aswell, in the event of packet
encryption, the “ignored” fields shall be encrypted al ong with the other packet payload
information.

3.4.2 Fields and Bitmasks in Messages
For the purposes of the present document, the following conventions apply for the format of messages and data
structures within messages.

In accordance with RFC 1166 [10], the left most bit of an octet isthe most significant bit (msb) and the right most bit is
the least significant bit (Isb). The msb islabelled as 0 and Isbislabelled as 7. Thisisillustrated by a blue ribbon in
tables showing the message format. An exampleis depicted in Table 3-1. Note that this bit labelling convention
(specifically the blue ribbon header in some tables) for octetsis different from the labelling of bits within afield
(bracketed bit numbers shown in tables).

To address specific bits within afield, the following notation is used: “X[K]” represents k" bit in afield X with the
convention that bit X[0] isthe least significant bit of field X and located in the rightmost bit position. Where applicable,
a segquence of bitsin afield X can be interpreted as an unsigned integer value X,,,; calculated with formula:

N-1
Xyt = Z X[k]2°k
k=0

where N is number of bitsin field X.

Notation “ X[a:b]” represents a sequence of bitsin field X starting from bit X[a] and ending at bit X[b] inclusive, where
a>bh.

Table 3-1 below illustrates the format of messages and data structures using this notation.
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Table 3-1 Example of table presenting format of a data structure

octet

X[7:0] 1 N+1

The example data structure presented in Table 3-1 isinterpreted as follows:

e FieldY has4 bits. Bits Y[3] to Y[O] of field Y arein octet N; Y[3], the most significant bit of field Y isin the
most significant bit of octet N.

e Field X has 12 bits. Bits X[11] to X[8] of field X arein octet N; X[8] isin the least significant bit of octet N.
Bits X[ 7] to X[Q] of field X arein octet N+1; X[7] isin the most significant bit of octet N+1 and X[0Q] isin the
least significant bit of octet N+1.

This corresponds to a structure that maps every bit as presented in Table 3-2 below.

Table 3-2 Interpretation of the example of table presenting format of a data structure

octet

X[7] X[6] X[5] X[4] X[3] X[2] X[1] X[o] |1 N+1

4 Architecture & Requirements

4.1 Architectural aspects

The architecture of eNB or gNB with O-DU and O-RUsisshown in Figure4-1. LLS-C and LLS-U provide C-plane
and U-plane over LLS interface, respectively.

In this architecture, O-DU and O-RU can be defined as follows.

Lower Layer Split Central Unit (O-DU): alogica node that includes the eNB/gNB functions aslisted in clause 4.1.1
split option 7-2x, excepting those functions allocated exclusively to the O-RU. The O-DU controls the operation of O-
RUSs.

O-RAN Radio Unit (O-RU): alogica node that includes a subset of the eNB/gNB functions aslisted in clause 4.1.1
split option 7-2x. The real-time aspects of control & user plane communication with the O-RU are controlled by the O-
DU.
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eNB/gNB
O-DU
: LLS—CJI- +LLS-U
LLS-C+ +LLS-U |
O-RU O-RU

Figure 4-1 : eNB/gNB architecture with O-DU and O-RUs

4.1.1 Functional Split

When considering the functional split defining a fronthaul interface there are two competing interests:

a) Thereisabenefitin keeping an O-RU as simple as possible because size, weight, and power draw are primary
deciding considerations and the more complex an O-RU, the larger, heavier and more power-hungry the O-RU
tendsto be;

b) Thereisabenefit in having the interface at a higher level which tends to reduce the interface throughput
relative to alower-level interface — but the higher-level the interface, the more complex the O-RU tends to be.

To resolve this conundrum, O-RAN has selected a single split point, known as “7-2x” but allows a variation, with the
precoding function to be located either “above” the interface in the O-DU or “below” the interface in the O-RU. For the
most part the interface is not affected by this decision, but there are some impacts namely to provide the necessary
information to the O-RU to execute the precoding operation. O-RUs within which the precoding is not done (therefore
of lower complexity) are called “Category A” O-RUs while O-RUs within which the precoding is done are called
“Category B” O-RUs. See Figure 4-2 for adepiction of this dual O-RU concept.
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Scrambling
Processing blocks with dotted blocks are not mandatory

for all O-RU categories. Precoding operation for certain
O-DU | Layer Mapping O-RU categories can be done within the O-RU and in this
case precoding in O-DU can be bypassed.

Modulation

Precoding

(bypass mode possible)
RE Mapping
IQ Compression O-RU Category A O-RU Category B

O-RAN FH
Non-precoding O-RAN Precoding O-RAN Radio
IQ Decompression Radio Unit. Precoding in Unit. Precoding in radio is
o ted.

brecoding radio is not supported supported.
Dt Beamtorm Allows support for

gital Beamtorming modulation compression.
iFFT and CP addition

O-RU

Digital to Analog Digital and Analog Digital and Analog

Analog Beamforming beamforming optional beamforming optional

Figure 4-2 : Split Point and Category A and Category B O-RAN Radio Units

Theinclusion of these two O-RU categories has certain implications for the LTE and NR functional splitsin both DL
and UL which are reflected in the following clauses. In particular, for a Category B O-RU to implement precoding for
LTE TM2-TM4 some special C-Plane instructions need to be provided to the O-RU from the O-DU; thisis described in
alater clause of thisdocument. For LTE TM5-10 and NR, no special instructions are needed because the precoding
may be included in adigital beamforming processing block within the O-RU for a Category B O-RU (even for analog
beamforming O-RUSs), while for a Category A O-RU, the precoding would be executed in the O-DU and any
beamforming in the O-RU, if present, would exclude the precoding calcul ation.

4.1.2 Selected Split 7-2x (DL)
DL functional split for various physical layer channelsisillustrated in Figure 4-3 (LTE Category A O-RUSs), Figure
4-4 (LTE Category B O-RUs), Figure 4-5 (NR Category A O-RUs), and Figure 4-6 (NR Category B O-RUS).

When O-RU Category A is supported by O-DU it is mandatory to support atotal number of precoded streams of up to
8. Support for more than 8 precoded streamsis optional.

For LTE (e.g. TM9) and NR PDSCH with UE specific reference signals, the DL processing chain specified by 3GPP
does not include a precoding operation. The detailed precoding operation referred to in Figure 4-3 and Figure 4-4 for
PDSCH with UE specific reference signalsis not further described within this specification.
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Figure 4-3 : Lower layer DL split description, LTE, Category A O-RUs
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Figure 4-4 : Lower layer DL split description, LTE, Category B O-RUs

Although not explicitly indicated in Figure 2-4, RE mapping operation is separated into two parts for precoding support
at O-RU for transmit diversity and spatial multiplexing modesin Category B radios:
1) RE mapping to frequency resourcesis performed at O-DU

2) RE mapping to antenna portsis performed at O-RU after precoding
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Figure 4-5: Lower layer DL split description, NR, Category A Radio

NOTE: the above figure illustrates some of the high level functionalities inside the O-RU and O-DU, and do not bind

the internal design of each of the O-RU and O-DU
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Figure 4-6 : Lower layer DL split description, NR, Category B Radio

NOTE: the above figure illustrates some of the high level functionalities inside the O-RU and O-DU, and do not bind

the internal design of each of the O-RU and O-DU

4121

Description

In the DL, OFDM phase compensation (clause 5.4 of [4]), iFFT, CP addition, and digital beamforming functions reside
in the O-RU as well as precoding for Category B O-RUs. The rest of the PHY functions including resource element
mapping, precoding, layer mapping, modulation, scrambling, rate matching and coding reside in the O-DU. Precoding
shall bein the O-DU for Category A O-RU support but this only appliesif the number of precoder output spatia
streamsiis 8 or less, otherwise precoding shall be in the (Category B) O-RU.

The option of including some PHY functionality in aradio unit was not included in [13].
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Benefits and Justification

Interface simplicity: Transfer of user plane datais based on Resource Elements/ Physical Resource Blocks,
which simplifies the data mapping and limits the required associated control messages

Transport Bandwidth Scalability: Lower split options (e.g., splits 7-1 and 8) scale based on number of
antennas. In contrast, 7-2x interface scales based on “streams’, which allows using high number of antennas
without higher transport bandwidth. Further, user data transfer can be optimized to send only PRBs that
contain user data for purpose of reducing transport bandwidth

Beamforming Support: The same interface design can support different beamforming techniques (digital,
analog, hybrid) as well as different beamforming algorithms. Likewise, deployments using only analog
beamforming are al so possible with the same interface design.

Interoperability: Less user specific parameters are used at split 7-2x (when compared to higher split options),
which can simplify specification.

Advanced receivers and inter-cell coordination: this option allows implementation of advanced receivers and
coordination features, which are also easier to implement and less restricted when most functions are placed at
the O-DU. For example, UL CoMP is not possible when the UL upper-PHY processing isin the O-RU.

Lower O-RU complexity: Less functions at O-RU (when compared to higher split options) allow limiting the
number of required real time calculations as well as required memory requirement, especially for Category A

O-RUs.

. Future proof-ness. Placing most functions at O-DU will allow introduction of new features via software
upgrades without inflicting HW changes at O-RU (e.g., specification changes due to URLLC or new

modul ation schemes).

. Interface and functions symmetry: If the same interface and split point is used for DL and UL, specification

effort can be reduced.

4.1.3  Selected Split 7-2x (UL)

UL functional split for various physical layer channels and transmission modes areillustrated in Figure 4-7. Likewise,
digital beamforming in this context, is the function of antenna port selection or antenna port combining.

PUxCH SRS PRACH
Descrambling
O_DU Demodulation
(PHY part)
Equalization, iDFT Channel Detection
Channel Estimation Estimation
RE demapping RE demapping RE demapping
) Q IQ
IQ Decompression Decompression Decompression
| O-RAN FH
1Q Compression IQ Compression Complgssion
Digital Digital Digital
*for PRACH, Filtering O_RU Beamforming Beamforming Beamforming

block includes CP

- . FFT and CP removal Filtering*
removal, decimation
filtering, and a
smaller FFT or a Analog to Digital
larger FFT and
PRACH subcarrier Analog Analog Analog Dotted-line blocks

selection Beamforming

Beamforming

Beamforming are optional

Figure 4-7 : Lower layer UL split description for LTE and NR
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NOTE: the above figure illustrates some of the highlevel functionalitiesinside the O-RU and O-DU, and do not bind
theinternal design of each of the O-RU and O-DU.

4131 Description

Inthe UL, OFDM phase compensation (for all channels except PRACH when Section Type “3” message is used)
according to clause 5.4 of [4], FFT, CP removal and digital beamforming functions reside in the O-RU. The rest of the
PHY functions including resource element de-mapping, equalization, de-modulation, de-scrambling, rate de-matching
and de-coding reside in the O-DU.

The option of including some PHY functionality in aradio unit was not included in [13].

4.1.3.2 Benefits and Justification

The benefits defined for Option 7-2x for DL are also applicable for Uplink (See clause 4.1.2.2).

4.2 Data Flows

An overall reference of required inputs for some major functional blocks, their granularity and input originating source
iscompiled in Table 4-1 and Table 4-2 for DL and UL respectively.

Table 4-1 : Required information for each functional block (DL)

Function Required Infor mation Signaling Granularity I nfor mation sour ce
Digital beamforming e Digital beamforming Per RE per beam per slot Scheduler (O-DU)
information
e Number of TRXsor
Beams
iFFT and CP addition o FFTsize Per TRX per sot Scheduler (O-DU)
e SC spacing
e CPlength
Analog beamforming e Anaogbeamforming | Per frequency band per slot Scheduler (O-DU)
info
Listen Before Talk (LBT) | e LBT parameters Per MCOT Scheduler (O-DU)

Table 4-2 : Required Information for each functional block (UL)

Function Required Infor mation Signaling Granularity I nfor mation sour ce
Digital beamforming e Digital beamforming Per RE per TRX per dot Scheduler (O-DU)
information
e Number of TRXsor
Beams
FFT and CP removal e FFTsize Per TRX per dot Scheduler (O-DU)
e SC spacing
e CPlength
Analog beamforming e Analog beamforming Per frequency band per slot Scheduler (O-DU)
info

In case of lower layer fronthaul based on split option 7-2x for DL and UL, the required external data flows (excluding
M-plane) to exchange information between O-DU and O-RU can be categorized as follows. Further, the data flow
contents mapping is described in Table 4-3.

e User-Plane
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o DataFow la Flowsof 1Q Datain FFT frequency domain on DL
o DataFow 1b: Flowsof |Q Datain FFT frequency domain on UL
o DataFlow 1c: Flow of PRACH I1Q datain FFT frequency domain

e C-Plane
o DataFow 2a Scheduling commands (DL and UL) & Beamforming commands
o DataFow 2b: LAA Listen-Before-Tak (LBT) configuration commands and requests
o DataFlow 2c: LAA LBT status and response messages

e  Synchronization-Plane
o DataFow S: Timing and Synchronization data

la: DL IQ data in FFT frequency domain

1b: UL IQ data in FFT frequency domain

1c: PRACH 1Q
2a: Scheduling Commands (DL&UL) & Beamforming Commands

O-DU

2b: LAA LBT configuration parameters and requests

2c: LAA LBT status and responses

<>

S: Timing & Synchronization

Note: M-Plane flows not represented here

Figure 4-8 : Lower layer fronthaul data flows

Table 4-3 : Data Flow Information Mapping

Plane D) Name Contents Periodicity
U-Plane la DL Frequency Domain 1Q DL user data (PDSCH), control channel <dot
Data data (PDCCH, etc.), ...
1b UL Frequency Domain 1Q UL user data (PUSCH), control channel <dot
Data data (PUCCH, etc.), ...
1c PRACH Frequency Domain UL PRACH data <dot
IQ Data
C-Plane 2a Scheduling Commands & Scheduling information, FFT size, CP ~dot
Beamforming Commands length, Subcarrier spacing, UL PRACH
scheduling
DL and UL Beamforming commands (e.g.,
beam index) and scheduling
2b LAA LBT configuration LBT Configuration parameters such as per
parameters and regquests IbtHandle, IbtDeferFactor, MCOT/DRS
IbtBackoff Counter, IbtOffset, MCOT,
IbtMode, sfnSf, IbtCWconfig_H,
IbtCWconfig_T, IbtTrafficClass.
2c LAA LBT statusand LBT DL indication parameters such as
responses IbtHandle, IbtResult, initial Partial SFs,
bufferError, IBICWR_Result
S-Plane S Timing and Synchronization | SyncE SSM & |EEE 1588 PTP packets
4.3 Latency Requirements

Intra-PHY lower layer fronthaul split has characteristic of a stringent bandwidth and tight latency requirement. This
implies use of a specia “Fronthaul Service Profile” to be supported by the transport network, and which may differ
depending on the operating environment, topology and target use cases. The general concept and latency model is based
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on eCPRI reference points for delay management definitions (See Figur e 4-9). However, this specification provides
additional details for both DL and UL (Table 4-4) latency. The delay parameters and how these are determined are
explained below; note that in general it is expected a separate set of timing parameters applies to each O-RU attached to
an O-DU. This clause defines multiple approaches which can be used to provide an inter-operable timing solution.

The reference points defined for eCPRI are reflected below in Figure 4-9. The reference points are:
e O-DU: Rl R4 —Transmit/ Receive interface at O-DU
e O-RU: R2/ R3 — Receivel Transmit interface at O-RU
e Ra Antennainterface at O-RU

NOTE: When an external antennais used with a cable imposing a negligible delay, then the O-RU connector can be
assumed as Ra.

T1a(=T12+T2a
Ra

R T D
T12 - R2 T2a j
—
O-RU
R3
T34 9 Ta3

Ta4 (= Ta3 + T34)

Figure 4-9 : Definition of reference points for delay management (adapted from [2])

Transmission delay between O-DU and O-RU are specified as T12 (downlink) and T34 (uplink). The transmission
delay encompasses only the time from when a bit leaves the sender (R1/ R3) until it isreceived at the receiver (R2/ R4).
In an ethernet transport network, these delays may not be constant due to switching delays (i.e. PDV). To account for
this, transport delay shall be considered as a range with upper and lower bounds:

e Downlink transport delay: T12min/ T12max
e Uplink transport delay: T34min/ T34max

However, fixed timing at Rais still required. Therefore, Rais used as areference point for delay management in the
eCPRI model. Therefore, transmission and reception at the reference points are measured relative to Ra, resulting in the
following parameters:

Table 4-4 : eCPRI O-DU/ O-RU Delay Model Latency Parameters

eCPRI Latency eCPRI
O-DU Tla Measured from output at O-DU (R1) to Tlamin Tlamax
Downlink transmission over the _air. _
O-RU T2a Measured from reception at O-RU (R2) to T2amin T2amax
transmission over the air
O-DU Tad Measured from reception at O-RU antenna to Tadmin Tadmax
Uplink reception at O-DU port (R4).
O-RU Ta3 Measured from reception at O-RU antennato Ta3min Ta3max
output at O-RU port (R3)

It is expected that a common timescale is used on both ends of the link. The relative time error of the S-plane
measurement signals between the O-DU and O-RU, for the purposes of latency requirements management, should be
within alimit of 3us (£1.5 psec).

e Thisrequirement allows for the measurement of the transport delay (i.e., between O-DU and O-RU UNIs) with
ameasurement error that is sufficiently lower than the delay that is to be measured (e.g., 10 times lower).

e Incaseof LLS-Cland LLS-C2, dueto clause 11.3.2 requirements, the relative time error of the S-plane
measurement signals between the O-DU and O-RU would always be within the limit of 3us (1.5 psec).
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e Incaseof LLS-C3and LLS-C4, the synchronization network would need to meet G.8271.1 or G.8271.2
network limitsin order to meet similar requirements (relative time error of the S-plane measurement signals
between the O-DU and O-RU within alimit of 3us).

e  Theupper bound on the absolute time error requirement at the O-DU S-Plane is dictated by the O-RU’s
receive window, the delay and PDV in the transport network and the O-DU’ sinternal delays.

4.3.1  Timing Parameter Relationships

To ensure proper reception of data at the receiver over the packet interface, there are several relationships between the
parameters defined above which shall be met. First it isimportant to understand the nature of the transmission itself. In
either direction (downlink/ uplink) it takes some amount of time for the sender to actually transmit the packets onto the
transmission media. However, the amount of datafor any interval (e.g symbol) can vary thus resulting differing
transmit times. This transmission time can be affected by several factors including (but not limited to) transport media
rate, air interface bandwidth, and amount of data compression. The maximum amount of time allowed for the
transmitter to send all datafor an interval (Transmission Window) is defined by Tlamax — T1lamin. It isimportant to
note that thisis the allowed time, based on transport and O-RU characteristics. Thisisexplained in greater detail, and
itsimpacts on O-DU in clause 4.3.1.1.

To account for transport variation and transmission time the receiver implements a reception window. Thisallows
packets containing samples for a specific symbol to be received within the window and still be transmitted at Ra at the
required time. The size of the Reception Window shall account for both the maximum transmission time at the sender
and the transport variation through the fronthaul network. The result isthe first of the delay relationships which shall be
met to ensure a working delay solution.

Reception Window > Transmission Window + Transport Variation

Table 4-5 : eCPRI Delay Windows

Reception Window  Transmission Window Transport Variation
Downlink | T2amax — T2amin Tlamax — Tlamin T12max — T12min

Uplink Tadmax — Tadmin Ta3max — Ta3min T34max — T34min

The position (in time) of the reception/ transmission windows at the O-RU is fixed relative to the air interface.
However, the position of the corresponding windows at the O-DU is a function of the O-RU and transport parameters.
For guaranteed reception of packets sent from O-DU to O-RU within the O-RU reception window, the following
relationships shall aso be met (refer to Annex B for explanation of these inequalities):

Table 4-6 : O-DU transmission/ reception window position (in time)

O-DU Timing Parameter O-DU Transmit Boundary Relationships
Downlink | No earlier than Tlamax Tlamax < T2amax + T12min
(Transmit) | No later than Tlamin Tlamin> T2amin + T12max
Uplink No earlier than Tadmin Tadmin < Ta3min + T34min
(Receive) | No later than Tadmax Tadmax > Ta3max + T34max
43.1.1 O-DU Transmission Window

The U-Plane O-DU transmission window (T1amax — T1amin) is defined by the relationshi ps above based on the O-RU
reception window and max transport variation. It does not define the exact timing of transmission from the O-DU.
Rather, it defines the boundaries that the U-Plane O-DU transmission shall operate within. The window merely
represents the mathematical boundariesimposed on the O-DU as aresult of the O-RU and Transport constraints. Itis
possible to define the constraints for any one of O-DU, transport and O-RU based on knowledge of the other two.
However, typically the O-RU constraint is predefined based on the equipment and transport is part of the overall
network goals.

The window resulting from the relationships shall be greater than or equal to the actual maximum time required by the
O-DU to transmit all datafor a symbol (TXmaxo.ou). That is, the window shall be at least large enough that the O-DU
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can transmit in the worst case within the window. Where, within the window, the O-DU transmits (e.g. beginning,
middle, end) and how much of the window is consumed by the O-DU transmission is a matter of O-DU design.

The following downlink example illustrates the concept:
e O-RU parameters: T2amin = 100 usec, T2amax = 260 usec
e Transport Parameters (direct fiber of known length):  T12min = 50 usec, T12max = 51 usec

The result indicates an O-DU transmission window as follows:
e Tlamax <260 + 50
e Tlamin> 100+ 51

This provides avery large transmit window available to the O-DU. If, for example, the TXmaxo.pu isonly 30 usec,
then the O-DU can determine where within the window to start its transmission, so long as the transmission compl etes
prior to T1lamin.

If, however, this same O-DU were paired with an O-RU with smaller reception window (e.g. T2amin = 100, T2amax =
150) using a transport network with the same T12min, but with 15 usec of PDV (T12max = 65), theresult is:

e Tlamax <150+ 50

e Tlamin> 100 + 65

The delay solution still works (200 — 165 > 30), but with far less margin, and far less flexibility as to where within the
window the O-DU may begin transmission.

The C-plane O-DU transmission window follows the same concept as the U-plane O-DU transmit window.
However, the C-plane O-DU transmission window can be larger in size and hence, can start much earlier in time
compared to the U-plane O-DU transmission window.

In certain scenarios such as sending the beamforming weightsin real-time for mMIMO application using Section
Extension 11, the C-plane messages need to be spread over time to avoid peak throughput. Figure 4-10 illustrates this
use case.

FH Throughput

e.g.,14x reduction in
fronthaul throughput

BF Weights for TTIn

( BF Weights for TTIn ‘

| ] PDSCH TTIn

Time

Figure 4-10 : Example of the benefit of using alonger C-Plane tx/rx window compared to the U-Plane windows

4.3.2 U-Plane/ C-Plane Timing

The basic delay parameters above describe the general delay model and characteristics of the O-RAN interface.
However, the ORAN interface is divided into C-Plane and U-Plane parts. The C-Plane shall be available in order to
process the corresponding U-Plane packets. To support coordination of C-Plane and U-Plane timing, the O-RAN
interface specifies that C-Plane messages shall arrive at the O-RU some amount of time in advance (Tcp_adv_dl) of the
latest possible time the first corresponding U-Plane messages may arrive. (Notethat it ispossible for Tcp_adv_dl to be
set to 0, but the O-RAN delay model does not assumethis) Asaresult, O-RAN has defined the downlink timing
relationships and parameters shown in Figure 4-11.
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Figure 4-11 : Timing relations per symbol IQ in DL direction (U-Plane and C-Plane)

O-RAN does not assume that the transmission windows for C-Plane and U-Plane are of the same size. Tcp_adv_dl
allowsfor different alignment of the respective transmission/ reception windows asillustrated in the figure. The
reference (denoted as “tp.=0") is the transmission of the earliest 1Q sample in time domain within a symbol (including
cyclic prefix) which is generated from the 1Q data received in a U-plane messages specific to a symbol identified by
symbolld (optionally adjusted by timeOffset).

A downlink C-plane message can refer to one or more symbols; transmission and reception windows for a downlink C-
plane message referencing multiple symbols are relative to the start of the earliest symbol referenced by the message
(identified by startSymboll d; optionally adjusted by timeOffset).

For uplink, the C-Planeis sent from O-DU to O-RU, while the U-Plane is from O-RU to O-DU. Since uplink C-Plane
isfrom O-DU to O-RU, it uses the R1/ R2 reference points, and corresponding timing parameters. However, the uplink
C-Plane timing is not characterized relative to the downlink C-Plane or U-Plane timing, but relativeto Ra. The
resulting O-RAN delay model for non-PRACH channelsis shown in Figure 4-12.
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Figure 4-12 : Timing relations per symbol IQ in UL direction (U-Plane and C-Plane)

An uplink C-plane message not describing PRACH channels can refer to one or more symbols. The reference point for
uplink C-plane message (denoted as “ty.=0") is the reception of the earliest IQ sample in time domain (start of cyclic
prefix) that is specific to the earliest symbol referenced by the message (pointed by startSymbolld; if Section Type 3
message is used, timeOffset will also point to this reference point).

The reference point for uplink U-plane messages related to non-PRACH channels (denoted as “ty =0") is the reception
of the earliest 1Q sample in time domain within a symbol (start of cyclic prefix) referenced by the message (pointed by
symbolld; if Section Type 3 message is used, timeOffset will also point to this reference point). Note that “ty.=0" is
not affected by FFT sampling offset configured over M-plane since configured FFT sampling offset cannot be longer
than CP-length.

Due to the characteristics regarding CP-length and symbol-length of PRACH-symbols, PRACH is handled in a separate
way. Especialy for the long preamble PRACH formats 0..3 (see reference 3GPP TS 38.211) the length of both the CP
and the length of the repeatable part is much larger than corresponding parts for e.g. PUSCH symbols. For the other
PRACH formats (A1..C2) the length of the CP could be very long compared to the CP for the PUSCH symbols (up to
roughly 14 times longer (C2)). The consequence of either long CP and/or long repeatable part of specific PRACH
formatsisthat the values of Ta3_min and Ta3_max are increased. Due to this, PRACH CP duration and number of
repetitive parts are excluded from the values for these parameters provided by O-RU.

The O-DU is aware of the characteristics of the PRACH format being used (e.g., length of CP, number of repetitions),
and with thisinformation the position and size of the reception window is calculated by the O-DU. The used values for
Ta3 minand Ta3_max are the ones being retrieved from the O-RU for the SCS being used for PRACH.

An uplink C-plane message describing PRACH can refer to one or more repeatable parts of PRACH sequence (PRACH
repetitions) depending on the PRACH format. For PRACH formats with repetition, only a single C-plane message is
used to refer to all PRACH repetitions for a particular PRACH occasion.

The reference point for PRACH C-plane message is pointed by startSymbolld and:

- Isthe reception of the earliest 1Q sample in time domain (start of cyclic prefix) that is specific to the PRACH
repetition referenced by the message;

- Thisisalowed only for PRACH formats without repetitions and with only one PRACH occasion in adlot,
e.g. Format 0,

- In this case, cpLength is set to a non-zero value in the PRACH C-plane (Section Type 3) message, which
should indicate the actual CP duration;

- Oristhe start of the latest symbol timing that startsright at or before the reception of the earliest I1Q samplein time
domain (after PRACH cyclic prefix) that is specific to the earliest PRACH repetition referenced by the message;
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Thisisalowed for all PRACH formats,
Inthis case, cpLength is set to zero in the PRACH C-plane (Section Type 3) message;

If the SCS value provided by “frameStructure” is equal to or greater than 15 kHz, then the symbol timing
used to determine startSymbolld is based on the numerology of the SCS value provided by
“frameStructure”. Else, if the SCS value provided by “frameStructure” islessthan 15 kHz (e.g. for long
preamble PRACH formats), then the symbol timing used to determine startSymbolld is based on the
numerology of 15 kHz SCS;

When ul-fft-sampling-offset for PRACH is configured (via M-plane) to a non-zero value, the timing of the
earliest |Q sample is advanced by that value. However, the reference symbol timing that is used to determine
the startSymboll d value in the PRACH C-plane message is unaffected by ul-fft-sampling-offset. Therefore,
with anon-zero ul-fft-sampling offset for PRACH, it is possible that “the latest symbol timing that starts
right at or before the reception of the earliest 1Q sample in time domain (after PRACH cyclic prefix) that is
specific to the earliest PRACH repetition” may change to an earlier symbol timing compared to the case
where ul-fft-sampling-offset for PRACH is zero. So, the O-DU needs to take ul-fft-sampling-offset for
PRACH into account when determining the startSymbolld value. However, it is noted that even if ul-fft-
sampling-offset for PRACH is configured to a non-zero value, it is expected to be in the order of nano
seconds (i.e., less than 1 microsecond).

The reference point for PRACH U-plane message is the reception of the earliest 1Q sample in time domain within a
PRACH repetition (after PRACH cyclic prefix) referenced by the message.

For the first PRACH repetition:

If cpLength is set to anon-zero value in the PRACH C-plane (Section Type 3) message referencing the
PRACH repetition, this reference point for PRACH U-plane message is pointed by timeOffset (pointing to
the start of PRACH cyclic prefix) + cpLength — ul-fft-sampling-offset (for PRACH);

Else, if cpLength is set to zero in the PRACH C-plane (Section Type 3) message referencing the PRACH
repetition, this reference point for PRACH U-plane message is pointed by timeOffset (pointing to the start of
the PRACH repetition (after PRACH cyclic prefix)) — ul-fft-sampling-offset (for PRACH);

For subsequent PRACH repetitions (for PRACH formats with repetition), this reference point for PRACH U-plane
message is shifted by the PRACH sequence duration.

Figures 4-13-4-16 illustrate timing relationships for PRACH taking some specific PRACH formats (Format 0, Format
1, Format B4 and Format C0) as examples.
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Figure 4-13 : Timing relations for PRACH (Example 1: PRACH Format 0)
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Subframe X Subframe X+1

1siizscs [T 7[5 [o] 7] e [0 [w]u]e] o] :]2] s [<]s [e ] [e]o [w]u]z]m

symbol timing

PRACH sequence (repeatable part R1) |

| cp | PRACH sequence (repeatable part R0)
: T2a max cp ul —I. E
R

T2a_min_cp ul —¢ |

0-DU Rx window

O-RU Rx window t
) g for RO
—————— timeOffset—————p@ Ta3 min » T34_mrn-*—‘q
H >
e T34 max 0-DU Rx window

? Ta3 max

for R1

Ta3 min P»— T34_min
Ta3_max » T34 max

Figure 4-14 : Timing relations for PRACH (Example 2: PRACH Format 1)
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Figure 4-15 : Timing relations for PRACH (Example 3: PRACH Format B4)
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Figure 4-16 : Timing relations for PRACH (Example 4: PRACH Format CO)

The resulting O-RAN delay model parameters are summarized on Table 4-7. The respective sections within the table
for O-RU and O-DU define the delay profile parameters for the equipment.

Table 4-7 : O-RAN Delay Management Model Parameters

Model Parameters C-Plane U-Plane
DL UL DL UL
T12min T12_min T12_min T12_min NA
T12max T12_max T12_max T12_max NA
Network - = = = -
T34min NA NA NA T34 min
T34max NA NA NA T34_max
T2amin T2a_min_cp_dI T2a_min_cp_ul [T2a_min_up [NA
T2amax T2a_max_cp_dI T2a_max_cp_ul [T2a_max_up |NA
O-RU Tcp_adv_dl NA NA NA
Ta3min NA NA NA Ta3_min
Ta3max NA NA NA Ta3_max
Tlamin Tla_min_cp_dI Tla_min _cp ul [Tla_min_up [NA
0-DU Tlamax Tla_max_cp_dl Tla_max_cp_ul [Tla_max _up |NA
Tadmin NA NA NA Ta4_min
Tadmax NA NA NA Tad_max

The relationships between the various delay model parameters are defined below:

Table 4-8 : Downlink Delay Relationships

Earliest transmission from O-DU Latest Transmission from O-DU
U-Plane Tla max_up<T2a max_up+ T12 min Tla min_up>T2a min up + T12 max
C-Plane Tla max_cp dl <T2a max cp dl +T12 min | Tla min cp dl>T2a min cp dl + T12 max
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Table 4-9 : Uplink Delay Relationships

Earliest Reception at O-DU L atest Reception at O-DU

U-Plane Tadmin < Ta3min + T34min Tadmax > Ta3max + T34max
C-Plane Tla min_cp ul>T2a min cp_ul + T12 max Tla max_cp ul <T2a max_cp ul + T12 min

For the O-RAN interface to operate properly, the transmit and receive windows at the O-DU shall be properly aligned.
(The O-RU window aignment is always based on Ra.) For the O-DU to aign transmit and receive windows, it needs
the following:

. O-RU Delay Characteristics
e  Transport Network Delay Characteristics

The expected accuracy of the reported O-RU delay characteristicsis 200ns.  The 200ns value was decided as a
compromise between a very high accuracy (tens of nanoseconds) which makes buffering in the O-RU easier and a more
modest accuracy (~0.5 microseconds) which isrelatively easy for a well-controlled Ethernet network to accomplish.
This accuracy applies only to the reported start and end times of the reception and transmission windows relative to Ra.
Rais afixed reference point as defined by the respective air interface standards and supported features. Asan example,
if the O-RU reports T2a_min_up of 20 us, the O-RU may begin processing the data from 19.8 pusto 20.2 us prior to the
symbol over the air transmission time (Ra). However, the O-RU MUST till transmit over the air with the precision as
defined by the air interface standards.

The remainder of this clause addresses O-RAN supported methods for providing the O-DU with the required
information to properly align transmit and receive windows. The following methods are supported:

Table 4-10 : O-DU transmit/ receive window alignment methods

Delay Computed M ethods
Characteristics

‘ Defined Transport Measured Transport
O-RU Delay O-RU specific values available to O-DU O-RU specific values available to O-DU

Transport Delay | Pre-defined Min/ Max Min — Measured; PDVmax - SLA

4.3.3 Computed Latency Methods

As previously noted, the goal of delay management for O-RAN interfacesisto ensure that the transmission/ reception
windows as the O-DU are properly aligned to support the O-RU and transport network characteristics. The computed
methods require the O-DU to compute the required transmit and receive windows based on O-RU delay and transport
network characteristics. The O-DU then determines if the O-DU can accommodate the required transmit and receive
windows. If so, it setsitstransmit and receive windows (based on O-DU design) to the most appropriate settings. As
an example, an O-DU may have afixed set of transmit and receive windows. The O-DU may then select the fixed
settings that best fit the transport latency (T12/ T34) and O-RU delay characteristics for the connected O-RUs.

The O-DU should raise some natification if it is not capable of accommodating the required transmit and receive
windows.

Alignment of the transmit window at the O-DU requires that the following conditions be met based on the downlink
delay relationships defined in Table 4-8:

¢ TheO-DU MUST be able to transmit DL U-Plane (T1a_min_up/ Tla _max_up)
e Early enough (e.g. before Tla min_up) to ensureit isreceived at O-RU before T2a min_up
e Lateenough (e.g. after Tla_max_up) to ensure it isNOT received before T2a_ max_up

e Similarly, the O-DU shall be able to transmit C-Plane messages within their respective windows

Alignment of the receive window at the O-DU requires that the following conditions be met based on the uplink delay
relationships defined in Table 4-9 :

e TheO-DU MUST set itsreceive window for UL U-Plane (Ta4_min, Ta4_max)
e Early enough to ensure UL U-Planeis not received before Tad_min

e Late enough to ensure UL U-Planeis not received after Tad_max
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The following O-DU constraints shall be met for delay management to operate properly:

Table 4-11 : O-DU Constraints

O-DU \ Constraint
'Description Par ameter Relationship
Transmit | maximum required transmit | TXmaxo.ou Tla max_up—Tla min_up> TXmaXo-pu
Window | window
(U-Plane) | Maximum supported Tla max_upo-bu Tla max_upo-ou > Tla max_up
Tla max_up
Receive | Maximum supported receive | RXmaxo-pu RXmaxopu> Tad max - Tad_min
Window | window
Maximum supported uplink | Ta4 maxo-ou Tad4_maxo-ou > Tad_max
latency relative to Ra
Transmit | maximum required transmit | TXmaxo.pu-c-piane Tla max_cp_dl —Tla min_cp_dl > TXmaXo-pu-c-piane
Window | window
(C-plane)

If any of the O-DU constraintsis violated, then proper delay operation cannot be assured.

4.33.1 Fronthaul Timing Domain

When using a computed delay approach, the domain over which the O-DU delay parameters apply shall be considered.
A timing domain is defined as the set of O-DU and O-RU ports to which the computed O-DU delay parameters apply.
The O-DU timing domain may encompass a single O-DU port, or may encompass multiple O-DU ports, where the O-
DU requires the same O-DU timing parameters to apply to al O-DU portsin the domain.

Similarly, each O-DU port in the domain may support O-RAN C/U-Plane traffic to 1 or more O-RU ports. Therefore, a
fronthaul timing domain encompasses one or more DU_Port_IDs and one or more RU_port_|Ds.

When computing the O-DU transmit/ receive windows, the single set of delay parameters for the O-DU shall
encompass the worst case of Transport and O-RU delay characteristics within the domain. The following definitions
are used:

e Transport Network Parameters for timing domain
T12 _min; : T12_min between DU_Port_ID(i) and RU_Port_ID(j)
T34_min; : T34_min between DU_Port_ID(i) and RU_Port_ID(j)

NOTE: it isassumed that if atiming domain has multiple T12_min/ T34 _min values, then the transport delay
characteristics are measured. For measured transport delay it is not possible to measure the maximum delay. T12_max
and T34 _max in this case is computed by adding an a pre-defined (e.g. via SLA) worst case variation (PDVmax) to the
corresponding transport minimum delay values.

Table 4-12: Radio Delay Parameters for O-RU Port "j" within timing domain

Uplink C-Plane

Minimum T2a_min_upj Ta3 min; T2a_min_cp_dj T2a_min_cp_ul;

Maximum T2a_max_up; Ta3_max; T2a_max_cp_dj; T2a_max_cp_ul;

NOTE: Tcp_adv_dl may be different across RUs within a domain, therefore T2a_min_cp_dl and T2a_max_cp_dl shall
be used to determine downlink C-Plane window.

The resulting parameters to be used for determining the O-DU window for the timing domain are:

Table 4-13 : Transport Network Parameters for Timing Domain

Downlink Uplink
Minimum T12 min = MIN(T12_min) T34_min = MIN(T34_mini)
Maximum T12_max = MAX(T12_minj) + PDVmax T34_max = MAX(T34_minj) + PDVmax
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Table 4-14 : O-RU Delay Parameters for Timing Domain

\ \ U-Plane C-Plane
Downlink Minimum T2a_min_up = MAX(T2a_min_up)) T2a_min_cp_dl = MAX(T2a_min_cp_dl)
Maximum T2a_max_up = MIN(T2a_max_up)) T2a_max_cp_dl = MIN(T2a_max_cp_dl)
Uplink Minimum Ta3_min = MIN(Ta3_min;) T2a_min_cp_ul = MAX(T2a_min_cp_ul)
Maximum Ta3 _max = MAX(Ta3_max;j) T2a_max_cp_ul = MIN(T2a_max_cp_ul)

The tables defined above are used to derive the corresponding delay parameters to be used in the timing relationships
defined in Table 4-8 and Table 4-9 to support the computed methods defined bel ow.

When using a computed delay approach, there are two situations that are considered within O-RAN:

e Defined Transport M ethod: the network delay is pre-defined (usually by the network operator) and the
delays are computed based on that definition. The definition generally considers the maximum network
latency, with an assumption that a smaller delay can more easily be accommodated.

e Measured Transport method: the network delay is estimated based on actual measurements of packet latency
on the downlink and uplink (sometimes a symmetric delay is assumed but thisis not necessary).

Regardless of whether the Defined Transport Method or Measured Transport Method is used, the calculations are
mainly the same. The next two clauses describe in more detail these two methods.

4.3.3.2 Defined Transport Method

With the Defined Transport method, the O-DU transmit and receive windows are determined based on pre-defined
transport network characteristics, and the delay characteristics of the O-RUs within the timing domain. For this
approach to work, the O-RU delay characteristics as defined in Table 4-14 for each O-RU in the timing domain shall be
available to the O-DU. The O-DU can adapt its transmit and receive windows to accommodate the O-RU delay
characteristics if O-DU has that capability. The adaptation of the O-DU transmission and reception windows may be
limited based on the O-DU design.

Table 4-15: DL and UL Delay Profiles

\ O-RU delay profile \ O-DU delay profile
T2a min_up, T2a_max_up, T1la max_upo-pu, TXMaXopu
Downlink | T2a min_cp_dl, T2a max_cp_dl,
Tcp_adv_dl
. Ta3 min, Ta3_max, T2a_ min_cp_ul, Tad_maxo.ou, RXmaxo-pu
Uplink
T2a max_cp_ul

Refer to M-Plane specification for details on how O-RU parameters are obtained. Optionally, an O-RU may adapt its
delay profile information, especially for uplink, based on O-DU delay profile and transport delay (T12_min/ T34_min).
If this option is supported, then the O-DU shall provide its delay profile as well asthe T12_min to the O-RU. The
exchange of thisinformation should use the same approach as defined for exchange of O-RU delay profile. With this
option, the O-RU receives the O-DU delay profile before sending its delay profile to the O-DU. The O-DU is unaware
that the O-RU delay profile information has been modified. It simply uses the delay profile provided by the O-RU asit
would without this option.

As previously noted, delay characteristics for an O-RU may vary based on air interface properties. To ensure
interoperability, O-RAN supported air interface properties which may be used as the basis for supporting different delay
characteristics are limited to:

° Channel Bandwidth
. SCS

A set of delay characteristics which applies to a combination of the above propertiesis referred to as adelay profile.

For each supported combination of the above properties that an O-RU supports, adelay profile shall be identified. Note
it is possible for multiple combinations of the above properties to utilize the same O-RU delay profile. These delay
profiles are O-RU specific, and are not within the scope of the O-RAN specification.

ETSI



37 ETSI TS 103 859 V7.0.2 (2022-09)

When calculating the O-DU transmit and receive window for atiming domain, the O-DU shall use the delay profile
applicable for each O-RU based on the air interface properties used by the O-RU in the specific network configuration.
As previously noted, it is possible that the O-DU design is not capable of adjusting its transmit/ delay windows to meet
the required transmit or receive windows.

The O-RU and O-DU may have multiple delay profiles depending on the design as shown in Table 4-14.Using the
delay parameters specified for the corresponding profile for each O-RU in the timing domain, the uplink and downlink
O-RU parameters to use for the timing domain can be determined as specified in clause 4.3.3.1. Table 4-12. The
transport delay parameters are constant for this method and specified as part of the network. The delay relationships as
previously defined in Table 4-8 and Table 4-9 can then be applied to determine the O-DU transmit and receive delay
parameters. Finally, the O-DU uplink and downlink constraints as defined in Table 4-11 are applied to ensure that the
calculated windows can be supported.

4.3.3.3 Measured Transport Method

With the Measured Transport method, the O-DU transmit and receive windows are determined based on the delay
characteristics of the O-RUs as defined in clause 4.3.3.2, and measured transport delays between all O-DU ports and O-
RU portsin thetiming domain. The O-DU shall measure the transport delay(s) for all O-RU/O-DU port pairsin the
timing domain and adapt its transmit and receive windows to accommodate the measured transport delay
characteristics.

O-RAN specifies the use of the One-Way Delay Measurement messages as defined in the eCPRI specification [2].
Some of the benefits of using the eCPRI approach are:

«  Measurement consistency between the C-Plane and U-Plane is achieved by using a single processing element
(see clause 3.1 for the definition of a processing element) and associated C/U-Plane endpoint address for the
measurement.

¢ eCPRI One-Way Delay Measurement allows for varying packet sizes to better simulate real traffic.

¢ eCPRI approach allows for separate T12 and T34 measurements.

Note that for this delay measurement eCPRI One-Way Delay protocol shall be used because no other specified transport
mechanism supports one-way delay measurements — thisis true even if RoE is used as the C-Plane and U-Plane
transport mechanism.

Table 4-16 : eCPRI One-Way Delay Measurement Message

One-Way Delay M easurement (Type 5)

ecpriVersion ecpriReserved ecpriConcat| 1 | Octet 1
7 enation
ecpriMessage = 5 1 |Octet 2
ecprPayload 2 | Octet 3
Measurement ID 1 |Octet5
Action Type 1 |Octet 6
TimeStamp (seconds) 6 |[Octet7
TimeStamp (nanoseconds) 4 | Octet 13
Compensation val ue (nanoseconds) 8 | Octet 17
Dummy bytes L | Octet 25
I | I | | I Octet M

The O-DU istheinitiator for measuring T12 and optionally T34 according to Figure 4-17 (T12) and Figur e 4-18(T 34).

eCPRI Specification [3] defines 2 methods for measuring the One-Way-Delay, a 1-Step and a 2-Step method. With the
1-Step method the sender of the Request message will include the values of t1 and tCV 1 in the request. With the 2-Step
method these values are included in a Follow-Up message. See [3] for detailed information of this procedure.

Usage of either 1-Step or 2-Step method for the T34 measurement is controlled by M-Plane O-RU capability parameters
one-step-t34-supported and two-step-t34-supported. When the O-RU supports Measured Transport Method (eCPRI
Msg 5) the O-RU needs to support at |east one of the methods for measurement of T34. When the two parameters are
reported by the O-RU in the capability report, the O-RU shall support both 1-Step and 2-Step method of the T12
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measurement. If the O-DU will initiate a T34 measurement, the O-DU shall support both 1-Step and 2-Step method of
the T34 measurement. When the two parameters are not reported by the O-RU in the capability report, but measured
transport method is supported by the O-RU, the O-DU may probe the O-RU capabilities by using either 1-step or 2-step
method when performing a T12 or T34 measurement.

0O-DU
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Measurement of T12
with and without Follow-UP

O-RU

1-Step method
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Figure 4-17 : eCPRI One-Way Delay T12 Measurement procedure
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Figure 4-18: eCPRI One-Way Delay T32 Measurement procedure

Note that when measuring the one-way delay, the goal is to determine the minimum transport delay. Since any
individual packet can experience different delays through the network due to PDV, it is necessary to perform multiple
measurements. Since the desired value is the minimum (T12_min or T34_min), the minimum delay measurement
among the various measurements is used to estimate the minimum transport delay. The O-DU may use the estimated
T12 min value asthe T34_min value.

There is no theoretical upper bound for transport delay. The maximum values are determined based on the measured
minimum values plus a maximum allowed transport variation (PDVmax) defined as part of the SLA for the transport
network.

The O-DU shall measure the delay corresponding to each O-DU/ O-RU port pair within the timing domain. The per
port pair minimum delay are then used as per Table 4-12 to provide the transport parameters to be used in the delay
relationships specified in Table 4-8 and Table 4-9 . The resulting delay configuration shall meet the O-DU constraints
defined in Table 4-11.

Since the transport delay is necessary to establish correct timing, this measurement is performed initially before sending
of C/U-Plane traffic. The measurement should be performed with packets using the same L2 Cos Priority or L3 DSCP
Code as the U-Plane data uses, to ensure the measurement accurately reflects the U-Plane transport latency. This could
also be done periodically to verify delay if desired. Note however that clause 4.4 describes traffic counts which can
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also be used for error detection. If an error is detected, it may be necessary to re-measure the delay and update the O-
DU or O-RU timing based on the new measurements.

4.3.4 Latency Categories for O-DU with dynamic timing advance

Asan aide to selection of equipment for use in specific transport network use cases, O-RAN O-DU and O-RU are
categorized based on delay capabilities. Equipment is categorized with a Category [AAAA-ZZ] and Sub-category [.00-
.1000]. The category can be used to determine the maximum T12max/ T34max which the equipment can support.
Categories are determined as follows:

e Tla maxo-ou>T12max + T2a min_up
e Tad4 maxo-ou> T34max + Ta3_max_up

By definition T1a_max_upo-ou isthe earliest that the O-DU can begin transmission. Thisresultsin that the earliest
that the O-DU can be guaranteed to complete transmission is T1la_max_upo-ou - TXmaxo-ou. The result isthat:
e Tla max_upo-ou- TXmaxo-pu- T2a min_up > T12max

Similarly, for uplink Ta4_max_upo-pu isthe latest that the O-DU may receive any packet from the O-RU. Therefore:
e Tad4 max_upo-ou - Ta3_max_up > T34max

Both of these are illustrated in the Figure 4-19 below:

2-MEA_YPo.pu
\
I |
IIX_Q;BXO.DU 1 DOWI"I|Ink
I e
, 1 L = ' Toamin 1
19_Max_UPo.pu 12max
v \/
1 ' :
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I e
L . TaBmax !
T34max

Figure 4-19 : Uplink and Downlink Timing Parameter Relationship

Using these inequalities, O-DU and O-RU can be assigned categories based the following constraints:

Constraint
O-RU Processing Transport
Downlink Max Transport Tla_max_upo-pu- | T2a_min_up T12_max = Tla_max_upo-pu -
TXmaxo-ou TXmaxo-ou-T2a_min_up
Uplink Max Transport Tad4_max_upo-ou | Ta3_max_up T34_max = Ta4_max_upo-ou —
Ta3_max_up

Note that the maximum range that can be supported is based on the minimum value of T12_max/ T34_max from above.
This requires separate categorization for UL and DL for each O-DU and O-RU. Therefore, an uplink category pair
(AX) and downlink category pair (BY) shall be evaluated for each pairing of O-DU and O-RU. The minimum distance
(T12_max/ T34_max) represented by the corresponding pairs (AX/ BY) then identifies the maximum transport latency
which can be supported by the pair.

Each endpoint has a specific value for the characteristics defined in the table immediately above. In order to categorize
endpoints, the endpoints are grouped based on the range in which the maximum transport characteristic falls. The
category identification then means that the maximum transport characteristic for the endpoint falls somewhere between
the maximum and minimum val ues for the category.
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Since the category identifies that the maximum latency supported for the endpoint falls somewhere within the category
range, the resulting category pair (AX) defines arange of T12_max/ T34 _max for the combination. The combination
can be used to identify a maximum T12_max/ T34_max and minimum T12_max/ T34_max that the combination can
support. The category pair identifies a best and worst case for the maximum range the combination can support. The
actual maximum range supported by a specific O-DU/ O-RU with a given category combination will fall somewhere
within the range. That is, for agiven O-DU with category A and O-RU with category X, the T12_max/ T34_max
supported by the pair is defined as:

o Latency_minax < (T12_max = T34_max) < Latency_maxax

Additionally, the paired combination can be mapped to supported use cases. Annex B.2 contains the category
definitions, Latency _min, Latency_max, and use case tables.

Note that categories are only useful for identifying the maximum possible range (T12_max/ T34_max) vaues. To be
able to usefully identify equipment for a given use-case, it is also necessary to be able to identify T12_min/ T34_min
values. This can be defined in terms of variation, where variation indicates how much lower T12_min/ T34_min can be
relativeto T12_max/ T34 _max respectively. Thatis:

e DL Variation=T12 max —T12 _min

e UL Variation=T34 max—T34 min

An additional level of categorization is required to address the transport delay variation (e.g. T12max — T12min) that a
given equipment type pair can support. Thisis addressed using sub-categories. Note that the total variation that can be
supported is a combination of the receive window at the receiver, and the transmit variation. However, the receive
window will likely be much larger than the transmit variation. Each endpoint is assigned to both an uplink and
downlink category. The O-DU DL sub-category is based on transmit variation, while the O-DU UL sub-category is
based on receive window. For UL, the roles are reversed and the O-RU DL sub-category is based on receive window,
and the UL sub-category is based on transmit variation.

As aresult, sub-categories are defined based on the role for the endpoint in the given transmission direction (UL/ DL).
Downlink variation (Tvaiaion o) 1S defined in Figur e 4-20 asfollows:

Tvariaion oL < T2a max_up — T2a_min_up — TXmaXo-ou

T1a_max_upo.py Tvariation_DL
—
v TXmax 0O-DU v
A
|
ITX 111 X0o-DU |
I |
—
I
' Taamin !
L )
T2amax

Figure 4-20 : Downlink Transport Variation

Uplink variation (Tvaiaion_uL) 1S defined in Figure 4-21 as follows:

Tvaiation.ut < RXmaXo-pu — (Ta3_max —Ta3_min)
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Figure 4-21 : Uplink Transport Variation

Using the respective constraints, the variability can be defined based on O-DU and O-RU delay characteristics as
follows:

Constraint

O-RU Processing Transport
Downlink Max Variation Txmaxo-pu T2a_max_up — T12_max —T12_min =
T2a_min_up (T2a_max_up — T2a_min_up) —
TXxmaxo-pu
Uplink Max Variation RXmaxo-bu Ta3_max T34_max — T34_min = Rxmaxo-bu

— (Ta3_max_up — Ta3_min_up)

Sub-categories for each direction are defined using the endpoint characteristics. Similar to categories, sub-categories
indicate that the endpoint has a variation characteristic that falls somewhere in the specified sub-category range. Since
transmit variability and receive windows are expected to have different ranges, separate tables are created. However,
since sub-categories are numeric [ .###], to simplify these values are assigned in asimilar way. The ### value
represents the timein 10’s of psec for the given endpoint property.

For example, if an O-RU with acategory X hasaT2a min—T2a max = 163 usec, the sub-category for the O-RU
would be[.16]. Making the full category for the O-RU X.16 (the“.” is not a decimal point but a delimiter only). Note
that by using this approach, the receiver sub-category and transmitter sub-category can be directly used to determine the
dynamic range in either direction:

TX sub-category: .06
RX sub-category: .16

Resulting Tvarianitity = 16 * 10 - 6 * 10 = 100 psec. Note that this provides alower bound on the maximum dynamic
range supported in one direction. The minimum of the UL and DL Tyaianiiity IS Used to determine the maximum dynamic
range for the combination (e.g. maximum difference between T12_max and T12_min that can be supported).

Annex B.3 contains the sub-category definitions and resulting combination dynamic range use case tables.

With dynamic timing advance, since the O-DU can set its earliest transmission time based on the measured T12_max,
the full range of variability is available regardless of the T12_max. For example, if an O-DU/ O-RU combination has
100 usec worth of variability, and a maximum range T12_max of 250 usec, the combination can support the measured
T12 max (< 250 usec) and T12_min of T12_max — 100 usec. So, if the measured T12_max is 200 usec, the
combination can support T12_max of 200 usec and T12_min of 100 usec.

4.3.5 Latency Categories for O-DU with fixed timing advance

The same category concepts apply for O-DU which support fixed transmit/ receive windows. The earliest transmit
window and latest receive window timing defines the maximum range that the O-DU can support. T1la max_upo-ou

for the O-DU is equal to the T1a _max_up of the earliest fixed transmit window. Similarly, Tad maxo.pu isequa to the
Tad_max of the latest receive window. The O-DU category is then assigned based on this value.

Fixed transmit and receive windows do however impact variability. The fixed transmit time results in sending packets
earlier than absolutely needed to achieve the actual T12_max (i.e. the T12_max value that is either measured or
configured by the service provider). The following figure Figure 4-22 illustrates:
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Figure 4-22 : Fixed Transmit Time lllustration

Note that since the TXpL_sart iS earlier than required for T12_max by T1a offset, the latest packets arrive at least
T1a offset before T2a_ min_up. Thisresultsin T1a offset worth of O-RU receive buffer being always used, implying
that the O-RU needs additional buffer to compensate T1a offset. Since the TXpL satis fixed, the T12min is also fixed
at:

T12min = TXpL_sat — (T2a_max_up — TXmaxo.pu)

Since T12min is unaffected, the resulting Tvaiaion IS reduced by Tla offset. To support T12min, O-RU need to provide
Tla offset + T12max — T12min + TXmax_o pu

It should also be noted that when T12_max + T2a_min_up = Tla max_upo-ou (e.g. a maximum range), then
Tla offset = 0. But asthe actual T12_max decreases, the amount of receive buffer consumed by T1a offset increases
by the corresponding amount.

Note that the same appliesfor UL. Theresult isthat the T34 _min is defined relative to the T34_max for the
combination, not relative to the measured T34_max.

4.3.6 Non-Delay Managed U-Plane Traffic

While most U-Plane data shall meet the delay constraints described above, there are certain types of U-Plane traffic for
which the reception windows may not be applicable. Not applying the transmission/ reception window constraints to
such data allows the transmission of the data over the fronthaul interface to be spread to reduce the peak bandwidth
required by the interface.

Figure 4-23 uses SRS to illustrate an example non-delay managed U-Plane traffic.
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Figure 4-23 : SRS as non-delay managed U-Plane traffic

In the example, alarge amount of SRS datais received during a special slot on the air interface. By alowing the SRS
datato be transmitted from the O-RU to the O-DU outside of the normal transmit window, and instead allowing it to
use otherwise un-used fronthaul interface bandwidth, the required peak fronthaul bandwidth requirement can be
substantially reduced.

Non-delay managed U-Plane traffic flows shall be uniquely identified from delay managed U-Plane traffic flows. The
identification of U-Plane traffic flows using eAxC identifiers is described in clause 5.4, and the eAxC shall be used to
indicate delay-managed versus non-delay-managed traffic (e.g. some eAXC or Pcid-identified packets may carry delay-
managed U-Plane traffic while other eAXC or Pcid-identified packets may carry non-delay-managed U-Plane traffic).
Non-delay managed U-Plane traffic flows may not use the same eAxC identifiers as delay managed U-Plane traffic
flows. Different RU_Port_IDs are allocated within the eAxC ID for non-delay managed U-Plane flows from those used
for delay managed U-Plane traffic flows in the same direction (UL/DL). Itisnot required that the RU_Port_IDsused in
UL for non-delay managed traffic be the same as those used in the DL.

Non-delay managed traffic may be sent by the sender without regard to the transmission window for the corresponding
air interface symbol. Similarly, the receiver will not discard received non-delay managed traffic received outside the
normal reception window for the corresponding air interface symbol. However, the air interface symbol timeis till
contained within the U-Plane packets for reference.

Note that the status of traffic flows being delay-managed versus non-delay-managed (which is managed within the
application) isindependent of any transport prioritization that may be configured.

4.4 Reception Window Monitoring

The reception window can be used for the purpose of error detection. The reception windows at O-RU and O-DU
absorb delay variation in the fronthaul. Although its maximum size may vary depending on implementation, the
position of windows at O-DU may be adjustable via parametrization as described in clause 4.3.

Dataflow error detection during fronthaul operation is monitored and reported via counters based on receipt of packets
relative to the reception window. The receiving node monitors the actual reception timing and generates counters
regarding the status and whether packets were successfully received in proper timing.

The following reception window performance counters are expected to be supported:
. Data was received on time (within reception window) — no action needed

. Data was received too early — link latency re-measurement may be needed
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. Data was received too late — link latency re-measurement may be needed

The above counters and other performance monitoring counters may be implemented as defined in clause 9.1. Based on
those counts the system may adjust its operation. The specific reaction will be implementation-specific and depend on
such considerations as the number of instances needed before justifying sending an alarm, the ability of the system to
measure link latencies, or other design-dependent judgments. Additional details regarding the counts, alarms, and fault
handling are outside of the scope of this current document.

Dynamic adaptation of windows at Tx side to handle larger delay values may be employed. For instance, fronthaul
distance may be extended by handling a portion (or most) of the fixed delay component at Tx buffer side by adapting
the transmission timing based on information provided by Rx side. In other words, rather than accommodating a latency
range of zero to “max”, it is possible to instead accommodate a longer latency of “offset” to “max+offset” (longer
latency but samerange). Thisisdescribed in detail in clause 4.3.

4.5 Transmission windows

This clause gives a more detailed information on how messages are transmitted within transmission windows.

451 Normal Transmission

O-RU and O-DU send C- and U-Plane messages at unspecified time within appropriate transmission window (see
clause 4.3.2 for general description of transmission windows). This default O-RU transmission behavior in uplink may
be altered by configuration over M-plane or with Section Extension 18 in C-plane message as described in the
following clauses.

4.5.2 Uniformly Distributed Transmission

O-RU may be configured (over M-plane or with Section Extension 18 in C-plane message) to uniformly distribute
transmission of UL U-plane messages over the transmission window (unifor mly-distributed-transmission-supported
in M-Plane).

The definition of “uniformly distributed” is that the total number of packets should as evenly as possible be spread out
in time over the transmission window when they are sent on the interface.

The transmission window is divided into N sub-windows where N is the total number of packets to be transmitted
during the transmission window. The N packets shall be sent one packet per sub-window. The transmission shall start at
arandom time within the sub-window.

The above description of when packets are sent can be disturbed by other traffic being transmitted by the O-RU, if that
is the case the main object with ‘uniform distribution’ is that the traffic load shall be evenly distributed in time as much
aspossible.

4521 Overlapping transmission windows

In many cases transmission windows will be overlapping between different user data flows (different eAxCs or
different section IDs etc.) When thisis the case the same “rule” as described above in clause 4.5.2 is still valid. 1.e.
within the specific sub-window that data packet should be sent at arandom time. If several packets (dueto different
flows) are to be sent within the same sub-window each packet shall be sent at arandom time. If the transmission time
for the different packets collide then the packets are buffered in any order and sent when link capacity is available.

45.3 Ordered Transmission

O-RU may be configured (over M-plane) to order transmission of UL U-plane messages within transmission window
(ordered-transmission-supported in M-Plane). If O-RU is configured to order transmission of a set of eAxC then O-
RU reports how eAxC are grouped into ordering groups (G) and relative order of eAxCs within each group (R)
(transmission-order and transmission-or der-group in M-Plane).

Let
A and B be eAxCs configured to order transmission,
Ga and Gg be ordering groups of eAxC A and B respectively,
Ra and Reg be relative ordering values of eAxC A and B respectively.
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Ma and Mg be messages of eAXC A and B respectively that carry data related to the same symbol (the symbol is
identified by athe same frame number and the same symbol number within the frame and the same duration as
derived from SCS) and transmitted in transmission windows Wa and Wg respectively.

If A and B belong to the same ordering group (Ga = Gg) and relative order of A islessthen relative order of B (Ra < Rg)
and start of transmission window W, is same as start of transmission window Wg and end of transmission window Wa
is same as end of transmission window Wg then O-RU transmits message M a before message Mg. Otherwise O-RU
transmits message M a and Mg in unspecified order. Therefore, order of U-plane messages of eAxCs of different
ordering groups and eAxCs of the same relative order (within a group) is unspecified. Also note that messages
transmitted in different transmission windows are ordered only as required to transmit them within transmission
windows.

45.4 Scheduled Transmission

O-RU may be configured (over M-plane or with Section Extension 18 in C-plane message) to shift (delay) and/or resize
UL U-plane messages transmission window.

O-RU may be commanded to shift the transmission window by given offset (delay) expressed as number of symbols.
Depending on the O-RU capability the eAxC specific window offset (O) and window size (S) may be provided over

1) M-plane (transmission-window-offset and transmission-window-size in M-Plane) or

2) C-plane(in Section Extension 18).

The window offset (O) and size (S) are specific to each eAxC and depending on O-RU the offset and size may be:

1) specificto al REsinasymbol within eAxC
Thisisapplicable to O and S values provided over M-plane and C-plane.

2)  specific to REs selected by section descriptionsin a symbol within an eAxC.
Thisisapplicable only to O and S provided in C-plane. In this case, the same values of O and S shall be used
for every Section Extension 18 description referring to REs in the same PRB using different values of reMask..

Note that a C-plane message can address multiple eAxCs if Section Extension 7 is used or mapping between of an
eAxC_ID to multiple eAxCsis configured with M-plane.

The time at which the O-RU UL U-Plane message is transmitted depends on whether the eAxC is configuration for
delay managed or non-delay managed traffic.

If eAxC is configured for delay managed traffic and is also configured (via C-plane or M-plane) to apply
transmission window offset (O) and window size (S), then the O-RU transmits the UL U-plane message with data
specific to REsin symbol N (N isthe number of the symbol within aframe), in awindow that starts at the sametime
as UL U-plane normal transmission window corresponding to symbol N+O and has a duration as configured by
window size setting. O-RU reports per endpoint max number of symbols and max number of PRBs that can be
buffered (max-buffer ed-prbs and max-buffered-symbolsin M-Plane). The O-DU shall not request from the O-RU
UL areception and transmission window configuration that exceeds O-RU buffering capacity. For calculation of
buffering load, O-DU shall assume that the O-RU allocates its buffer at the time reference for ta3_min (typically
start of symbol) and the buffer isreleased at the end of transmission window.

If eAXC is configured for non-delay managed traffic and is also configured (via C-plane or M-plane) to apply
transmission window offset (O) and window size (S), then the O-RU transmits the UL U-plane message with data
specific REsinto symbol N (N isthe number of the symbol within aframe) in a window that starts after of UL U-
plane normal transmission window corresponding to symbol N+O. In this case only the start of transmission
window is defined — the end of the transmission window is unspecified. O-RU may report per endpoint max number
of symbols and max humber of PRBs that can be buffered (max-buffer ed-prbs and max-buffered-symbolsin M-
Plane). O-DU can request from O-RU UL reception and transmission window configuration that exceeds O-RU
buffering capacity and O-RU shall handle it on best effort basis. For calculation of buffering load, O-DU shall
assume that O-RU allocates buffer at the time reference for ta3_min (typically start of symbol) and the buffer is not
released before at the start of transmission window. Note U-plane message transmission of eAxC configured for
non-delay managed traffic is always handled by O-RU on best effort basis and transmission is not guaranteed.
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If O-RU does not report, over M-plane, support for independent U-plane transmission window control (feature
INDEPENDENT-TRANSMISSION-WINDOW-CONTROL in M-Plane), then all endpoints with transmission
window control enabled, handling the same carrier type and SCS, shall be configured (via M-plane or C-plane) with
parameter values resulting in transmission windows that coincide between the endpoints. That is, for every symbol
N, the effective transmission window for symbol N shall start at the same time and end at the same time for all the
endpoints handling same carrier type and SCS. This restriction applies only to endpoints that have transmission
control enabled over M-plane.

4.6 O-RU External Antenna Delay Handling

Up to and including v06.00 of this specification it is not possible to adjust timing to compensate transmission delays
between antenna ports of the O-RU and the external antenna. Figure 2-9 assumes that the antenna delay is negligible
compared to the O-RU’ sinterna delay or is known by the O-RU. Figure 2-9 defines the T2a and Ta3 values as the total
processing time between Fronthaul interface input/output ports (R2 and R3) and the antennainterface point (Ra).

Figur e 4-24 defines the reference points for delay management where the O-RU external antenna delay parameters are
defined. Note that T2a and Ta3 will have a new definition when external antenna delays are introduced. T2ais the O-
RU internal delay between R2 and Rd and Ta3 isthe O-RU internal delay between Ru and R3.

Ra

Tla (=T12 +T2a + Tda)

R1 T12 R2_( T2a \ Rd

»
>

"4 g Q R3 | O-RU Ru ﬂu

«

734 \ Ta3 )

Ta4 (=Tau + Ta3 +T34)

Figure 4-24: Definition of reference points including external antenna delay

Table 4-17: eCPRI O-RU Additional Delay Latency Parameters

Parameter Latency Minimum Maximum

Timing difference between the output of DL
Downlink Tda signal at the antenna connector (Rd) of O-RU | - -
and the transmission over the air (Ra).

Uplink Timing difference between the reception over
Tau the air (Ra) and the input of UL signal at the - -
antenna connector (Ru) of O-RU .

NOTE :Asafirst step to introduce the possibility to handle external delays between O-RU and antenna reference
point a method is specified in clause 4.6.1 which has minimal impact on the O-DU implementation. FFS:
Later releases of this specification may contain other methods including Measured Transport Method.

4.6.1 Minimal O-DU Impact Method (Defined Transport Method)

When using Defined Transport Method as described in clause 4.3.3.2 and non-negligible external delays between the O-
RU and antenna are present this method will have a minimal impact on the O-DU implementation.

The presence of the external delaysis assumed to be unknown to the part of the O-DU implementation that handles the
transmission and reception of messages between the O-DU and O-RU. Since new M-Plane parameters are introduced
for Tdaand Tau that shall be configured on the O-RU there may be changes to the O-DU’ simplementation of its O-RU
M-Plane configuration flows.

Instead of taking Tda and Tau under consideration when calculating the transmission and reception windows on the O-
DU the external delay istaken from the fronthaul delay (T12, T34) timing budget.

When using this method, the values configured to O-RU for t12-max and t34-max shall maintain the same value as if
thereisno external delay, i.e. Tau = Tda= 0 (zero). It will be the responsibility of the operator to ensure that the actual
fronthaul latency between R1 and R2 respectively R3 and R4 shall not exceed (t12-max — Tda) and (t34-max — Tau).
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This method will keep the transmission and reception windows on the O-DU at the same positionsin time with or
without the external delays.

The O-RU shall transmit the downlink signal at reference point Rd at (to. =0 — Tda). The O-RU shall start the
processing of the uplink signal received at the reference point Ru at (ty =0 + Tau).

For downlink C- and U-Plane, the O-RU shall shift its reception windows Tda earlier in time. For uplink C-Plane the
reception window shall NOT be shifted. The transmission window for uplink U-Plane data will be shifted by Tau on the
O-RU but since the external delay is taken from the fronthaul latency budget the uplink U-Plane messages arrive within
the reception window on the O-DU. The sizes for reception and transmission windows remain unchanged on the O-DU
and on the O-RU.

46.1.1 Minimal O-DU Impact Method - Example

This clause shows an example of the timing relations for downlink and uplink when using the method described in
clause4.1.1.

Table 4-18 contains values for al relevant parameters used in this example.

Table 4-18: Parameters for example

Parameter Latency (Tda = Tau = 0) Latency (Tda = Tau = 25)
-y fus
100 75

100

0

100

300

=T2a_min_up_dl + T12_max =100 + 100 = 200

= T2a_max_up_dl =300

250

600

=T2a_min_cp_dl + T12 max = 250 + 100 = 350

= T2a_max_cp_dl = 600

100

500

=T2a_min_cp_ul + T12 max =100 + 100 = 200

= T2a_max_cp_ul =500

50

150

=Ta3_min_up =50

=Ta3 _max_up + T34 max =150 + 100 = 250

ps ps

Hs

us

Below are figures similar to figures 2-11 and 2-12, showing the timing relations both with and without the usage of the
“Minima O-DU Impact”-method. Figure 4-25 and Figur e 4-27 assumes zero external delay both for downlink and
uplink, the purpose of these two figures are to show that the relationships stated in Table 2-8 and Table 2-9 are still
valid when applying the method in clause 4.6.1., i.e. the transmission and reception windows are unchanged on the O-
DU.

The blue lines and arrows of the figures apply to U-Plane messages, and the green lines and arrows apply to C-Plane
messages.
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Figure 4-25: Downlink without using 2.6.1

Figure 4-25 shows the timing relations for downlink without any external
both as configured value and as the actual physical maximum fronthaul lat

delays. T12_max in this example is 100 s,
ency.
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Figure 4-26: Downlink with usage of 2.6.1

Figure 4-26 shows the timing relations for downlink when an external delay of 25 psis present and the method
described in clause 4.6.1 is used. As shown, the transmission windows on the O-DU will be the same asthe onesin
Figure 4-25. The shifting of the reception windows on the O-RU is shown, i.e. these windows will start Tda s earlier

compared to when not using the method in 2.6.1, the sizes of the reception
and text show the actual reception windows on the O-RU when restricting
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100 psto 75 ps but still configuring 100 us to the system. As can be seen there will be a part at the start of the reception
windows that should be “un-used”. Whileit is not expected by the O-RU to receive C-Plane or U-Plane messages
during these periods the O-RU shall process these messages.

UPLINK tw=0

Rx-win UP UL, 200
Without "Minimal O-DU Impact”-Method ’4

Ta4_max_up, 250

Tad | min_up, 50
T34_max, 100

Tla_min_cp_ul, 200 <+—»| Tx-win UP UL, 100

Tla_max_cp_ul, 500
-

Tx-win CP UL, 300

< T2a_min_cp_ul, 100

-
T12|max, 100
T2a_max_cp_ul, 500
g

< Rx-win CP UL, 400 >‘

Figure 4-27: Uplink without using 2.6.1

Figure 4-27 shows the timing relations for uplink without any external delays. T12_max and T34_max in this example
are 100 ps, both as configured value and as the actual physical maximum fronthaul latency.
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Figure 4-28: Uplink with usage of 2.6.1

Figure 4-28 shows the timing relations for uplink when an external delay of 25 psis present and the method described
in clause 4.6.1 is used. As shown, the transmission window on the O-DU will be the same asthe onesin Figure 4-27.
Note: The reception window on the O-RU for C-Plane messages is NOT shifted for uplink traffic. The size of the
reception window will be the same. The red arrows and text show the actual reception windows on the O-RU and on the
O-DU when restricting the actual physical fronthaul latency from 100 psto 75 us but still configuring 100 psto the
system. As can be seen there will be a part at the end of the reception window on the O-RU that will be “un-used”.
Whileit is not expected by the O-RU to receive C-Plane messages during this period the O-RU shall process these
messages. On the O-DU there will be a part at the start of the reception window that will be “un-used”. Whileit is not
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expected by the O-DU to receive U-Plane messages during this period the O-DU shall process these messages. The
transmission window on the O-RU for the U-Plane messages will be shifted Tau later in time due to the external latency
between reference points Ra and Ru.
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5 Transport & Protocol Architecture

5.1 Transport Encapsulation Types

51.1 Ethernet Encapsulation

Ethernet can be used as transport mechanism for both U-plane and C-plane. In this case, messages are transmitted over
standard Ethernet frames (See Figure 5-1). The supported frame format is Ethernet 11/DIX frame with type
interpretation of the type length field. The Length-interpretation and multiplexing datawith LLC (IEEE 802.2 LLC
standard) is not supported. A globally administered unicast MAC addressis assigned per Ethernet interface. The
Ethernet termination feature supports MAC Client Data field sizes of up to 1500 bytes for basic frames, and up to 9000
bytes for jumbo frames.

To ensure QoS is supported, 3-bit PCP field as defined in |EEE 802.1Q shall be supported meaning the capability for
VLAN tagging for the traffic shall be supported and M-Plane configurable (but using VLAN tags may be omitted for
certain network configurations e.g. LLS-C1). Priority tagged frames (i.e., frames tagged with VLAN 1D=0) are always
received, as required by standard. Transmitting priority tagged framesis optional.

The MAC address resolution for U-plane and C-plane is performed via an M-plane procedure specified in [7] regardless
of whether the destined node supports IP or not.

The O-DU and O-RU shall support Intermediate L2 switch MAC address |earning to avoid flooding U-plane and/or C-
plane (not necessary for topology LLS-C1); thisis done as a result of test Ethernet frame exchanges during the M-Plane
procedure “Ethernet connectivity checking” as specified in [7].

Further, both the eCPRI header and payload are contained within the Ethernet datafield. For this encapsulation, either
the eCPRI Ethertype or the |EEE 1914.3 Ethertype shall be used.

Preamble | Destination MAC Source MAC VLAN Tag Type/Length Payload FCS IFG
(8 Bytes) Address Address (4 Bytes) (Ethertype) (46...1500 Bytes) (4 Bytes) | (12 Bytes)
(6 Bytes) (6 Bytes) (2 Bytes)

Figure 5-1 : Native Ethernet frame with VLAN

5.1.2 IP/UDP Encapsulation

IP/UDP can be used as transport mechanism for both U-plane and C-plane. In this case, IP version 4 shall be supported
according to RFC791 (Internet Protocol), and/or IPv6 as per RFC2460 (both 1Pv4 and IPv6 are optional, see Table 8-2).
The encapsulation mechanism isidentified by “1Pv4” or “IPv6” Ethertype (See Figure 5-2 and Figure 5-3). O-RAN
equipment shall not send | Pv4 packets with any |Pv4 header option field or |Pv6 packets with "Next Header" value that
isan extension header or "Next Header = 59". If the |Pv4 header option field or IPv6 packets with "Next Header" value
that is an extension header or "Next Header = 59" is detected in the received packet, the packet isto be silently
discarded at the receiving equipment (though the existence of the discarded packet may be logged). For IPv6, if the
valuein “Next Header” is not an extension header and value is not equal to “59”, it indicates that the next item in the
header is upper-layer header and the packets shall be processed by the receiver (Refer RFC2460).

I P based applications can be bound to virtual or physical interface addresses. Each configured physical and logical (i.e.
VLAN-) interface shall be configured with a separate subnet. As an option, Alias IP addresses (i.e. more than one |P
address on the same interface) can be supported as well. If supported, they can be assigned to logical and physical
interfaces as well asto virtual interfaces (loopback interfaces).

ORAN packets shall not use IPv4 or IPv6 fragmentation due to stringent bandwidth and tight latency requirements
(such received packets shall be silently discarded). The minimum MTU that is configurable shall be as per the relevant
standard, i.e. RFC791 for |Pv4 and RFC2460 for | Pv6.

The resolution of MAC addresses and the flooding traffic reduction through L2 switch mac address learning shall be
done via ARP according to RFC 826 only when IPv4 is supported by the transmitting and receiving nodes.
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When using |P/UDP encapsulation, the UDP destination port field shall identify the encapsulated protocol. The UDP
destination port field shall be set during initialization via M-Plane configuration. When the eCPRI Specification or
|EEE1914.3 define their respective UDP destination ports these will become the default for M-Plane configuration..

On egress, the sending node shall set the checksum for transmitted UDP datagrams as per the relevant standards:

e For IPv4 UDP datagramsthe field can be filled with a proper value to mark that the checksumisvalid or to O
to mark that the checksum is not calculated (see RFC768).

e For IPv6 UDP datagrams the field shall be filled with a proper value (see RFC2460).

On ingress, the receiving node may (not shall) validate UDP checksums if the checksum field contains a proper value.

Preamble Destination MAC Source MAC VLAN Tag Type/Length IPv4 UDP Payload [FES IFG
(8 Bytes) Address Address (4 Bytes) (Ethertype) (20 Bytes) (8 Bytes) (1...1472 Bytes) (4 Bytes) | (12 Bytes)
(6 Bytes) (6 Bytes) (2 Bytes)

Figure 5-2 : Native IPv4 packet with VLAN

Preamble | Destination MAC Source MAC VLAN Tag Typel/Length IPv6 UDP Payload FCS IFG
(8 Bytes) Address Address (4 Bytes) (Ethertype) (40 Bytes) (8 Bytes) (1...1452 Bytes) (4 Bytes) | (12 Bytes)
(6 Bytes) (6 Bytes) (2 Bytes)

Figure 5-3 : Native IPv6 packet with VLAN

Note that while the numbersin Figure 5-1, Figure 5-2 and Figur e 5-3 imply standard Ethernet packets, use of Jumbo
frames (up to 9000 bytesin length) is not precluded in this specification.

5.1.3  Transport Headers

O-RAN alows for multiple different transport headers within the Ethernet payload to further describe how the application
dataisto be handled in the C-Plane and U-Plane. In each case the transport header is 8 bytesin length and provides basic
data routing capabilities, including description of the data flow type, sending and reception port identifiers, ability to

support concatenation of multiple application messages in a single Ethernet packet, and sequence numbering. The
following clauses describe the possible transport headers.

5.1.3.1 eCPRI Transport Header
The definition of the eCPRI transport header is shown in Table 5-1 below.

Table 5-1 : eCPRI Transport Header Field Definitions

Section Type: any

4 5 # of
bytes
ecprivVersion ecpriReserved ecpriConcat| 1 |Octetl
enation
ecpriMessage 1 |Octet 2
ecpriPayload 2 |[Octet3
ecpriRtcid / ecpriPcid 2 |[Octet5
ecpriSeqid 2 |[Octet7

Each field within the eCPRI Transport Header is further described in the following clauses.
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51311 ecpriVersion (eCPRI protocol revision)

Description: This parameter indicates the eCPRI protocol version. NOTE: This parameter is part of the e€CPRI common
header.

Valuerange: {0001b=eCPRI version 1.0, 1.1, 1.2 and 2.0, where the interpretation of the eCPRI message shall follow
the eCPRI specification versions up to 2.0; 0000b and 0010b-1111b=Reserved for future eCPRI protocol revisions}.

Type: unsigned integer.
Field length: 4 bits
Default Value: 0001b (eCPRI version 1.0, 1.1, 1.2 and 2.0).

5.1.3.1.2 ecpriReserved (eCPRI reserved)

Description: This parameter is reserved for eCPRI future use. NOTE: This parameter is part of the eCPRI common
header.

Valuerange: {001b-111b=Reserved}.

Type: unsigned integer

Field length: 3 bits.

Default Value: 000b (reserved fields should always be set to al zeros).

5.1.3.1.3 ecpriConcatenation (eCPRI concatenation indicator)

Description: This parameter indicates when eCPRI concatenation isin use (allowing multiple eCPRI messagesin a
single Ethernet payload). NOTE: This parameter is part of the eCPRI common header.

Valuerange: { Ob=No concatenation, 1b=Concatenation} .
Type: binary bit.

Field length: 1 bits.

Default Value: Ob (no concatenation).

5.1.3.1.4 ecpriMessage (eCPRI message type)

Description: This parameter indicates the type of service conveyed by the message type. NOTE: This parameter is part
of the eCPRI common header. NOTE: In this version of the specification, only values “0000 0000b” and “0000 0010b”
and “0000 0101b” are used.

Valuerange:
0000 0000b = IQ data message;
0000 0010b = Real-time control data message;
0000 0101b = transport network delay measurement message (see clause 4.3.3.3 for full message format);
other values not recognized within this version of the specification.

Type: unsigned integer.
Field length: 8 bits.
Valid Values: 0x0 (U-Plane data) or 0x2 (C-Plane data) or 0x5 (network delay measurement messages).

5.1.3.1.5 ecpriPayload (eCPRI payload size)

Description: This parameter is the size in bytes of the payload part of the corresponding eCPRI message. It does not
include any padding bytes following the eCPRI message. The maximum supported payload size is 2¢-1, but the actual

ETSI



55 ETSI TS 103 859 V7.0.2 (2022-09)

size may be further limited by the maximum payload size of the underlying transport network. NOTE: This parameter is
part of the eCPRI common header.

Value range: {0000 0000 0000 0000b-1111 1111 1111 1111b}.
Type: unsigned integer.
Field length: 16 bits.

Byte from/to SAP,
-
eCPRI
Common eCPRI Payload

Header

C=0 ¢———— eCPRIPayload Size ———»

eCPRI Message

eCPRI PDU
N;rfor:,s(pf: er Transport Network Layer Payload Padding
Headery (Transport Network Layer = e.g. UDP/IP, Ethernet) (optional)

Figure 5-4 : eCPRI payload - no concatenation (source: [2])

5.1.3.1.6 ecpriRtcid / ecpriPcid (real time control data / IQ data transfer message series
identifier)

Description: This parameter is an eAxC identifier (eAxC I1D) and identifies the specific data flow associated with each
C-Plane (ecpriRtcid) or U-Plane (ecpriPcid) message. It isthe analog of CPRI’s“AXC” (antenna-carrier) value so is
designated here as“eAxC” (“€” for “extended” to accommodate multiple bands and multiple component carriers).
Multiple O-DU processors may contribute to asingle eAxC.

An endpoint may support mixed numerologies by indicating the capability via an M-plane parameter; and a Section
Type 3 message can be used to select one of the numerologies (frameStructure) from the capability list of possible
numerologies for that endpoint. In this case, asingle eAxC id may be used for channels with different characteristics
(framestructure, cpLength, timeOffset, freqOffset), e.g. channels with different numerology and PRACH can share
same eAxC Id. Alternatively, an endpoint may be simpler, supporting a single numerology by declaring non-support of
mixed numerology capability viathe M-plane parameter, and a Section Type 3 message can be used to convey different
values for parameters other than frameStructure than the M-plane configured value. In this case aunique eAxC id
would be used for each mixed numerology channel (frameStructure), i.e. channels with different numerologies will use
different eAxC ids. An endpoint may declare non-support for Section Type 3, in which caseit is suitable for channels
like PDSCH/PUSCH.

The eAXC ID value assigned to an O-RU’ s endpoint is used to identify the endpoint within O-RU and shall be unique
among all endpoints of O-RU of the same direction (Tx or Rx). An O-RU’ s endpoint could in principle be associated
with multiple physical and virtual fronthaul interfaces (Ethernet ports and VLANS), but an eAxC ID value shall be
unique and cannot be used to address different endpoints. The association of an O-RU’s endpoint with multiple
fronthaul interfaces is subject to O-RU design restrictions reported by O-RU via the M-Plane — interfaces not associated
with a given endpoint shall not be configured via M-plane for transferring C- and U-plane message to the endpoint.
Also, fronthaul interfaces not configured via M-plane shall not be used for transferring C- and U-plane messages to the
endpoint. 1n other words, the O-DU shall obey the O-RU restrictions as conveyed on the M-Plane.

The O-DU may decide to use same eAXC ID value to address endpoints on different O-RUs, but eAxC ID values
assigned to one O-RU shall be unique within the O-RU’ s endpoints of same direction.

It is noted that there are O-RUs which do not support, within a same eAxC ID, independent sequence checkers for C-
plane messages describing U-plane DL and C-plane messages describing U-plane UL, which is specified in clause
5.1.3.1.7. This O-RU capability limitation can be signalled by O-RUs and be interpreted by O-DUs from M-plane
specification v03.00. If either or both of the O-RU and O-DU only supports previous versions of the M-plane
specification, then the network operators and vendors intending to work with such O-RUs will need to ensure that the
O-DU can interpret the O-RU capability limitation in other non-standardized ways, i.e. through off-line discussions. To
interoperate with such O-RUs, O-DUs will need to avoid requiring at the O-RU, within a same eAxC I D, independent
sequence checkers for C-plane messages describing U-plane DL and C-plane messages describing U-plane UL, either
by (1) using different eAxC IDsfor them; or (2) if the O-DU chooses to use the same eAXxC 1D, using a shared sequence
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generator for C-plane messages describing U-plane DL and C-plane messages describing U-plane UL as shown in
Figure 3-6 and described in clause 5.1.3.1.7. However, support of such behavior in order to interoperate with such O-
RUs is optiona for the O-DUs, and it is noted that incompatible operation is likely to result in data outages and spurious
error reports.

Thisversion of specification does not define behavior regarding transferring C- and U-plane messages to or from an
endpoint over multiple fronthaul interfaces at the same time. For example, in UL, if an endpoint were to be assigned to
multiple fronthaul ports, there is no way to instruct the endpoint which fronthaul port to use for any given message. In
addition, in DL there is no accommodation for multiple delay windows per eAxC ID when multiple links are used.
Therefore, an endpoint shall be assigned exactly one fronthaul interface viathe M-Plane, but different endpoints may
use different fronthaul interfaces (ports) so the O-RU as a whole may use multiple fronthaul ports.

eAXxC ID subfields

One eAxC identifier (eAxC ID) comprises a band and sector identifier (BandSector_ID), a component-carrier identifier
(CC_ID) agpatial stream identifier (RU_Port_ID) and a Distributed Unit identifier (DU_Port_ID).

NOTE: This parameter is specific to eCPRI Message Type = 2 (C-Plane) and Message Type 0 (U-Plane) messages. In
this version of the specification, one eAxC contains only one spatial stream (i.e. one beam per subcarrier) at atime.
When precoding in the O-RU, then each eAxC contains one layer at atime, except for TXD (LTE TM2) when asingle
eAXC (single ecpriRtcid and ecpriPcid) represents all TxD layers.

Bit allocation is subdivided as follows;

o DU_Port_ID: Used to differentiate processing units at O-DU (e.g., different baseband cards). It is expected the
O-DU will assign these hits, and the O-RU will attach the same value to the UL U-Plane messages carrying the
same sectionld data.

0 BandSector_ID: Aggregated cell identifier (distinguishes bands and sectors supported by the O-RU).
0 CC_ID: distinguishes Carrier Components supported by the O-RU.

o RU_Port_ID: designateslogical flows such as data layers or spatial streams, and logical flows such as separate
numerologies (e.g. PRACH) or signaling channel s requiring special antenna assignments such as SRS.

The assignment of the DU_port_ID, BandSector_ID, CC_ID, and RU_Port_ID as part of the eAXC ID is done solely by
the O-DU viathe M-plane. Furthermore, the O-RU doesn’t need an explicit definition of any bit-level alocation within
any of the four fields of the eAxC ID.

The bitwidth of each of the above fieldsis variable and set via M-Plane messaging. Thisisto alow flexibility given it
is expected that not all fields will simultaneously need their maximum range for any given O-RU. It is expected the M-
Plane message will configure the O-RU and O-DU with the appropriate bitwidth of each of the four fields, and the SMO
that does the actual assignment will assure all 16 bits are allocated (with or without padding).

Value range: {0000 0000 0000 0000b-1111 1111 1111 1111b = eAXC ID}

Bit allocations:

DU_Port ID BandSector_|D CC ID RU_Port_ID 2

Type: unsigned integer (concatenated bit fields).
Field length: 16 bits.

5.1.3.1.7 ecpriSeqid (message identifier)

Description: This parameter provides unique message identification and ordering on two different levels. Thefirst octet
of this parameter is the Sequence ID, which is used to identify ordering of messages within an eAxC message stream.
The Seguence ID field increments and wraps independently for each U-Plane eAxC DL, U-Plane eAxC UL, C-Plane
eAXxC DL, and C-Plane eAxC UL, even if they share the same eAXC ID. The Sequence ID is used to verify that all
messages are received and also to reorder messages that are received out of order. The second octet of this parameter is
the Subsequence ID. The Subsequence ID is used to verify ordering and implement reordering when radio-transport-
level (eCPRI or IEEE-1914.3) fragmentation occurs. Radio-transport (eCPRI or IEEE-1914.3) fragmentation isa
method of splitting U-plane messages containing one or more sections whose length exceeds the maximum packet or
message length of the underlying protocol. The Subsequence ID field consists of a 7 bit Subsequence counter and a
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single bit field, called E-bit. The Subsequence number increments starting from zero for each fragment of a U-plane
message. The E bit is used to indicate the last message of the radio-transport level fragments. It isaways set to zero
except for the last message of the U-plane fragment. In the case of C-plane messages radio-transport fragmentation is
not allowed, therefore the Subsequence ID shall be set to zero, and the E bit set to one._ See clause 5.5 for a description
of the fragmentation process.

NOTE: As an dternative to radio-transport-level fragmentation, application fragmentation can be implemented. In this
case the application can take the responsibility to ensure al transport messages are not too long (fit within the necessary
transport payload size). When this “application layer fragmentation” is used, the subsequence identifier shall always be
set to “0”, and the E-bit set to “1” (See clause 5.5).

Figure 5-5 shows how the sequence numbers are intended to be generated and checked by C-Plane and U-Plane
messaging.

C—;’tlsge_rrgze ssage seq count
N enerator -
dataDirection bit=1 L& \‘QAXC:Q’ .
seq count
C—Plalneirrgzssage seq count checker doo ———
Recid ot generator seq count tx-endpoint | tx-array,
dataDirection bit=0 checker
C—é’la.r;| e_rr;zessage seq count
el S ) checker
dataDirection bit=0
eAxC=Q2, UL
U-Plane message
Pcid = Q ¢ seq count LAALBT seq count
enerator
dataDirection bit=1 & sggecccl’(jrr\t
: — ==
U-Plane message generator reendpoint  <———rxarray,
. seq count
Pcid=Q checker | seq count
dataDirection bit=0 generator

O-DU must generate separate
sequence counters for
dataDirection bit=0and=1

O-RU generates and and checks sequence
counters per endpoint but separate for
C-Plane and U-Plane

Figure 5-5: Sequence Count Generation and Checking for C-Plane and U-Plane in O-DU and O-RU

Implications of Figure 5-5 are asfollows:

a) SequenceID isunique per eAxC (ecpriRtcid or ecpriPcid): different eAxC values have their own Sequence ID
generation

b) Sequence ID is generated by the fronthaul interface transmitter in either the O-DU or O-RU

¢) The segquence generator and checker for a C-Plane message describing U-Plane DL isindependent of the
sequence generator and checker for a C-Plane message describing U-Plane UL.

Table 5-2 summarizes this situation consistent with Figure 5-5:

Table 5-2 : Description of Shared or Independent Sequence Generators

direction of type of U-Plane data direction Same/different eAxC shared/independent
message flow flow between DL & UL sequence gener ator
O-DU - O-RU C-plane | DL (dataDirection bit =1) same or different independent
O-DU - O-RU C-plane | UL (dataDirection bit =0) same or different independent
O-RU - O-DU C-plane | UL (dataDirection bit =0) same or different independent
O-DU - O-RU U-plane | DL (dataDirection bit =1) same or different independent
O-RU - O-DU U-plane | UL (dataDirection bit =0) same or different independent

Asdescribed in clause 5.1.3.1.6, there are O-RUs which do not support, within a same eAxC ID, independent sequence
checkers for C-plane messages describing U-plane DL and C-plane messages describing U-plane UL. As also described
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in clause 5.1.3.1.6, to interoperate with such O-RUs, O-DUs may choose, among other options, to use the same eAxC
ID but with a shared sequence generator for C-plane messages describing U-plane DL and C-plane messages describing
U-plane UL as described in Figure 5-6 and Table 5-3 below.

oRAN Layer eCPRI Layer eCPRI Layer oRAN Layer
C-Plane message R
dataDirection bit=1
A Rtcid=Q seq count seq count Rtcid = Q [~
— <
> Message type=2 |generator checker | Message type=2
C-Plane message \ .
dataDirection bit=0 ‘ . tx-endpoint
seq count Pcid = Q (
checker = |
C-Planemessage | Rtcid = Q seq count Message type =0
dataDirection bit=0 Message type=2 | checker
U-Planemessage | . Pcid = Q seq count LAA LBT\ S€d count Rtcid = Q
dataDirection bit=1 Message type=0 [generator generator | Message type=2 [
rx-endpoint
U-Planemessage [ | Pcid = Q seq count seq count Pcid = Q
dataDirection bit=0 Message type=0 | checker ¢ generator | Message type=0

O-DU O-RU

Figure 5-6 : Optional case of Shared Sequence Generation and Checking for C-Plane and U-Plane in O-DU and
O-RU

Table 5-3 : Optional case of Description of Shared Sequence per eAxC id Generators

direction of type of U-Plane data direction Same/different eAxC shared/independent
message flow flow between DL & UL sequence gener ator
O-DU - O-RU C-plane | DL (dataDirection bit =1) same Shared

O-DU - O-RU C-plane | UL (dataDirection bit =0) same Shared

O-RU > O-DU C-plane | UL (dataDirection bit =0) same or different Independent

O-DU - O-RU U-plane | DL (dataDirection bit =1) same or different Independent

O-RU > O-DU U-plane | UL (dataDirection bit =0) same or different Independent

Value range: {0000 0000 0000 0000b-1111 1111 1111 1111b}

Bit allocations:

Number of
Octets
Sequence ID 1 Octet 1
E bit | Subsequence ID 1 Octet 2

Type: unsigned integer (concatenated bit fields)
Field length: Sequence ID: 8 bits; subsequence ID: 7 bits; E-bit: 1 bit.
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5.1.3.2 1914.3 Transport Header

Asan dternative to eCPRI as atransport header, IEEE 1914.3 may be used. The definition of the 1914.3 transport header
isshown in Table 5-4 below.

Table 5-4 : 1914.3 Transport Header Field Definitions

Section Type: any

RoEsubType 1 |Octet 1l
RoEflowld 1 |[Octet2
RoElength 2 | Octet 3

RoEorderinfo 4 | Octet 5

Each field within the 1914.3 Transport Header is further described in the following clauses.

5.1.3.2.1 RoEsubType (sub type / message type)

Description: Thisfield indicates the payload type within the |EEE 1914.3 Standard for Radio over Ethernet
Encapsulations and Mappings (RoE) subType range. RoE allows RoE subTypes in the range 128 to 191 to be mapped
to external organizations and companies using a subtype mapping table (below). This table hastwo fields. The
OUI/CID field uses a unique Company 1D (CID) value. For O-this version of this specification, the OUI/CID assigned
by |IEEE to xRAN (OXFAEBGE) shall be used. The payload structure mapping field assigns the RoE subtype to O-RAN
message types. When the payload structure mapping field is set to OXFFFF, thisindicates that that RoE subtype is not
mapped to an O-RAN message type.

A given O-RAN implementation may choose to have fixed (default) mappings, or alternatively, it may choose to
configure the subType mapping table using control packets as described in IEEE 1914.3.

NOTE: The table below indicates the use by O-RAN of the IEEE-defined XRAN subtype mapping; future discussions
with |EEE are needed to convert these to O-RAN subtype mapping.

Table 5-5 : RoE Subtype Mapping

QUI/CID subType mapping table (.mapSubtype)

QUI/CID Mapping (3 bytes) Payload structure mapping (2 bytes)

128 XRAN=0xFAEBG6E 0x0001, 1Q (No concatenation)

129 XRAN=0xFAEBG6E 0x0002, 1Q (With concatenation)

130 XRAN=0xFAEBG6E 0x0003, Ctrl (No concatenation)

131 XRAN=0xFAEBGE 0x0004, Ctrl (With concatenation)

13210191 | XRAN=0xXXXXXX (don't care) OxFFFF (IEEE1914.3 default), unused/unmapped
by XxRAN inthisversion of the O-RAN
specification.

Valuerange: 128 to 191. Default values are shown below.
Type: unsigned integer.
Field length: 8 bits.

Valid Values. 128 (U-Plane, no concat), 129 (U-Plane, with concat), 130 (C-Plane, no concat), 131 (CO-Plane, with
concat).
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5.1.3.2.2 RoEflowlID (flow identifier)

Description: The RoEflowlD is amechanism which can identify specific flows between end-points. RoEflowID, OxFF
isreserved for RoE control packets. O-RAN has no current use for this field.

Valuerange: 0—OxFE.

Type: unsigned integer.

Field length: 8 bits.

Description: Thisfield is currently unused.

5.1.3.2.3 RoElength (length)

Description: Thisfield isthe size in bytes of the payload part of the message. The payload length field value is the total
number of octets following the O-RAN common header. It does not include the Ethernet FCS or following bytes.

Valuerange: 0— OxFFFF.
Type: unsigned integer.
Field length: 16 bits.

5.1.3.2.4 RoEorderinfo (order information)
Description: Thisfield is split into seven sub-fields.
Table 5-6 : ROE RoEorderinfo MappingField

Field Length Note

DU_Port_ID Used to differentiate processing units at O-DU (e.g., different
baseband cards). It is expected the O-DU will assign these bits, and
the O-RU will attach the same value to the UL U-Plane messages
carrying the same sectionld data. See sub-clause 3.1.3.1.6 for further

information.

BandSector_ID 16 bits Aggregated cell identifier (distinguishes bands and sectors supported
by the O-RU). See sub-clause 3.1.3.1.6 for further information.

CC_ID Distinguishes Carrier Components supported by the O-RU. See sub-
clause 3.1.3.1.6 for further information.

RU _Port_ID Used to differentiate spatia streams or beams on the O-RU. See sub-
clause 3.1.3.1.6 for further information.

Sequence ID 8 hits Unique message ordering sequence. See sub-clause 3.1.3.1.7 for
further information.

E_Bit 1 bit Marks the last message pertaining to the section. See sub-clause
3.1.3.1.7 for further information.

Subsequence 1D 7 bits Unique message ordering sub-segquence. See sub-clause 3.1.3.1.7 for

further information.

Valuerange: 0 to OxFFFF FFFF.
Type: unsigned integer (concatenated hit fields).
Field length: 32 bits.

ETSI



61 ETSI TS 103 859 V7.0.2 (2022-09)

5.2 Protocol Architecture

5.2.1 C-plane

Figure 5-7 depicts the protocol stack for C-Plane. Data can be optionally transmitted over |P Layer 3 if supported by
the transmitting and receiving nodes.

eCPRI / RoE

UDP (optional)

IP (optional)
Eth L2 + VLAN

Eth L1

Figure 5-7 : C-plane protocol structure

5.2.2 U-plane

Figure 5-8 depicts the protocol stack for U-Plane. Data can be optionally transmitted over IP Layer 3 if supported by
the transmitting and receiving nodes.

eCPRI / RoE

UDP (optional)

IP (optional)

Eth L2 + VLAN

Eth L1

Figure 5-8 : U-plane protocol structure

5.2.3 S-plane

Frequency and time synchronization of O-DUs and O-RUs via Ethernet use Synchronous Ethernet and |EEE 1588
Precision Time Protocol (PTP). Transport of PTP directly over L2 Ethernet (ITU-T G.8275.1 full timing on-path
support) is assumed in this version of the specification, whilst transport of PTP over UDP/IP (ITU-T G.8275.2 partial
timing support from the network) is also possible albeit with unassured synchronization performance. Security
mechanisms will not be used for this plane. The protocol stack for PTP and SyncE over L2 Ethernet is depicted in
Figure5-9.

Figure 5-9 : S-plane protocol structure
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5.3 Quality of Service

The LLS interface needs to support the ability to distinguish between data flows with different QoS requirements.
Configurable priority levels (viathe M-Plane) for traffic prioritization of flows shall be supported on each node on the
network path. Default values for the respective O-RAN planes are indicated. Priority marking per packet is needed in
each protocol layer except for protocols that do not allow such tagging e.g. ITU-T G.8264 for SyncE and ITU-T
G.8275.1 for full timing support PTP. For operation at Layer 2, prioritization is performed by specifying a configurable
value for the Priority Code Point (PCP) tag in the IEEE 802.1q VLAN header on the outgoing traffic.

Table 5-7 : Quality of service classes

Plane L2 CoS Priority (range 0-7) | L3 DSCP Code Preemption(1)
S-Plane G.8264: N/A G.8264: N/A non-preemptable
G.8275.1: N/A G.8275.1: N/A
G.8275.2: Default 7 G.8275.2: EF (Expedited Forwarding)
U-Plane Default: 7 EF (Expedited Forwarding) non-preemptable
C-Plane Default: 7 EF (Expedited Forwarding) non-preemptable
M-Plane Default: 2 AF2x (Assured Forwarding) preemptable
Other traffic Default: 1 BE (Best Effort) preemptable
(1) Not al networks will support preemption so this only applies to networks supporting preemption
(2) appliesasoto LBP[7]
(3) appliesalso to ARP, if used, where IPv4 is used

For U-Plane separate priorities can be supported based on ecpriRtcid / ecpriPcid (or the equivalent fields in RoE packet
headers). Thisallows for different prioritization of some channels (e.g. PRACH/ SRS), or services (URLLC). This
requires the ability to configure priority assignments to ecpriRtcid / ecpriPcid via M-Plane messages. The default U-
Plane priority can be applied to flows not specifically configured with a different value viathe M-Plane. If anode does
not support configurable ecpriRtcid / ecpriPcid priorities, then all U-Plane traffic will use the default value.

QoS failure (dropped packets) may be detected using the sequence numbers that make up part of the transport header.
Loss of a packet in the U-Plane will generally impact only a specific symbol except in rare cases where a multi-symbol
U-Plane message is sent (using the “syminc” field). Loss of a C-Plane packet is more serious, with the possibility of
impacting an entire slot’s worth of data. A broader impact is also possible with C-Plane packet loss: if downloaded
beamforming weights, beamforming attributes, or channel information is lost then a beamld may be incorrectly
associated with an “old” set of beamforming weights thereby possibly impacting multiple slots. However, packet oss
can be detected via the sequence number so a recovery action may be taken to re-send messages that may have a
persistent impact.

5.4 Data Flow Identification

Differentiation between a combined U/C-Plane data flow for asingle eAxC_ID and Management Plane data flow traffic
can be achieved using the following options:

o Dataflow separation based on TCP/UDP (applicable when layer 3 transport is used for the C/U-plane)

o Dataflow separation based on VLAN (applicable when layer 2 or layer 3 is used for the C/U-plane transport)
0 NOTE: The mechanism for assigning a VLAN ID to the combined U-Plane and C-Plane data flow for a given
eAXC_ID isassumed to be viathe M-Plane

o Dataflow separation based on usage of different MAC addresses (applicable when Layer 2 is used for the
combined C/U plane transport)
0 eg., one MAC address used for the combined C/U-Plane data flow and a second MAC address used for the M-
Plane data flow or additional MAC addresses used for the U-Plane for baseband load sharing purposes

e Dataflow separation based on different EtherTypes (applicable when Layer 2 is used for C/U plane transport)

The U-plane application also needs to uniquely associate different data flows (e.g. spatial streams) each with a unique
U/C plane endpoint address. This can be achieved in an O-RU using the eAxC identifier, and in the O-DU using the
eAxC identifier in combination with transport-based endpoint identifiers to differentiate O-RUs. In addition, O-RU data
flows can be switched/routed to different O-DUs (or different O-DU ports or O-DU processors) according to the
transport-based identifiers associated with an eAxCid (referred to as processing-elements in the WG4 M-Plane
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Specification) to allow frames/packets to be switched/routed by network equipment with no visibility of the eAxC
values carried in the eCPRI/1914.3 header.

Different transport identifiers (e.g. UDP/IP, VLAN, MAC) can be used based on whether layer 2 or layer 3 transport is

used for the U/C plane:

e  Separation of the combined U/C-plane data flow using UDP-port identifiers (applicable when layer 3 transport is

used for the C/U-plane)

e  Separation of the combined U/C-plane data flow using VLAN identities (applicable when layer 2 or layer 3 is used
for the C/U-plane transport)

e  Separation of the combined U/C-plane data flow using different MAC addresses (applicable when Layer 2 is used

for C/U plane transport)

5.5

Fragmentation

Fragmentation is applied in case data (U-Plane or C-Plane data) with Ethernet transport overheads to be transferred
exceed maximum transmission unit (MTU) of the network. This specification allows two methods for fragmentation,
application layer fragmentation and transport layer fragmentation:

5.5.1

Application layer fragmentation

e Application creates C-plane or U-Plane messages, which when including overheads can fit to MTU
requirements set by network

e Sequence ID: Sequence ID increases for every message, E=1, Subsequence ID=0

An example of application fragmentation is provided in Figure 5-10, wherein along data section is split between
multiple U-Plane messages. Inthe exampleit is asingle data section (OxABC) so described as such in the C-Plane, and
in the U-Plane the sectionld is cited multiple times in the multiple U-Plane messages but with differing and consecutive
groups of PRBs as indicated by the startPrbu and numPrbu fields. The | and Q word width in the example is 14 bits,
which for such alarge data section requires multiple U-Plane messages. The ecpriRtcid / ecpriPcid (OxDEF3) is shown
with arandom example value, asisthe sequence ID in the C-Plane (0x99) and independently in the U-Plane (0x40-

0x48).

C-plane msg

U-plane msg #1

U-plane msg #2

U-plane msg #3

ecpriVersion [ecpr\?eserved| C

ecpriVersion [ecpriReserved] C

ecpriVersion [ecpriReserved] C

ecpriVersion [ecpn’?eservedl (@

ecpriMessage (=2)

ecpriMessage (=0)

ecpriMessage (=0)

ecpriMessage (=0)

ecpriPayload (length)

ecpriPayload (length)

ecpriPayload (length)

ecpriPayload (length)

ecpriRtcid = DEF3’h

ecpriPcid = DEF3’h

ecpriPcid = DEF3'h

ecpriPcid = DEF3’'h

Sequence D =99'h

Sequence D = 40’h

SequencelD = 4T’h

Sequence D = 42’h

E=1]  SubsequencelD=00’h

E=1]  SubsequencelD=00’h

E=1]  SubsequencelD = 00’h

E=1]  SubsequenceID = 00’h

Dir | payloadVer [ filterindex

frameld

subframeld [ slotld

slotld [ startSymbolid

Dir [ payloadVer [ filterindex Dir| payloadVer [ filterindex Dir | payloadVer [ filterindex
frameld frameld frameld
subframeld [ slotld subframeld [ slotld subframeld [ slotld
slotld [ startSymbolid slotld [ startSymbolid slotld [ startSymbolid

numberOfsections =01’h

Sectionld = ABC’h

Sectionld = ABC’h

Sectionld = ABC'h

sectionType=07h

udCompHdr

(reserved)

Sectionld = ABC’h

{cont)  Trb] startPrbc

(cont’) 000’h

numPrbc273'd

reMask

(cont] | numSymbol

beamid

(cont)  [rb] startPrbu {cont) [ rb[ startPrbu {cont)  [rb[ startPrbu
(cont’) 00'd (cont’) 32'd (cont’) 64'd
numPrbu 32'd numPrbu 32'd numPrbu 32'd
udCompHdr udCompHdr udCompHdr
(reserved) (reserved) (reserved)
0 0 0
1.0 [ Qo 1.0 [ Qo .0 [ QO
Q0 Qo0 Qo0
Q.0 I 1 Q0 [ 1 Q0 I K]
11 11 11
151 ] Q1 (] | Q1 ] [ Q1

Q1

#4.#8

U-plane msg #9

ecpriVersion [ecpriReserved] C

ecpriMessage (=0)

ecpriPayload (length)

ecpriPcid = DEF3’'h

Sequence D = 48’'h

E=1]  SubsequencelD =00h

Dir [ payloadVer [ filterindex

frameld

subframeld [ slotld

slotld [ startSymbolid

Sectionld = ABC’h

{cont) [ rb] startPrbu

(cont’) 256'd

numPrbu 17'd

udCompHdr

(reserved)

0

0 [ Qo

Qo0

Figure 5-10: Example of Application-Level Fragmentation of U-Plane Messages

ETSI




64 ETSI TS 103 859 V7.0.2 (2022-09)

5.5.2 Radio Transport layer (eCPRI or IEEE-1914.3) fragmentation

o Application creates U-Plane messages, which when including overhead may exceed MTU
requirements set by network

o Radio transport layer splits message which may contain more than one section into pieces such that
the fragments with overheads fit to MTU requirements set by network.

0 Sequence ID: Sequence ID remains same for all the fragments. Subsequence ID starts from O for the
first fragment and counts up for each fragment. Last fragment flagged with E=1, others E=0.

Table 5-8 : Example of Sequence Numbers Usage

Application Layer Fragmentation eCPRI Layer Fragmentation
eAxC Seqgld E Sub-Segld eAxC Seqgld E Sub-Segld
Q 0 1 0 Q 0 0 0
Q 1 1 0 Q 0 1 1
Q 2 1 0 Q 1 0 0
Q 3 1 0 Q 1 0 1
Q 4 1 0 Q 1 0 2
Q 5 1 0 Q 1 1 3
Q 6 1 0 Q 2 0 0
Q 7 1 0 Q 2 0 1
Q 8 1 0 Q 2 1 2
Q 9 1 0 Q 3 1 0

5.5.3 Fragmentation Guideline

Application layer fragmentation should be applied so that maximum size standard | EEE 802.3 Ethernet frames can be
used. (Jumbo frames, if used, increase the maximum MTU size).

e Incaseof L2 only solution, application layer maximum transmission unit size is standard |EEE 802.3 Ethernet
frame payload size (1500 bytes) — transport overhead (8 bytes) = 1492 bytes (or larger for Jumbo frames)

When a U-plane section payload is fragmented due to large number of PRBs, it will be divided into multiple groups of
PRBs such that each group (including the application headers) can fit to the MTU requirements. Each group of PRBs
shall have its respective control fields including the same section ID from the C-plane and startPrbu and numPrbu to
identify its contents (See Figure 5-10). When an application layer message exceeds the MTU size set via the M-Plane
configuration, radio-transport layer fragmentation can be applied at the transport layer and has the advantage of
allowing application layer messages to fit whatever isthe MTU size without the application having to know about
transport-level details.
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6 Security

6.1 General

Security requirements are depicted in Table 6-1.

Table 6-1 : Security requirements for User-Plane, Control-Plane, and Synchronization-Plane

Plane Integrity (protection Confidentiality Availability Remarks
from modifications) (encryption (protection from
protection) packet insertion)
U-Plane No requirement No requirement No requirement User data protected end to end
via PDCP protocol
C-Plane No requirement No requirement No requirement
S-Plane No requirement No requirement No requirement Optional in IEEE 1588 (PTP).

However, not feasible at a
reasonable cost.

NOTE: This note contains clarifying comments which have no normative impact on clause 6 of the present document.
The term "no requirement” is intended to be interpreted as meaning that "the present document does not provide
security requirements on the fronthaul interface implementation”.
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7 C-plane Protocol
7.1 General

7.2 Function

7.2.1 C-Plane Transport

Either eCPRI or |IEEE 1914.3 is used as an encapsulation mechanism for the control-plane messages. Due to the nature
of these messages (very strict delay constraints), it is assumed that message acknowledgements are not possible.
Likewise, it isassumed that a different data flow is used other than the U-Plane channel. Further, C-Plane messages are
not concatenated with U-Plane messages within same Ethernet frame.

7.3 Elementary Procedures

7.3.1 Scheduling and Beamforming Commands Transfer procedure

This procedure is used to exchange C-Plane messages between O-DU and O-RU. The main purpose of these messages
isto transmit data-associated control information required for processing of user data (e.g., scheduling and
beamforming commands) if such information is not provided via M-Plane (see clause 8.2.2 for more details). Messages
are sent separately for DL related commands and UL related commands (see Figure 7-1). See aso Figure 7-8 for the
specia case of LTE LAA wherein there are UL aswell as DL C-Plane message flows. For purpose of increased
flexibility, C-Plane messages may be sent either jointly or separately depending on the channel for which informationis
conveyed. For example, PUCCH and PUSCH may be bundled or not bundled into a single C-Plane message depending
on implementation.

O-RU DL C-Plane and DL U-Plane 0-DU O-RU UL C-Plane and UL U-Plane 0O-DU
(@ FH interface) (@ FH interface) (@ FH interface) (@ FH interface)

1, N _ o= " M, o N =
bols” #M, M1, 2 2 - — - == 7 ~ mbols™ #M, M4, -0 2 - — = = 7 ] 2
ages for sympoi2 Z0 —— =~ 7 _ _ — ages for symbol® 10— == 77 _ _ —
C-P‘aﬂe_mfsf_g— —=ZCZZZ---- network G-plane messages "= - - - T - - network
-~ -=-~"--Z2-=----°= Mmessages arrive at RU before the deadline delay l-----"-----—=----° messages arrive at RU before the deadline delay
== T ——____byamarmgin>i of timing params. P bt T _byamargin>ir of timing_params.
the end of DL C-plane receive window for symbol #M t2a_min_cp_ul the end of UL C-plane receive window for symbol #M
Tep_adv_dl mbol #M ime the O-RU
_adv_( es for sY! min. time the
min. time the U-plane messag 4 has to prepare to
O-RU has to network Process UL signals w | |
prepare to —Tmessages arrive at RU before the deadline delay atthe antenna 4 the earliest air interface UL signal sample for symbol #M arrives at O-RU antenna
process DL — —————__________byamargin>ir ies_of timing params.
data from thy b - ta3_min
0-DU the end of DL U-plane receive window for symbol #M \
mbol #M+
essages for sY
‘M the start of UL U-plane transmit window for symbol #M
U-Plane
Mmess,
‘ , 3ges for symbol #y
the end of DL U-plane receive window for symbol #M+1 —]
the start of UL U-plane transmit window for symbol #N
U-Plane m,
ess;
2ges for symbol #q
symbol #N 4 ’
the end of DL U-plane receive window for symbol #N __the start of UL U-plane transmit window for symbol #N
-Plane messg
ages for symbol gy
time time
flow flow
*) A DL C-plane message describing multiple symbols must arrive at O-RU **) A UL C-plane message describing multiple symbols must arrive at O-RU
at least Tcp_adv_dl before the end of DL U-plane receive window for at least t2a_min_cp_ul before the earliest air interface UL signal sample of
symbol startSymbolld (the earliest symbol described by the message). symbol startSymbolld (the earliest symbol described by the message)

arrives at O-RU antenna.

Figure 7-1: Scheduling and beamforming commands transfer procedure
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Mixed Numerology and PRACH Handling

5G NR defines Physical Resource Block (PRB) where the number of subcarriers per PRB is the same for all

numerologies (twelve). However, subcarrier spacing may differ, resulting in mixed numerology used in time and
frequency domains respectively. Likewise, mixed numerologies may be applied to both DL and UL respectively
(Figure 7-2).

0.5ms 0.5ms

I‘

UL u

DL UL DL UL

#

I

Figure 7-2 : Mixed Numerology in Time and Frequency Domain

Freqguency indexing acr oss multiple numer ologies

RB indexing (i.e. the physical resource block) is aways dependent on the used numerology. For PRACH and
SSB the relation is with the physical channel. In case of PRACH, indexing of RBsinside of each PRACH
frequency block follows 3GPP specifications and PRACH subcarrier extraction is performed in the O-DU. In
particular, the first RE of the first RB addressed inside section Id shall correspond with the first guard tone
used at the lower edge of the PRACH frequency block based on the PRACH SCS. The O-RU, using the filter
index and SCS of corresponding PUSCH, knows the PRACH subcarrier position and guard tones and can then
adjust its filtering parameters (e.g. filter center, passband). For the SSB case, its own separate frequency offset
is assigned.

Figure 7-3 shows a PRACH example illustrating startPrbc, numPrbc, and freqOffset. Specifically,

(0]

0]

freqOffset indicate the location of lowest RE’s center in the lowest RB defined by frameStructure,
with respect to center-of-channel -bandwidth.
startPrbc and numPrbc in the Section Type 3 indicate the PRB in the RB grid defined by
corresponding freqOffset and frameStructure.
= |f freqOffset refersto the lowest RE’s center in the lowest RB of the PRACH block (as
shown in Figure 5-3), then startPrbc shall be set to 0.
= |If freqOffset refersto lower than the start of the PRACH block, then startPrbc will take a
non-zero value, where indexing starts from the PRB referred to by freqOffset.
Note that numPrbc may exclude PRBs with all-guard-tones at the upper end of the PRACH frequency
block. (Hence, in the example in Figure 5-3, numPrbc could be set to 71 or 72).
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center-of-channel-bandwidth

......................................

( RE 11 (guard tones)

PRACH
RB 71

PRACH NEC (guard loaes)
72 RBs of 1.25 KHz SCS
freqOffset
numPrbc =72
Corresponding PUSCH:
PRACH
startPrbc =0 RB 0 RES (guard wnes) 6 RBs of 15 KHz SCS

------------------- K ——meene RE € (guard tone3)

J

Figure 7-3: startPrbc, numPrbc, and freqOffset lllustration - PRACH example

e  For each numerology (and PRACH/SSB), the freqOffset IE determines frequency offset between center of
channel bandwidth (configured via M-plane) and center of subcarrier corresponding to RE#0 of RB#0 with
resolution of half the SCS of the respective numerology. This concept is depicted in Figure 7-4, Figure 7-5
and Figure 7-6.

0 The center of channel bandwidth (component carrier center frequency in Hz) is the common reference
to al numerologies and PRACH/SSB channels. The center of channel bandwidth is configured at
carrier setup over M-Plane.

0 Frequency offset resolution of 0.5 x SCS alows center of channel bandwidth to be aligned with an RE
center, or and RE edge.

PRACH frequency block #1 with SCS = 1.25 kHz PRACH frequency block #3 with SCS = 1.25 kHz
RB O RB 71 RB O RB 71
HHE AR P HHE R

[

|
|
|
|
: frequency

I
|
T
|
I T
|

fi

reqOffset =-2592 freqOffset = +864

center of channel
-1620 kHz = -2592*0.625 kHz bandwidth +540 kHz = +864*0.625 kHz

Note: Each frequency block in sent with separate section ID and control setting in section type 3
Note: In this example, 5G NR 100 MHz carrier PUSCH SCS is 30 kHz, PRACH SCS is 1.25 kHz

Note: In 5G NR PRACH frequency blocks are continuous

Note: In the example guard tones are included.

Figure 7-4 : RB Mapping— PRACH Example
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50 MHz FR1 carrier with SCS 15 kHz (270 RB), SCS 30 kHz {133 RB) and SCS 60 kHz (65 RB})

RB O RB 135
—

15 |<HZ| 13 | R1E | | Fﬁ | |1g|§o| |1§§1| |3§§9|

RBO | RB 66

— — —— —
30 kHz | %E | RlE | | 7R9E2 | | 7R5|;E3 | | sR(fa | | 1255 |
RBO | RB32
/_H — —

60 kHz | RE | | RE | | RE | | RE | | RE |

779

4 4 [
T

frequency o

|

| freqOffset = -780 (-23.4 MHz = -780*30 kHz
| freqOffset = -1596 (-23.94 MHz =-1596*15 kHz)
freqOffset = -3240 (-24.3 MHz =-3240*7.5 kHz)

<
<

0
I
|
|
|
|
|
|
|
|
|
|
|
|
t
|
|
|
|
|
|

— -0— 0= —

center of chan'nel bandwidth

Figure 7-5: RB Mapping and Support of Mixed Numerologies - Example with Mixed Numerologies

50 MHz FR1 carrier with SCS 30 kHz (133 RB) for PDSCH and SCS 30 kHz (20 RB) for SSB

RB O RB 66
/_/% A
— —
30 kHz RE RE RE RE RE RE
PDSCH 0 1 792 | | 798 | | 803 1595
T
|
RB O | RB 10
A
— —t —
30 kHz RE RE RE RE RE RE
SSB 0 1 120 125 131 : 239

4 4 [
T

frequency o

|
| freqOffset = -240 (-3.6 MHz = -240*15 kHz}
| freqOffset = -1596 (-23.94 MHz =-1596*15 kHz)

center of channel bandwidth

Figure 7-6 : RB Mapping and Support of Mixed Numerologies - Example SSB

Slot indexing with mixed numer ologies

For agiven frequency range FR1 or FR2, the highest possible numerology supported by the O-RU shall be used as the
common reference per component carrier for the start of the slot identified by slotld. UL and DL on the same
component carrier shall use the same reference numerology for dotld. If the highest numerology supported by the O-
RU allows both normal and extended CP then normal CP shall be used as reference. Note that the O-RU shall advance
dots with extended CP against the reference. The symbol duration and position in timeis calculated from the 1 value
(SCs from frameStruture in message field or configured via M-plane) and the dotld field in the CU-Plane message.
The value of the sectionld field in CU-Plane messages addressed per eAxC shall be unique per dot identified by sotld
value.

For example, in FR1 case, the maximum slot numbers per subframe is four, when the maximum supported SCS by the
O-RU is 60kHz

o P=0->dot#0; u=1 > dot #0 & #2; u=2 > dot #0, #1, #2, #3 (see Table 7-1)
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Table 7-1: slotld Indexing (example 1)

H=2

u=1 H=0
60 kHz
(Highest supported 30 kHz 15 kHz
numerology)
slotld | symbolid | slotld | symbolld | slotld | symbolid
0 : 0 0 0
3 0
1
11 B
12 1
13
1 0
1
> 11
2
11 12
12
P 13
2 : 2 0
2
1
11 11
2
12
13
0
3 n 12
> 11
1
11
P 13
13
13
0 ° 0 0 0
2 0
1
11 B
12 1
L~ | 13 L —1 L
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H=3

p=2 p=1
120 kHz
(Highest supported 60 kHz 30 kHz
numerology)
slotld | symbolid | slotld | symbolid | slotld | symbolid
0 0
0 1 0 0 0
12 2
13 1
5
1 11
» — 2
12
13 13
0 0
2 1 2
12 2
13
5 1
3 1 11
12 12 13
13 13
0 0
4 1 4 4 0
12 2
13 1
)
5 11
” — 2
12
13 13
0 0
6 T 6
12 2
13
5 1
7 1 11
12 12 13
13 13
0 0
0 1 0 0 0
12 2
13 1
5
1 11
” — 2
12
L~ ) \/—\_y’—\\/v
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Table 7-2: slotld Indexing (example 2)

p=4 - p=1 -
p=3 H=0
240 kHz 30 kHz
(Highest supported 120 kHz (Highest supported 15 kHz
numerology) numerology)
slotld | symbolid | slotld | symbolid slotld | symbolid | slotld | symbolid
0
0 T 0 0 0 (1’ 0 0
12
13 1
o
1 1 11 11 5
35 12 2
13 13 13
0
2 1 2 1
i5 1
13
0 S
3 1 11 11
12 12 12 13
13 13 13
0
4 1 4 2 0 0 0
12 2
m
12 12 2
12
13 13 13
0
14 T 14 (1’ 1
i5 2 1
13
0 N
15 1 11 11
12 12 12 13
13 13 13
0 0
0 T 0 0 0 - 0 0
12 2
13 1
o
1 1 11 11 5
i 12 2

S = — —Jl__~=_— S —-x — [ ~

Numerology for slotld is based on the highest possible numerology supported by the O-RU. For example:

o If the O-RU supports 15kHz SCS, 30kHz SCS and 60kHz SCS, it will be as per the left hand side table of
Table 7-1;

e If the O-RU supports 30kHz SCS, 60kHZ and 120kHz SCS, it will be as per the right hand side table of Table
7-1,

e |f the O-RU supports 120kHz SCS and 240kHz SCS, it will be as per the left hand side table of Table 7-2;
e |f the O-RU supports 15kHz SCS and 30kHz SCS, it will be as per the right hand side table of Table 7-2;

PRACH formats with multiple r epetitions of preamble
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Certain PRACH formats lead to PRACH symbols to be constructed from multiple repetitions of a preamble sequence,
with only the Cyclic Prefix (CP) used with the first sequence. Therefore, the O-RU shall be informed how to correctly
execute CP extraction and FFT. Thisis achieved by sending a single control message spanning over multiple symbols
(e.g. example depicted in Figure 5-6: number of symbols = 4, CP length = 0, time offset duration is adjusted by an
equivalent time value of 1152 samplesto compensate for setting CP length =0), which reduces the number of C-Plane
messages and data sections required.

Optionally O-RU can advertise the list of the supported formats for the specific endpoint. If the O-RU chooses not to, it
means O-RU supports all PRACH formats and the O-DU may select whatever format that is 3GPP compliant with the
selected SCS. If the O-RU implements earlier releases of the M-plane specification which does not support such
reporting, then the negotiation of PRACH formats to use shall happen offline, i.e. operators and/or vendors have to

ensure that the intended PRACH formats are supported by both O-RU and O-DU.

The example in Figure 7-7 depicts the scenario with format A2 and 30kHz SCS, in which only CP extraction occurs
once, yet there are four associated FFT operations.

PUSCH 5 L | 288

FRALCH A2 1152

4 repetitions per
PRACH occasion

Figure 7-7 : Example of PRACH Format A2

7.3.3 DL Precoding configuration parameters and indications

This clause addresses the method of specifying the precoding operation in the O-RU, which is expected when Category
B O-RUs are supported. For Category A O-RUs the precoding isimplemented in the O-DU so the descriptionsin this
clause are not relevant. Annex | contains more information and examples regarding this precoding.

O-DU

12 REs are generally sent on the interface from the O-DU to the O-RU but for certain | Q formats (selective RE
sending as described in Annex A.1), fewer REs may be sent. In this case the missing REs would be considered by
the O-RU to be equal to zero in both | and Q.

For ‘single Tx':
e For layer mapping at O-RU, complex-valued modulation symbols mapped in a sequence starting with
d@(0),...d @M, 1) tofrequency REs (k,l) and are packed into a PRB. A single eAxC is used for this
purpose.

e For CRS mapping at O-RU, al CRS REs belong to a single Tx antenna and are mapped to frequency REs (k,l)
for one layer and are packed into a PRB for transmission and are unpacked at O-RU (see Annex | for details).

For TxD:

o For layer mapping at O-RU, complex-valued modulation symbols mapped in a sequence starting with
d@(0),...d @M -1) tofrequency REs (k,I) and are packed into a PRB. A single eAxC is used for this

purpose.

e For CRS mapping at O-RU, all CRS RE's are mapped to frequency REs (k,l) for all layers and are packed into
aPRB for transmission and are unpacked at O-RU (see Annex | for details).

For TM3/TM4, TM5/6
o Atthe O-DU, layer mapped symbolsfor each layer v, mapped in sequence starting with
x(i) = [X(O) @i .. xD (i)]r to frequency REs (k,|) are packed into each PRB (see Annex I).

e For precoding at the O-RU, different eAxCs are used for each layer (See Annex 1).
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For CRS mapping at the O-RU, all CRS RE’s for each layer are packed into a PRB for transmission and are
unpacked at the O-RU (see Annex | for details).

All C-plane message parameters are kept the same for precoding purposes.

For TM7-10 and NR

Precoding in the O-RU may be implemented in various ways that are vendor-defined and vendor-specific,
because there is no 3GPP-mandated precoding operation for these cases.

O-RU
From the C-plane precoding Section Extension, the O-RU determine the transmission scheme using txScheme
field.

For ‘single Tx’:

At the O-RU, input modulated symbols d @ (0),...,d@ (M) —1) are to be unpacked and used to perform
layer mapping, precoding and antenna port mapping for single tx.

For transmission on a single antenna port, asingle layer isused, v =1, and the mapping is defined as
layer _ M (0)

X0 (i) =d© iy with "' sm> = Msmo
For single tx transmission on a single antenna port, precoding is defined by y(® (i) = x(© (i) where
pe{0,4,5,7,8,11,13,107,108,109,110} isthe number of the single antenna port used for transmission of the

physical channel and i =01..,.M&, -1, M&H, =MZ<.

For antenna port mapping p={ 0}, each y(i)=[y® (i) ]" RE goes to antenna port y_p(i) after antenna port
mapping.

Since the PRB contains CRS sequences for one antenna port, the RE should extract the CRS RE’s using
crsSymbolNumber, crsReMask and crsShift (see Annex | for details) and are mapped to the appropriate RE
position.

For txScheme ‘TxD’:

At the O-RU, input modulated symbols d @ (0),...,d@ (M & —1) are to be unpacked and used to perform

layer mapping, precoding and antenna port mapping.
The appropriate precoder is selected based on number of layers and antenna ports.

For antenna port mapping p={ 0..N}, each y(i)=[y® (i) ]* RE goes to each antenna port y_p(i) after antenna
port mapping.
Since the PRB contains CRS sequences for N antenna ports, the RE should extract the CRS RE’ s using

crsSymbolNumber, crsReMask and crsShift (see Annex | for details) which are mapped to the appropriate RE
position and rest of the REs are populated with zero data.

For TM3/TM4, TM5/6

Input layer mapped symbols x(i) = [X(O) (i .. x@? (i)Ir shall be used to perform precoding at the O-RU
based on codeBooklndex, numLayers, layerID.

In closed loop mode, the appropriate precoder is selected per codebook index, number of layers and antenna
ports.

In open loop mode, the codebook index field isignored.

The O-RU changes the precoder per RE automatically based on the number of antenna ports and number of
layers.

After precoding, for antenna port mapping p={0..N}, each y(i)=[y ® (i) ] RE goes to each antenna port y_p(i)
after antenna port mapping.

Since all PRBs contain CRS sequences for N antenna ports, then based on the layerID (layer 0) extract CRS
sequence using crsSymbolNumber, crsReMask and crsShift (see Annex 1) for CRS mapping to each of the
antenna ports using the reMask bit field; the CRS REs from other layers can be ignored.
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For TM7-10 and NR

e  Oneway to implement precoding in the O-RU isviathe beamID values, wherein a beaml D pointsto a
beamforming vector that also implements the precoding operation.

7.3.4 LAA Commands Transfer procedure

This procedure is used to exchange C-Plane messages between O-DU and O-RU. The main purpose of these messages
isto support LAA feature in the O-RU/O-DU. See Annex G for more details on the LAA message flow.

7.34.1 LBT procedure overview

The LBT procedure is used to configure the O-RU with the parameters needed to do LBT prior to PDSCH or DRS
transmission OTA. The O-RU needs to report the LBT process outcome (either success or failure) in the indication
message.

In contrast to licensed spectrum, where the O-RU may continuously send data or reference signals OTA, in unlicensed
spectrum, the O-RU can only send discontinuous bursts of data (of length MCOT) or periodic DRS signals. The
LBT_DL_CONFIG reguest message is sent once prior to each OTA transmission on the LAA SCell. Thisincludes both
DRS and PDSCH (i.e., MCOT burst) transmissions. For every LBT_DL_CONFIG request message, the O-RU replies
with the LBT_DL indication messages which include the LBT outcome and the status of the subframe
(transmitted/dropped) (see Figure 7-8).

If O-RU can manage a congestion window by itself, the O-DU does not need to send LBT_DL_CONFIG request
message to start the LBT procedure at O-RU. Because O-RU can determine the start timing of LBT procedure, the
requirements of O-DU for the LBT procedure at the O-RU is a delivery of needed information to adjust a congestion
window managed by O-RU. To transmit these information, O-DU sends LBT_CWCONFIG_REQ message, and O-RU
notifies to the O-DU by LBT_CWCONFIG_RSP message to indicate that the LBT_CWCONFIG_REQ messageis
successfully received or not. Also, O-RU can adjust its congestion window based on the information on the
LBT_CWCONFG_REQ message. For every LBT_CWCONFIG_REQ request message, the O-RU replies with the
LBT_DL indication message(s) which include the LBT outcome and the status of the subframe (transmitted/dropped).

For the DRS signal, initially, the O-DU shall configure the O-RU with the DRS parameters (DMTC period and DMTC
offset) viathe M-plane.

Before every DRS period, the O-DU shall send the LBT_DL_CONFIG request message and the DRS signal. O-RU
does LBT and transmitsthe DRS signal OTA in case of LBT success. The O-RU then shall send the LBT_DL
indication.

The DRS signal can be transmitted over the fronthaul interface similar to other reference signals such as the
PSS/SSS/CRS.
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Figure 7-8 : LBT Message Flow

7.3.4.2 Definitions

¢ Dyy: Maximum one-way fronthaul latency

e Ppy: Maximum O-DU processing time (reading an upstream O-RU c-plane message, MAC processing,
sending the downstream U-plane data)

e Ppy: Maximum O-RU processing time (sending an upstream c-plane message, receiving downstream U-plane
data, transmitting U-plane data OTA)

*  Bgy: O-RU Buffer depth (for LAA) ceiled to an integer number of OFDM symbols in microseconds (up to 140
symbols, for example (i.e., MCOT)). Thisis equivalent to the minimum amount of datathat shall be buffered
at the O-RU. This parameter could be less than or equal to the actual O-RU buffer size communicated viathe
M-Plane.

e Expired symbol: Symbol where the current time at the O-RU exceeds its target transmission time (i.e.,
SFN/SF) OTA.

e Normal (partialy-filled) SF assumption: Ty, iSthe start of the transmission time, which occurs at the first SF
(dot) boundary the O-RU encounters after starting the LBT CAT 4 process and after finishing the minimum
sensing duration. Initially known to the O-DU (since it sendsthe LBT start time and the LBT parameters to the
O-RU). It can be updated in real-time based on the LBT outcome and the communication between the O-DU
and O-RU. Notethat here, a“dlot” followsthe LTE definition of containing seven symbols.

e« LBT_DL indication Threshold (LBT;): The latest time the O-DU is expected to receive the LBT_DL
indication message from the O-RU.
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LBTy, = Tstare + (Pry + Dow + Ppy)

¢ CU Transmission time threshold (CUT;): The time at which the O-DU isrequired to send the data to the O-
RU to be transmitted OTA at time Ty; 4

CUT, = Tstare — (Pru + Dow + Ppy)

e x: Minimum time between any two potential start transmission times
_ { 1 ms, Normal SF
*=10.5ms, Partially — filled SF

7.3.4.3 General Guidelines for the LAA-procedure

7.3.4.3.1 PDSCH Transmission

e O-DU should avoid buffer overflow or underflow at the O-RU:
¢ O-DU should only send Bg,; worth of datato the O-RU for every single transmission
¢ O-DU should plan for the data to be received at the O-RU only Py, before the actual OTA
transmission time at the O-RU

e  O-RU should avoid buffer overflow or underflow at the O-RU:
¢ O-RU should flush its buffer (by dropping any expired symbols) as soon as any symbol becomes
expired (i.e., current timeis larger than the symbol’s scheduled time)
¢ O-RU should immediately send a success LBT indication to the O-DU once the channel is acquired.
*  The O-RU should send an error message to the O-DU if datareceived islarger than itslocal buffer
¢ The O-RU should send a subframe drop or transmission message to the O-DU when buffered
subframe is dropped because scheduled time is passed, or istransmitted after LBT success.

e The O-RU should have a buffer that setisfies the following equation: Bgy = 2 X Doy + Ppy + Pry

e NoteonLBT CAT 4ingeneral:
*  The O-DU can configure the O-RU (via the M-plane) with the threshold on the LBT CAT 4 duration
(e.g., 8 ms). Once this threshold has exceeded, the O-RU sends afailure LBT indication to the O-DU,
which in return sends back anew LBT config request. The O-RU can then restart the LBT CAT 4
process.

e Thedatasigna may be received at the O-RU before or after the LBT_PDSCH_REQ
e The O-RU should generate the reservation signal locally whenever needed

7.3.4.3.2 DRS Transmission

¢ Recal:
1. PSS/SSS being part of a DRS may occur outside subframe 0 and 5
2. CRS/CSI-RS/PSS/SSS do not vary with subframe number but are kept unchanged across subframes
04 (cal it DRS v1) and 5-9 (DRS_v2).

* Assumption: DRS OTA transmission starts at the SF boundaries.
» The DRSsigna may be received before or after the LBT_DRS REQ

* LBT_DRS REQ issent once per DRS window (e.g., DMTC offset = 6 msis conveyed to the O-RU viathe M-
plane).

¢« DRSsignal issent every SF in the 6 SFs of the DRS window until LBT succeeds.
*  DRSip1 = SFO — (Pry + Dow + Ppy)

*  DRS;p, = SF5— (Pry + Dow + Ppy)

e SFO: The start of SFO, SF1, SF2, SF3, or SF4

e SF5: The start of SF5, SF6, SF7, SF8, or SF9

* AtDRSy, 1, O-DU sends DRS V1 (i.e., to be transmitted within SFs 0-4)
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* At DRS,,, O-DU sends DRS V2 (i.e, to be transmitted within SFs 5-9)

* Notes:
1. LBT indication with failure outcome shall be sent for every sensing period.

7.3.4.3.3 Congestion Window Information Transmission

e  O-DU should send information regarding a congestion window adjustment to O-RU
«  HARQ feedback information for the reference subframe and number of TB are included
e O-RU should adjust its managed congestion window value and notify to O-DU the packet reception status
¢ O-RU should adjust its congestion window value based on received information
¢ O-RU should immediately send asuccess LBT_CWCONFIG_RSP to the O-DU when the messageis
successfully received. If not, O-RU should send afail LBT_CWCONFIG_RSP.

7.3.5 Symbol Numbering and Duration

For the NR case, data symbol numbering in aslot shall be from zero to thirteen (for extended CP, eleven). For LTE the
symbol numbering shall be mapped to the NR numbering as follows:

LTE with normal prefix maps to NR with same p and normal prefix:

LTE symbol [, of ot 2i is mapped to NR dot i, symbol I' = [,
LTE symbol [, of dot 2i + 1 ismapped to NR dlot i, symbol I' = 7 + 15

LTE with extended prefix the following applies:

LTE symbol [, of ot 2i is mapped to NR dot i, symbol I' = [,
LTE symbol ;5 of ot 2i + 1 ismapped to NR slot i, symbol I' = 6 + ;75

The symbol duration can be determined from the SCS provided by “frameStructure” and knowledge of whether LTE
versus NR is supported; 3GPP specifications 36.211 and 38.211 provide the necessary formulas.

When the SCS value provided by “frameStructure” islessthan 15kHz (e.g. for long preamble PRACH formats),
numerology for symbolld is based on 15kHz SCS.

7.3.6 Dynamic Spectrum Sharing (DSS)

Dynamic Spectrum sharing allows different technologies— 4G LTE and 5G NR in this version of the specification, to
share same frequency carrier dynamicaly, i.e. the O-DU may allocate one or more set(s) of frequency-time resources
(or PRBs) to LTE or NR dynamically. The O-RU also shall support this feature for the O-DU to take advantage of such
an allocation. This version of the specification supports DSS via using dedicated eAxC ids (i.e. endpoints) for LTE and
NR or viausing Section Extension =9 for DSS.

7.3.6.1 Dynamic Spectrum Sharing (DSS) via Dedicated Endpoints

Dedicated endpoints are configured in the O-RU for LTE and NR (hence dedicated eAxC ids) to implement DSS. For
e.g. when an O-DU allocates a set of PRBsfor LTE, O-DU uses an eAxC id dedicated for LTE (assigned to acarrier
identified asan LTE carrier) to address the LTE endpoint; at a different time when the O-DU allocates the same set of
PRBsfor NR, the O-DU uses eAxC id dedicated for NR (assigned to a carrier identified as an NR carrier) to address the
NR endpoint in the O-RU.

When using this approach, a carrier will be assigned to LTE or NR, so when both LTE and NR are to be supported at
the sametime (“DSS"), two carriers with overlapping frequency ranges are to be identified, one being LTE and the
other being NR. It will be up to the O-RU to overlap the two carriers such that the same frequency range can support
both NR and LTE, and it will be up to the O-DU to assure that no RE is assigned to both LTE and NR at the same time.

7.3.6.2 Dynamic Spectrum Sharing (DSS) via Section Extension =9 for DSS

Using Section Extension =9 for DSS, the O-DU can use asingle eAxC id (and hence a single endpoint) for conveying
LTE and NR PRB alocationsif the O-RU is capable of handling both LTE and NR processing using one endpoint (i.e.
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the O-RU indicates support for Section Extension =9). Note that a single carrier may be alocated to either LTE, NR or
both, and supporting DSS in this manner means the carrier (to which the endpoint is assigned) would be designated as
supporting both. The O-DU indicates whether the PRB allocation information is applicable to LTE or to NR via
Section Extension =9.

7.3.7 Channel Information based Beamforming

In channel information based beamforming method, the O-DU provides channel information per UE periodically
(generally less often than every dot) using Section Type 6 C-plane message and then on a slot-by-d ot basis the O-DU
provides scheduling information using Section Type 5 C-plane message which the O-RU uses along with the channel
information to calcul ate the proper beamforming weights for the specific dot with its co-scheduled UEs. To reduce
peak bandwidth, the transmission/ reception window constraints shall not apply to Section Type 6 message. O-RU is
expected to use the latest possible available channel information for a ueld for channel information based beamforming
operation i.e., O-RU uses channel information for aueld available in O-RU at the end of receive window of Section
Type 5 message. O-RU is expected to store updated channel information for a ueld when it is received, to be used when
that ueld is scheduled in future.

7.4 Elements for the C-plane Protocol

7.4.1 General

C-Plane messages are encapsulated using a two-layered header approach. The first layer consists of a eCPRI common
header or |EEE 1914.3 common header, including corresponding fields used to indicate the message type, while the
second layer is an application layer including necessary fields for control and synchronization. Within the application
layer, a“section” defines the characteristics of U-plane data to be transferred or received from a beam with one pattern
id. In general, the transmission header, application header, and sections are al intended to be aligned on 4-byte
boundaries and are transmitted in “ network byte order” meaning the most significant byte of a multi-byte parameter is
transmitted first.

When the optional “little endian byte order” is chosen via M-plane, the beamforming weights (Section Type 1 or 3, and
extType = 1) and cilsample/ciQsample (Section Type 6) fields shall use little endian byte order to transmit the complex
numbers. Annex D.2 shows little endian byte order format for various I/Q data length.

Table 7-3 describes the Section Types that are supported within the C-Plane.

Table 7-3 : Section Types

Section Target Scenario Remarks
Type
0 Unused Resource Blocks or Indicates to O-RU that certain Resource Blocks or symbols will not be

symbolsin Downlink or Uplink | used (idle periods, guard periods). Likewise, there are no associated
U-Plane messages containing 1Q data for this Section Type. The
purpose isto inform the O-RU that transmissions may be halted
during the specified idle interval for e.g. power-savings or to provide
an interval for calibration.

1 Most DL/UL radio channels* Here “mogst” refersto channels not requiring time or frequency offsets
such as are needed for mixed-numerology channels

2 reserved for future use
3 PRACH and mixed-numerology | Channels requiring time or frequency offsets or different-than-nominal
channels* SCS values
4 Reserved for future use
5 UE scheduling information (UE- | Provides scheduling information for UE-IDs
ID assignment to section)
6 Channel information Sends UE-specific channel information from the O-DU to the O-RU
7 LAA M essages communicated between O-DU and the O-RU in both
directionsto configure LBT for PDSCH/DRS transmission and to
report the LBT outcome.

8-255 Reserved for future use
*Note : When PRACH having same numerology as other UL channel, Section Type 1 can aternatively be used by O-
DU for PRACH signaling. In this case, O-RU is not expected to perform any PRACH specific processing.
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7411 Section Extensions

Within a data section description, the section header in most cases includes an “extension flag” which indicates
parameters that apply to the section beyond those within the section header (the extension flag is most often adjacent to
the beamld or ueld fields). The presence of this extension flag indicates that following the header, a Section Extension
ispresent. Within the Section Extension is another extension flag, adjacent to the “extType” field, which indicates that
asecond (or third, etc.) extension is present. In thisway any number of Section Extensions may be included within a
data section. This provides an extensibility for section parameters without the need to continually redefine the section
header or create new Section Types to accommodate future fronthaul specification needs.

The Section Extension takes the form reminiscent of “TLV”: there is atype field specifically “extType” which isa 7-bit
field describing the specific extension type, then a one-byte length field specifically “extLen” field detailing how many
4-byte words are contained in the extension (minimum of 1 including the “extType” and “extLen” fields), and then
some number of parameters that depend on the “extType” value for their definition. In all cases the Section Extension
will be an integer number of (4-byte) wordsin length.

Specific valid values of “extType’, their meanings and their associated parameters are detailed in subsequent sub-
clauses of this specification.

7.4.1.2 Coupling of C-Plane and U-Plane

Sel ected types of C-Plane messages (Section Types 1, 3 and 5) carry data section descriptions that convey information
applicable to data sections carried in U-Plane messages. This clause describes a method of coupling data section
descriptions from C-Plane and data sectionsin U-Plane.

74121 Coupling via sectionld Value

This method of C-Plane and U-Plane coupling is used by default. O-DU may configure O-RU to use the other method
viaM-Plane. In this method, information from section description D in C-Plane message CM is applied to resource
element R in PRB P (PRB understood as 12 resource elements of one OFDM symbol consecutive in frequency) in data
section Sin U-Plane message UM if:

1. CM correspondsto UM i.e. both have the same eAxC _id and CM.dataDir ection value matches direction of
UM

2. CM.frameld = UM.frameld and CM.subframeld = UM.subframeld and CM.slotld = UM.dlotld

3. symbol identified by UM.symbolld is described by the section description D.

Thisrequires evaluation of CM.startSymbolld, syminc and numSymbol in CM or checking D.symbolM ask
in Section Extension #6 , #12 or #19 if any of the extensionsis present.

4. PRB Pisdescribed by the section description D. This requires checking that D.startPrbc < P < D.startPrbc
+ D.numPrbc - (D.rb + 1), if D.rb = 1 checking that D.star tPrbc modulo 2 = P modulo 2; it requires
evaluating D.rbgM ask in Section Extension #6 if this extension is present in D. Checking Section Extension
#12, #13, #19 and #20 isrequired if any of themis present in D.

5. D.reMask hasvaue 1in abhit corresponding to RE R. Checking effect of Section Extension #20 isrequired if
thisextension is present in D.

6. D.sectionld = S.sectionld

In addition, the following restrictions apply (in context of one eAxC):

1. A PRB may occur only oncein all U-Plane messages related to the same OFDM symbol.

2. A resource element may be “referenced” (see conditions 3, 4 and 5 above) by only one section description.

3. All section descriptions that are applicable to a PRB (see conditions 3 and 4 above) shall have same value of
sectionld.

4. Section descriptions that are not applicable to same PRB (see conditions 3 and 4 above) shall have different
value of sectionld.

5. Sender of C-Plane shall send in sectionld avalue that is unique within aslot.

6. Section descriptions that have the same value of sectionld shall have same value of rb, startPrbc, numPrbc
and numSymbol.
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7.4.1.2.2 Coupling via Frequency and Time

This coupling method is used if a corresponding capability is reported by O-RU via M-Plane and use for an eAxCis
configured via M-Plane. In this method, information from section description D in C-Plane message CM is applied to
resource element R in PRB P (PRB understood as 12 resource elements of one OFDM symbol consecutivein
frequency) in data section Sin U-Plane message UM if:

1. CM correspondsto UM i.e. both have the same eAxC_id and CM.dataDir ection value matches direction of
UM

2. CM.frameld = UM.frameld and CM.subframeld = UM.subframeld and CM.dlotld = UM.dlotld

3. symbol identified by UM.symbolld is described by the section description D.

This requires evaluation of CM .startSymbolld, symlnc and numSymbol in CM or checking D.symbolMask in
Section Extension #6, #12 or #19 if any of the extensions is present.

4. PRB P isdescribed by the section description D. This requires checking that D.startPrbc <P < D.startPrbc
+ D.numPrbc - (D.rb + 1), if D.rb = 1 checking that D.startPrbc modulo 2 = P modulo 2; it requires
evaluating D.rbgM ask in Section Extension #6 if this extension is present in D. Checking Section Extension
#12, #13, #19 and #20 isrequired if any of themispresentin D.

5. D.reMask hasvaue 1 inabit corresponding to RE R. Checking effect of Section Extension #20 isrequired if
thisextension is present in D.

In addition, the following restrictions apply (in context of one eAxC):

1. A PRB may occur only oncein all U-Plane messages related to the same OFDM symbol.

A resource element may be “referenced” (see conditions 3, 4 and 5 above) by only one section description.
Sender of C-Plane shall send in sectionld a value 4095.

Sender of C-Plane shall order section descriptions such that any section descriptions referencing to any RE
(non-zero value of reMask) are present before section descriptions that do not reference any RE (i.e. zero
valuein reMask). This alows O-RU to more quickly identify section descriptions that carry beamforming
configuration for any RE and also makes them localized in memory which can improve message processing
performance.

Eal SN

7.4.1.2.3 Coupling via Frequency and Time with Priorities

This optional coupling method is used if a corresponding capability is reported by O-RU via M-Plane and use for an
eAxC is configured via M-plane. In this method information from section description D in C-Plane message CM is
applied to resource element R in PRB P (PRB understood as 12 resource elements of one OFDM symbol consecutivein
frequency) in data section Sin U-Plane message UM if:

1. CM correspondsto UM i.e. both have the same eAxC_id and CM.dataDir ection value matches direction of
UM

2. CM.frameld = UM.frameld and CM.subframeld = UM.subframeld and CM.slotld = UM.dlotld

3. symbol identified by UM.symbolld is described by the section description D.

Thisrequires evaluation of CM.startSymbolld, syminc and numSymbol in CM or checking D.symbolMask in
Section Extension #6, #12 or #19 if any of the extensionsis present.

4. PRB Pisdescribed by the section description D. This requires checking that D.startPrbc < P < D.startPrbc
+ D.numPrbc - (D.rb + 1), if D.rb = 1 checking that D.star tPrbc modulo 2 = P modulo 2; it requires
evaluating D.rbgM ask in Section Extension #6 if this extension is present in D. Checking Section Extension
#12, #13, #19 and #20 isrequired if any of themis present in D.

5. D.reMask hasvaue 1in abit corresponding to RE R and D has highest priority among data section
descriptions referencing the RE R in the message CM. Checking effect of Section Extension #20 isrequired if
thisextension is present in D. Priority of data section description isthe value of priority field in Section
Extension #6 (see 5.4.7.6.4), #12 (see 5.4.7.6.4) or #19 (see 5.4.7.6.4) if any of the extensionsis present in D
and zero if the extensions are absent. NOTE: scope of search for highest priority description is restricted to
one C-Plane message to avoid beamforming configuration errors that would be unavoidable if scope would be
covering multiple messages and one of them would be lost. See also note in restriction #3 below.

In addition, the following restrictions apply (in context of one eAxC):
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1. A PRB may occur only oncein all U-Plane messages related to the same OFDM symbol.

2. Datasection descriptions that refer to the same RE and are conveyed in the same C-Plane message shall have
different priority in order to avoid ambiguity.

3. If acomplete beamforming configuration does not fit into one C-Plane message, then sender shall duplicate
highest priority data section descriptions, specifically each C-Plane message shall contain the highest priority
section description referring to any RE that is referred in a message. Thisisrequired to ensure that O-RU will
interpret configuration received in each message correctly. If such duplication is needed to avoid
misinterpretation it does not violate restriction #4 below. Alternatively, Section Extension #20 can be used
instead of repeating high priority sections (refer to clause 7.4.7.20, and 5.5.10 for more details)

4. Sender shall avoid sending unnecessary data section descriptions e.g. descriptions that carry the same
configuration (but refer to note in restriction #3 above).

5. Sender of C-Plane shall send in sectionld a value 4095.

6. Sender of C-Plane shall order section descriptions such that any section descriptions referring to any RE (non-
zero value of reMask) are present before section descriptions that do not reference any RE (i.e. zero valuein
reMask); section descriptions referring to any RE shall be ordered by effective priority (highest priority first).
Ordering section descriptions with non-zero reMask first allows O-RU to more quickly identify section
descriptions that carry beamforming configuration for any RE and also makes them localized in memory
which can improve message processing performance. Ordering section descriptions by highest priority firstis
intended to optimize O-RU C-plane message processing i.e. RE beamforming configuration can be
determined from the earliest section description occurring in the message.

74.1.2.4 Coupling via Frequency and Time with Priorities (Optimized)
All the restrictions remain same as coupling via frequency and time with priorities except restriction 5:

5. Sender of C-Plane shall send in sectionld value 4095 for section description with lower priority. For highest
priority sections unique sectionlds shall be set in adefined range starting from “0” to “max-highest-priority-
sections-per-slot” specified through M-Plane, across eAxC IDs (limiting this range helps O-RU reduce the
search space for repeated highest priority section descriptions detection). While duplicating highest priority
sections, al fieldsincluding sectionld shall be duplicated. In addition to this, for C-Plane message processing
O-RUs, additional limits to restrict the number of highest priority sections per C-Plane message on top of
eAXC limits shall be applied (clause 7.6.2).

In addition to associating unique sectionld to highest priority section as described above, O-DU shall set the “repetition”
flagto“1” for every repeated C-Plane message. O-RU can chooseto processor ignore the flag based on itsimplementation
(clause 7.4.7.6.5).

7.4.2 Scheduling and Beamforming Commands

A common frame format is used for C-Plane messages, consisting of atransport layer and an application layer. The
application layer is within the transport layer payload and consists of a common header for time reference, followed by
information and parameters dependent and specific to the Section Type in use. M ultiple sets of section data of the same
Section Type value can be lined up one after another within the payload. To minimize packet rate over the interface,
transmitter should fill messages with as many subseguent sections (with or without sequential section IDs) as possible.
However, sets of section data of different Section Type values are to be sent via separate messages (i.e. different values
of Section Type shall not be mixed within a single C-Plane message payload).

0 Transport Layer (seeclause 5.1.3)

0 Application Layer
0 Section Type “0” Fields (used for indicating idle or guard periods from O-DU to O-RU)
= Common Header Fields
e dataDirection (data direction (gNB Tx/Rx)) field: 1 bit
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payloadVersion (payload version) field: 3 bits
o value="1" shall be set (1% protocol version for payload and time reference format)

filterIndex (filter index) field: 4 bits

frameld (frame identifier) field: 8 bits

subframel d (subframeidentifier) field: 4 bits

slotl D (dot identifier) field: 6 bits

startSymbolid (start symbol id) field: 6 bits
number Ofsections (number of sections) field: 8 bits

sectionType (Section Type) field: 8 bits
e vaue="0" shal be set

timeOffset (time offset) field: 16 bits
frameStructur e (frame structure) field: 8 bits
cpLength (cyclic prefix length) field: 16 bits

reserved (reserved for future use) field: 8 bits

=  Section Fields

sectionl D (section identifier) field: 12 bits

rb (resource block indicator) field: 1 bit

symlnc (symbol number increment command) field: 1 bit

startPrbc (starting PRB of data section description) field: 10 bits

numPrbc (number of contiguous PRBs per data section description) field: 8 bits
reMask (resource element mask) field: 12 bits

numSymbol (number of symbols) field: 4 bits

ef (extension flag) field: 1 bit

reserved (reserved for future use) field: 15 bits

Section Type “1” Fields (used for most Downlink and Uplink radio channels — some channels
especially PRACH and mixed-numerology channels may need more information elements contained
in other Section Types. However, if Section Type “1" isused for PRACH channel, it should be
processed in the same manner as a non-PRACH channel is processed in O-RU.)

=  Common Header Fields

dataDirection (data direction (gNB Tx/Rx)) field: 1 bit

payloadVersion (payload version) field: 3 bits
e value="1" shall be set (1% protocol version for payload and time reference format)

filterIndex (filter index) field: 4 bits

frameld (frameidentifier) field: 8 bits

subframel d (subframeidentifier) field: 4 bits

dotlD (dot identifier) field: 6 bits

startSymbolid (start symbol id) field: 6 bits

number Ofsections (number of sections) field: 8 bits
sectionType (Section Type) field: 8 bits

e vaue="1" shall be st

udCompHdr (user data compression header) field: 8 bits
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= reserved (reserved for future use) field: 8 bits
= Section Fields
= sectionld (section identifier) field: 12 bits
= rb (resource block identifier) field: 1 bit
= syminc (symbol number increment command) field: 1 bit
= startPrbc (starting PRB of data section description) field: 10 bits
=  numPrbc (humber of contiguous PRBs per data section description) field: 8 bits
= reMask (resource element mask) field: 12 bits
= numSymbol (number of symbols) field: 4 bits
= ¢f (extensionflag) field: 1 bit
* beamld (beam identifier) field: 15 bits

0 Section Type “3” Fields (used for PRACH and mixed-numerology channels):
=  Common Header Fields
= dataDirection (datadirection (QNB Tx/Rx)) field: 1 bit
= payloadVersion (payload version) field: 3 bits

e vaue="“1" shall be set (1 protocol version for payload and time reference format)
= filterIndex (filter index) field: 4 bits
= frameld (frameidentifier) field: 8 bits
= subframeld (subframeidentifier) field: 4 bits
» dotlD (dot identifier) field: 6 bits
= gtartSymbolid (start symbol identifier) field: 6 bits
=  number Ofsections (number of sections) field: 8 bits
= sectionType (Section Type) field: 8 bits
e vaue="3" shall be set
»  timeOffset (time offset) field: 16 bits
= frameStructure (frame structure) field: 8 bits
= cpLength (cyclic prefix length) field: 16 bits
= udCompHdr (user data compression header) field: 8 bits
= Section Fields
= sectionl D (section identifier) field: 12 bits
= rb (resource block identifier) field: 1 bit
= symlnc (symbol number increment command) field: 1 bit
= dartPrbc (starting PRB of data section description) field: 10 bits
=  numPrbc (number of contiguous PRBs per data section description) field: 8 bits
= reMask (resource element mask) field: 12 bits
= numSymbol (number of symbols) field: 4 bits
= ¢f (extensionflag) field: 1 bit
=  beamld (beam identifier) field: 15 bits
= fregOffset (frequency offset) field: 24 bits

= reserved (reserved for future use) field: 8 bits
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0 Section Type “5” Fields (used for UE scheduling information):
Common Header Fields

dataDirection (data direction (gNB Tx/Rx)) field: 1 bit
payloadVersion (payload version) field: 3 bits

e vaue="“1" shall be set (1 protocol version for payload and time reference format)
filterIndex (filter index) field: 4 bits

frameld (frame identifier) field: 8 bits

subframel d (subframeidentifier) field: 4 bits

slotI D (slot identifier) field: 6 bits

startSymbolid (start symbol identifier) field: 6 bits
number Ofsections (number of sections) field: 8 bits
sectionType (Section Type) field: 8 bits

e vaue="5" shall be set

udCompHdr (user data compression header) field: 8 bits

reserved (reserved for future use) field: 8 bits

Section Fields

sectionl D (section identifier) field: 12 bits

rb (resource block identifier) field: 1 bit

symlnc (symbol number increment command) field: 1 bit

startPrbc (starting PRB of data section description) field: 10 bits

numPrbc (number of contiguous PRBs per data section description) field: 8 bits
reMask (resource element mask) field: 12 bits

numSymbol (number of symbols) field: 4 bits

ef (extension flag) field: 1 bit

ueld (UE identifier) field: 15 bits

0 Section Type“6” Fields (used for sending channel information for a specific UE ID):
Common Header Fields

dataDirection (data direction (gNB Tx/Rx)) field: 1 bit

payloadVersion (payload version) field: 3 bits

e vaue="“1" shall be set (1 protocol version for payload and time reference format)
filterIndex (filter index) field: 4 bits

frameld (frameidentifier) field: 8 bits

subframel d (subframe identifier) field: 4 bits

slotI D (slot identifier) field: 6 bits

startSymbolid (start symbol identifier) field: 6 bits

number Ofsections (number of sections) field: 8 bits

sectionType (Section Type) field: 8 bits

e value="6" shall be set

number OfUEs (number of UE-specific channel information data sets) field: 8 bits

reserved (reserved for future use) field: 8 bits
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= Section Fields
= ¢f (extensionflag) field: 1 bit
= ueld (UE identifier) field: 15 bits
= regularizationFactor (regularization factor used for MM SE reception) field: 16 bits
= reserved (reserved for future use) field: 4 bits
= rb (resource block identifier) field: 1 bit
= syminc (symbol number increment command) field: 1 bit
= startPrbc (starting PRB of data section description) field: 10 bits
=  numPrbc (number of contiguous PRBs per data section description) field: 8 bits
= cilsample (channel information value, in-phase sample) field: 16 bits

= ciQsample (channel information value, quadrature sample) field: 16 bits

0 Section Type “7” Fields (used to support LAA):
= Common Header Fields

= reserved (reserved for future use) field: 1 bit
= payloadVersion (payload version) field: 3 bits

e vaue="“1" shall be set (1 protocol version for payload and time reference format)
= reserved (reserved for future use) field: 4 bits
= frameld (frameidentifier) field: 8 bits
= subframeld (subframeidentifier) field: 4 bits
» dotID (dot identifier) field: 6 bits
= reserved (reserved for future use) field: 14 bits
= sectionType (Section Type) field: 8 bits

e vaue="7" shall be set
= reserved (reserved for future use) field: 16 bits
= Section Fields
=  laaMsgType (LAA message type) field: 4 bits
= laaMsgLen field: 4 bits

o laaMsgType="0" shall beset for LBT_DL_CONFIG.request: LBT_PDSCH_REQ
= |btHandle (An opague handling returned in LBT_PDSCH_RSP) field: 16 bits

= |btOffset (LBT start time in microseconds from the beginning of the subframe scheduled by
this message) field: 10 bits

= |btMode (LBT processtype) field: 2 bits

= reserved (reserved for future use) field: 1 bit
= |btDefer Factor (Defer factor in sensing slots as described in 3GPP TS 36.213 [14] clause
15.1.1) field: 3 bits

= |btBackoffCounter (LBT backoff counter in sensing slots as described in 3GPP TS 36.213
[14] clause 15.1.1) field: 10 bits

= MCOT (LTE TXOP duration in subframes) field: 4 bits

= reserved (reserved for future use) field: 10 bits

o laaMsgType="1" shal beset for LBT_DL_CONFIG.request: LBT_DRS REQ
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= |btHandle (An opague handling returned in LBT_DRS_RSP) field: 16 bits

= |btOffset (LBT start time in microseconds from the beginning of the subframe scheduled by
this message) field: 10 bits

= [btMode (LBT processtype) field: 2 bits:
= reserved (reserved for future use) field: 28 bit

0 laaMsgType="2" shall be set for LBT_DL.indication: LBT_PDSCH_RSP
= |btHandle (An opague handling returned in LBT_PDSCH_RSP) field: 16 bits
= |btPdschRes (LBT result of SFN/SF) field: 2 bits
= inPar SF (Indicates whether the initial SF inthe LBT processis full or partial) field: 1 bit
= SfStatus (subfrme status) field: 1 bit
" Efi?SSf (SFN/SF of subframe which is dropped or successfully transmitted at O-RU) field: 12
= reserved (reserved for future use) field: 24 bits
0 laaMsgType="3" shall beset for LBT_DL.indication: LBT_DRS RSP
= |btHandle (An opague handling returned in LBT_DRS_RSP) field: 16 bits
= |btDrsRes(LBT result of SFN/SF) field: 1 bit
= reserved (reserved for future use) field: 7 bits
0 laaMsgType="4" shall beset for LBT_buffer error: LBT_Buffer_Error
= |btHandle (An opague handling returned in LBT_DRS _RSP) field: 16 bits
= |btBufErr (LBT buffer error type) field: 1 bit
= reserved (reserved for future use) field: 7 bits
0 laaMsgType="5" shall be set for LBT_DL_CONFIG.request: LBT_CWCONFIG_REQ
= |btHandle (An opaque handle returned in LBT_CWCONFIG_RSP) field: 16 bits
= |btCWConfig_H (HARQ feedback information regarding number of NACK about reference
subframe as described in 3GPP TS 36.213 [14] clause 15.1.3) field: 8 bits
= [btCWConfig_T (number of TB to manage Congestion Window as described in 3GPP TS
36.213[14] clause 15.1.3) field: 8 bits
= [btMode (LBT processtype) field: 2 bits
= |btTrafficClass (LBT traffic class) field: 3 bits
= reserved (reserved for future use) field: 19 bits
0 laaMsgType="6" shall beset for LBT_DL.indication: LBT_CWCONFIG_RSP

= |btHandle (An opaque handling returned in LBT_CWCONFIG_RSP) field: 16 bits
= |btCWR_Rst (Natification LBT_CWCONFIG_REQ message successful or not) field: 1 bit

= reserved (reserved for future use) field: 7 bits

Table 7-4 : Scheduling and beamforming commands frame format (Section Type “0")

Section TypeO: idle/ guard periods
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transport header, see clause 5.1.3 8 |[Octetl
dataDirection | payloadVersion | filterlndex 1 [Octet9
frameld 1 |Octet 10
subframeld | slotld 1 |Octet 11
sotld | startSymbolid 1 | Octet 12
numberOfsections 1 |Octet 13
sectionType=0 1 |Octet14
timeOffsat 2 | Octet 15
frameStructure 1 |Octet17
cpLength 2 | Octet 18
Reserved 1 | Octet 20
sectionld 1 | Octet21
sectionld | m | syminc | startPrbc 1 | Octet 22
startPrbc 1 | Octet 23
numPrbc 1 |Octet 24
reMask[11:4] 1 |[Octet 25
reMask[3:0] | numSymbol 1 |[Octet 26
ef | reserved (7 bits) 1 | Octet 27
reserved (8 hits) 1 | Octet 28
Section Extensions as indicated by” ef” if any var | Octet 29
sectionld 1 |[Octet N
sectionld | rb | syminc | startPrbc 1 [N+1
startPrbc 1 |N+2
numPrbc 1 |N+3
reMask[11:4] 1 |N+4
reMask[3:0] | numSymbol 1 [N+5
ef | reserved (7 bits) 1 |N+6
reserved (8 hits) 1 | N+7
Section Extensions as indicated by” ef” if any var | N+8
I I I I I I I Octet M

shading: yellow is transport header, pink is radio application header, others are repeated sections

Table 7-5: Scheduling and beamforming commands frame format (Section Type “1")

Section Type1: DL/UL control msgs

transport header, see clause 5.1.3 8 Octet 1

dataDirection payloadVersion filterIndex 1 Octet 9
frameld 1 Octet 10

subframeld | slotld 1 Octet 11

dotld | startSymbolid 1 | oOctet 12
numberOfsections 1 Octet 13

sectionType=1 1 Octet 14

udCompHdr 1 Octet 15

reserved 1 Octet 16

sectionld 1 Octet 17

sectionld | m | symnc | startPrbc 1 | Octet 18

startPrbc 1 Octet 19

numPrbc 1 Octet 20

reMask[11:4] 1 Octet 21
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reMask[3:0] | numSymbol 1 | oOctet 22
f=1 | beaml d[14:8] 1 | oOctet 23
beamld[7:0] 1 Octet 24
Section Extensions asindicated by “ef” var | Octet 25
sectionld 1 Octet N
sectionld | rb | syminc | startPrbc 1 N+1
startPrbc 1 N+2
numPrbc 1 N+3
reMask[11:4] 1 N+4
reMask[3:0] | numSymbol 1 N+5
=0 | beaml d[14:8] 1 N+6
beamid[7:0] 1 N+7
Section Extensions as indicated by “ef” var N+8
I I I I I I I Octet M

shading: yellow is transport header, pink is radio application header, others are repeated sections

Table 7-6 : Scheduling and beamforming commands frame format (Section Type “3")

Section Type 3: PRACH & mixed-numerology

3 4 5 6 7 (Isb)
transport header, see clause 5.1.3 8 Octet 1
dataDirection payloadVersion filterl ndex 1 Octet 9
frameld 1 Octet 10
subframeld | dotld 1 Octet 11
dotld | startSymbolid 1 |oOctet 12
numberOfsections 1 Octet 13
sectionType =3 1 Octet 14
timeOffset 2 Octet 15
frameStructure 1 Octet 17
cpLength 2 Octet 18
udCompHdr 1 Octet 20
sectionld 1 Octet 21
sectionld | rb | syminc | startPrbc 1 Octet 22
startPrbc 1 Octet 23
numPrbc 1 Octet 24
reMask[11:4] 1 Octet 25
reMask[3:0] | numSymbol 1 |Octet 26
ef | beaml d[14:8] 1 |Octet 27
beamid[7:0] 1 Octet 28
freqOffset 3 Octet 29
reserved (8 hits) 1 Octet 32
Section Extensions as indicated by “ef” var | Octet 33
sectionld 1 Octet N
sectionld | rb | syminc | startPrbc 1 N+1
startPrbc 1 N+2
numPrbc 1 N+3
reMask[11:4] 1 N+4
reMask[3:0] | numSymbol 1 [N+5
ef | beaml d[14:8] 1 [N+6
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beamid[7:0] 1 N+7
freqOffset 3 N+8
reserved (8 bits) 1 N+11
Section Extensions as indicated by “ef” var | N+12
| I I I I I | Octet M

shading: yellow is transport header, pink is radio application header, others are repeated sections

Table 7-7 : UE scheduling information frame format (Section Type “5")

Section Type 5 : UE scheduling infor mation conveyance

7 (Ish)
transport header, see clause 5.1.3 8 Octet 1
dataDirection payloadVersion filterIndex 1 Octet 9
frameld 1 Octet 10
subframeld | slotld 1 Octet 11
dotld | startSymbolid 1 | oOctet 12
numberOf sections 1 Octet 13
sectionType=5 1 Octet 14
udCompHdr 1 Octet 15
reserved 1 Octet 16
sectionld 1 Octet 17
sectionld | rb | syminc | startPrbc 1 Octet 18
startPrbc 1 Octet 19
numPrbc 1 Octet 20
reMask[11:4] 1 Octet 21
reMask[3:0] | numSymbol 1 Octet 22
ef | ueld[14:8] 1 | oOctet 23
ueld[7:0] 1 Octet 24
Section Extensions as indicated by “ef” var | Octet 25
sectionld 1 Octet N
sectionld | rb | syminc | startPrbc 1 N+1
startPrbc 1 N+2
numPrbc 1 N+3
reMask[11:4] 1 N+4
reMask[3:0] | numSymbol 1 N+5
ef | ueld[14:8] 1 N+6
ueld[7:0] 1 N+7
Section Extensions as indicated by “ef” var N+8
I I I I I I I Octet M

shading: yellow is transport header, pink is radio application header, others are repeated sections

Table 7-8 : UE channel information frame format (Section Type “6”)

Section Type 6 : channel infor mation conveyance

# of
bytes
transport header, see clause 5.1.3 8 Octet 1
dataDirection payloadVersion filterIndex 1 Octet 9
frameld 1 Octet 10
subframeld | Sotld 1 | Octet 11
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dotld startSymbolid 1 Octet 12
numberOf sections 1 Octet 13
sectionType=6 1 Octet 14
numberOfUEs 1 Octet 15
reserved 1 Octet 16
ef | ueld[14:8] 1 | Octet 17
ueld[7:0] 1 Octet 18
regul ari zationFactor 2 Octet 19
reserved | rb | syminc | startPrbc 1 Octet 21
startPrbc 1 Octet 22
numPrbc 1 Octet 23
cilsample (first PRB, first antenna) var | Octet 24
ciQsample (first PRB, first antenna) var
cilsample (first PRB, second antenna) var
ciQsample (first PRB, second antenna) var
cilsample (first PRB, last antenna) var
ciQsample (first PRB, last antenna) var
cilsample (last PRB, last antenna) var
ciQsample (last PRB, last antenna) var
Section Extensions asindicated by “ef” var
ef | ueld[14:8] 1 | OctetN
ueld[7:0] 1 N+1
regul ari zationFactor 2 N+2
Reserved | rb | syminc | startPrbc 1 N+4
startPrbc 1 N+5
numPrbc 1 N+6
cilsample (first PRB, first antenna) var N+7
ciQsample (first PRB, first antenna) var
cilsample (first PRB, second antenna) var
ciQsample (first PRB, second antenna) var
cilsample (first PRB, last antenna) var
ciQsample (first PRB, last antenna) var
cilsample (last PRB, last antenna) var
ciQsample (last PRB, last antenna) var
Section Extensions as indicated by “ef” var
I I I I I I I Octet M

shading: yellow is transport header, pink is radio application header, others are repeated sections

Table 7-9 : LAA Message, O-DU to O-RU -OR- O-RU to O-DU (Section Type “7”)

Section Type 7 : LAA Message,0-DU to O-RU or O-RU toO-DU

transport header, see clause 5.1.3 8 Octet 1
reserved payloadVersion reserved 1 Octet 9
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frameld 1 Octet 10
subframeld | slotld 1 Octet 11
slotld | reserved 1 Octet 12
reserved 1 Octet 13
sectionType=7 1 Octet 14
reserved 1 Octet 15
reserved 1 Octet 16
laaM sgType | laaMsgLen 1 Octet 17
Payload (see below) plus padding to 32-bit boundary 3or 7| Octet 18+

Note that here, frameld, subframeld and slotld serve to provide a time stamp on the LAA LBT C-Plane message and do

not describe any U-Plane data associated with the Section Type 7 C-Plane message.

Section Type 7 : LAA Request Message, O-DU to O-RU LBT_PDSCH_REQ

laaM sgType = 0000b (LBT_PDSCH_REQ) laaM sglen = 2 (2 words) 1 Octet 17
IbtHandle 2 Octet 18

IbtOffset[9:2] 1 | Octet20

|btOffset[1:0] | IbtM ode | reserved | |btDeferFactor 1 | Octet 21
IbtBckoff Counter[9:2] 1 Octet 22

IbtBckoffCounter[1:0] | MCOT | reserved 1 | Octet 23
reserved 1 Octet 24

Section Type 7 : LAA Request Message, O-DU to O-RU LBT_DRS REQ

laaM sgType = 0001b (LBT_DRS REQ) laaM sglen = 2 (2 words) 1 Octet 17
IbtHandle 2 Octet 18

IbtOffset[9:2] 1 Octet 20

IbtOffset[1:0] | IbtMode reserved 1 | Octet 21
reserved 1 Octet 22

reserved 1 Octet 23

reserved 1 Octet 24

Section Type 7 : LAA Response Message, O-RU to O-DU LBT_PDSCH_RSP

# of

bytes
laaM sgType = 0010b (LBT PDSCH_RSP) laaMsglen = 2 (2 words) 1 Octet 17
IbtHandle 2 Octet 18
IbtPdschRes | inParSF | sfStatus | SfnSf[11:8] 1 | Octet20
sfnSf[7:0] 1 Octet 21
reserved 1 Octet 22
reserved 1 Octet 23
reserved 1 Octet 24

Section Type 7 : LAA Response Message, O-RU to O-DU LBT_DRS RSP

# of
ey bytes
laaM sgType = 0011b (LBT_DRS RSP) laaMsglLen = 1 (1 word) 1 Octet N
IbtHandle 2 N+1
IbtDrsRes | reserved 1 N+3
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laaM sgType = 0100b (LBT_Buffer Error) laaMsgLen = 1 (1 word) 1 Octet N
IbtHandle 2 N+1
IbtBUfErr | reserved 1 N+3

laaM sgType = 0101b (LBT_CWCONFIG REQ) laaMsgLen = 2 (2 words)

IbtHandle 2 N+1

IbtCWConfig H 1 N+3

IbtCWConfig T 1 N+4

IbtMode IbtTrafficClass | reserved 1 N+5
reserved 2 N+6

Section Type 7 : LAA Request Message, O-RU to O-DU LBT_CWCONFIG_RSP

laaMsgType = 0110b (LBT CWCONFIG RSP) laaMsglen = 1 (1 word)
IbtHandle 2 N+1
IbtCWR Rst | reserved 1 N+2
7.4.3 Coding of Information Elements — Transport Layer

See clause 5.1.3 for transport header information element details.

7.4.4

7441 dataDirection (data direction (QNB Tx/RX))

Description: This parameter indicates the gNB data direction.
Valuerange: {Ob=Rx (i.e. UL), 1b=Tx (i.e. DL)}.

Type: binary bit.

Field length: 1 bit.

7.4.4.2 payloadVersion (payload version)

Coding of Information Elements — Application Layer, Common

Description: This parameter defines the payload protocol version valid for the following IEsin the application layer. In

this version of the specification payloadV ersion=001b shall be used.
Value range: {000b-111b=Payload version}.

Type: unsigned integer.

Field length: 3 bits.

Default Value: 001b (version 1 assumed).
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7443 filterindex (filter index)

Description: This parameter defines an index to the channel filter to be used between |Q data and air interface, both in
DL and UL. For most physical channels filterlndex =0000b is used which indexes the standard channel filter, e.g.
100MHz channel filter for 100MHz nominal carrier bandwidth. Another use case is PRACH in UL, where different
filter indices can be used for different PRACH formats, assuming that before FFT processing of PRACH datathereisa
separate PRACH filter or PRACH filter in addition to the standard channel filter in UL. Please note that for PRACH,
when Section Type “3” message is used, there istypically also afrequency offset (see freqOffset) applied before the
PRACH filter.

NOTE 1: Filter index is commanded from O-DU to O-RU. Likewisg, it is hot mandatory to command special filters,
and filter index = 0000b is also allowed for PRACH.

NOTE 2: When using filter indices corresponding to PRACH, the first RE of the first PRB addressed inside the section
Id shall correspond with the first guard tone used at the lower edge of the PRACH frequency block as specified in 3GPP
RAN1 TS 3x.211. In case of fragmentation of 1 data section over multiple U-Plane messages, thisis applicable to the
first fragmented section.

NOTE 3: Since different PRACH formats are assigned to the same filterIndex value, optionally O-RU can notify by M-
plane the specific supported formats (grouped into PRACH format-groups) in o-ran-uplane-conf.yang module on a per-
endpoint basis.

Valuerange: {0000b-1111b}.

Table 7-10 : Filter Index

Value of |E “filter Index” PRACH preamble formats Minimum filter pass band
0000b=0x0 standard channel N/A
filter
0001b=0x1 UL filter for PRACH | LTE-O, LTE-1, LTE-2, 839 x 1.25kHz = 1048.75 kHz
preamble formats LTE-3, NR-O, NR-1, NR-2
0010b=0x2 NR-3 839 x 5 kHz = 4195 kHz
0011b=0x3 NR-A1, NR-A2, NR-A3, 139 x AfRA
NR-B1, NR-B2, NR-B3, (See SCSin Table 5-11)
0110b=0x6 NR-B4, NR-CO, NR-C2 1151 x 15 kHz = 17265 kHz
0111b=0x7 571 x 30 kHz = 17130 kHz
0100b=0x4 UL filter for LTE-NBO, LTE-NB1 48 x 3.75kHz = 180 kHz
NPRACH LTE-NBO-a LTE-NB1-a
LTE-NB2 144 x 1.25 kHz = 180 kHz
0101b=0x5 UL filter for PRACH | LTE-4 139 x 7.5kHz = 1042.5 kHz
preamble formats
1000b...1111b Reserved

Type: unsigned integer.
Field length: 4 bits.
Default Value: 0000b (no specidl filter).

7.4.4.4 frameld (frame identifier)

Description: This parameter is a counter for 10 ms frames (wrapping period 2.56 seconds), specifically frameld =
frame number modul o 256.

Value range: {0000 0000b-1111 1111b}.
Type: unsigned integer.
Field length: 8 bits.
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7445 subframeld (subframe identifier)

Description: This parameter isa counter for 1 ms sub-frames within 10ms frame.
Valuerange: {0000b-1111b}.

Type: unsigned integer.

Field length: 4 bits.

7.4.4.6 slotld (slot identifier)

Description: This parameter is the slot number within a 1ms sub-frame. All slots in one sub-frame are counted by this
parameter, slotld running from 0 to Ngo-1. In this version of the specification the maximum Ng«=16, All other values
of the 6 bits are reserved for future use.

Value range: {00 0000b-00 1111b=slotID, 01 0000b-11 1111b=Reserved}.
Type: unsigned integer.
Field length: 6 bits.

7.4.4.7 startSymbolid (start symbol identifier)

Description: This parameter identifies the symbol number (within aslot) of the earliest symbol, to which the
information of this messageis applicable.

Valuerange: {00 0000b-11 1111b}.
Type: unsigned integer.
Field length: 6 bits.

7.4.4.8 numberOfsections (number of sections)

Description: This parameter indicates the number of data section descriptions (separate citations of section ID even for
multiple citations of the same sectionld) included in this C-Plane message.

Value range: {0000 0000b-1111 1111b}.
Type: unsigned integer.
Field length: 8 bits.

7.4.4.9 sectionType (Section Type)

Description: This parameter determines the characteristics of U-plane data to be transferred or received from a beam
with one pattern id.

Value range: {0000 0000b-1111 1111b=Section Type, see table at the start of this clause for Section Type meanings}
Type: unsigned integer.
Field length: 8 bits.

7.4.4.10 udCompHdr (user data compression header)

See clause 8.3.3.13 for the description of this parameter.

The udCompHdr information is provided on the U-Plane, instructing the O-RU (on DL) and O-DU (on UL) how to
interpret and decompress the received U-Plane data. However, the O-RU is not expected to decide by itself the best UL
data format and data compression method, instead the O-DU shall instruct the O-RU via udCompHdr in a C-Plane
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message. This means the udCompHdr in a C-Plane message only has meaning for UL U-Plane data (dataDirection =
0Ob) and should be set to 0x00 when dataDirection = 1b (DL data), and the receiving O-RU shall ignore the received
udCompHdr value. When static data format and compression is used (see 6.1.2) then udCompHdr is not needed in any
C-Plane message and should be set to 0x00, and the receiving O-RU shall ignore the received udCompHdr value.

Note that it isimpermissible to specify different values of udCompHdr for the same data section, even if it is sent over
separate C-Plane messages discriminated by different reMask values. Only a single compression method per data
section is supported (see clause 7.4.5.1). The O-RU response if the C-Plane specifies multiple udCompHdr values for a
single data section is undefined.

7.4.4.11 numberOfUEs (number Of UES)

Description: This parameter appliesto Section Type 6 messages and indicates the number of UEs (for which channel
information is provided) are included in the message. This allows the parser to determine when the last UE’ s data has
been parsed.

Valuerange: {0000 0000b-1111 1111b}.
Type: unsigned integer.
Field length: 8 bits.

7.4.4.12 timeOffset (time offset)

Description: This parameter defines the time_offset from the start of the slot to the start of the Cyclic Prefix (CP) in
number of samples Ts(=1/30.72MHz as specified in 3GPP TS38.211 clause 4.1). The value shall be less than the slot
length. The dot length is based on the SCS on which the startSymbolld numerology is based (see Tables 5-1 and 5-1ain
5.3.2). For the mixed numerology case (non-PRACH), timeOffset points to the same timing pointed by startSymbolld.
For PRACH, refer to clause 4.3.2.

time_offset = timeOffset * ts
Value range: {0000 0000 0000 0000b-1111 1111 1111 1111b}.
Type: unsigned integer.
Field length: 16 bits.

7.4.4.13 frameStructure (frame structure)

Description: This parameter defines the frame structure. The first 4 bits define the FFT/iFFT size being used for all 1Q
data processing related to this message. The second 4 bits define the sub carrier spacing as well as the number of dots
per 1ms sub-frame according to 3GPP TS 38.211, taking for completeness also 3GPP TS 36.211 into account. The
parameter u=0...5 from 3GPP TS 38.211 is extended to apply for PRACH processing.

NOTE: The parameter “FFTSize” is meant to facilitate the above calculation and is hot meant to strictly dictate the O-
RU’s method of time-to-frequency conversion.

Valuerange: {0000 0000b-1111 1111b}

Bit allocations

Number of
Octets

FFT Size U (Subcarrier spacing) 1 Octet 1

Table 7-11 : FFT Size

0000b Reserved (no FFT/iFFT processing)
0001b...0110b Reserved
0111b 128
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1000b 256
1001b 512
1010b 1024
1011b 2048
1100b 4096
1101b 1536
1110,1111b Reserved

Table 7-12 : Sub-Carrier Spacing

Valueof IE“SCS’ 3GPP “” Subcarrier spacing Af Number of slots Slot length
per 1ms sub-
frame: Nsot
0000b 0 15kHz 1 ims
0001b 1 30kHz 2 500ps
0010b 2 60kHz 4 250us
0011b 3 120kHz 8 125us
0100b 4 240kHz 16 62.50s
0101b...1011b NA Reserved Reserved Reserved
1100b NA 1.25kHz 1 1ms
1101b NA 3.75kHz (LTE-specific) | 1 Ims
1110b NA 5kHz 1 1ms
1111b NA 7.5kHz (LTE-specific) 1 Ims

Type: unsigned integer (concatenated bit fields).
Field length: 8 bits.

7.4.4.14 cpLength (cyclic prefix length)

Description: This parameter defines the length CP_length of the Cyclic Prefix (CP) asfollows, based on Ts
(=1/30.72MHz as specified in 3GPP TS38.211 clause 4.1):

CP_length = cpLength * Ts

NOTE: cpLength parameter is used with Section Types 0 and 3, and is applicable to all symbols addressed by the C-
plane message. In addition to the values defined in 3GPP, the value 0 is supported. The dot start time reference
differentiation between normal CP and extended CP is based on cpLength and frameStructure. If cpLength is zero then
differentiation between normal CP and extended CP time reference is based on cp-type parameter conveyed in the M-
Plane. With Section Type 1, the CP properties shall be configured over M-Plane. In the latter case, the cyclic prefix
shall have the following properties:

- cp-type: Normal or extended

- cp-length: same unit as cpLength defined in this section; used for symbol 0 for NR & LTE, and symbol 7*2" for NR
(1 as defined in the table above with “NA” for u shall be replaced by “0")

- cp-length-other: same unit as cpLength defined in this section; used for other symbols than by cp-length
Value range: {0000 0000 0000 0000b-1111 1111 1111 1111b}.

Type: unsigned integer.

Field length: 16 hits.
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7.4.5 Coding of Information Elements — Application Layer, Sections

7.45.1 sectionld (section identifier)

Description: If C-Plane and U-Plane coupling via sectionld (see clause 7.4.1.2.1) is used then this parameter identifies
individual data sectionsthat are described by data section descriptions within the C-Plane message. The purpose of the
sectionld isto map U-Plane data sections to the corresponding C-Plane message (and Section Types) associated with
the data. Two or more C-Plane data section descriptions with same Sectionld may be cited corresponding to asingle U-
Plane data section containing a combined payload for both citations (e.g., for supporting mixed CSI RS and PDSCH).
This case is applicable when usage of reMask is complimentary (or orthogonal) and different beam directions (i.e.
beamlds) are given the resource elements. Data sections are specific to a value of eAxC so different eAxC values may
have differently-defined data sections e.g. have different ranges of PRBs contained within.

NOTES:

= sectionlds are specific to adot, so sectionld values may be “reused” for each dot, and the sectionld value for
one ot has no specified relation to the sectionld value for a different slot

= All datain section descriptions with same Sectionld value shall have same rb, startPrbc, numPrbc,
udCompHdr, and numSymbol 1E fields' content.

= Anupper bound on the max number of section IDs that can be addressed per eAXC or per sets of eAXCs, per
symbol and per slot, for DL and for UL respectively, shall be conveyed via M-plane messaging as part of the
O-RU capabilities description.

= The sectionld cited in a C-Plane message shall have the same val ue as the sectionld in the corresponding U-
Plane message for the given data section as defined by the frameld, subFrameld, dotld, startSymbolid fields
and range of relevant PRBs as indicated by the totality of the specified startPrb(c/u) and numPrb(c/u) fields.

If C-Plane and U-Plane coupling via sectionld (see clause 7.4.1.2.1) is not used, then the sectionld value is not used for
identification of data sections in U-plane messages and is not used for identification of data section descriptionsin C-
plane messages. In this case above rules for uniqueness of sectionld value within slot and restriction on rb, startPrbc,
numPrbc, udCompHdr, and numSymbol |E fields' content do not apply. Sender shall send Sectionld = 4095. The only
exception to thisis“ Coupling via Frequency and Time with Priorities (Optimized)” where a unique value of sectionld is
still used for identification of the highest priority data section descriptions in C-plane messages (clause 7.4.1.2.4,
restriction 5). The corresponding U-Plane messages shall still use sectionld value as 4095 in this case.

Value range: {0000 0000 0000b-1111 1111 1111b}.
Type: unsigned integer.
Field length: 12 bits.

7.45.2 rb (resource block indicator)

Description: This parameter is used to indicate if every RB isused or every other RB isused. The starting RB is
defined by startPrbc and total number of used RBsis defined by numPrbc. Example: RB=1, startPrb=1, numPrb=3,
then the PRBs used are 1, 3, and 5. If numPrbc=0 (i.e., al PRBs), then the sending node shall set the rb value to zero,
and the receiving node shall ignore whatever rb value is received and assume it is zero.

If section description includes Section Extension #6 or #12 sender shall set parameter rb to zero.
Valuerange: { Ob=every RB used; 1b=every other RB used}.

Type: binary bit.

Field length: 1 bit.

Default Value: Ob (every RB used).

7.45.3 syminc (symbol number increment command)

Description: If the section description does not include Section Extension #6, #12 and #19, this parameter is used to
indicate which symbol number is relevant to the given section description. If the section description includes Section
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Extension #6, #12 or #19 then set of symbols relevant for the section description is given in symbolMask (see clause
7.4.7.6.3,7.4.7.12.2 and 7.4.7.19.5). In this case, symlnc and numSymbol do not affect the set of symbols relevant for
the section description but can affect the following section descriptions if they do not include Section Extension #6, #12
and #19. Regardles of presence of Section Extension #6 , #12 and #19 it is expected that for each C-Plane message a
symbol number is maintained and starts with the value of startSymbolid. The same valueis used for each sectionin the
message as long as syminc is zero. When syminc is one, the maintained symbol number should be incremented to the
next symbol, and that new symbol number should be used for that section and each subsequent section until the syminc
bit is again detected to be one. In the case of a multiple-symbol data section (numSymbol > 1), the new symbol number
shall be the one after the last symbol in the data section. In this manner, multiple symbols may be handled by asingle
C-Plane message.

A few other points regarding use of syminc in the C-Plane:

a) Syminc may be used when different data section descriptions have a different number of symbols under certain
conditions namely that the data section descriptions in the C-Plane message are carefully arranged. The
arrangement shall be such that the following procedure as applied by the O-RU works correctly:

symbol[s] - symbol addressed by section description s=1...N (considers section descriptionsin one C-
Plane message, s=1 identifies the first section description) shall be calculated as follows:

Let syminc[s] and numSymbolg[s] are values of corresponding fields of section description s
For sake of simplicity let symbol[0] = startSymbolld, symlInc[0]=0 and numSymbolg0]=1
for s=1...N (&l section descriptionsin a message)

If syminc[s] = 0 then symbol[s] = symbol[s-1]
Else symbol[s] = symbol[s-1] + numSymbolg[s-1]

b) Symincis specific to a data section description and, if Section Extension #6, #12 and #19 is not present, is
affecting range of symbols described by the section description. When C-Plane and U-Plane coupling via
sectionld (see clause 7.4.1.2.1) is used and a data section is referenced by multiple data section descriptions
(e.g. with different reMask values) if the value of syminc isto be set to 1, then only the first invocation of the
sectionld shall have syminc=1 and all other invocations of the sectionld shall have syminc=0 in the same C-
Plane message. This assures that the above rule can be applied (in the same C-Plane message only) while
assuring that all invocations of the data section descriptions will refer to the same symbols, which shall be the
case whether the invocations are in the same C-Plane message or in separate C-Plane messages.

Use of syminc in the U-Plane isindependent of the use of syminc in the C-Plane. The current view is that U-Plane
message includes data for a single symbol (to avoid degrading the latency performance of the U-Plane), so use of
syminc=1 is prohibited in the U-Plane as of this version of the specification. A future version may allow use of
syminc=1 in the U-Plane to allow multiple symbolsto be contained in a single U-Plane message.

Value range: {Ob=use the current symbol number; 1b=increment the current symbol number and use that} .
Type: binary bit.
Field length: 1 bit.

Default Value: Ob (do not increment the current symbol number).

7454 startPrbc (starting PRB of data section description)

Description: In absence of Section Extensions #6, #12 and #13 in the section description, startPrbc parameter conveys
the first (lowest frequency) PRB described by the section description. The interpretation of startPrbc is affected by
presence of Section Extensions #6, #12 and #13; see clause 7.4.7.6, 7.4.7.12 and 7.4.7.13 for more details.

Section description shall address resource elements without ambiguity: a resource element addressed by a section
description shall not be addressed by other section description, with exception for C-plane and U-plane coupling with
coupling via frequency and time with priorities which resolves ambiguity by differencesin priorities (see clause
7.4.1.2.3 and 7.4.1.2.4). If coupling of C-plane and U-plane via sectionld value is used a PRB addressed by a section
description shall not be addressed by a section description with a different value of sectionld.

NOTE: freqOffset affects the frequency span for specific range of PRB numbers. Therefore "shall address resource
elements without ambiguity" shall consider the value of freqOffset.
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Center frequency Fre in Hz of a subcarrier corresponding to RE #k (k=0 ... 11) in PRB identified by startPrbcis
defined by:

Fre = center_of channel_bandwidth + frequency_offset + startPrbc * 12 * Af + k * Af + dc_skip
where
center_of channel_bandwidth in Hz is configured in M-plane,

frequency_offset is calculated from freqOffset field (see clause 7.4.5.11) if freqOffset is present in the C-plane
message or calculated from M-plane parameter offset-to-absol ute-frequency-center (in this case frequency_offset =
off set-to-absol ute-frequency-center * Af * 0.5 where Af isfrequency in Hz corresponding to subcarrier spacing
configured via M-Plane) otherwise,

Af isfrequency in Hz corresponding to the subcarrier spacing configured in frameStructure (see clause 7.4.4.13) if
frameStructure is present in the message, or to the subcarrier spacing configured via M-Plane otherwise,

dc_skip depends on carrier type:

if carrier isof LTE DL type and frequency_offset + startPrbc * 12 * Af + k* Af > O then dc_skip = Af

else dc_skip=0.
The above formulation isintended to result in resource grid position in frequency compatible with 3GPP requirements,
defined in[8] and [9].

Value range: {00 0000 0000b-11 1111 1111b}.
Type: unsigned integer.
Field length: 10 bits.

7.455 reMask (resource element mask)

Description: This parameter defines the Resource Element (RE) mask within a PRB. Each bit setting in the reMask
indicates if the section control is applicable to the RE sent in U-Plane messages (0=not applicable; 1=applicable). MSB
indicates the value for the RE of the lowest frequency in a PRB.

Note that different REsin a PRB may be referenced by different data section descriptions. Thisis restricted to data
section descriptions having the same sectionld but different reMask if C-Plane and U-Plane coupling via sectionld is
used (seeclause 7.4.1.2.1). If C-Plane and U-Plane coupling method independent on sectionld (see clause 7.4.1.2.2 or
7.4.1.2.2) is used, then data sections descriptions referencing different REsin a PRB shall have different reMask values
but sectionld is not relevant. In addition, if C-Plane and U-Plane coupling via frequency and time with priorities (see
clause 7.4.1.2.3) isused a RE in a PRB may be referenced by more than one data section description (in terms of
reMask) but only configuration carried with data section description of highest priority is applicable (see clause
7.4.1.2.3and 7.4.7.6.4).

The maximum number of different reMask values that may be applied to a PRB isan O-RU characteristic that is
conveyed from the O-RU to the O-DU viathe M-Plane. If any RE in aPRB is never pointed to by an reMask (but other
REsinthat PRB are), the “missing” RE should be set to zero in the U-Plane, and no beamforming 1D or other
processing should be applied to the “missing” RE. No RE may be referenced more than once in a data section.

Value range: {0000 0000 0000b-1111 1111 1111b}.

Type: unsigned integer (bit mask).

Field length: 12 bits.

Default Value: 1111 1111 1111b (all REsin the block applicable).

7.45.6 numPrbc (number of contiguous PRBs per data section description)

Description: In absence of Section Extensions #6, #12 and #13 in the section description, the numPrbc parameter
conveys the number of PRBs described by the section description. The interpretation of numPrbc is affected by
presence of Section Extensions#6, #12 and #13; see clause 7.4.7.6, 7.4.7.12 and 7.4.7.13 for more details.

Section description shall address resource elements without ambiguity: a resource element addressed by a section
description shall not be addressed by other section description, with exception for C-plane and U-plane coupling with
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coupling via frequency and time with priorities which resolves ambiguity by differencesin priorities (see clause
7.4.1.2.3 and 7.4.1.2.4). If coupling of C-plane and U-plane via sectionld value is used a PRB addressed by a section
description shall not be addressed by a section description with a different value of sectionld.

Value range: {0000 0001b-1111 1111b, 0000 0000b = all PRBs in the specified SCS and carrier bandwidth} .

Vaue 0000 0000b isreserved for NR cases wherein the total number of PRBs may be more than 255. In this case,
the sending node shall set the startPrbc value to zero and the receiving node shall ignore whatever startPrbc valueis
received and assumeit is zero. For all other cases a non-zero value of numPrbc shall be used.

More specifically, if number of PRBs that needs to be sent is more than 255 but not al the PRBs in the specified SCS
and carrier bandwidth, then it is expected that multiple data sections describing smaller numner of PRBs are specified.

Type: unsigned integer.
Field length: 8 bits.

7.45.7 numSymbol (number of symbols)

Description: In section description without Section Extension #6, #12 and #19, this parameter defines number of
symbols, or number of PRACH repetitions in the case of PRACH, to which the section control is applicable. At
minimum, the section control shall be applicable to at least one symbol. However, possible optimizations could allow
for several (up to 14) symbols, if e.g., al 14 symbols use the same beam ID.

In section description with Section Extension #6, #12 or #19, the set of symbols referred by the description is conveyed
with symbolBitmask field and numSymbol parameter does not reflect number of symbols referred by the description. In
this case, the value of numSymbol can be zero or non-zero number of symbols asit affects the set of symbols referred
by the following section descriptions that do not include Section Extension #6, #12 and #19 and have syminc flag set to
1

Refer to clause 7.4.5.3 for more details.

Valuerange: {0001b-1110b=number of symbols, 0000b=reserved (can be used in section description with Section
Extension 6 or 12), 1111b=reserved}.

Type: unsigned integer.
Field length: 4 bits.

7.45.8 ef (extension flag)

Description: This parameter is used to indicate if this section has any Section Extensions as described in clause 7.4.6
included in the message

Value range: { Ob=no Section Extensions; 1b=one or more Section Extensions are included in this section} .

Type: binary bit.

Field length: 1 bit.

Default Value: Ob (no Section Extensions).

7.45.9 beamld (beam identifier)

Description: This parameter defines the beam pattern to be applied to the U-Plane data. beamlid = 0 means no
beamforming operation will be performed. No beamforming operation implies that the RU shall not apply any phase or
amplitude weights to the U-plane data and that the resulting RF signal will be applied to all antenna elementsin the
group equally.

Note that the beamld encodes the beamforming to be done on the O-RU. This beamforming may be digital, analog or
both (“hybrid beamforming”) and the beamld provides al the information necessary for the O-RU to select the correct
beam (or weight table or beam attributes from which to create abeam). It isintended that the beamld be global for the
O-RU meaning there are 32767 possible beams shared within the O-RU for all Rtcids/Pcids and shared between UL and
DL (beamld=0x0000 is reserved for no beamforming). The specific mapping of beamld to e.g. weight table, beam
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attributes, directionality, beam adjacency or any other beam designator is specific to the O-RU design and shall be
conveyed via M-Plane from the O-RU to O-DU upon startup.

NOTE: An upper bound on the max number of beamlDs that can be addressed per eAxC or per sets of eAxCs, per
symbol and per dot, for DL and for UL respectively, shall be conveyed via M-plane messaging as part of the O-RU
capabilities description. In addition to this, for O-RUs with C-Plane message processing limits, additional limitsto
restrict the number of highest priority sections per C-Plane message on top of eAxC limits shall be applied (clause
7.6.2).

Value range: {000 0000 0000 0001b-111 1111 1111 1111b; 000 0000 0000 0000b Mmeans no BF to be done}
Type: unsigned integer.

Field length: 15 bits.

Default Value: 0000 0000 0000 0000b (no beamforming).

7.4.5.10 ueld (UE identifier)

Description: This parameter provides alabel for the UE for which the section contents apply. Thisis used to support
channel information sending from the O-DU to the O-RU. Thisisjust alabel and the specific value has no meaning
regarding types of UEs that may be supported within the system.

Value range: {000 0000 0000 0000b-111 1111 1111 1111b}
Type: unsigned integer.
Field length: 15 bits.

7.45.11 freqOffset (frequency offset)

Description: This parameter defines the frequency offset with respect to the carrier center frequency before additional
filtering (e.g. for PRACH) and FFT processing (in UL) in steps of one half the subcarrier spacings Af. The frequency
offset shall be consistent per data section (one cannot use reMask to allow different frequency offsets for different REs
in the PRBS).

Frequency offset in Hz is calculated as:
frequency_offset = freqOffset * Af * 0.5
where Af is frequency in Hz corresponding to subcarrier spacing provided in frameStructure (see clause 7.4.4.13).

NOTE: Frequency span resulting from frameStructure, freqOffset, startPrbc, numPrbc, and rb shall not exceed channel
bandwidth configured for eAxC over M-plane.

Valuerange: { 0x000000=no offset,
0x000001 — Ox7FFFFF = positive frequency offset,
0x800000 — OXFFFFFF = negative frequency offset } .

Type: signed integer.
Field length: 24 bits.

7.45.12 regularizationFactor (regularization Factor)

Description: This parameter provides a signed value to support MM SE operation within the O-RU when beamforming
weights are supported in the O-RU, so related to Section Type 6.

Value range: {0000 0000 0000 0000b-1111 1111 1111 1111b}
Type: unsigned integer.
Field length: 16 bits.
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7.4.5.13 cilsample, ciQsample (channel information | and Q values)

Description: These values are the channel information complex values relayed from the O-DU to the O-RU, related to
Section Type 6. The order of transmission isfirst Prbc for the first antennato the last antenna, then second Prbc for the
first to last antenna, and so on until reaching the last Prbc for the first to last antenna. The bit-width per | and Q valueis
variable (determined by M-Plane messaging) so after the very last Q value, some number of padding (set to zero) bits
may be inserted to get to the next byte boundary. When the optional “little endian byte order” is chosen via M-plane, the
cilsample/ciQsample shall use little endian byte order to transmit the complex numbers. Refer to Annex D.2 for details.

Value range: {0000 0000 0000 0000b-1111 1111 1111 1111b} for each | and Q value
Type: signed integer.
Field length: variable bit-with per | and Q value.

7.45.14 laaMsgType (LAA message type)

Description: This parameter defines the LAA message type being conveyed within the Section Type 7 C-Plane
message. Note that here the C-Plane messages may flow from the O-DU to the O-RU (as usua) or from the O-RU to
the O-DU. All of these messages relate to the listen-before-talk (LBT) LAA operation and provide a“handshake”
between the O-DU and the O-RU to manage the LBT operation.

Valuerange: {0001b-1111b}.

Table 7-13 : laaMsgType definition

laaM sgType IssM sgType definition \ IssM sgType meaning
0000b LBT PDSCH REQ O-DU to O-RU reguest to obtain a PDSCH channel
0001b LBT DRS REQ O-DU to O-RU reguest to obtain the channel and send DRS
0010b LBT PDSCH_RSP O-RU to O-DU response, channel acq success or failure
0011b LBT_DRS RSP O-RU to O-DU response, DRS sending success or failure
0100b LBT_Buffer_Error O-RU to O-DU responsg, reporting buffer overflow
0101b LBT_CWCONFIG_REQ O-DU to O-RU request, congestion window configuration
0110b LBT_CWCONFIG_RSP O-RU to O-DU response, congestion window config.

response

0100b —1111b | reserved for future methods

Type: unsigned integer.
Field length: 4 bits.

7.4.5.15 laaMsgLen (LAA message length)

Description: This parameter defines number of 32-bit wordsin the LAA section, where “1” means one 32-bit word,
“2" means 2 32-hit words, etc. — including the word containing the IssMsglLen parameter. Zero isareserved value.

Valuerange: {0001b-1111b=number of 32-bit words in the section from 1 to 16 words (4 to 64 bytes)
0000b isareserved value }

Type: unsigned integer.
Field length: 4 bits.

7.45.16 IbtHandle

Description: This parameter provides alabel that isincluded in the configuration request message (e.g.,
LBT_PDSCH_REQ, LBT_DRS REQ) transmitted from the O-DU to the O-RU and returned in the corresponding
response message (e.g., LBT_PDSCH_RSP, LBT_DRS_RSP).

Value range: {0000 0000 0000 0000b-1111 1111 1111 1111b}
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Type: unsigned integer.
Field length: 16 hits.

7.45.17 IbtDeferFactor (listen-before-talk defer factor)

Description: Defer factor in sensing dots as described in 3GPP TS 36.213 [14] clause 15.1.1. This parameter is used
for LBT CAT 4 and can take one of three values: {1,3, 7} based on the priority class. Four priority classes are defined
in 3GPP TS 36.213 [14].

Valuerange: {001b, 011b, 111b} or {1, 3, 7} in decimal
Type: unsigned integer
Field length: 3 hits

7.4.5.18 IbtBackoffCounter (listen-before-talk backoff counter)

Description: LBT backoff counter in sensing slots as described in 3GPP TS 36.213 [14] clause 15.1.1.
Value range: {00 0000 0000b — 11 1111 1111b} (0-1023 decimal)

Type: unsigned integer

Field length: 10 bits

7.4.5.19 IbtOffset (listen-before-talk offset)

Description: LBT start time in microseconds from the beginning of the subframe scheduled by this message
Value range: {00 0000 0000b — 11 1110 0111b} or {0 —999} in decimal

Type: unsigned integer

Field length: 10 bits

7.4.5.20 MCOT (maximum channel occupancy time)

Description: LTE TXOP duration in subframes as described in 3GPP TS 36.213 [14] clause 15.1.1. The maximum
values for this parameter are { 2, 3, 8, 10} based on the priority class. Four priority classes are defined in 3SGPP TS
36.213[14].

Valuerange: {1-10} in decimal
Type: unsigned integer
Field length: 4 bits

7.45.21 IbtMode (LBT Mode)

Description: Part of multi-carrier support. Indicates whether full LBT processis carried or partial LBT processis
carried (multi carrier mode B according to 3GPP TS 36.213 [14] clause 15.1.5.2).

00b = full LBT (regular LBT, sending reservation signal until the beginning of the SF/slot)

01b = Partial LBT (looking back 25 psec prior to transmission asindicated in 3GPP TS 36.213[14] clause 15.1.5.2)

10b = Partial LBT (looking back 34 usec prior to transmission asindicated in 3GPP TS 36.213 [14] clause 15.1.5.2)

11b = full LBT and stop (regular LBT, do NOT send reservation signal; O-RU senses the spectrum for the defer factor
+ asensing dot right before OTA when the O-DU is ready to transmit data as indicated in 3GPP TS 36.213 [14]
clause 15.1.1. i.e, right before the SF/slot boundary)

Valuerange: {00b - 11b}
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Type: unsigned integer
Field length: 2 hits

7.4.5.22 IbtPdschRes (LBT PDSCH Result)

Description: LBT result of SFN/SF

o 00b = not sensing — indicates that the O-RU is transmitting data

0 01b = currently sensing — indicates the O-RU has not yet acquired the channel

0 10b = success—indicates that the channel was successfully acquired

0 11b = Failure—indicates expiration of the LBT timer. The LBT process should be reset.

Valuerange: {00b - 11b}
Type: unsigned integer
Field length: 2 bits

7.4.5.23 sfStatus (subframe status)

Description: indicates whether the subframe was dropped or transmitted

0 0-subframe was dropped
0 1-subframe was transmitted

Valuerange: {0,1}
Type: binary bit
Field length: 1 bit

7.4.5.24 IbtDrsRes (LBT DRS Result)

Description: LBT result of SFN/SF

0 0-SUCCESS-indicatesthat DRSis sent
0 1-FAILURE —indicatesthat DRSis not sent

Valuerange: {0,1}
Type: binary bit
Field length: 1 bit

7.4.5.25 initialPartialSF (Initial partial SF)

Description: Indicates whether theinitial SFinthe LBT processis full or partial.

o O-—full SF(two dots, 14 symbols)
0 1-partia SF (only second dot, last 7 symbols)

Valuerange: {0, 1}
Type: binary bit
Field length: 1 bit

7.4.5.26 IbtBufErr (LBT Buffer Error)

Description: Indicates when an LBT buffer overflow has occurred.
o O0- reserved
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0 1-buffer overflow — datareceived at O-RU islarger than the available buffer size
Valuerange: {0, 1}
Type: binary bit

7.4527  sfnSf (SFN/SF End)

Description: SFN/SF which is dropped by O-RU because of time expired or successfully transmitted

Value range: SFN: {0000 0000b — 1111 1111b} or {0 — 255} in decimal, SF: {0000b — 1001b} or {0 — 9} in decimal
Type: unsigned integer

Field length: 12 bits

7.4.5.28 IbtCWConfig_H (HARQ Parameters for Congestion Window management)

Description: Total number of HARQ NACK feedback messages received for the IotCWConfig_T transport blocks
transmitted over LAA cell(s)to be used for adjusting the Congestion Window.

Value range: { 0000 0000b — 1111 1111b} or {0—255} in decimal
Type: unsigned integer
Field length: 8 bits

7.4.5.29 IbtCWConfig_T (TB Parameters for Congestion Window management)

Description: Total number of Transport Blocks (TB) transmitted over the LAA cell to be used for adjusting the
Congestion Window.

Value range: { 0000 0000b — 1111 1111b} or {0—255} in decimal
Type: unsigned integer
Field length: 8 bits

7.4.5.30 IbtTrafficClass (Traffic class priority for Congestion Window management)

Description: Channel access priority class as defined in TS 36.213 [14]
Valuerange: {000 - 111} or {0 - 7} in decimal
1 - 4: traffic class priority
0,5-7: reserved
Type: unsigned integer
Field length: 3 bits

7.4.5.31 IbtCWR_Rst (Notification about packet reception successful or not)

Description: Notifiesto O-DU whether the O-RU receives LBT_CWCONFIG_REQ message successfully or not

0 0-SUCCESS - indicates successful reception of LBT_CWCONFIG_REQ
0 1-FAILURE —indicatesfailure of receiving LBT_CWCONFIG_REQ

Vauerange: {0, 1}
Type: binary bit
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Description: This parameter is reserved for future use. Transmitter shall send value “0”, while receiver shall ignore the

value recei
Valueran

Type: vari

ved.
ge: {variable}.
able.

Field length: variable.

7.4.6

Section Extension Commands

The following Section Extension parameters are defined within the C-Plane:

Table 7-14: Section Extension Commands

meaning

0 reserved 1(1 reserved 1 for future use
word) reserved 1 for future use
1 beamforming weights var bfwCompHdr 1 bitWidth(3:0) | compMeth(3:0)
bfwCompParam 1 depends on compr. method
bfwl (for TRX 0) var beamforming weight | value
bfwQ (for TRX 0) var beamforming weight Q value
bfwl (for last TRX) var beamforming weight | value
bfwQ (for last TRX) var beamforming weight Q value
2 beamforming attributes var bfaCompHdr 2 BF attributes compr. header
bf AzPt var BF azimuth pointing param
bfzePt var BF zenith pointing param
bf Az3dd var BF azimuth beamwidth param
bfZe3dd var BF zenith beamwidth param
bfAzS| 3b BF azimuth sidelobe param
bfZeS 3b BF zenith sidel obe param
3 DL Precoding configuration var codebooklndex 1 precoder codebook
parameters and indications | (3 or 4 layerld ab layer ID for DL Tx
words) txScheme ab transmission scheme
numLayers 4b number of layersin DL Tx
crsReMask 12b CRS RE Mask
crsSymNum 4b CRS symbol number
crsShift 1b CRS shift command
beamldAP1 15b Beam ID, Antenna Port 1
beaml dAP2 15b Beam ID, Antenna Port 2
beamIdAP3 15b Beam ID, Antenna Port 3
4 modulation compr. params 0 csf 1b constellation shift flag
modCompScaler 15b mod. compr. scale value
5 modulation compression var mcScaleReMask 12b Position of same scaling bits
additional scaling parameters csf 1b constellation shift flag
mcScal eOffset 15b | added mod. compr. scale values
6 Non-contiguous PRB alocation| 2 (2 repetition 1b repetition flag
words) rbgSize 3b number of PRBsin the group
rbgMask 28b | mask of RBGsin the symbol(s)
priority 2b priority of section description
symbolMask 14b mask of symbolsin the slot
7 Multiple-eAxC designation 1 eAxCmask 16b eAxC mask
8 regularization factor 1 regul arizationFactor 16b regularization factor
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meaning

9 Dynamic Spectrum Sharing 1 technology 1 interface name
parameters
10 Multiple ports grouping var beamGroupType 2b type of beam grouping
numPortc 6b the number of ports
beamID (or uelD) 15b beam ID (or UE ID)
11 Flexible BF weights var disableBFWs 1b disable beamforming wei ghts
RAD 1b | Reset After (PRB) Discontinuity
numBundPrb 1 Number of bundled PRBs
bfwCompHdr 1 bitWidth(3:0) | compMeth(3:0)
bfwCompParam for bundle 0 | var depends on compr. method
beamld (for PRB bundle 0) 2 Beam ID
bfwl (for TRX 0, bundle 0) var | BF weight | value for bundle O
bfwQ (for TRX 0, bundle0) | var | BF weight Q value for bundle O
bfwl (for last TRX, bundle 0) | var | BF weight | value for bundle O
bfwQ (for last TRX bundleQ) | var | BF weight Q value for bundle O
bfwCompParam for last bundle| var depends on compr. method
beamid (for last PRB bundle) | 2 Beam ID
bfwl (for TRX 0, last bundle) | var | BF weight | value for last bundle
bfwQ (for TRX 0, last bundle) | var |BF weight Q value for last bundle
bfwl (for last TRX, last bundle)| var | BF weight | value for last bundlie
bfwQ (for last TRX & bundle) | var |BF weight Q value for last bundle
12 |non-contiguous PRB alocation| var priority, 2b priority of section description
with frequency ranges symbolMask 14b mask of symbolsin the slot
offStartPrb(1) 8b offset to start of PRB range #1
numPrb(1) 8b | number of PRBsin the range #1
off StartPrb(R-1) 8b offset to start of PRB range
numPrb(R-1) 8b number of PRBsin the range
13 frequency hopping var nextSymbolld(1) 4b start symbol of hop #1
nextStartPrbc (1) 10b start PRB for hop #1
nextSymbolld (R-1), 4b start symbol of hop #R-1
nextStartPrbc (R-1) 10b start PRB for hop #R-1
14 Null-layer Info. for ueld-based | var nullLayerind 1 Nulling-layer indication
beamforming
15 Mixed-numerology Info. for var frameStructure 1 FFT size, mu (SCS)
uel d-based beamforming freqOffset 3 Fregquency offset
cpLength 2 Cyclic prefix length
16 Antenna mapping for UE antMask 8 Bitmask of Max. 64 antenna
channel Info based UL
beamforming antMask var Bitmask of Max. 64 antenna
17 User port group indication var numUel D 4b Number of uelDs per user
18 Uplink Transmission 2(2 transmissionWindowOffset | 16b transmission window offset
Management words) | transmissionWindowSize 14b transmission window size
toT 2b type of transmission
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meaning
19 Compact multiple port var disableBFWs 1b disable BF weights
beamforming information repetition 1b repetition flag
priority 2b priority of section description
numPortc 6b num ports
symbolMask 14b resource symbol bitmask
bfwCompHdr 8b | BF weight compression header
portReMask(for port 1) 12b RE bitmask for port 1
portSymbolMask(for port 1) | 14b Symbol bitmask for port 1
bfwCompParam(for port 1) | var |BF weight compression parameter
for port 1
beamld(for port 1) 2 beam identifier for port 1
bfwl (for port Land TRX 0) | var |BF weight in-phase value for port
1TRXO
bfwQ (for port 1 and TRX 0) | var |BF weight quadrature-phase value
port 1 TRXO
portReMask(for last port) RE bitmask for last port
portSymbolMask(for last port) Symbol bitmask last port
bfwCompParam(for last port) BF weight compression parameter
for last port
beamld(for last port) beamid for last port
bfwl (for last port and TRX 0) BF weight in-phase value for last
port and TRXO
bfwQ (for last port and TRX 0) BF weight quadrature-phase value
last port TRX0
20 Dedicated puncturing var numPuncPatterns 8b number of puncturing patterns
symbolMask(1) 14b | first puncturing pattern symbol
mask
startPuncPrb(1) 10b | first PRB to which puncturing
pattern applies
numPuncPrb(1) 10b | number of contiguous PRBsto
which first puncturing pattern
applies
puncReMask(1) 12b | first puncturing pattern RE mask
rb(1) 1b first RB indicator
rbgincl(1) 1b first rbg included flag
rbgSize(1) 3b first rbg size
rbgMask(1) 28b first rbg bitmask
symbolMask(last) 14b | last puncturing pattern symbol
mask
startPuncPrb(last) 10b | last PRB to which puncturing
pattern applies
numPuncPrb(last) 10b | number of contiguous PRBsto
which last puncturing pattern
applies
puncReMask(last) 12b | last puncturing pattern RE mask
rb(last) 1b last RB indicator
rbgincl(last) 1b last rbg included flag
rbgSize(last) 3b last rbg size
rbgMask(last) 28b last rbg bitmask
21-127 reserved 1(1 reserved 1 for future use
word) reserved 1 for future use

7.4.6.1 extType (extension type)

Description: This parameter provides the extension type which provides additional parameters specific to the subject
dataextension. An O-RU or O-DU receiving a “reserved” Section Extension shall ignore the extension and all
parameters contained within it.

ETSI



Valuerange: {al zeros—all ones}. See Table 7-14 for values.

Type: unsigned integer.
Field length: 7 bits.

7.4.6.2 ef (extension flag)
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Description: This parameter is used to indicate if there is another extension present (ef=1) or thisisthe last extension

ef=0)

Value range: {Ob=no more extensions; 1b=one or more extensions are included after this one}.

Type: binary bit.
Field length: 1 bit.

7.4.6.3 extLen (extension length)

Description: This parameter provides the length of the Section Extension in units of 32-bit (or 4-byte) words. The

value zero is reserved, so there is aways at least one word in the extension (the word containing the extType and

extLen).

Valuerange: {al zeros—all ones} —from one word to 255 words (8 hits) or 65535 words (16 bits).

Type: unsigned integer.

Field length: 8 bitsfor all Section Extensions except for Section Extension #11,19 and 20 for which the field length is

16 bits.

1.4.7 Coding of Information Elements — Application Layer, Section

Extensions

7.4.7.1 ExtType=1: Beamforming Weights Extension Type

This section applies to the sending of beamforming weights from the O-DU to the O-RU. When thisis done, the
weights are sent along with a beamID which is meant to allow those same weights to be used in future C-Plane

messages by invoking the same beaml D (without the need to send the weights again). This allows downloaded weights
to have “persistence” which should save DL throughput by not requiring sending of weights multipletimes. The K
parameter isdefined in clause 12.5.2. Refer to Annex D.1 for details on the usual weight byte order. The optional
“little endian byte order” is applied to bfwl/bfwQ fields if chosen viaM-plane. Refer to Annex D.2 for details of little

endian byte order. This Section Extension applies only to Section Types 1 and 3.

Table 7-15 : Extension Type 1 Data Format

ef | extType = 0x1 1 Octet N
extLen 1 | Octet N+1
bfwCompHdr 1 | Octet N+2
bfwCompParam var | Octet N+3
bfwl (for TRX 0) var
bfwQ (for TRX0) var
remaining beamforming weights bfwl and bfwQ up to K TRXs var
zero pad to 4-byte boundary var

7.4.7.1.1 bfwCompHdr (beamforming weight compression header)

Description: This parameter defines the compression method and 1Q bit width for the beamforming weightsin the
specific section in the C-Plane message. In thisway each set of weights may employ a separate compression method.
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Note that for the block compression methods, the block size is the entire vector of beamforming weights, not some
subset of them.

Value range: {0000 0000b-1111 1111b}

Bit allocations

Number
of Octets
bfwlgwidth bfwCompMeth 1 Octet 1

Table 7-16 : udiqWidth definition

bfwlgWidth Bit width of each | and each Q
0000-1111b value of bfwlqWidth except a value of zero means 16 bits
e.g. bfwlgWidth = 0000b means | and Q are each 16 hits wide;
e.g. bfwlgwidth = 0001b means | and Q are each 1 bit wide;
e.g. bfwlgWidth = 1111b means | and Q are each 15 bits wide

Table 7-17 : bfwCompMeth definition

bfwCompM eth compression method udlgWidth meaning
0000b Nno compression bitwidth of each uncompressed | and Q value
0001b block floating point bitwidth of each | and Q mantissavalue

0010b block scaling bitwidth of each | and Q scaled value

0011b u-law bitwidth of each compressed | and Q value
0100b beamspace compression bitwidth of each beamspace | and Q coefficient
0101b—-1111b |reserved for future methods depends on the specific compression method

Type: unsigned integer (concatenated bit fields).
Field length: 8 bits.
Default Value: 0000 0000b (no compression, 16-bit | and Q).

7.4.7.1.2 bfwCompParam (beamforming weight compression parameter)

Description: This parameter applies to the compression method specified by the associated bfwCompMeth val ue.
Value range: {0000 0000b-1111 1111b}.

Bit allocations
bfwCompMeth 0 (msb) 7 (Isb) compParam

size

0000b = no compression absent 0 octets
0001b = block fl. point reserved (set to all zeros) | Exponent (unsigned) 1 octet
0010b = block scaling blockScaler (unsigned, 1 integer bit, 7 fractional bits) 1 octet
0011b = p-law compBitWidth | compShift 1 octets
0100b = beamspace activeBeamspaceCoefficientMask ceil(K/8)
octets*
blockScaler (unsigned,1 integer bit,7 fractional bits) 1 octet
0101b-1111b reserved (set to all zeros) ? octets

*K isthe number of elements in uncompressed beamforming weight vector (see clause 12.5.2 and Annex J). K is O-
RU-specific and is calculated from parameters describing array conveyed from the O-RU to the O-DU as part of the
initialization procedure viathe M-Plane

Type: unsigned integer (concatenated bit fields).

ETSI



111

ETSI TS 103 859 V7.0.2 (2022-09)

Field length: zero for bfwCompMeth val ue 0000b, 8 bits for bfwCompM eth values 0001b, 0010b and 0011b; other

bfwCompM eth values may imply other lengths but will always be an integer number of bytes.

7.4.7.1.3 bfwl (beamforming weight in-phase value)

Description: This parameter is the In-phase beamforming weight value. Refer to Annex D.1 for details on the usual
weight byte order. When optional “little endian byte order” is chosen via M-plane, refer to Annex D.2 for details on
byte order. The total number of weightsin the section is O-RU-specific and is conveyed from the O-RU to the O-DU as
part of the initialization procedure viathe M-Plane.

Valuerange: {all zeros—all ones}.

Type: signed integer.

Field length: 1-16 bits.

7.4.7.1.4 bfwQ (beamforming weight quadrature value)

Description: This parameter is the Quadrature beamforming weight value. Refer to Annex D.1 for details on the usual

weight byte order. When optional “little endian byte order” is chosen via M-plane, refer to Annex D.2 for detail on byte
order. The total number of weights in the section is O-RU-specific and is conveyed from the O-RU to the O-DU as part
of theinitialization procedure viathe M-Plane.

Valuerange: {al zeros—all ones}.

Type: signed integer.

Field length: 1-16 bits.

7.4.7.2 ExtType=2: Beamforming Attributes Extension Type

This Section Extension applies only to Section Types 1 and 3.

Section Extension 2 applies to the sending of beamforming attributes from the O-DU to the O-RU which is described in

Annex J.

The following table shows the format of this Section Extension.

Table 7-18 : Extension Type 2 Data Format

ef | extType = 0x02 1 | OctetN

extLen 1 | Octet N+1
bfaCompHdr 2 | Octet N+2
bf AzPt var | Octet N+3

bfZePt var

bfAz3dd var

bfZe3dd var

zero-padding | bfAzS | bfzeS 1

zero padding to achieve 4-byte alignment as needed
7.4.7.2.1 bfaCompHdr (beamforming attributes compression header)

Description: This parameter defines the bit width for the beamforming attributes extension parameters. In this way
each set of beamforming attributes may employ a different bit width.

Valuerange: {0000

Bit allocations

0000 0000b-1111 1111 1111b}
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Number

of Octets
Reserved bf AzPtWidth bfZePtWidth 1 Octet 1
Reserved | bf Az3ddWidth bfZe3ddwidth 1 Octet 2

Table 7-19 : fzAzPtWidth definition

bfAzPtWidth Bit width of bfAzPt
000-111b value of bfAzPtWidth

Table 7-20 : bfZePtWidth definition

bfZePtWidth Bit width of bfZePt
000-111b value of bfZePtWidth

Table 7-21 : bfAz3ddWidth definition

bfAz3ddWidth | Bit width of bfAz3dd

000-111b value of bfAz3ddWidth

Table 7-22 : bfZe3ddWidth definition

bfZe3ddWidth \ Bit width of bfZe3dd
000-111b value of bfZe3ddWidth

For each of the four bitwidth valuesin this parameter (bfAzPtWidth, bfZePtWidth, bf Az3ddwidth, and bfZe3ddwidth)
the following mapping shall be used:

000b = no hits, the field is not applicable (O-RU cannot support it) or the default value shall be used.
001b = 2-bit hitwidth

010b = 3-hit hitwidth

011b = 4-bit bitwidth

100b = 5-hit bitwidth

101b = 6-bit bitwidth

110b = 7-bit bitwidth

111b = 8-bit bitwidth (thisis the highest bitwidth anticipated to be needed)

Type: unsigned integer (concatenated hit fields).
Field length: 16 bits (4 bits are reserved).

Default Value: 0011 1111 0011 1111b (8-bit azimuth and zenith pointing angle and 8-bit azimuth and zenith
beamwidth).

7.4.7.2.2 bfAzPt (beamforming azimuth pointing parameter)

Description: This parameter is the azimuth beamforming pointing angle in degrees. The valid range of valuesis O-RU-
specific and is conveyed from the O-RU to the O-DU as part of the initialization procedure via the M-Plane.

Valuerange: {al zeros—all ones}.
Type: signed integer.
Field length: 0-8 hits.
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7.4.7.2.3 bfZePt (beamforming zenith pointing parameter)

Description: This parameter is the zenith beamforming pointing angle in degrees. The valid range of valuesis O-RU-
specific and is conveyed from the O-RU to the O-DU as part of the initialization procedure via the M-Plane.

Valuerange: {all zeros—all ones}.
Type: unsigned integer.
Field length: 0-8 hits.

7.4.7.2.4 bfAz3dd (beamforming azimuth beamwidth parameter)

Description: This parameter is the azimuth beamforming beamwidth in degrees. The valid range of valuesis O-RU-
specific and is conveyed from the O-RU to the O-DU as part of the initialization procedure viathe M-Plane. The value
(000b) corresponds to the minimum valid beamwidth.

Valuerange: {all zeros—all ones}.
Type: unsigned integer.
Field length: 0-8 hits.

7.4.7.2.5 bfZe3dd (beamforming zenith beamwidth parameter)

Description: This parameter is the zenith beamforming beamwidth in degrees. The valid range of valuesis O-RU-
specific and is conveyed from the O-RU to the O-DU as part of the initialization procedure viathe M-Plane. The value
(000b) corresponds to the minimum valid beamwidth.

Valuerange: {all zeros—all ones}.
Type: unsigned integer.
Field length: 0-8 hits.

7.4.7.2.6 bfAzSI (beamforming azimuth sidelobe parameter)

Description: This parameter is the azimuth beamforming sidelobe suppression value in dB. The valid range of valuesis
O-RU-specific and is conveyed from the O-RU to the O-DU as part of the initialization procedure viathe M-Plane. The
value of bfAzSl corresponds to avalue of 10 dB for al zeros and incrementsin 5 dB steps (e.g. 001b corresponds to 15
dB, 010b correspondsto 20 dB, and so on). The value 111b corresponds to having a sidel obe suppresion of 45dB or
more.

Valuerange: {al zeros—all ones}.
Type: unsigned integer.
Field length: 3 bits.

7.4.7.2.7 bfzeSI (beamforming zenith sidelobe parameter)

Description: This parameter is the zenith beamforming sidel obe suppression value in dB. The valid range of valuesis
O-RU-specific and is conveyed from the O-RU to the O-DU as part of the initialization procedure viathe M-Plane. The
value of bfZeSl corresponds to avalue of 10 dB for all zeros and incrementsin 5 dB steps (e.g. 001b corresponds to 15
dB, 010b correspondsto 20 dB, and so on). The value 111b corresponds to having a sidel obe suppresion of 45dB or
more.

Valuerange: {all zeros—all ones}.
Type: unsigned integer.
Field length: 3 bits.
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7.4.7.2.8 zero-padding

Description: This parameter isintended to pad out the data to the next 4-byte boundary. Because the preceding
parameters are of varying bitwidth, extra padding in most cases will be needed to achieve the 4-byte boundary
condition. Transmitter shall send value “0”, while receiver shall ignore the val ue received.

Valuerange: {variable}.
Type: variable.
Field length: variable.

7.4.7.3 ExtType=3: DL Precoding Extension Type

This Section Extension applies only to Section Types 1 and 3 and isto be used only for LTE TM2, TM3 and TM4. For
other LTE transmission modes and for NR, precoding is assumed to be included in the beamforming operation (that is,
encoded in the beamforming weights).

The following table shows the format of this Section Extension.

Table 7-23 : Extension Type 3 Data Format — first data layer

ef extType = 0x03 1 Octet N
extLen = 0x04 (4 words) 1 N+1
codebookl ndex 1 N+2
layerld = 0000b or 1111b numL ayers] 3:0] 1 N+3
txScheme[3:0] crsReMask[11:8] 1 N+4
crsReMask[7:0] 1 N+5
crssShift | reserved | crsSymNum[3:0] 1 N+6
reserved 3 N+7
reserved | beamldAP1[14:8] 1 N+10
beamldAP1[7:0] 1 N+11
reserved | beaml dAP2[14:8] 1 N+12
beaml dAP2[7:0] 1 N+13
reserved | beaml dAP3[14:8] 1 N+14
beamldAP3[7:0] 1 N+15
Table 7-24 : Extension Type 3 Data Format — not first data layer
# of
bytes
ef extType = 0x03 1 Octet N
extLen = 0x01 (1 word) 1 N+1
codebookIndex 1 N+2
layerld # 0000b or 1111b | numLayers 1 N+3

There may be two or four antenna ports hence two or four beaml Ds needed (same beaml D for user data and CRS RES).
For Antenna Port O, the beamld is contained in the C-Plane data section header, while the Antenna Ports 1-3 beaml Ds
are contained in this Section Extension. When there are two antenna ports, the Section Extension only contains the
second Antenna Port beam 1D (“beamldAP1") and the Section Extension length is 3 words (“extLen” = 0x3). When
there are four antenna ports, the Section Extension contains the second, third and fourth Antenna Port beam IDs
(“beamldAPL”, “beamldAP2”. And “beamldAP3”) and the Section Extension length is 4 words (“extLen” = 0x4).
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For the txScheme indicating TxD, one Pcid is used for al the user data and one section instantiation is heeded using the
corresponding C-Plane Rtcid, providing all the beam IDs (up to 4) for the user data; a second section instantiation (same
sectionld) with a different reMask may be used to provide the CRS RE beam IDs (also up to 4). Inthe TxD case the
layerld is set to 1111b (“TxD”).

For the txSchemes indicating spatial multiplexing (LD CDD or no CDD), each layer will have its own Pcid for the user
data with a corresponding C-Plane Rtcid conveying the user data’ s beamld, with this Section Extension showing a
different layer number for each layer. Only within the layer 1D zero Rtcid will the CRS RESs be provided with their
beaml Ds (one beamld in the section header and the other beaml Dsin this Section Extension). For the non-zero layer
number Rtcids, this Section Extension will still be provided to guide the precoding operation (provide the layer ID) but
will not include beamlds (extLen = 0x1), and the beamld in the section header should be ignored by the O-RU and
should be set to the default value by the O-DU.

7.4.7.3.1 codebookindex (precoder codebook used for transmission)

Description: This parameter defines the indices of the precoder codebook that are used for precoding. It isto be used
in conjunction with the numLayersfield. (Invalid for TM1, TM2 and TM3)

Value range: {0000 0000b - 1111 1111b}.

Type: unsigned integer.

Field length: 8 hits.

DefaultValue: 0000 0000b (used for invalid mode)

7.4.7.3.2 layerID (Layer ID for DL transmission)

Description: This parameter defines the layer 1D that are used for DL transmissionin TM1 - TM4.

Value range: { 0000b-1111b}. 0000b implies layer0, 0001b implies layer1, 0010b implieslayer2, 0011b implies layer3.
(for TXD, set to al ones)

Type: unsigned integer.
Field length: 4 bits.
DefaultValue: 1111b (used for TxD mode)

7.4.7.3.3 txScheme (transmission scheme)

Description: This parameter definesthe TM scheme used in this Section Type.
Value range: {0000b-1111b}

0000b Spatial multiplexing (CDD)
0001b Spatial multiplexing (no CDD)
0010b Transmit diversity
0011b-111b Reserved

Type: unsigned integer.
Field length: 4 hits.

7.4.7.3.4 numLayers (number of layers used for DL transmission)

Description: This parameter defines the number of layersthat are used for DL transmissionin TM1 — TM6.

Valuerange: {0000b-1111b}. 0000b implies 1 layer, 0001 implies 2 layers, 0010 implies 3 layers, 0011b implies 4
layers,

Type: unsigned integer.
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Field length: 4 hits.

7.4.7.3.5 crsReMask (CRS resource element mask)

Description: This parameter defines the CRS Resource Element (RE) mask within a PRB. Each bit setting in the
crsReMask indicates if the section control is applicable to the RE sent in U-Plane messages (0=not applicable,
1=applicable). MSB indicates the value for the RE of the lowest frequency in a PRB.

Value range: {0000 0000 0000b-1111 1111 1111b}
Type: unsigned integer (bit mask).
Field length: 12 hits.

7.4.7.3.6 crsSymNum (CRS symbol number indication)

Description: This parameter defines the CRS symbol number within a PRB. The value of the crsSymNum index
indicates the symbol number to the RE sent in U-Plane messages (O=not applicable, 1=applicable)

Value range: {0000b-1111b}, value indicates symbol number.
0000b — 1101b : use symbol number 0 — 13 respectively;
1110b—1111b: reserved

Type: unsigned integer.

Field length: 4 hits.

7.4.7.3.7 crsShift (crsShift used for DL transmission)

Description: This parameter indicates the shift pattern to pick up the right index for CRS positions for N Antennas (see
Figurel-8)

Valuerange: 0 or 1, implying shift patterns that are layer-dependent according to the table below (see Tables|-1
through -3 for vShift)

crsShift =0for 0<vshift<5 Ofor 0<vshift<2 Ofor 0 <vshift <2
1for 3<vshift<5 1for 3<vshift<b

Type: binary.
Field length: 1 bit.

7.4.7.3.8 beamldAP1 (beam id to be used for antenna port 1)

Description: This parameter defines the beam pattern to be applied to the U-Plane data. beamld = 0 means no
beamforming operation will be performed. No beamforming operation implies that the RU shall not apply any phase or
amplitude weights to the U-plane data and that the resulting RF signal will be applied to all antenna elementsin the

group equally.

Value range: {000 0000 0000 0001b-111 1111 1111 1111b}
Type: unsigned integer.

Field length: 15 bits.

Default Value: 000 0000 0000 0000b (no beamforming).
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Description: This parameter defines the beam pattern to be applied to the U-Plane data. beamlid = 0 means no
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beamldAP2 (beam id to be used for antenna port 2)

beamforming operation will be performed. No beamforming operation implies that the RU shall not apply any phase or
amplitude weights to the U-plane data and that the resulting RF signal will be applied to all antenna elementsin the

group equally.

Value range: {000 0000 0000 0001b-111 1111 1111 1111b}
Type: unsigned integer.

Field length: 15 bits.

Default Value: 000 0000 0000 0000b (no beamforming).

7.4.7.3.10

Description: This parameter defines the beam pattern to be applied to the U-Plane data. beamld = 0 means no

beamIdAP3 (beam id to be used for antenna port 3)

beamforming operation will be performed. No beamforming operation implies that the RU shall not apply any phase or
amplitude weights to the U-plane data and that the resulting RF signal will be applied to al antenna elementsin the

group equally.

Value range: {000 0000 0000 0001b-111 1111 1111 1111b}
Type: unsigned integer.

Field length: 15 bits.

Default Value: 000 0000 0000 0000b (no beamforming).

7.4.7.4

ExtType=4: Modulation Compression Parameters Extension Type

This Section Extension applies only to Section Types 1, 3 and 5. Section Extension 4 enables the O-DU to convey one
set of “csf and modCompScaler values’ to the O-RU which is needed for modulation compression described in Annex

A.5.

Table 7-25 shows the Section Extension format.

Table 7-25: Section Format for Section Extension 4 (modulation compression parameters)

ef | extType = 0x04 1 | OctetN
extLen = 0x01 (1 word) 1 N+1
csf | modCompScaler[14:8] 1 N+2
modCompScaler[7:0] 1 N+3
7.4.7.4.1 csf (constellation shift flag)

Description: This binary flag indicates whether to shift the constellation (csf=1) or not (csf=0). “Shift” means subtract
from (during compression) or add to (during decompression) the | and Q samples the value 2vdaWidth ywhere
“udlgWidth” is the number of | and Q bitsin the U-Plane representation.

Table 7-26:Constellation shift definition

udlgWidth Shift

aNWN P
=2
0
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Valuerange: {0Ob-1b}
Type: binary.
Field length: 1 bit.

7.4.7.4.2 modCompScaler (modulation compression scaler value)

Description: This parameter isthe scale factor to apply to the unshifted constellation points during decompression. Itis
afractional floating-point value having an unsigned but negative 4-bit exponent and an unsigned fractional 11-bit
mantissa.

Valuerange: { 0through +(1-211) }.
Type: unsigned fractional floating-point value.

10

"mantissa" = Z modCompScaler[k] - 2k~11

k=0
14

"exponent" = Z modCompScaler[k] - 2811

k=11

“exponent” isthe most significant 4 bits of the 15-bit modCompScaler field and “mantissa’ isthe least-significant 11
bits of the modCompScaler field. “modCompScaler[k] refersto the ki bit of the modCompScaler field. Therefore, the
actual value of modCompScaler is:

modCompScaler = mantissa - 2~¢xponent

Field length: 15 hits.

7.4.75 ExtType=5: Modulation Compression Additional Parameters Extension Type

This Section Extension applies only to Section Types 1, 3 and 5. Section Extension #5 enables the O-DU to convey one
(or more) set(s) of “mcScaleReMask, csf and mcScaleOffset values’ to the O-RU which is needed for modulation
compression described in Annex A.5. Table 7-27 and Table 7-28 shows the Section Extension format when one set and
two sets of “mcScaleReMasks, csf and mcScaleOffset values® are conveyed. Please note that Section Extension 5 may
be used to convey more than 2 sets of “mcScaleReMasks, csf and mcScal eOffset values’ in which case the frame
structure is extended in similar fashion, i.e. the zero padding bits are added at the end of the Section Extension to
maintain 4-byte alignment.

Table 7-27 : Section Format for Section Extension 5 (one scaler value, modulation compression

parameters)
ef | extType = 0x05 1 | OctetN
extLen = 0x2 (2 words) 1 N+1
mcScaleReMask[11:4] 1 N+2
mcScaleReM ask[3:0] | csf | mcScaleOffset [14:12] 1 N+3
mcScaleOffset [11:4] 1 N+4
mcScal eOffset [3:0] | zero padding 1 N+5
zero padding 1 N+6
zero padding 1 N+7

Table 7-28 : Section Format for Section Extension 5 (two scaler values, modulation compression

parameters)
ef | extType = 0x05 1 | OctetN
extLen = 0x03 (3 words) 1 N+1
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mcScaleReMask[11:4] 1 N+2
mcScaleReM ask[3:0] | csf | mcScaleOffset [14:12] 1 N+3
mcScaleOffset [11:4] 1 N+4
mcScal eOffset [3:0] | mcScaleReM ask[11:8] 1 N+5
mcScaleReMask[7:0] 1 N+6
csf | mcScaleOffset [14:8] 1 N+7
mcScal eOffset [7:0] 1 N+8
zero padding 1 N+9
zero padding 1 N+10
zero padding 1 N+11

For a given extLen value, there may be two possible cases for the number of sets of 'mcScal eReM ask-csf-

mcScal eOffset'. For example, when extLen equals to 4, the number of sets of 'mcScal eReM ask-csf-mcScal eOffset' may
be either 3 or 4; i.e. both cases will fit within 16bytes (extLen=4). This happens when extLen minus 2 bytes equals to an
integer multiple of 3.5 bytes (28hits). In such cases, if the last 28 bits (Iength of one set) of Section Extension 5
parameters are al set to 0, then O-RU shall consider the smaller number of parameter sets. Otherwise, if they are not all
set to 0, O-RU shall consider the larger number of parameter sets.

Table 7-29: Section Format for Section Extension 5 when extLen = 4 (three or four modulation
compression parameters may be present)

ef | extType = 0x05 1 Octet N
extLen = 0x04 (4 words) 1 N+1
mcScaleReMask[11:4] 1 N+2
mcScaleReM ask[3:0] | cf |  meScaleOffset [14:12] 1 N+3
mcScaleOffset [11:4] 1 N+4
mcScal eOffset [3:0] | mcScaleReM ask[11:8] 1 N+5
mcScal eReMask[7:0] 1 N+6
csf | mcScaleOffset [14:8] 1 N+7
mcScaleOffset [7:0] 1 N+8
mcScaleReMask[11:4] 1 N+9
mcScaleReM ask[3:0] | csf | mcScaleOffset [14:12] 1 N+10
mcScal eOffset [11:4] 1 N+11
mcScaleOffset [3:0] | mcScaleReMask[11:8]( or zero padding ) 1 N+12
mcScaleReMask[7:0] ( or zero padding ) 1 N+13
csf( or zero mcScal eOffset [14:8] (or zero padding ) 1 N+14
padding )
mcScaleOffset [7:0] ( or zero padding ) 1 N+15
7.4.75.1 mcScaleReMask (modulation compression power scale RE mask)

Description: This parameter defines the Resource Element (RE) mask to indicate the position of RE with same scaling
and modulation type within a PRB. Each bit setting in the mcScaleReMask indicates if the mcScaleOffset and csf fields
are applicable to the RE sent in U-Plane messages or not (0=not applicable; 1=applicable). MSB indicates the value for
the RE of the lowest frequency in a PRB.

Note that different REsin a PRB may be indicated by different invocations of mcScaleReMask within extension field
type 5. If any RE in aPRB is never pointed to by a mcScaleReMask (but other REs in that PRB are), the “missing” RE
should be considered to represent not populated RES (e.g. no user datato transmit).

There is arelationship between the mcScaleReMask values and the section’sreMask: no bit in any of the
mcScaleReMasks should be set (=1) in a position where the reMask has a zero, and every reMask bit that is set (=1)
should have exactly one bit =1 in one of the mcScaleReMasks. If these rules are violated, the O-RU’sreaction is
undefined.

Value range: {0000 0000 0000b-1111 1111 1111b}.
Type: unsigned integer (bit mask).
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Field length: 12 bits.
Default Value: 1111 1111 1111b (all REsin the block applicable).

7.4.75.2 csf (constellation shift flag)

Description: refer to clause 7.4.7.4.1

7.4.7.5.3 mcScaleOffset (scaling value for modulation compression)

Description: This parameter is the scale factor to apply to the unshifted constellation points during decompression. Itis
afractional floating-point value having an unsigned but negative 4-bit exponent and an unsigned fractional 11-bit
mantissa.

Valuerange: {0 through +(1-21) }.
Type: unsigned integer.

10
"mantissa" = Z mcScaleOf fset[k] - 2k~11
k=0
14
"exponent" = Z mcScaleOf fset[k] - 2k~ 11
k=11

“exponent” isthe most significant 4 bits of the 15-bit mcScaleOffset field and “mantissa’ is the least-significant 11 bits
of the mcScaleOffset field. “mcScaleOffset[K] refersto the k" bit of the mcScaleOffset field. Therefore, the actual
value of mcScaleOffset is:

mcScaleOf fset = mantissa - 2~ ¢¥ponent

Field length: 15 bits.

7.4.7.6 ExtType=6: Non-contiguous PRB allocation in time and frequency domain
This Section Extension applies only to Section Types 1, 3 and 5.

This Section Extension enables allocation of non-contiguous sets of PRBs (Resource Block Groups, or RBGS) in
frequency and time domain. Thiswill reduce significantly the C-Plane overhead when users or channels are allocated
with non-contiguous sets of PRBs in time and frequency.

If this Section Extension is present in a section description, then the field startSymbolld in the message header and the
fields rb, syminc, and numSymbol in the section description are not used for identification of symbols and PRBs
referred by the section description (the values of these parameters can be used by other section descriptionsin the
message; hote that sender may set syminc and numSymbol to any allowed value without restriction to values
corresponding to symbols actually referred by the section description with Section Extension =6). Sender shall set rb to
the value of zero. Sender shall set startSymbolld to the earliest symbol referred by any of section descriptionsin the
message, including, but not limited to, section descriptions with Section Extension =6. The earliest symbol referenced
by a section description with Section Extension =6 is the earliest symbol selected by a set bit in the symbolMask. That
means symbolMask’ s bit n, such that n < startSymbolld, shall be zero.

Usage of this Section Extension does not affect the operation of user plane. It is noted that a data section in the user
planeis not required to contain a contiguous range of PRBs. By invoking the sectionld multiple times in the user plane,
either within a single message or in different messages, sets of non-contiguous PRBs can be handled.

Note that utilization of the non-contiguous PRB allocation Section Extension does not put any restriction on utilization
of sections with contiguous PRB utilization except for the general rules of utilization of sections e.g. in the context of
one eAxC, aresource element shall be referenced by at most one data section description in the control plane.

In case a control plane section is cited multiple times, then all citations shall allocate same set of PRBs and symbols.

Note that when utilizing this Section Extension together with Section Type 3 where freqOffset parameter is present,
then freqOffset affects the frequency span for the specific range of PRB numbers.
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Table 7-30: Section Format for Section Extension 6 (non-contiguous PRB allocation in time and

frequency)
ef | extType = 0x06 1 Octet N
extLen = 0x02 (2 words) 1 N+1
repetition | rbgSize [2:0] | rbgMask [27:24] 1 N+2
rbgMask [23:16] 1 N+3
rbgMask[15:8] 1 N+4
rbgMask[7:0] 1 N+5
priority[1:0] | symbolMask[13:8] 1 N+6
symbolMask[7:0] 1 N+7

7.4.7.6.1 rbgSize (resource block group size)

Description: This parameter indicates the size in number of PRBs of the resource block groups allocated by the bit
mask. The size of the resource block group to be used by the application shall be taken from the mapping table given in
the Value range field in the rbgMask description below. See rbgMask for special handling of exceptional resource block

groups.
Valuerange: {000b-111b}.

rbgSize Number of PRBsin resource block

000b Reserved
001b
010b
011b
100b
101b
110b
111b

R(O|O|A~WIN|F

Type: unsigned integer.
Field length: 3 bits.
Default Value: 001b.

7.4.7.6.2 rbgMask (resource block group bit mask)

Description: This parameter is abit mask where each bit indicates whether a corresponding resource block group is
alocated. If bit nin the mask is set, then the resource block group nis alocated where n can take valuesin range [0,

lastRbgid] where
lastRbgid = ceiling( (humPrbc + (startPrbc mod rbgSize))/ rbgSize) - 1.
The range of PRBsincluded in aresource block group is given as follows

Resource block group 0 include PRBs with id in the range [startPrbc, startPrbc+f(0)-1].

Resource block group n include PRBs with id in the range [startPrbc + f(0) + (n-1)*f(n), startPrbc + f(0) + n*f(n)-1]

where 0 < n < lastRbgid.

Resource block group n = lastRbgid include PRBs with id in the range [startPrbc + numPrbc — f(lastRbgid), startPrbc+

numPrbc -1].

Where f(n) gives the number of PRBsincluded in resource block group nis given as follows:

f(0) = rbgSize — (startPrbc mod rbgSize)

f(n) = rbgSize, where O<n<lastRbgid.

if (startPrbc + numPrbc) mod rbgsize > 0 then f(lastRbgid) = (startPrbc + numPrbc) mod rbgSize
else f(lastRbgid) = rbgSize
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Only PRBs within the range defined by startPrbc and numPrbc can be allocated i.e., [startPrbc, startPrbc+numPrbc-1].
In case numPrbc is zero the PRB range is all PRBs as defined by the eAxC and startPrbc shall be set to zero.

Transmitter shall ensure that rbgMask does not have non-zero bits outside the valid range [0, lastRbgid]; if receiver

detects non-zero bits outside the valid range, those shall be ignored.

Transmitter shall ensure that combinations of startPrbc, numPrbc and rbgSize leading to a value of lastRbgid larger than

27 (number of bits available in the rbgMask field - 1) are never used. Such combinations are invalid and if detected by

the receiver the section shall be ignored.
MSB of rbgMask indicates the highest frequency resource block group.

Value range: {0000 0000 0000 0000 0000 0000 0000b - 1111 1111 1111 1111 1111 1111 1111b}.
Type: unsigned integer (bit mask).

Field length: 28 bits.

Default Value: 1111 1111 1111 1111 1111 1111 1111b (all resource block groups allocated).

eAxC bandwidth = 25 PRB

0 1 2 5 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Na Na Na © 1 2 3 4 5 6 7 Na Na Na Na
Na Na Na 1 2 2 2 2 2 2 1 Na Na Na Na
startPrbc = 3 rbgSize = 2 numPrbc = 14 lastRbgid = 7

Figure 7-9 Resource block group definition example.

7.4.7.6.3 symbolMask (symbol bit mask)

21

Na

Na

22

Na

Na

23

Na

Na

Description: This parameter is abit mask where each bit indicates whether the rbgMask applies to a given symbol in
thedlot. If bit nis set then the rbgMask is applied to symbol n, where n has range [0..13]. If no bits are set this
implies the rbgMask may be applied to no RBGs in the slot, in other words there are no RE allocations in the slot (or a
different data section contains the RE allocation for the slot). If the symbolMask values indicate allocations beyond a

slot boundary, such allocations shall be ignored (e.g. when there are fewer than 14 symbolsin a dot).
LSB of symbolMask indicates symbol zero (the first symbol to arrivein adot).

Value range: {00 0000 0000 0000b-11 1111 1111 1111b}.

Type: unsigned integer (bit mask).

Field length: 14 bits.

Default Value: 11 1111 1111 1111b (section repeated in 14 symbols).

7.4.76.4 priority

Description: This parameter is used in conjunction with C-Plane and U-Plane coupling via frequency and time with
priorities (see clause 7.4.1.2.3). If this coupling method is not used (e.g. O-RU or O-DU do not have corresponding
capability) sender shall send value zero. This parameter is used by O-RU to find the section description with the highest

priority among section descriptions referencing the same RE that are present in one C-Plane message. O-RU restricts
the scope of the search to one C-plane message to avoid beamforming configuration errors that would occur if search

would span multiple messages and one of them was lost. If Section Extension #6 is absent, then data section description
priority is zero (this corresponds to the default priority). Within one C-plane message a set of priority valuesis

restricted to up to two priority valuesincluding value zeroi.e. {0, +1} or {0, -1}.
Value -2 isreserved and shall not be used by sender.

Valuerange: {-1, 0, +1}.

Type: signed integer, 2's complement.

Field length: 2 bits.
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Default Value: 0 (normal priority).

7.4.7.6.5 repetition (repetition flag)

Description: This parameter is used to indicate repetition of a highest priority data section inside a C-Plane message.
Thisisan optional field for O-RU i.e., the O-DU shall populate this flag, however, O-RU can choose to process or
ignore this flag. Thisfield is applicable only when extension type 6 and extension type 19 is used with coupling via
frequency and time with priorities (Optimized) for highest priority section descriptions (since they are repeated across
C-Plane messages).

Valuerange: {Ob=no repetition; 1b=repeated highest priority data section in the C-Plane message} .

Type: binary bit.

Field length: 1 bit

7.4.7.7 ExtType=7: eAxC Mask Section Extension

This Section Extension is meant to allow a specific C-Plane message to apply not to just a single eAxC value but to
multiple eAxC values. Theintended use case appliesto Section Type 0, wherein the intention is to alow blanking

(designated by Section Type 0) to be indicated for multiple eAxC values e.g., al component carriers. Table 7-31
shows the Section Extension format.

Table 7-31 : Section Format for Section Extension 7 (eAxC Mask parameter)

ef | extType = 0x07 1 Octet N
extLen = 0x01 (1 word) 1 N+1
eAxCmask[15:8] 1 N+2
eAxCmask[7:0] 1 N+3

When a C-Plane message with this Section Extension is received by an O-RU, the O-RU should react asif multiple C-
Plane messages were received with all of the eAxC values permitted by the mask. Note that using the mask, itis
possible the O-RU may assume the C-Plane message content appliesto eAxC values that are not intended and are not
used (e.g. if two bits of the mask are set to zero to indicate the message applies to al 3 sectors, there will be a non-
existent fourth sector that will be implied too). In this case there will be no U-Plane data specified for the spurious
eAxC value(s) and the O-RU should not consider this as an error.

Support of this Section Extension is optional: if an O-RU reports a capability excluding support of this Section
Extension, then the O-DU shall not employ it, and if the O-DU does not support this Section Extension, the same effect
can be obtained using multiple single-eAxC C-Plane messages so no functionality islost (though the C-Plane will be
less efficient).

74.7.7.1 eAxCmask (eAxC Mask)

Description: This binary mask indicates which eAxC val ues the C-Plane message appliesto. A “0” bit in the mask
means the specified eAXC bit is“don’t care” whilea“1” bit in the mask means the specified eAxC bit should be
considered. An all-zero eAxCmask means “ use this message for all eAxC values’ while an all-ones eAxCmask means
“use this message for only the designated eAxC value’. In the former case (“use this message for all eAxC values’),
the actual eAxC value in the C-Plane message header could be any val ue because the message would apply to al eAxC
values regardless of the actual value in the C-Plane message. In the latter case (“use this message for only the
designated eAxC value”) this Section Extension adds no val ue because that is the normal operation.

The intended use of the mask isto indicate which sub-field of the eAxC the message appliesto. For example, if asingle
sector single band of the O-RU will be blanked for all component carriers, the RU-Port-1D and CC-ID sub-field
portions of the eAxCmask would be all zeros (“use this message for all layers/spatial streams and all component
carriers’) while the other subfield portions of the eAxCmask would be all ones (“ use this message for the specific band,
sector, and DU_Port_ID values provided in the eAxC"). Inthisway a Section Type 0 message could indicate the
blanking of all component-carriersin a band-sector in a single C-Plane message.

Value range: {0000 0000 0000 0000b-1111 1111 1111 1111b}.
Type: unsigned integer (bit mask).
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Field length: 16 bits.
Default Value: 1111 1111 1111 1111b (all bits of eAxC are considered).

7.4.7.8 ExtType=8: Regularization factor

This Section Extension is for regularizationFactor which is used to generate MU beamforming weight for the scheduled
UEsin adot. regularizationFactor is the noise variance used for MM SE (Minimum Mean Square Error) computation of
generating MU BFW. The intended use case appliesto Section Type 5 for sending regularization factor instead of
sending regularization factor over Section Type 6.

Support of this Section Extension is mandatory for O-RUs supporting Section Type 5 in this version of the
specification. If an O-RU reports a capability excluding support of this Section Extension (O-RUs supporting previous
version of specification or O-RUs not supporting Section Type 5), then the O-DU shall not employ it, and if the O-RU
reports a capability including support of this Section Extension then O-DU supporting this version of specification shall
employ this Section Extension instead Section Type 6 to convey regularization factor.

See Annex Jfor further description of the regularization factor’susein UL and DL.

The following table shows the format of this Section Extension.

Table 7-32 : Section Format for Section Extension 8 (Regularization factor parameter)

ef | extType = 0x08 1 | OctetN
extLen = 0x01 (1 word) 1 N+1
regularizationFactor[15:8] 1 N+2
regul arizationFactor[ 7:0] 1 N+3

7.4.7.8.1 regularizationFactor (regularization Factor)

Description: This parameter provides a regularization factor to support MM SE operation when UE is scheduled, so
related to Section Type 5.

Value range: {0000 0000 0000 0000b-1111 1111 1111 1111b}

Type: unsigned integer.

Field length: 16 bits.

7.4.7.9 ExtType=9: Dynamic Spectrum Sharing parameters
This Section Extension appliesto al Section Types.

The following table shows the format of this Section Extension.

Table 7-33 : Section Format for Section Extension 9 (DSS parameter)

ef | extType = 0x09 1 | OctetN
extLen = 0x01 (1 word) 1 N+1
technology[7:0] 1 N+2
reserved 1 N+3

This Section Extension is needed to support Dynamic Spectrum Sharing (DSS) operation. O-RU should know if the
information transmitted to the eCPRI interfaceisLTE or NR in real time. If “technology” = 0, it means LTE support. If
“technology” =1, it means NR support. O-RU shall consider that the C-plane message received isfor NR, if Section
Extension =9 is not present in the C-plane message for a carrier configured as DSS viathe M-plane. If Section
Extension =9 is received in a C-plane message for a carrier configured asLTE or NR (not DSS), the O-RU shall ignore
the Section Extension 9 and may optionally log the error. Please see clause 7.3.6 for more details on methods for DSS
support.
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7.4.79.1 technology (interface name)
Description: This parameter indicates if the data transmitted through eCPRI interface isLTE or NR inrea time. In this
way, O-RU knows the data format transmitted from O-DU and could decode the associated user data.
Valuerange: {0000 0000b-1111 1111b} :
e (0000 0000b : LTE support

e (0000 0001b : NR support
e (00000010b—11111111b: reserved.

Type: unsigned integer.
Field length: 8 bits.
Default Value: 0000 0000b (LTE).

7.4.7.10 ExtType=10: Section description for group configuration of multiple ports

This Section Extension appliesto Section Types 1, 3 and 5. C-plane section information for the multiple ports (i.e.,
layers or Tx/Rx paths) may be the same except beam IDs or UE IDs in most cell scheduling case. When the multiple
ports share the common section information within O-RU, C-plane sections to be sent via the corresponding ports are
merged into a C-plane section via a specified port using this Section Extension. M-plane pre-configures to group the
ports to be merged and to specify the port to represent them. The beam ID in the section of the representative port can
be considered an index which indicates a set of multiple beam vectors (beam IDs) each of which appliesto the
corresponding port (layer or Tx/Rx path).

Table 7-34 : Section Extension =10 for beamGroupType = 00b or 01b

ef | extType = Ox0A 1 Octet N
extLen = 0x01 (1 word) 1 N+1
beamGroupType | numPortc 1 N+2
reserved 1 N+3
Table 7-35 : Section Extension =10 for beamGroupType = 10b
ef | extType = Ox0A 1 Octet N
extLen 1 N+1
beamGroupType | numPortc 1 N+2
reserved | 2" port beaml D[14:8] (or uelD[14:8]) 1 N+3
2" port beamlI D[ 7:0] (or uel D[7:0]) 1 N+4
reserved | 3rd port beaml| D[14:8] (or uel D[14:8]) 1 N+5
3rd port beamiD[7:0] (or uelD[7:0]) 1 N+6
reserved | 1 var
1 var
reserved | (numPortc+1)th port beaml D[14:8] (or uel D[14:8]) 1 var
(numPortc+1)th port beaml D[ 7:0] (or uel D[7:0]) 1 var
filler to ensure 4-byte boundary var var
7.4.7.10.1 beamGroupType

Description: This parameter indicates the type of beam grouping.
Valuerange: {00b - 11b}.

e (00b (common beam): the beamlID in the section header is used as a common beam ID for all the ‘numPortc’ ports
which are grouped by M-plane. Thistypeisnot used for Section Type 5, and extLen = 0x01.

e (01b (beam matrix indication): the consecutive ‘numPortc’ beaml Ds subsequent to the beamlI D in the section heade
r apply to the ‘numPortc’ ports. Thistypeis not used for Section Type 5, and extLen = 0x01.
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e 10b (beam vector listing): the beaml Ds listed in the Section Extension apply to the ‘numPortc’ ports. The Section E
xtension should include ‘numPortc’ beam IDs or uelDs.

e 11b: reserved

Type: unsigned integer.
Field length: 2 bits.
Default Value: 00b (common beam).

7.4.7.10.2

numPortc

Description: This parameter indicates the number of eAxC portsindicated by the Section Extension. It can cover up to

64 ports.

Valuerange: {000000b-111111b}. 00 0000b expresses 64 ports.
Type: unsigned integer.
Field length: 6 bits.
Default Value: 000000b.

7.4.7.10.3

Interaction with other Section Extensions

Section Extension =10 can be used in al situations when same information is present in section headers and in Section
Extension headers across multiple eAxC IDs.

Table 7-36 : Section Extension =10 Interactions with other Section Extensions

Sectlon Title Interaction with existing Section Extensions
Extension
SE1 can be used with Section Extension =10 only if the Beamforming Weights transferred
using Section Extension =1 are the same for all streams (or layers). In general, the BF
Beamforming Wei ght vect_or Wi_II be different per datalgyer (eAxC) and Section Extens on.:lO cannot be
1 Weights used in conjunction. Once the Beamforming Weights are downloaded, then if the O-DU
uses same BF vector by addressing Beam Id for a number of slots after the BF Weight is
downloaded, then in that case, O-DU can use Section Extension 10 to combine multiple C-
plane messages to one single C-plane message using the representative eAxC id.
Section Extension =2 can be used with Section Extension =10 only if the Beamforming
Beamforming Attri bu_te transf_erred usi ng Section Extension :2is_same f(_)r al streams (or layers),
2 Attributes otherwise, Section Extension =2 cannot be used with Section Extension =10. If O-DU uses
beam attributes downloaded using Section Extension =2 later using beam id, then Section
Extension =10 can be used to combine multiple C-plane messages to one C-plane message.
This Section Extension has different format for different layers (first layer has one set of
parameters and rest of the layers have different set of parameters). So this Section
3 DL Precoding Extension =3 cannot be used with the Section Extension =10. Thereis a possibility of using
the Section Extension =10 with layers other than first layer (if the codebook index is same
for other layers) and also combining Section Extension =3 for al layersin future with some
changes. Thisis FSS.
4 Modulatlo_n Section Extension =4 can be used with Section Extension =10 (see 5.5.9).
Compression
Modulation
5 Compression Section Extension =5 can be used with Section Extension =10 (see 5.5.9).
(Additional)
Non-contiguous _Section I_Extensi on =6 can be used with the _Section Extension =10, if the secti_on
6 information of non-contiguous PRB allocation has same pattern for each spatial stream or
PRB
datalayer (eAxC).
5 eAXC Mask Section Extension =7 cannot be used with Section Extension =10 because the use of

Section Extension =10 includes the functionality of this Section Extension =7.
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Regularizatoin
Factor

Section Extension =8 can be used with Section Extension =10 only if the regularization
parameter transferred using Section Extension =8 is the same for all streams (or layers),
otherwise Section Extension =8 cannot be used with Section Extension =10

DSS Parameters

Section Extension =9 can be used with Section Extension =10 because al the spatial
streams or data layers (eAxCs) grouped by Section Extension =10 are used for the same
technology.

11

Flexible
Beamforming
Weights

Section Extension =11 can be used with Section Extension =10 only if the Beamforming
Weights transferred using Section Extension =11are same for all streams (or layers). In
general, the BF weight vector will be different per datalayer (eAxC) and Section Extension
=11 cannot be used in conjunction. Once the Beamforming Weights are downloaded, then
if the O-DU uses same BF vector by addressing Beam Id for anumber of slots after the BF
Weights are downloaded, then in that case, the O-DU can use Section Extension =11 to
combine multiple C-plane messages to one single C-plane message using the representative
eAxCid.

14

Null-layer Info

If this Section Extension can be used with Section Extension = 10, extLen in this Section
Extension can be enlarged as much as the total number of uelds transmitted by both section
header and Section Extension = 10, then this Section Extension indicates the nulling

information for whole of the respective scheduled layers.

7.4.7.11

ExtType=11: Flexible Beamforming Weights Extension Type

This section applies to the flexible sending of beamforming weights from the O-DU to the O-RU. This enables the O-
DU to provide different beamforming weights for different PRBs within one section to facilitate, e.g. zero-forcing
precoding. The O-DU provides the numBundPrb parameter, which informs the O-RU how many PRBs are bundled
together and share the same beamforming weights. This Section Extension applies only to Section Types 1 and 3.

Table 7-37: Extension Type 11 Data Format (when disableBFWs = 0)

ef | extType = OXOB 1 Octet N
extLen[15:0] 2 Octet N+1
dissbleBFWs| RAD | reserved (6 hits) 1 | Octet N+3
numBundPrb[7:0] 1 Octet N+4
bfwCompHdr[7:0] 1 Octet N+5
bfwCompParam (for PRB bundle 0) var
reserved | beamld[14:8] (for PRB bundle 0) 1
beamld[7:0] (for PRB bundle 0) 1
bfwl (for TRX 0 and PRB bundle 0) var
bfwQ (for TRX0 and PRB bundle 0) var
remaining beamforming weights bfwl and bfwQ up to L TRXs and PRB bundle 0 var
bfwCompParam (for PRB bundle 1) var
reserved | beaml d[14:8] (for PRB bundle 1) 1
beamld[7:0] (for PRB bundle 1) 1
bfwl (for TRX 0 and PRB bundle 1) var
bfwQ (for TRX0 and PRB bundle 1) var
remaining beamforming weights bfwl and bfwQ up to L TRXs and PRB bundle 1 var
bfwCompParam (for last PRB bundle) var
reserved | beaml d[14:8] (for last PRB bundle) 1
beamld[7:0] (for last PRB bundl€) 1
bfwl (for TRX 0 and last PRB bundl€) var
bfwQ (for TRX0 and last PRB bundle) var
remaining beamforming weights bfwl and bfwQ up to L TRXs and last PRB bundle var
zero pad to 4-byte boundary var
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7.4.7.11.1 bfwCompHdr (beamforming weight compression header)
Description: refer to clause 7.4.7.1.1

Note that this parameter defines the compression method and 1Q bit width for the beamforming weights in the specific
section in the C-Plane message. For the block compression methods, the block size is the vector of beamforming
weights for a specific PRB bundle.

7.4.7.11.2 bfwCompParam for PRB bundle x (beamforming weight compression parameter)
Description: refer to clause 7.4.7.1.2

Note that this parameter appliesto the following vector of beamforming weights for a specific PRB bundle (i.e., bundle
X).

7.4.7.11.3 numBundPrb (Number of bundled PRBs per beamforming weights)

Description: This parameter isthe number of bundled PRBs per beamforming weight sets. The number of
beamforming weight sets per TRX in Section Extension 11 should be equal to the total number of PRBs selected by
section description in the C-plane message (using startPrbc and numPrbc and other parameters present in other Section
Extensions present in the section description) divided by numBundPrb. When the division outcome is fractional value,
one additional beamforming weight for each respective TRX isincluded to cover the orphan PRBs. The value zero is
reserved.

Valuerange: {al zeros—all ones}.
Type: unsigned integer.
Field length: 8 bits.

74.7.11.4 bfwl (beamforming weight in-phase value)

Description: This parameter isthe In-phase beamforming weight value. The total number of weights in the section
depends on the number TRX at the RU and the number of bundled PRBs per beamforming weight

Valuerange: {all zeros—all ones}.
Type: signed integer.
Field length: 1-16 hits.

7.4.7.11.5 bfwQ (beamforming weight quadrature value)

Description: This parameter is the Quadrature beamforming weight value. The total number of weightsin the section
depends on the number TRX at the RU and the number of bundled PRBs per beamforming weight

Valuerange: {all zeros—all ones}.
Type: signed integer.
Field length: 1-16 bits.

7.4.7.11.6 disableBFWs (disable beamforming weights)

Description: This parameter is used to indicate if beamforming weights under Section Extension are disabled or not.
The default is that the beamforming weights exist since this is the main objective of the Section Extension. However,
these can be disabled by setting this parameter to convey only the beamlds. In this case, al bfwl, bfwQ, and

bfwCompParam fields as well as the bfwCompHdr field don’t exist in the Section Extension (see Table 7-38 below).

Value range: { Ob=beamforming weights under Section Extension exist; 1b=don’t exist} .
Type: binary bit.

Field length: 1 bit.

Default Value: 0b (beamforming weights under Section Extension exist)
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Table 7-38: Extension Type 11 Data Format (when disableBFWs = 1)

ef | extType = OxOB 1 Octet N
extLen[15:0] 2 Octet N+1
disableBFWs| RAD | reserved (6 bits) 1 | Octet N+3
numBundPrb[7:0] 1 Octet N+4
reserved | beamld[14:8] (for PRB bundle 0) 1
beamld[7:0] (for PRB bundle 0) 1
reserved | beaml d[14:8] (for PRB bundle 1) 1
beamld[7:0] (for PRB bundle 1) 1
reserved | beaml d[14:8] (for last PRB bundle) 1
beamld[7:0] (for last PRB bundl€) 1
zero pad to 4-byte boundary var
7.4.7.11.7 RAD (Reset After PRB Discontinuity)

Description: This parameter is used when Section Extension =11 is used in conjunction with Section Extension
allowing non-contiguous frequency allocation (Section Extensions =6, 12 and 13). In regular cases, where the section
parameters refer to a continuous set of PRBS, the default val ue should be used, which isRAD = 1. When Section
Extension allowing non-contiguous frequency allocation is used with Section Extension =11, this parameter indicates
whether the PRB bundle boundary is reset after discontinuity in the PRB allocation (RAD = 1), or the PRB bundle
boundaries are mapped to the PRBs regardless of the discontinuity (see examplesin clause 7.5.4.1). Note if this
extension is used with Section Extension =13 the discontinuity shall be interpreted as discontinuity in set of frequency
ranges from all hops combined over time (see examplesin clause 7.5.4.3).

Valuerange: {0b = No reset; 1b = reset)

Type: binary bit

Field length: 1 bit.

Default Value: 1b (Reset after PRB discontinuity)

7.4.7.12 ExtType=12: Non-Contiguous PRB Allocation with Frequency Ranges

This Section Extension applies only to Section Types 1, 3 and 5. It cannot be used with Section Extension 6 in the same
section description.

This Section Extension enables allocation of non-contiguous sets of PRBs (Resource Block Groups, or RBGs) intime
domain and frequency domain. This extension reduces the C-Plane overhead when users or channels are allocated with
non-contiguous sets of PRBsin time or frequency. This extension is more space-efficient than Section Extension 6 if
the allocation is continuous in frequency or extends over a frequency span wider than the range defined by rbgMask
size and rbgMaskSize value.

Table 7-39: Section Format for Section Extension 12 (Non-Contiguous PRB Allocation with
Frequency Ranges)

7 (Ish)y | #of
bytes
ef extType[6:0] = 0x0C 1 Octet N
extLen (variable) 1 N+1
priority[1:0] | symbolMask[13:8] 1 N+2
symbolMask[7:0] 1 N+3
offStartPrb(1) 1 variable
numPrb(1) 1 variable
off StartPrb(2) 1 variable
numPrb(2) 1 variable
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off StartPrb(R-2) 1 variable
numPrb(R-2) 1 variable
off StartPrb(R-1) 1 variable
numPrb(R-1) 1 variable

This extension consists of afixed part (fields priority and symbolMask) and a variable size part (pairs of off StartPrb(r)
and numPrb(r) forr =1 ... R-1). Note that variable part may be empty allowing to use priority and symbolMask without
overhead.

If this Section Extension is present in a section description, then the section description is applied to symbols identified
by symbolMask and one or more frequency ranges calculated from startPrbc and numPrbc from the section description
and offStartPrb(r) and numPrb(r) pairs from this extension.

If this Section Extension is present in a section description, then the field startSymbolld in the message header and the
fields rb, symlinc, and numSymbol in the section description are not used for identification of symbols and PRBs
referred by the section description (the values of these parameters can be used by other section descriptionsin the
message; note that sender may set syminc and numSymbol to any alowed value without restriction to values
corresponding to symbols actually referred by the section description with Section Extension =12). Sender shall set rb
to the value of zero. Sender shall set startSymbolld to the earliest symbol referred by any of section descriptionsin the
message, including, but not limited to, section descriptions with Section Extension =12. The earliest symbol referenced
by a section description with Section Extension =12 is the earliest symbol selected by a set bit in the symbolMask. That
means symbolMask’ s bit n, such that n < startSymbolld, shall be zero.

If this Section Extension is present in a section description, then the section description is applied to one or more PRB
ranges. Specifically, the description is applied to R spectrum fragments identified by pairs startPrb(r) and numPrb(r) for
r=0, ..., R-1 where startPrb(r) values are calculated by recurrence:

startPrb(0) and numPrb(0) are values of section description’s parameter startPrbc and numPrbc; values of
numPrb(1), numPrb(2), ... numPrb(R-1) are from the variable part of section description.

startPrb(r) = startPrb(r-1) + numPrb(r-1) + offStartPrb(r) forr =1, ..., R-1

The description applies to PRB #p if startPrb(r) < p < startPrb(r) + numPrb(r) forany r =0, ..., R-1.

Number of frequency ranges R is derived from extLen: R = (extLen—1) * 2 + 1. Note that empty PRB ranges are
alowed e.g. numPrb(r) = 0 can be used to shift the following PRB range beyond limit of 8-bit offset. Similarly,
offStartPrb(r) = 0 can be used to concatenate two PRB ranges and effectively extend range width beyond the limit of 8-
bit numPrb(r). If the last pair in the extension are present (due to extension size alignment to multiple of 4 bytes) but not
used, then they shall have offStartPrb(R-1) = 0 and numPrb(R-1) = 0.

Usage of this Section Extension does not affect the operation of user plane. It is noted that a data section in the user
planeis not required to contain a contiguous range of PRBs. By invoking the sectionld multiple timesin the user plane,
either within a single message or in different messages, sets of non-contiguous PRBs can be handled.

Note that utilization of the non-contiguous PRB allocation Section Extension does not put any restriction on utilization
of sections with contiguous PRB utilization except for the general rules of utilization of sections e.g. in context of one
eAxC aresource element shall be referenced by at most one data section description in the control plane.

In case acontrol plane section is cited multiple times with C-plane and U-plane coupling via sectionld then al citations
shall allocate same set of PRBs and symbols.

Note that when utilizing this Section Extension together with Section Type 3 where freqOffset parameter is present,
then freqOffset affects the frequency span for the specific range of PRB numbers.

7.4.7.12.1 priority (priority of section description)

Description: This parameter has same format and semantics as priority parameter in Section Extension 6 (see clause
7.4.7.6.4).

7.4.7.12.2 symbolMask (symbol bit mask)

Description: This parameter has same format and semantics as symbolMask parameter in Section Extension 6 (see
clause 7.4.7.6.3).
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7.4.7.12.3 offStartPrb(r) (offset of PRB range start)

Description: This parameter indicates the offset to start of the r-th PRB range for r=1, ..., R-1.
Valuerange: 0 ... 255.

Type: unsigned integer.

Field length: 8 bits.

7.4.7.12.4 numPrb(r) (number of PRBs in PRB range)

Description: This parameter indicates the number of PRBsin ther-th PRB range for r=1, ..., R-1.
Valuerange: 0 ... 255.

Type: unsigned integer.

Field length: 8 bits.

7.4.7.13 ExtType=13: PRB Allocation with Frequency Hopping

This Section Extension applies only to Section Types 1, 3 and 5.

This Section Extension allows to describe two or more PRB allocations starting at different symbols and different PRB.
It isintended to be used for alocations with intra-slot frequency hopping. This extension significantly reduces the C-
Plane overhead when users or channels are allocated with intra-slot frequency hopping. This extension is more space-
efficient than the use of several section descriptions.

Table 7-40: Section Format for Section Extension 13 (PRB Allocation with Frequency Hopping)

7 (Ish) # of
bytes
ef extType[6:0] = 0x0D 1 Octet N
extLen (variable) 1 N+1
reserved[1:0] | nextSymbol1d(1)[3:0] | nextStartPrbc(1)[9:8] 1 N+2
nextStartPrbc(1)[7:0] 1 N+3
reserved[1:0] | nextSymbol | d(R-2)[3:0] | nextStartPrbc(R-2)[9:8] 1 variable
nextStartPrbc(R-2)[7:0] 1 variable
reserved[1:0] | nextSymbol 1 d(R-1)[3:0] | nextStartPrbc(R-1)[9:8] | 1 | variable
nextStartPrbc(R-1)[7:0] 1 variable

Thisextension is of variable size and conveyslist of pairs nextSymbolld(n) and nextStartPrbc(n) for n=1,...,R-1.

If this Section Extension is present in a section description, then the section description and all other Section Extensions
included in it, are interpreted by O-RU as if startPrbc value was changed at specified symbols given in nextSymbolld(n)
to values of nextStartPrbc(n) provided in the extension. Note that the value of numPrbc from the section description
appliesto all frequency hops.

Specifically, the description and extensions are interpreted as if startPrbc value was as in nextStartPrbc(n) for symbols
s, where nextSymbolld(n) < s < nextSymbolld(n+1) for n=1 to R-1 and value of nextSymbolld(R) is avalue greater by
1 than number of the last symbol addressed by the description. Note nextSymbolld(R) is guard value and does not have
to identify actual symbol. If the section description includes a Section Extension that provides symbolMask parameters
(Section Extension #6, #12 and #19) then nextSymbolld(R) is derived from symbolMask. Otherwise, nextSymbolld(R)
is derived from startSymbolld from the message header and syminc and numSymbol parametersin the section
description and in section descriptions preceding it in the message. Note that startPrbc from the section description
appliesto symbols S0 < s < nextSymbolld(1) where S0 is the first symbol addressed by the section description (SO is
determined by symbolMask if Section Extension #6, #12 or #19 is present; otherwise S0 is determined by startSymbolld
from the message header and syminc and numSymbol parameters in the section description and in section descriptions
preceding it in the message). The set of symbols where startPrbc or nextStartPrbe(n) applies may be further restricted by
symbolMask if Section Extension #6, #12 or #19 is also present.
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Number of frequency hops R is derived from extLen: R = extLen * 2. If the last pair in the extension are present (due to
extension size alignment to multiple of 4 bytes) but not used, then they shall have values as in the preceding pair (e.g. if
pair R-1 is not used then nextSymbolld(R-1) and nextStartPrbc(R-1) shall be set to nextSymbol ld(R-2) and
nextStartPrbc(R-2) respectively).

7.4.7.13.1 nextSymbolld(n) (offset of PRB range start)

Description: This parameter indicates the symbol at which n-th frequency hop occurs for n=1, ..., R-1. The value shall
correspond to one of symbols addressed by the section description. Note that:

e if Section Extension #6, #12 and #19 are not present in the section description then set of symbols addressed
by the description is determined by startSymbolld from the message header and symlnc and numSymbol
parameters in the section description and in section descriptions preceding it in the message

e if Section Extension #6, #12 or #19 is present in the section description then set of symbols addressed by the
description is determined by symbolMask from Section Extension #6, #12 or #19.

Sender shall ensure values are ordered in increasing order i.e. nextSymbolld(n+1) > nextSymbolld(n).

Sender shall set nextSymbolld(n) to value of nextSymbolld(n-1) and set nextStartPrbc(n) to value of nextStartPrbe(n-1)
if pair (nextSymbolld(n), nextStartPrbc(n)) is used for padding.

Valuerange: {0000b-1111b}.
Type: unsigned integer.
Field length: 4 bits.

7.4.7.13.2 nextStartPrbc(n) (number of PRBs in PRB range)

Description: This parameter indicates the value to be used instead of startPrbc for the n-th frequency hop for n=1, ...,
R-1.

Sender shall set nextSymbolld(n) to value of nextSymbolld(n-1) and set nextStartPrbc(n) to value of nextStartPrbc(n-1)
if pair (nextSymbolld(n), nextStartPrbc(n)) is used for padding.

Value range: {00 0000 0000b-11 1111 1111b}.

Type: unsigned integer.

Field length: 10 bits.

7.4.7.14 ExtType= 14: Nulling-layer Info. for ueld-based beamforming

This Section Extension appliesto Section Types 5. This enables the O-DU to provide layer-by-layer indication, which
denotes that the corresponding ueld is for nulling-layer indication.

The following table shows the format of this Section Extension.

Table 7-41: Extension Type 14

ef | extType = OXOE 1 Octet N
extLen = 0x01 (1 word) 1 N+1
nullLayerind 1 N+2
reserved 1 N+3

O-RU generates beamforming weights considering all the Uelds, but once the beamforming weight is generated, O-RU
shall set to zero weights for the layer(s) corresponding to those Uelds for which nullLayerind is set to 0000 0001b.

7.4.7.14.1 nullLayerind (null layer indication)
Description: This parameter indicates whether the corresponding layer is nulling-layer or not.
Value range: {0000 0000b - 0000 0001b} .

The following mapping shall be used:
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0000 0000b = the corresponding ueld is given for actually scheduled layer, no specific operation based on thisfield is
performed by O-RU.

0000 0001b = The corresponding ueld is given for making beam-nulling dimension, so this layer shall be nulled. No
user datais transmitted for the layer(s) corresponding to the Ueld for which nullLayerind is set to 0000 0001b, i.e.
beamforming weights corresponding to the layer(s) shall be set to zero.

Type: unsigned integer.
Field length: 8 bits.

7.4.7.15 ExtType= 15: Mixed-numerology Info. for ueld-based beamforming

This Section Extension applies to Section Types 5 and 6. When this Section Extension is applied to Section Type 6, the
value of FFT typein frameStructure and cpLength canbe set as‘0'.

The following table shows the format of this Section Extension.

Table 7-42: Extension Type 15

ef | extType = OxOF 1 | OctetN
extLen = 0x02 (2 words) 1 N+1
frameStructure 1 N+2
freqOffset 3 N+3
cpLength 2 N+6
7.4.7.15.1 frameSturcture (frame structure)

See clause 7.4.4.13 for the description of this parameter.

7.4.7.15.2 freqOffset (frequency offset)

See clause 7.4.5.11 for the description of this parameter.

7.4.7.15.3 cpLength (cyclic prefix length)

See clause 7.4.4.14 for the description of this parameter.

7.4.7.16 ExtType=16: Section description for antenna mapping in UE channel
information based UL beamforming

This Section Extension applies to Section Type 5. The Section Extension includes bitmask per Rx endpoint to indicate
the antennas to be pre-combined into the Rx endpoint (=eAxC). It can be used together with Section Extension 10. In
this casg, it hasalist of the bitmasks as many the Rx endpoints as used for the Section Extension 10.

Table 7-43: Section Extension 16 w/o Section Extension 10

ef | extType = 0x10 1 | OctetN
extLen = 0x03 (3 words) 1 N+1
antMask [63:0] 8 N+2

filler to ensure 4-byte boundary var N+10
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Table 7-44: Section Extension 16 with Section Extension 10

ef extType = 0x10 1 Octet N
extLen [7:0] 1 N+1
antMask (1st Rx eAxC) [63:0] 8 N+2
antMask (2nd Rx eAxC) [63:0] 8 N+10
antMask (16th Rx eAxC) [63:0] 8 N+122
filler to ensure 4-byte boundary var N+130
7.4.7.16.1 antMask

Description: This parameter indicates the indices of antennas to be pre-combined per Rx endpoint.
Value range: { 0x0000 0000 0000 0000 — OXFFFF FFFF FFFF FFFF} .

Each bit indicates whether the antenna of the corresponding digit is pre-combined or not. The maximum number of

antennasis 64.

Type: unsigned integer.
Field length: 64 bits.
Default Value: 0x0000000000000000

7.4.7.17

ExtType= 17: Section description for indication of user port group

This Section Extension applies to Section Extension 10 for beamGroupType=10b following Section Type 5 and cannot
be used in standalone manner. This Section Extension provides the number uel Ds of the users scheduled in preceding

Section Type and Section Extension messages. A user may have more than one uel Ds (i.e. more than one channel

information, for e.g. if the UE supports Transmit Antenna Switching feature for SRS transmission; by which O-DU can
obtain different channel information corresponding to each of the transmit antennas). When this Section Extension is
used, two restrictions apply: First, uelDs of each user are consecutive by exploiting the three reserved bits of uelD[2:0].

The three reserved bits mean that the maximum number of uel Ds per user is assumed to be 8. Second, in Section

Extension 10, uel Ds whose three reserved bits are all zero are configured repeatedly as many times as the number of
layers scheduled for the corresponding user. Therefore, the preceding Section Type and extension messages implicitly
provide the number of scheduled users(=number of different uelDs) and number of layers of each user(=number of
same uel Ds). Finally, the number of uel Ds associated with each user isinformed viathe information provided in this
Section Extension.

Table 7-45: Section Extension 17

ef extType = 0x11 1 Octet N
extLen 1 N+1
numUel D of 1% user | numUel D of 2nd user var N+2
| numUel D of last user
filler to ensure 4-byte boundary
7.4.7.17.1 numUelD

Description: This parameter indicates the number of uel Ds per user
Valuerange: {0001b - 1000b}. {1001b - 1111b} are reserved.
Type: unsigned integer.

Field length: 4 bits.

Default Value: 100b (4 uel Ds per user).

ETSI




135 ETSI TS 103 859 V7.0.2 (2022-09)

7.4.7.18 ExtType=18: Section description for Uplink Transmission Management

This Section Extension applies to sending of transmission windows information for management of the transmission of
uplink user data from the O-RU. With the two parametersincluded in this Section Extension the O-RU shall transmit
the corresponding user data within that time window. The data shall be sent in normal transmission mode or be
uniformly distributed in time depending on value of toT parameter.

Table 7-46: Section Extension 18

ef | extType = 0x12 1 Octet N
extLen 1 N+1
transmissionWindowOffset[ 15;8] 1 N+2
transmissionWindowOffset[ 7:0] 1 N+3
Reserved | transmissionWindowSize[13:8] 1 N+4
transmissionWindowSize[ 7:0] 1 N+5
Reserved | toT 1 N+6
zero pad to 4-byte boundary 1 N+7

7.4.7.18.1 transmissionWindowOffset

Description: This parameter indicates the start of the transmission window as an offset to when the transmission
window would have been without this parameter, i.e. (Ta3_max-Ta3_min). The resolution of the parameter is symbols,
where the length in time of a symbol is either as determined via M-plane (when used with message Type 1 and 5) or
according to information in parameter frameStructure (when used with message Type 3) and assuming normal cyclic
prefix.

If numSymbol in the section header is> 1 then the number of different transmission windows will be equal to
numSymbol. The start of each transmission window follows the same procedure as described above for every symbol.

See clause 4.5.2.1 for more detailed information about overlapping transmission windows.

If message is used for an eAxC configured for delay-managed traffic, then transmissionWindowOffset valuein
combination with the value of transmissionWindowSize shall not result in calculated buffering load that would exceed
the O-RU buffering capacity. See clause 4.5.4 for more details.

If message is used for an eAxC configured for non-delay-managed traffic, then transmissionWindowOffset value can
exceed the O-RU buffering capacity. See clause 4.5.4 for more details.

Valuerange: {0—65535}.
Type: unsigned integer.
Field length: 16 bits.
Default Value: 0

7.4.7.18.2 transmissionWindowSize

Description: This parameter indicates the size of the transmission window in resolution ps. If window sizeissetto a
value smaller than (ta3_max — ta3_min) the O-RU will if possible, transmit the requested data reliably during that
window size. If not possible due to for instance lack of transmission capability on link caused by other higher
prioritized traffic, then the O-RU will use a default transmission window size of (ta3_max —ta3_min).

Maximum window size is 10000 us= 10 ms.
See clause 4.5.2.1 for more detailed information about overlapping transmission windows.

If message is used for an eAxC configured for delay-managed traffic, then transmissionWindowSize value in
combination with the value of transmissionWindowOffset shall not result in calculated buffering load that would exceed
the O-RU buffering capacity.

If message is used for an eAxC configured for non-delay-managed traffic, then transmissionWindowSize which is not
affecting O-RU operation shall be set to 0 (zero). See clause 4.5.4 for more details.

Valuerange: {0x0 —0x2710}
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Type: unsigned integer.
Field length: 14 bits.
Default Value: 0x00.

7.4.7.18.3 Type of Transmission (toT)

Description: This parameter indicates to the O-RU if the associated user plane data should be sent in normal
transmission mode or be transmitted uniformly in time over the transmission window. The O-RU will indicate viathe
M-Planeif it supports the possibility to change the type of transmission. If the O-RU does not support this feature, the
O-RU will ignore this parameter.

See clause 4.5.2 for more detailed information about uniformly distribution of data.

The value of Type of Transmission shall be set to the same value for all sectionsthat have Section Extension 18
within one C-Plane message.

Valuerange: {00b —11b}.

00b = normal transmission mode, data can be distributed in any way the O-RU isimplemented to transmit data
01b = uniformly distributed over the transmission window.

10b = Reserved

11b = Reserved

Type: bits.

Field length: 2 bits.

Default Value: 00b

7.4.7.18.4 Interaction with other Section Extensions

The Section Extension =18 is used when the UL traffic needs to be managed e.g., avoid peaksin the traffic on shared
links between an O-DU and multiple O-RUs.

The table below lists how Section Extension 18 is used in combination with other Section Extensions.

Section I nteraction with section
Extension extension 18
1 Beamforming weights | o special handling needed
2 Beamformi ng attributes No S)eClal handli ng needed
DL Precoding
3 configuration parameters
and indications No specia handling needed
4 Modulation compression
parameters No specia handling needed
Modulation compression
5 additional scaling
parameters No specia handling needed
6 Non-contiguous PRB
allocation No special handling needed
Multiple-eAxC The usage of this Section Extension has the effect that more than one
7 designation eAxC istargeted with one C-plane message. For UL this means that the
same transmission time and window size will be used for all targeted
eAxCs.
8 Regularization factor No SpeCIal handli ng needed
9 Dynamic spectrum
sharing parameters No specia handling needed
Multiple ports grouping | The usage of this Section Extension has the effect that more than one
10 eAxC istargeted with one C-plane message. For UL this means that the
same transmission time and window size will be used for all eAxCs.
11 | FledbleBF weights No special handling needed
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Section I nteraction with section
Extension extension 18

Non-contiguous PRB

12 allocation with frequency
ranges No specia handling needed

13 Frequency hopping No special handling needed
Null-layer information

14 for UE-ID-based
beamforming No special handling needed
Mixed-numerology

15 information for UE-ID-
based beamforming No specia handling needed
Antenna mapping for

16 UW channel
information-based UL
beamforming No special handling needed

17 User port group The usage of Section Extension 17 is aways combined with Section
indication Extension 10, same attention as for number 10 is thus applicable.

7.4.7.19 ExtType=19: Section Compact multiple port beamforming information

This Section Extension applies to Section Types 1 and 3. This Section Extension is required for sending compact
beamforming information for multiple antenna ports (the term *port’ used henceforth in context of this Section Extension
refersto logical antenna port). CSI-RS channel will benefit the most from using this extension, considering large number
of CSI-RS ports and multiple CSI resource set.

This Section Extension is structured into a common Section Extension header specifying total number of ports,
consolidated symbol bitmask and beamforming weight compression header applicable for all the ports. Thisis followed
by fields describing per port information. Per port fields in the extension specify the location of port using a separate
portReMask and portSymbolMask. The per port section further contains fields to specify per port beamforming
information. When using this for CSI-RS one instance of this extension can be used to specify one CSI-RS resource set.
For section description with this extension, reMask in section header is an aggregate of portReMask for all ports specified
in Ext-19. Also, if section description has Ext-19, the beamld in section header shall be ignored.

First instance of this extension shall be used with ‘repetition=0" and shall contain beamweights/beamids for all portsin
the range of startPrb and numPrb. When used with highest priority sections, and the section is repeated, this extension
can be sent with ‘repetition=1', in which case, per port fields are excluded from the extension indicating the associated
beamforming information has already been sent to the O-RU. This extension can be used with any coupling method.
Interaction with other extensionsis present in Table 7-48.

Table 7-47: Section Extension 19

# of
bytes
ef extType = 0x13 1 Octet N
extLen[15:0] 2 N+1
disableBFWs | repetition numPortc[5:0] 1 N+3
priority symbolMask[13:8] 1 N+4
symbolMask[7:0] 1 N+5
bfwCompHdr var
reserved | portReMask[11:8] (for port 1) 1
portReMask[7:0] (for port 1) 1
reserved | portSymbolMask[13:8] (for port 1) 1
portSymbolMask[7:0] (for port 1) 1
reserved | beamI D[14:8] (for port 1) 1
beamlI D[ 7:0] (for port 1) 1
bfwCompParam (for port 1) var
bfwl (for port 1 and TRX 0) var
bfwQ (for port 1 and TRX 0) var
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remaining beamforming weights bfwl and bfwQ up to L TRXs var
reserved | portReMask[11:8] (for last port) 1
portReMask[7:0] (for last port) 1
reserved | portSymbolMask[13:8] (for last port) 1
portSymbolMask[7:0] (for last port) 1

bfwCompParam (for last port) var
reserved | beaml D[14:8] (for last port) 1
beamID[7:0] (for last port) 1

bfwl (for last port and TRX 0) var

bfwQ (for last port and TRX 0) var

remaining beamforming weights bfwl and bfwQ up to L TRXs var

Zero pad to 4-byte boundary var

7.4.7.19.1 disableBFWs (disable beamforming weights)

Description: refer to clause 7.4.7.11.6 Note: This parameter as used in ExtType=11 is used to enable/disable sending
beamforming weights as part of this extension.

7.4.7.19.2 repetition (repeat port info flag)

Description: This parameter is used to indicate repetition of port beamforming information within a C-Plane message
with Ext-19.

(see clause 7.4.7.6.5).

Value range: { Ob=per port info present in the extension; 1b=per port information not present in the extension}.
Type: binary bit.
Field length: 1 bit

7.4.7.19.3 numPortc

Description: refer to clause 7.4.7.10.2

Note: For this extension, parameter indicates the number of logical antenna ports for which associated RE information
and beamforming information is contained in this extension. It can cover up to 64 ports.

7.4.7.19.4 priority (priority of section description)

Description: This parameter has same format and semantics as priority parameter in Section Extension 6 (see clause
7.4.7.6.4).

7.4.7.19.5 symbolMask (resource symbol bitmask)

Description: This parameter, similar in functionaility to symbolMask in clause 7.4.7.6.3, is a consolidated symbol
bitmask of al the ports described in this extension. This parameter appliesto all PRBs specified by startPrbc and
numPrbc in the section header containing this extension. If the symbolMask values indicate allocations beyond a slot
boundary, such allocations shall be ignored (e.g. when there are fewer than 14 symbolsin aslot). LSB of symbolMask
indicates symbol zero (the first symbol to arrive in asot).

This parameter in the common part of this extension along with reMask in section header helps the O-RU in optimized
implementation where looping over per port information in the extension is not required for consolidated port
information(which is useful for puncturing low priority sections). Also, for the case where ‘repetition = 1’ in this
extension, and per port information is not present in the extension, ‘symbolMask’ together with ‘reMask (in section
header)’ is sufficient for carrying consolidated port information.
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Value range: {00 0000 0000 0001b-11 1111 1111 1111b}.
Type: unsigned integer (bit mask).
Field length: 14 bits.

7.4.7.19.6 bfwCompHdr

Description: refer to clause 7.4.7.1.1

If ‘repetition =1" or ‘disableBFWs=1" beamforming weights are not present in the extension, and hence ‘ bfwComHdr’
parameter is also not present in the extension header.

7.4.7.19.7 portReMask (RE bitmask per port)

Description: This parameter defines the port Resource Element (RE) mask within a PRB. Each bit set in the
portReMask indicates the RE associated with the port. MSB indicates the value for the RE of the lowest frequency in a
PRB.

Value range: {0000 0000 0001b-1111 1111 1111b}.
Type: unsigned integer (bit mask).
Field length: 12 bits.

7.4.7.19.8 portSymbolMask (symbol bitmask per port)

Description: This bitmask specifies the symbols associated with a specific port. It is a subset of symbolMask specified
inclause 7.4.7.19.5.

Value range: {00 0000 0000 0001b-11 1111 1111 1111b}.
Type: unsigned integer (bit mask).
Field length: 14 bits.

7.4.7.19.9 bfwCompParam (beamforming weight compression parameter)

Description: refer to clause 7.4.7.1.2 7
Note: This parameter provides beamforming compression parameters associated with a port.

7.4.7.19.10 beamld (beam identifier for a port)

Description: refer to clause 7.4.5.9
Note: This parameter provides the beaml D associated with a port

7.4.7.19.11 bfwl (beamforming weight in-phase value)

Description: refer to clause 7.4.7.1.3

7.4.7.19.12 bfwQ (beamforming weight quadrature-phase value)

Description: refer to clause 7.4.7.1.4

7.4.7.19.13 Interaction with Other Section Extensions

Table 7-48: Section Extension =19 Interactions with other Section Extensions

Section

. Title Interaction with existing Section Extensions
Extension
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Section Extension = 1 shall not be used in the same section as Section Extension

1 Beamforming Weights | = 19, as Section Extension =19 provides an alternate way of specifying Beam
Weights.
5 Beamforming Attributes Section Extension = 2 shall not be used in the same section as Section Extension
9 =19, as Section Extension = 19 provides an aternate way of specifying beams.
3 DL Precodin Section Extension = 3 is not compatible with Section Extension = 19 and shall not
9 be used together in the same section.
4 Modulation Compression| Can be used with Section Extension = 19.
Modulation Compression . . L
5 (Additional) Can be used with Section Extension = 19.
6 Non-Contiauous PRB Section Extension = 6 shall not be used, as Section Extension =19 provides an
9 aternate way of specifying priorities and symbol Masks.
7 eAXxC Mask Can be used with Section Extension = 19.
8 o Not applicable as Section Extension = 19 is not intended to be used with Section
Regularization factor Type5
9 DSS Parameters Can be used with Section Extension = 19.
Section Extension =19 can be used with Section Extension =10 only if the
Beamforming Weights transferred using Section Extension =19 are same for all
streams (or layers). In general, the BF weight vector will be different per data
Groun Confiauration for layer (eAxC) and Section Extension =19 cannot be used in conjunction. Once the
10 Fr)nul fi Ig orts Beamforming Weights are downloaded, then if the O-DU uses same BF vector by
Piep addressing Beam Id for a number of dots after the BF Weights are downloaded,
then in that case, the O-DU can use Section Extension =19 to combine multiple
C-plane messages to one single C-plane message using the representative eAxC
id.
Section Extension = 11 could be used with Section Extension = 19, for providing
per port flexible beamforming weights. Section Extension = 19 shall appear
11 Flexible Beamforming | before Section Extension = 11. There would be one instance of Section Extension
Weights =11 per port. Beam IDs specified in Section Extension = 19 shall be ignored and
disableBFWsin section Extension =19 shall be set to ‘1’ to exclude beamweights
in Section Extension = 19.
Non-Connguoug PRB Section Extension = 12 shall not be used, as Section Extension =19 provides an
12 Allocation with alternate way of specifying priorities and symbol Masks
Frequency Ranges y of Specitying p 4 '
13 PRB Allocation V.V'th Can be used with Section Extension = 19.
Frequency Hopping
14 Nulling-Layer Info Not applicable as Section Extension = 19 is not intended to be used with Section
Type5.
Mixed Numerology Info . . L . . .
15 for uel d-based Not applicable as Section Extension = 19 is not intended to be used with Section
. Type5.
beamforming
Antenna Information in . . L . . .
16 UE Channel Information _lFlot:pi)Spllcable as Section Extension = 19 is not intended to be used with Section
based UL beamforming ypeo.
17 Indication of User Port | Not applicable as Section Extension = 19 is not intended to be used with Section

group

Type5.
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18 Uplink Transmission Can be used with Section Extension = 19.
Management
20 Puncturing Extension | Can be used with Section Extension = 19.
7.4.7.20 ExtType=20: Puncturing Extension

This extension specifies the Puncturing Pattern to be applied to a section. This extension contains a common header with
the number of puncturing patterns, followed by symbolMask, PRB ranges, puncReMask and optionally RBG mask fields

for each puncturing pattern.

O-RU shall process the fields of the puncturing pattern and remove all the overlapping REs from the current section
description. For Coupling via Time and Frequency with Priorities (or optimized), Ext-20 is restricted to be used with only
the lower priority section to avoid any ambiguity in application of puncturing patterns. The number of puncturing patterns
in an Ext-20 and the number of highest priority sections in a c-plane message together should be less than “ max-highest-

priority-sec-per-cplane-message” limits defined in M-plane.

Table 7-49: Section Extension 20

# of
bytes
ef extType = Ox14 1 Octet N
extLen[15:0] 2 N+1
numPuncPatterns[ 7:0] 1 N+3
symbolMask[13:6] (1) 1 N+4
symbolMask[5:0] (1) startPuncPrb[9:8] (1) 1 N+5
startPuncPrb[7:0] (1) 1 N+6
numPuncPrb[ 7:0](1) 1 N+7
puncReM ask[11:4] (1) 1 N+8
puncReM ask[3:0](1) b(1) | reserved(l) | rbgincl(1) 1 N+9
reserved(1) rbgSize[2:0](1) rbgMask[27:24](1) 0-1 e
rbgMask[23:16](1) 0-1 e
rbgMask[15:8](1) 0-1 e
rbgMask[7:0](1) 0-1 e
symbol M ask[13:6](last) 0-1
symbolMask[5:0](last) | startPuncPrb[9:8] (last) 0-1
startPuncPrb[ 7:0](last) 0-1
numPuncPrb[ 7:0](last) 0-1
puncReMask[11:4](last) 0-1
puncReM ask[3:0](last) rb(last) | reserved(last) | rbglncl(last) 0-1
reserved(| ast)l rbgSize] 2:0] (last) rbgMask[27:24](last) 0-1
rbgM ask[23:16] (last) 0-1
rbgMask| 15:8](last) 0-1
rbgMask[7:0] (last) 0-1
Zero pad to 4-byte boundary var
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7.4.7.20.1 numPuncPatterns (number of puncturing pattern)

Description: This parameter is used to indicate total number of puncturing patterns contained within single instance of
this extension.

Valuerange: {000000b-111111b}.
Type: unsigned integer.
Field length: 8 bits.

7.4.7.20.2 symbolMask (puncturing pattern symbol mask)

Description: This parameter (also see clause 7.4.7.6.3 and 7.4.7.19.8) is a bitmask where each bit indicates the symbols
associated with the puncturing pattern. A value of ‘1’ indicates that the symbol shall be considered for puncturing. A
value of ‘0’ indicates the symbol need not be considered for puncturing.

Value range: {00 0000 0000 0001b-11 1111 1111 1111b}.
Type: unsigned integer (bit mask).
Field length: 14 bits.

7.4.7.20.3 startPuncPrb (starting PRB to which one puncturing pattern applies)

Description: This parameter conveysthe first PRB of the puncturing pattern.
Valuerange: {00 0000 000b-11 1111 1111b}.

Type: unsigned integer.

Field length: 10 bits.

7.4.7.20.4 numPuncPrb (number of contiguous PRBs to which one puncturing pattern
applies)

Description: This parameter conveys the number of PRBs of the puncturing pattern

Valuerange: {0000 0000b-1111 1111b}.

Type: unsigned integer (bit mask).

Field length: 8 bits.

7.4.7.20.5 puncReMask (puncturing pattern RE mask)

Description: This parameter defines the Resource Element (RE) mask of the puncturing pattern within a PRB. Each bit
in the puncReMask indicates the presence/absence of a puncturing RE within aPRB. MSB indicates the value for the
RE of the lowest frequency in a PRB.

Value range: {0000 0000 0001b-1111 1111 1111b}.
Type: unsigned integer (bit mask).
Field length: 12 bits.

7.4.7.20.6 rb (resource block indicator)

Description: refer to clause 7.4.5.2
Note: This shall not be applicable if rbgincl flagissetto ‘1" inthisextension
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7.4.7.20.7 rbgincl (rbg included flag)

Description: This parameter is used to indicate presence/absence of resource block group for the case of non-
contiguous PRB allocation. If thisflagissetto ‘0", 2 fields following this parameter i.e. rbgSize and rbgMask are
absent and vice versa.

Valuerange: {Ob=resource block group included; 1b=resource block group not included} .
Type: binary bit.
Field length: 1 bit

7.4.7.20.8 rbgSize (rbg size)

Description: refer to clause 7.4.7.6.1

7.4.7.20.9 rbgMask (rbg bitmask)

Description: refer to clause 7.4.7.6.2

7.4.7.20.9 Interaction with Other Extensions

Ext 20 is compatible with all other Extensions. Ext-20 is used to describe the puncturing information of other channels
and their associated sections on top of the current section. Whereas, other extensions are used to describe the
Beamforming and Scheduling information of the current section.

7.5 C-Plane Optimizations

7.5.1 C-Plane Optimization using Section Extension =6

Section Extension =6 is used for non-contiguous PRB allocation in both time and frequency domains. Thisis realized
by two bitmasks: symbolMask and rbgMask. The first allows to select an arbitrary subset of symbolswithinadot. The
second allows to select arbitrary subset of blocks of subcarriers (each block has 12* rbgSize subcarriers) between
startPrbc and startPrbc+numPrbe. The selected set of RE is cross-section of symbols and subcarriers selected by both
masks. This allows to describe a wide range of non-continuous resource allocations with one section description.

In addition, O-RU may support optional feature allowing it to interpret a non-zero value priority carried in this Section
Extension. Thisis optimization described in clause 7.5.5.

7.5.2 C-Plane Optimization using Section Extension =7

Material to come.

7.5.3 C-Plane Optimization using Section Extension =10

In general, the O-DU uses unique eAXC idsto address each layer or spatia stream when sending C-plane and U-plane
messages to the O-RU. In many situations, information contained in C-plane messages for the different spatial streams
isthe same or similar. For example, a SU MIMO allocation with 8 layers may have same values for startPrbc,

NumPrbc, reMask, and numSymbol in the section header for al 8 C-plane messages, one message per layer. In this
case, Section Extension =10 can be used aong with a ‘representative eAxC’' ID (M-plane configured) to reduce C-plane
overhead of sending multiple messages to the overhead of sending one single C-plane message. Thisis an optional
feature which be taken advantage of by the O-DU if the O-RU capability indicates that the O-RU supports Section
Extension =10. Based on this capability, the O-RU can be configured with a ‘ representative eAxC' ID representing all 8
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eAXC IDsin above example. Once a ‘representative eAXC’ id is configured, the O-DU can send one single C-plane

message addressed to the ‘ representative eAxC’ ID along with the Section Extension 10 instead of 8 C-plane messages
in above example case. Once the O-RU receives a C-plane message addressed to the ‘ representative eAXC’ ID and with
Section Extension 10, then the O-RU applies this message to all endpoints pointed to by the ‘representative eAxC' 1D

whereby performing same operation just like it had received 8 different C-plane messages. Figure 7-10 below

illustrates the example.

Legacy Operation

0-DU

C-plane
Process
ing

7.5.4  C-Plane Optimization using Section Extension =11

C-Plane Using Section Extension 10

0-DU

O-RU

Figure 7-10 : Operation of Section Extension =10
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Section Extension =11 referes to flexible beamforming weight transmission. One way to transfer per-PRB
beamforming weightsis using Section Extension =1 and creating one section for each PRB. Thisintroduces high

overhead in the form of section headers and Section Extensions. The objective of Section Extension =11 isto eliminate

this problem by allowing the inclusion of the beamforming weights for multiple PRBsin a single section.

Example use case include zero-forcing beamforming (or similar methods) by using per-PRB channel information to
calculate per-PRB beamforming weights. Specifically, the O-RU sends UL pilots (SRS) to O-DU, whichin return

calculates per-PRB beamforming weights in the O-DU, then transfer them to the O-RU. These weights can be updated
every dot, as an example.

Section Extension =11 gives the flexibility of either sending the sets of beamforming weights along with the Section
Extension beamlds, or only the Section Extension beamlds (after, obviously, loading the beamforming weightsin a

previoustime).

Notes:

1. By default, the section beamlI D will have no meaning if used with Section Extension 11 and will be neglected

by the O-RU

75.4.1 Interaction between Section Extension =11 and Section Extension =6

Section Extension =6 is used for non-contiguous PRB allocation in both time and frequency domains. The main

parameter in Section Extension =6 that is used to identify the PRB groupsis rbgSize. On the other hand, numBundPrb

isused in Section Extension =11 to identify the number of bundled PRBs that share the same beamforming weights
vector for L TRXs. Both Section Extensions can be used together, however, few rules need to be followed:

First caset RAD =1

1) Inprinciple, numBundPrb may not be the same as rbgSize.
2) For each contiguous set of PRBs as defined under Section Extension =6 (if used), the O-RU starts counting for
the number of bundled PRBs and applying the sets of beamforming weights to PRB bundlesin an increasing

order of PRBs.

a If thelast bundled PRB doesn’'t coincide with the last RBG in the contiguous set of PRBs, then the
unassigned PRBs (i.e., PRBs with unassigned beamforming weights) will be considered orphan

PRB(S).

3) Orphan PRBs are allocated the following set of beamforming weights (i.e., set after the last set that was
assigned to aregular PRB bundle) although the number of PRBsis less than a PRB bundle. For any set of
PRBs that are not being assigned using Section Extension =6, no beamforming weight sets are assigned.
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4) For the following set of contiguous PRBs allocated in the same symbol after the discontinuity, the O-RU will
apply the following set of beamforming weights (starting from the last set of beamforming weights allocated to
the last PRB bundle in the previous contiguous PRB set).

5) The process continues until all the PRBs defined under Section Extension =6 are assigned beamforming weights.
At this point, all the sets of beamforming weights under Section Extension =11 should have been assigned.

6) Based on the symbol mask, the O-RU applies the same sets of beamforming weights to the corresponding PRB
bundles similar to the first assigned symbol.

Example 1: RAD = 1b (see Figure 7-11 below)
symbolMask = 10 0001 0001 0000b

rbgSize= 3

numBundPRB = 2

Total number of L beamforming weights set =7

RBG3 RB=20 | Orphan PRB Bund 6 RB=20 | Orphan PRB Bund 6 RB=20 | Orphan PRB Bund 6
19 PRBBund 5 19 PRB Bund 5 19 PRB Bund 5
RB=18 RB=18 RB=18

RB9 — RB17 not allocated
in Section extension 6

RB=8 Orphan PRB Bund 4 RB=8 Orphan PRB Bund 4 RB=8 | Orphan PRB Bund 4
RBEZ 7 PRBBund 3 7 PRBBund 3 7 PRBBund 3

6 6 6

5 PRB Bund 2 5 PRB Bund 2 5 PRB Bund 2
RBG1 [ 3 n

3 PRBBund 1 3 PRBBund 1 3 PRBBund 1

2 2 2
RBGO

1 PRB Bund 0 1 PRB Bund 0 1 PRB Bund 0

RB=0 RB=0 RB=0

Symbol 0 Symbol 5 Symbol 9

Figure 7-11 : Example for how Section Extension 6 interacts with Section Extension =11: Case
RAD=1

Second case: RAD =0

In this case, the set of beamforming weights for a given bundle are applied to the PRBsin increasing order regardless of
the discontinuity in the PRBs allocation in Section Extension =6. If the gap in the PRBs alocation is equal to an integer
number of PRB bundles, then no beamforming weights are sent by the O-DU for the PRBs in those gaps.

Example 2: RAD = 0b (see Figure 7-12 below)
symbolMask = 10 0001 0001 000Cb
rbgSize=3

numBundPRB = 10

Total number of L beamforming weights set = 3
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|
|
|

38 38 38
37 37 37
36 36 36
35 35 35
PRB Bund 2 PRB Bund 2 PRB Bund 2
34 34 34
33 33 33
32 32 32
31 31 31
RB =30

PRB Bund 1

8
7
6
- o
2
1

ﬁ

PRB Bund 1

8
7
6
2
1

PRB Bund 1

13

‘)\‘.F

_‘Nl

RB=0 RB=0 RB=0
Symbol 0 Symbol 5 Symbol 9
Figure 7-12 : Example for how Section Extension =6 interacts with Section Extension =11: Case
RAD =0
7.5.4.2 Interaction between Section Extension =11 and Section Extension =12

Section Extension =12 is used for non-contiguous PRB allocation in both time and frequency domains. Section
Extension =11 can be combined with Section Extension =12 in one section description in the same way as how
Extension =11 may be combined with Section Extension =6. That is, description in clause 7.5.4.2 applies also to
Section Extension =12. See also the examples below.

Examplefor RAD =0

symbolMask = 00 0000 0000 0101b

grey rectangles represent unall ocated frequency ranges (a single PRB discontinuity starting at PRB 5)
numBundPRB = 3

Total number of L beamforming weights set = 4
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I VI 14
numBundPrb 13 PRB Bund 3 13 PRB Bund 3
12 12
T 11
umBundprh 0 PRB Bund 2 0 PRB Bund 2
numBundPrb
numBundPrb 4 Orphan 4 Orphan
3 PRB Bund 1 3 PRB Bund 1
- 2 | 2
numBundPrb 1 PRB Bund 0 1 PRB Bund 0
0 0
o SymbolO Symbol 2

Figure 7-13 : Example for how Section Extension 12 interacts with Section Extension =11: Case
RAD=0

Examplefor RAD =1

symbolMask = 00 0000 0000 0101b

grey rectangles represent unallocated frequency ranges (a single PRB discontinuity starting at PRB 5)
numBundPRB = 3
Total number of L beamforming weights set = 4

numBundPrb 14 Orphan 14 Orphan
13 PRB Bund 3 13 PRB Bund 3
I T N 12
numBundPrb 11 PRB Bund 2 11 PRB Bund 2
10 10
numBundPrb 4 Orphan 4 Orphan
3 PRB Bund 1 3 | PRBBund 1
N T N 2
numBundPrb 1 PRB Bund 0 1 PRB Bund O
0 0
o SymbolO Symbol 2
Figure 7-14 : Example for how Section Extension 12 interacts with Section Extension =11: Case
RAD =1
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7543 Interaction between Section Extension =11 and Section Extension =13

Section Extension =13 is used for non-contiguous PRB allocation with frequency hopping. Section Extension =11 can
be combined with Section Extension =12 in one section description in the same way as how Extension =11 may be
combined with Section Extension =6. That is, description in clause 7.5.4.2 applies also to Section Extension =12 with

two modifications;

e beamlds and beamforming weights carried by Section Extension =11 are provided for a combined PRB set that
isresult of merging PRB sets of al hops. Thisruleis general and applies to Section Extension =13 combined
with Section Extensions allowing non-contiguous PRB allocation (Section Extensions 6 and 12).

¢ PRB discontinuities are discontinuities of the combined PRB set.
See examples below.

Examplefor RAD =0

startSymbolld=0 (and message includes only one section description)
startPrbc=10, numPrbc=5, numSymbol=3

nextStartSymbolld(0)=1, nextStartPrbc(0) = O,
nextStartSymbolld(1)=2, nextStartPrbc(1) = 7,

grey rectangles represent unall ocated frequency ranges

note the combined set of PRB has one discontinuity starting at PRB 5
numBundPRB = 3

Total number of L beamforming weights set =5
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- o | T -
numBundPrb 13 PRB Bund 4
12
BN T D B 11
numBundPrb 10 PRB Bund 3 10 PRB Bund 3
numBundPrb 7 PRB Bund 2
numBundPrb 4 Orphan
3 PRB Bund 1
A ) DO, T |-
numBundPrb 1 PRB Bund O
0
o Symbol0 Symbol 1 Symbol2

Figure 7-15: Example for how Section Extension 13 interacts with Section Extension =11: Case

RAD =0

Examplefor RAD =1

startSymbold=0 (and message includes only one section description)
startPrbc=10, numPrbc=5, numSymbol=3

nextStartSymbolld(1)=1, nextStartPrbc(1) = 0,
nextStartSymbolld(2)=2, nextStartPrbc(2) = 7,

gray rectangles represent unallocated frequency ranges

note the combined set of PRB has one discontinuity starting at PRB 5
numBundPRB = 3

Total number of L beamforming weights set =5
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numBundPrb 14 Orphan
13 PRB Bund 4
o 1T 1
numBundPrb 11 PRB Bund 3 11 Orphan
10 10 | PRBBund 3
_______ 9
numBundPrb PRB Bund 2
numBundPrb 4 Orphan
3 | PRBBund 1
_______ S e ____
numBundPrb 1 PRB Bund 0
0
Symbol0 Symbol 1 Symbol2

Figure 7-16 : Example for how Section Extension 13 interacts with Section Extension =11: Case
RAD =1

Examplefor RAD = 0 with a non-contiguous PRB allocation using Section Extension=12

startPrbc=8, numPrbc=2,

nextStartSymbolld(1)=2, nextStartPrbc(1) = 0,

symbolMask= 00 0000 0000 0101b

off StartPrb(1)=4, numPrb(1)=2

gray rectangles represent unallocated frequency ranges

note the combined set of PRB has two discontinuities starting at PRB 2 and PRB 10
numBundPRB =3

Total number of L beamforming weights set =5
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15 PRB Bund 4

14 PRB Bund 3
numBundPrb
numBundPrb

PRB Bund 2

PRB Bund 1
numBundPrb
numBundPrb
numBundPrb

o SymbolO
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PRB Bund 1

PRB Bund O

Symbol 2

Figure 7-17 : Example for how Section Extension 13 and 12 interact with Section Extension =11:

Case RAD =0

Example for RAD = 1 with a non-contiguous PRB allocation using Section Extension=12

startPrbc=8, numPrbc=2,

nextStartSymbolld(1)=2, nextStartPrbc(1) = 0,
symbolMask= 00 0000 0000 0101b

off StartPrb(1)=4, numPrb(1)=2

gray rectangles represent unall ocated frequency ranges
note the combined set of PRB has two discontinuities starting at PRB 2 and PRB 10

numBundPRB = 3

Total number of L beamforming weights set = 4
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numBundPrb 15
PRB Bund 3
14
numBundPrb
PRB Bund 2
PRB Bund 1
numBundPrb
PRB Bund 1
numBundPrb
PRB Bund O
0
Symbol 0 Symbol 2

Figure 7-18 : Example for how Section Extension 13 and 12 interact with Section Extension =11:
Case RAD =0

7.5.5 C-Plane Optimization using Section Extension =12

The Section Extension =12 is useful for PRB allocation non-contiguous in time and frequency domains. The Section
Extension =12 conveys priority, symbolMask and a variable size list of frequency ranges. For that is more space
efficient than Section Extension =6 in scenarios where:

PRB allocation is continuous in frequency domain but non-contiguous in time domain (in this case the list of frequency
ranges can be empty)

PRB allocation consists of few continuous fragments of spectrum that are spread over wide frequency span (in this case
size of rbgMask is the factor limiting application of Section Extension =6).

This optimization cannot be combined with Section Extension =6 in one section description.

7.5.6 C-Plane Optimization using Section Extension =13

The Section Extension =13 is useful for PRB allocation with intra-slot frequency hopping. The Section Extension =13
conveys avariable size list of pairs of parameters indicating a value to be used in place of startPrbc and atime instant
(symbol number) starting from which the startPrbc shall be substituted.

Size of Section Extension is smaller than size of section description and for that it is more efficient in scenarios where
intra-slot frequency hopping is used.

The Section Extension =13 can be combined with other Section Extensions. In such case interpretation of frequency
parameters conveyed by the section description and all Section Extensions shall be asif value of startPrbc was modified
at time instances according to parametersin Section Extension =13.
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7.5.7 Coupling via Frequency and Time with Priorities

This optimization uses the coupling mechanism described in 5.4.1.2.3 and allows the reduction of the number of section
descriptions. The coupling mechanism with priorities allows to unambiguously describe beamforming configuration
even if section descriptions overlap (i.e. refer to the same RE) provided they have different priorities. Message size
reduction is achieved by moving beamforming configuration of selected REs (e.g. REs allocated to reference signals) to
a combined section description with a higher priority. With this other section descriptions of lower priority can be
simplified (e.g. details of RE allocation in PRB conveyed in reMask may be simplified by setting reMask to all ones)
and may be combined. Combining section descriptions requires use of coupling mechanism that does not use sectionld.
Note that “higher priority” and “lower priority” are relative e.g. priority O is higher than priority -1.

To enable O-RU to decide beamforming of a RE by processing a single C-plane message (thisis property of coupling
by sectionld) O-DU shall ensure that each message that has a section description referring to a RE includes the section
description referring to the RE with highest priority. This may result in duplicating a subset of section descriptionin
more than one message but does not result in beamforming configuration ambiguity. Note that “highest priority” is
relative e.g. if a RE isreferenced only by section description with priority -1 then thisis the section description with the
highest priority.

The following example is simplified (e.g. symbolMask and reMask have less bits than actual fields in a message) to
demonstrate the optimization mechanism and does not reflect a realistic resource allocation.

Initial set of section descriptions (assuming coupling via sectionl d):

# sectionld | symbolMask | startPrbc | numPrbc | reMask | beamid Note
1 100 0110110 0 4 111111 | 100 UE1
2 101 1001000 0 4 110110 | 100 UE1
3 101 1001000 0 4 001000 |1 Reference signa
4 101 1001000 0 4 000001 | 2 Reference signa
5 200 0110110 4 4 111111 | 200 UE2
6 201 1001000 4 4 110110 | 200 UE2
7 201 1001000 4 4 001000 |1 Reference signa
8 201 1001000 4 4 000001 | 2 Reference signa
9 300 0110110 8 4 111111 | 300 UE3
10 | 301 1001000 8 4 110110 | 300 UE3
11 | 301 1001000 8 4 001000 |1 Reference signa
12 | 301 1001000 8 4 000001 | 2 Reference signa
13 | 400 0000001 5 2 111111 | 3 Special channel

Optimized set of section descriptions (sectionld value is fixed and not significant):

# priority symbolMask | startPrbc | numPrbc | reMask | beamid Note

1 +1 1001000 0 12 001000 |1 Reference signal
2 +1 1001000 0 12 000001 | 2 Reference signal
3 0 1111110 0 4 111111 | 100 UE1

4 0 1111110 4 4 111111 | 200 UE2

5 0 1111110 8 4 111111 | 300 UE3

6 0 0000001 5 2 111111 |3 Special channel

Note that in the optimized set of section descriptions, section descriptions 3, 4, 5 and 6 span over a continuous set of
symbols and have priority O (default). They can be represented without Section Extension 6.

If optimized set of section descriptions would not fit in one message, then it could be divided into several message as
presented below. Note the split into message is not realistic in order to demonstrate duplication of highest priority
section descriptions.

Message #1.
# priority | symbolMask | startPrbc | numPrbc | reMask | beamid Note
1 +1 1001000 0 12 001000 |1 Reference signal
2 +1 1001000 0 12 000001 | 2 Reference signal
3 0 1111110 0 4 111111 | 100 UE1
4 0 1111110 4 4 111111 | 200 UE2

Message #2:
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# priority symbolMask | startPrbc | numPrbc | reMask | beamid Note
1 +1 1001000 0 12 001000 |1 Reference signal
2 +1 1001000 0 12 000001 | 2 Reference signal
3 0 1111110 8 4 111111 | 300 UE3

In this message section descriptions 1 and 2 are duplicated because they are highest priority section descriptions
referring to REs referred by section descriptions in the message (here section description 3).

Message #3:
# Priority | symbolMask | startPrbc | numPrbc | reMask | beamld Note
1 0 0000001 5 2 111111 |3 Specia channel

In this message section description 1 is the section description with highest priority and there is no need to duplicate
section descriptions with priority +1. In other words: for every RE referenced from the message the message contains
the highest priority section description referring to the RE.

75.7.1 Coupling via Frequency and Time with Priorities (Optimized)

This coupling method is an optimization over Coupling via Frequency and Time with Priorities to identify duplication of
highest priority section description. When highest priority section descriptions are duplicated, it may cause O-RU to
process the duplicated sections multiple times. Depending on the O-RU implementation, this may lead to erroneous
behavior and/or increased processing. To identify duplication only when ‘ coupling via frequency and time with priorities
optimized’ is enabled, O-DU shall set each highest priority section to have unique sectionld (clause 7.4.1.2.4). This
enables O-RU to identify duplicate highest priority section and take any optimized action.

Using the same example as ‘ coupling via frequency and time with priorities’ optimized set of section descriptions with
sectionld column added (sectionld value is fixed to 4095 for lower priority sections whereas highest priority section will
have unigue sectionld values in a defined range):

# | sectionld | priority | symbolMask | startPrbc | numPrbc | reMask | beamid Note
110 +1 1001000 0 12 001000 |1 Reference signal
2 |1 +1 1001000 0 12 000001 | 2 Reference signal
3 | 4095 0 1111110 0 4 111111 | 100 UE1
4 | 4095 0 1111110 4 4 111111 | 200 UE2
5 | 4095 0 1111110 8 4 111111 | 300 UE3
6 | 4095 0 0000001 5 2 111111 | 3 Special channel

As described in similar table above when section description does not fit in one message, the message is divided across
several message where the highest priority section is repeated.

Message #1.
# | sectionld | priority | symbolMask | startPrbc | numPrbc | reMask | beamld | Note
110 +1 1001000 0 12 001000 | 1 Reference signal
2 |1 +1 1001000 0 12 000001 | 2 Reference signal
3 | 4095 0 1111110 0 4 111111 | 100 UE1
4 | 4095 0 1111110 4 4 111111 | 200 UE2

In this message highest priority sections are associated with unique sectionl dsto beidentified by O-RU when same highest
priority sections are duplicated across C-Plane messages. Sections with priority O are still assigned 4095 as the sectionld
since they cannot be duplicated.

Message #2:

# | sectionld | priority | symbolMask | startPrbc | numPrbc | reMask | beamid Note

110 +1 1001000 0 12 001000 | 1 Reference signal

2 |1 +1 1001000 0 12 000001 | 2 Reference signal

3 | 4095 0 1111110 8 4 111111 | 300 UE3
Duplicated section descriptions across M essagetl and Message#2 can now be identified by O-RU using sectionld.
Message #3:

# | sectionlD | Priority | symbolMask | startPrbc | numPrbc | reMask | beamid Note

1 | 4095 0 0000001 5 2 111111 | 3 Specia channel
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7.5.8 U-Plane Operation Without C-Plane

O-RU may support U-plane operation without C-plane. In general, this function can be used for channels with resource
allocation known (at least approximately, see below) during eAxC activation (e.g. PRACH and SRS). If thisfunctionis
enabled via M-Plane for given eAxC then for this eAxC C-planeis not used to provide control information. Instead O-
RU receives a static control information (resource allocation details and beamforming configuration are set before
activation) viaM-Plane. When array carrier operation is enabled O-RU handles U-Plane operation as configured over
M-Plane. For more details see clause 8.2.2.

This function can be used a so for channels where only approximate resource allocation is known during activation (e.g.
SRS channel reception is scheduled periodically at known interval even if no UE is present). In this case resource
alocation conveyed via M-plane generally would exceed actual resource alocation e.g. O-RU could be configured to
receive channel related 1Q data at times when channel could possibly be allocated without reflecting actual, varying
over time allocations. Such approximations generally cause additional UL U-Plane traffic related to unallocated (at
given time) resource elements; note that allocation DL U-Plane traffic is not expected.

This C-plane optimization method is not compatible with any Section Extensions since C-Plane messages are not used
for selected eAXC.

7.5.9 Modulation Compression with Section Extension 10

Section Extension =10 is used for group configuration of multiple ports. Section Extension =4 and Section Extension =5
are used for modulation compression. Extension type 10 can be used together with extension type 4 or 5. When all
parameter values of Section Extension 4 or 5 is same for al eAxC ids, append one single Section Type 4 or 5 after
Section Extension 10. When parameter values are different for all eAxCs, append extension type 4 or 5 for all eAxCsin
sequence based on eAXC order after extension type 10.

If O-RU receives only one extension type 4 or 5 with extension type 10, O-RU applies same parametersto all eAxC ids.
If O-RU receives equal to the number of the eAxC ids grouped, O-RU applies the extension type 4 or 5 in the order of
how eAXC ids are grouped. Any other number of extension type 4 or 5 isan error condition. O-RU knows how many
extension type 4 or 5 will be present based on numPortc parameter in extension type 10.

Example #1: 4 Layers (numPortc=3), beamGroupType=00b or 01b for extension type 10 and all eAxC ids share same
modulation compression parameters. One single extension5 is appended after Section Extension 10 in this case (Section
Extension 5 with two scaler values, modulation compression parametersis used in this example).

Table 7-50: Section Extension =10 for beamGroupType = 00b or 01b with one single extension 5

ef extType = OX0A 1 Octet N
extLen = 0x01 (1 word) 1 N+1
beamGroupType | numPortc=3 1 N+2
reserved 1 N+3
ef | extType = 0x05 1 N+4
extLen = 0x3 (3 words) 1 N+5
mcScal eReMask[11:4] 1 N+6
mcScaleReM ask[3:0] | csf |  mcScaleOffset [14:12] 1 N+7
mcScaleOffset [11:4] 1 N+8
mcScal eOffset [3:0] | mcScaleReMask[11:8] 1 N+9
mcScaleReMask[7:0] 1 N+10
csf | mcScaleOffset [14:8] 1 N+11
mcScal eOffset [7:0] 1 N+12
zero padding 1 N+13
zero padding 1 N+14
zero padding 1 N+15

Example #2: 4 Layer (numPortc=3), beamGroupType=00b or 01b for extension type 10 and eAXC ids use different
modulation compression parameters. Four Section Extension5’s are appended after Section Extension 10 in this case
(Section Extension 5 with one scaler value, modulation compression parametersis used in this example).
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Table 7-51: Section Extension =10 for beamGroupType =
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00b or 01b with multiple extension 5

# of
bytes
ef extType = Ox0A 1 Octet N
extLen = 0x01 (1 word) 1 N+1
beamGroupType | numPortc=3 1 N+2
reserved 1 N+3
ef | extType = 0x05 1 N+4
extLen = 0x2 (2 words) 1 N+5
mcScaleReMask[11:4] 1 N+6
mcScaleReM ask[3:0] | cf |  meScaleOffset [14:12] 1 N+7
mcScaleOffset [11:4] 1 N+8
mcScal eOffset [3:0] | zero padding 1 N+9
zero padding 1 N+10
zero padding 1 N+11
ef | extType = 0x05 1 N+12
extLen = Ox2 (2 words) 1 N+13
mcScaleReMask[11:4] 1 N+14
mcScaleReM ask[3:0] csf | mcScaleOffset [14:12] 1 N+15
mcScaleOffset [11:4] 1 N+16
mcScal eOffset [3:0] | zero padding 1 N+17
zero padding 1 N+18
zero padding 1 N+19
ef | extType = 0x05 1 N+20
extLen = 0x2 (2 words) 1 N+21
mcScaleReMask[11:4] 1 N+22
mcScaleReM ask[3:0] csf | mcScaleOffset [14:12] 1 N+23
mcScaleOffset [11:4] 1 N+24
mcScaleOffset [3:0] zero padding 1 N+25
zero padding 1 N+26
zero padding 1 N+27
ef | extType = 0x05 1 N+28
extLen = Ox2 (2 words) 1 N+29
mcScaleReMask[11:4] 1 N+30
mcScaleReM ask[3:0] | cf |  meScaleOffset [14:12] 1 N+31
mcScaleOffset [11:4] 1 N+32
mcScal eOffset [3:0] zero padding 1 N+33
zero padding 1 N+34
zero padding 1 N+35

Example #3: 4 Layer (numPortc=3), beamGroupType=10b for extension type 10, and all eAxC ids share same
modulation compression parameters. One single extension5 is appended after Section Extension 10 in this case (Section
Extension 5 with two scaler values, modulation compression parametersin this example).

Table 7-52: Section Extension =10 for beamGroupType = 10b with one single extension 5

# of
bytes
ef extType = OX0A 1 Octet N
extLen = 0x03 (3words) 1 N+1
beamGroupType | numPortc=3 1 N+2
reserved 2" port beaml D[14:8] (or uelD[14:8]) 1 N+3
2" port beaml D[7:0] (or uel D[7:0]) 1 N+4

ETSI




156 ETSI TS 103 859 V7.0.2 (2022-09)

reserved | 3rd port beaml D[14:8] (or uelD[14:8]) 1 N+5
3rd port beamI D[ 7:0] (or uelD[7:0]) 1 N+6

reserved | 4th port beaml D[14:8] (or uelD[14:8]) 1 N+7
4th port beamlI D[ 7:0] (or uelD[7:0]) 1 N+8

zero padding 1 N+9

zero padding 1 N+10

zero padding 1 N+11

ef | extType = 0x05 1 N+12
extLen = 0x3 (3 words) 1 N+13

mcScaleReMask[11:4] 1 N+14

mcScaleReM ask[3:0] | ot |  mcScaleOffset [14:12] 1 N+15
mcScaleOffset [11:4] 1 N+16

mcScal eOffset [3:0] | mcScaleReMask[11:8] 1 N+17
mcScaleReMask[7:0] 1 N+18

csf | mcScaleOffset [14:8] 1 N+19
mcScaleOffset [7:0] 1 N+20

zero padding 1 N+21

zero padding 1 N+22

zero padding 1 N+23

Example #4: 4 Layer (numPortc=3), beamGroupType=10b for extension type 10, and eAxC ids use different
modulation compression parameters. Four Section Extension5’s are appended after Section Extension 10 in this case
(Section Extension 5 with one scaler value, modulation compression parametersis used in this example).

Table 7-53: Section Extension =10 for beamGroupType = 10b with multiple extension 5

# of
bytes
ef extType = Ox0A 1 Octet N
extLen = 0x03 (3words) 1 N+1
beamGroupType | numPortc=3 1 N+2
reserved 2" port beaml| D[14:8] (or uelD[14:8]) 1 N+3
2" port beamlI D[ 7:0] (or uelD[7:0]) 1 N+4
reserved | 3rd port beaml| D[14:8] (or uel D[14:8]) 1 N+5
3rd port beamID[7:0] (or uelD[7:0]) 1 N+6
reserved | 4th port beaml D[14:8] (or uelD[14:8]) 1 N+7
4th port beamID[7:0] (or uelD[7:0]) 1 N+8
zero padding 1 N+9
zero padding 1 N+10
zero padding 1 N+11
ef | extType = 0x05 1 N+12
extLen = 0x2 (2 words) 1 N+13
mcScaleReMask[11:4] 1 N+14
mcScaleReM ask[3:0] | csf | mcScaleOffset [14:12] 1 N+15
mcScaleOffset [11:4] 1 N+16
mcScal eOffset [3:0] | zero padding 1 N+17
zero padding 1 N+18
zero padding 1 N+19
ef | extType = 0x05 1 N+20
extLen = 0x2 (2 words) 1 N+21
mcScaleReMask[11:4] 1 N+22
mcScaleReM ask[3:0] | ot |  meScaleOffset [14:12] 1 N+23
mcScaleOffset [11:4] 1 N+24
mcScal eOffset [3:0] | zero padding 1 N+25
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zero padding 1 N+26

zero padding 1 N+27

ef | extType = 0x05 1 N+28
extLen = Ox2 (2 words) 1 N+29

mcScaleReMask[11:4] 1 N+30

mcScaleReM ask[3:0] | csf | mcScaleOffset [14:12] 1 N+31
mcScaleOffset [11:4] 1 N+32

mcScaleOffset [3:0] | zero padding 1 N+33

zero padding 1 N+34

zero padding 1 N+35

ef | extType = 0x05 1 N+36
extLen = 0x2 (2 words) 1 N+37

mcScaleReMask[11:4] 1 N+38

mcScaleReM ask[3:0] | ot |  mcScaleOffset [14:12] 1 N+39
mcScaleOffset [11:4] 1 N+40

mcScal eOffset [3:0] | zero padding 1 N+41

zero padding 1 N+42

zero padding 1 N+43

7.5.10  Optimization with Ext Type = 19

Benefits of Ext 19 can be explained best with a CSI-RS example. Consider a CSI-RS resource with 32 ports, FD-CDM?2.
Each port is associated with a separate beam. Up to 16 ports (bel onging to one CDM group) can be sent in asingle layer
(eAxC). Currently this requires 16 section invocations. Each section invocation is 8 bytes for a total of 128 bytes.
Assuming 4 CSI-RS resources, this amounts to 64 sections and 512 bytes.

When used with Time and Frequency coupling with priorities, this will result in 64 highest priority sections.
Fragmentation of C-Plane packets further resultsin duplicating these highest priority sectionsin every C-plane message,
adding further to the fronthaul load in addition to O-DU and O-RU processing.

With ExtType=19, as opposed to processing up-to 16 section headers per CSI-RS resource, only one section header needs
be processed by the O-RU. Processing highest priority sections for removing overlapping reMask bits becomes lot more
efficient. Rather than accumul ating reMasks and symbolMask across 16 high priority sections, the combined reMask and
symbolMask of the entire CSI-RS resource is provided in one shot via reMask in Section header & symbolMask in
extension. This makes the O-DU, O-RU processing more efficient, especialy when dealing with fragmentation of C-
plane packets.

Moreover, when repeating highest priority sections, the port information associated with Ext 19 need not be repeated,
leading to significant Fronthaul savings

7.5.11 Optimizations with ExtType=20

This extension is like Coupling Via Frequency and Time with Priorities (see clause 7.4.1.2.3 and 7.5.7), but more
efficient and more widely applicable. Inthat approach, if there is C-plane application layer packet fragmentation, each
C-Plane message shall contain the highest priority section descriptions referring to any RE that is referred in a message
(see5.4.1.2.3 item #3). This may lead to alot of fronthaul and processing overhead.

Ext-20 optimizes the method of specifying the overlapping RE information (puncturing information) with reduced
fronthaul and processing overhead. This extension contains only the puncturing information (specified via Resource
Element masks) of the channel s without any beamforming information. It further consolidates the puncturing information
of severa channels into a single extension. If there is C-plane application layer packet fragmentation, beamforming
information needs to be sent only once and only puncturing information (which is compact) needsto be repeated in every
C-plane message.

Like Coupling Via Frequency and Time with priorities, using this extension simplifies the section description (e.g.
details of RE allocation in PRB conveyed in reMask may be simplified by setting reMask to all ones). This can
significantly reduce the number of sections required.
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This extension can be used with all coupling methods as described in clause 7.4.1.2, thereby benefiting al coupling
methods with reduced number of sections.

7.6 O-RUs per endpoint and per C-Plane message limits

This section isintroduced to specify details of O-RU processing limits specified by per endpoint limits and per C-Plane
limits. Whether one or both limits apply to the O-RU is based on the O-RUs processing architecturei.e. if the O-RU is
endpoint processing based or has additional per C-Plane processing prior to endpoint processing.

7.6.1 O-RU per endpoint processing limits

When O-RUs processing granularity is endpoint based i.e. processing resourcesin O-RU to handle CU-Plane messages
are alocated per endpoint, certain limits may be imposed by the O-RU per endpoint e.g. endpoint-section-capacity,
endpoint-beam-capacity, endpoint-prb-capacity. When such limits are imposed by the O-RU, the O-DU shall comply
with the limits, otherwise the stated O-RU capacity may be compromised.

7.6.2 O-RU C-Plane message limits

For O-RUs with per C-Plane message processing limitsin addition to per endpoint processing limits, the O-RU can choose
to advertiseitslimitations on aper C-Plane message basis. O-DU can chooseto indicate that if it adheresto the associated
limitations, otherwise the stated O-RU capacity may be compromised. The defined limits are the maximum number of
beams and maximum number of highest priority sections within a C-Plane message. Refer clause 15.8 of the M-Plane
Specification [7] for details on usage of this feature for various scenarios.
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8 U-plane Protocol

8.1 General

8.1.1 U-plane Transport

Either eCPRI or IEEE 1914.3 is used as an encapsulation mechanism for the user-plane messages. Due to the nature of
these messages (very strict delay constraints), it is assumed that message acknowledgements are not possible. Likewise,
different data flows may be used for the User-Plane and Control-Plane messages.

8.1.2 U-plane Data Compression

U-Plane 1Q data, (both DL and UL) including user data, PRACH and control channels may be transmitted in
compressed format. There are several envisioned compression methods including an “uncompressed” format. The
method of compression is variable based on sectionld but is constant for every U-Plane data section referenced in a
single C-Plane message. Likewise, the | and Q bitwidth of the compressed samplesis variable based on sectionld but is
constant for every U-Plane data section referenced in a single C-Plane message. The block compression methods are
performed on Physical Resource Block (PRB) basis (i.e. 12 x Resource Elements per PRB). More specific details on
the supported compression methods may be found in Annex A.

A static 1Q format and compression method, in which case the M-Plane configures the static 1Q format (bitwidth) and
compression method, is aso defined. In this case there are four fewer bytesin the U-Plane section header, at the cost of
less flexibility. For static |Q data format and compression method, there are actually four sets of data formats and
compression methods: for LTE DL, LTE UL, NR DL and NR UL. This allows the taking advantage of the static format
while still allowing some compression flexibility e.g. allowing modulation compression on the DL (which only applies
to DL) and some other compression method on the UL.

8.1.3 Digital Power Scaling

8.1.3.1 Definition of IQ Power in dBFS

1Q power level in dBFS (dB full scale) is alogarithmic representation of the power level for an |Q sample carried over
the digital interface. |Q power level in dBFSis proportional to logarithm of 12+Q2

IQ power level [dBFS] = 10-loguo( 12+Q?) - 10-logi0(FS) = 10-l0g10 (|2+ QZ) _ 10.|OglO(FSO.2-FS_Oﬁset)
where

-FS Offset is an M-Plane parameter (value 0 isused if this parameter is not supported by O-RU or not set by O-DU),
FSo = max(12) = max(Q?) = max(12+Q?) with max over all I1Q values that can be represented by 1Q dataformat in U-
plane message. Note that actual 1Q values that may occur in a U-plane message are restricted by

I + Q* < FS = FS, - 27Fs-0/fset,

For frequency domain 1Q data, 0 dBFS is the maximum power level which can be carried by one subcarrier. The
smallest non-zero |Q power level is defined by the interface resolution.

It is expected that an O-RU will normalize any received DL value to itsinternal representation of full scale so that a0
dBFS can be properly handled.

Example 1:

FS Offset=0

I=minl, Q=0

With 9bit mantissa 2's complement + 4bit exponent compression: min| = -256-21° = -2 >
FSy=2%, FS=F Sy 278 Offset=246

0 dBFS < average(12+Q?) = 26

Interface resolution < 1/2% < -138.47dBFs
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Example 2:
FS Offset=10

I=minl, Q=0

With 14bit mantissa 2's complement + 4bit exponent compression: min | = -213.215= .28 >
= SJ: 256 FS=F S).z-FS_Oﬂset: 25&10: 246

0 dBFS & average(12+Q?) = 2%

Interface resolution «» 1/2% « -138.47dBFs

8.1.3.2 Definition of Gain over Fronthaul Interface

The gain of an array defines the relation between the levels of atest signal seen at itsinput and output, also called
digital power scaling. The gain of an array can be calculated from the gain of one element of the array while assuming
all elements have same gain. Figur e 8-1 depicts the gain rel ations between the digital interface and the RF reference
plane to an assumed |ossless antenna (i.e., antennainsertion losses are counted as part of the gain in both DL and UL
direction).

DL gain [dB] = RF output level [dBm]— IQ input level [dBFS] reference plane to external RF connector to loss-less antenna

» |

I

1 TXarray element ; air interface: RF power levels in dBm
O-RU A

I

i

1 RX array element

‘UL gain [dB] = 1Q output level [dBFS] — RF input level [dBm]
Figure 8-1: DL and UL Gain over fronthaul interface

Both DL and UL gainsin [dB] are described by the following relations
DL gain [dB] = RF output level [dBm] —1Q input level [dBFS]

UL gain [dB] = 1Q output level [dBFS] — RF input level [dBm]
Where:

‘RF output level [dBm]’" and ‘RF input level [dBm]" are RF signal level in dBm at reference plane to an assumed
lossless antenna when the antennaiis integrated inside the O-RU, or at TAB connector if antennais not integrated inside
the O-RU. The rms output power [dBm)] is measured per array element as Total Radiated Power TRP (i.e., excluding
any antenna directivity gain). The rmsinput power [dBm] is measured per array element after including the antenna
directivity gain. Note that the antenna directivity gain results from the array element directivity + 10-1ogio(number of
elements). Hence, when evaluating the array element gain, the antenna directivity is reduced to the array element
directivity.

‘1Q input level [dBFS]" and ‘1Q output level [dBFS]" are 10-log, (average(1>+Q?)) normalized such that 0dBFSisthe

maximum nomina (r.m.s.) power level which can be achieved with a constant 1Q signal with arbitrary phase (i.e., for
frequency-domain 1Q signal for one sub-carrier, constant over time).

In O-RUs supporting beamforming, the actual DL gain and UL gain of the array element can be impacted by the gain
level of beam weight used and which can change dynamically during operation. Such dependency on the beam
pattern shall be excluded when describing any configurable gain or reported gain (as O-RU capability).

For an exact definition of DL and UL gain, the respective input test signals need to be declared by the O-RU vendor;
thisisnot in scope of this specification. [For information only: This can be e.g., CW signal at carrier center or test
signals/reference signals defined by 3GPP; for DL gain those being defined to test accuracy of the maximum output
power (3GPP TS36.141 clause 6.2-> 38.141) and for UL gain those being defined to test absol ute accuracy of Received
Interference Power (3GPP TS 36.133 clause 10.1.1 - 38.133)]. In Figure 8-2 the details of DL gain are described. For
every tx-array, O-RU reports (as capability) the maximal configurable DL gain of one element of the array
(alternatively the nominal power per tx-array element mapped to 0dBFS). In addition, the O-DU configures over the M-
Plane the DL gain to be used per tx-array element for a certain carrier configuration.

The values for the max configurable DL gain and configured DL gain assume:
e No power loss/gain due to beamforming weights;
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o al available DL power can be alocated to one RE in asingle eAxC (if dynamic range optimization is used by
configuring non-zero value in M-plane parameter Reference_L evel then single RE can have alocated available DL
power less Reference L evel value; see clause 8.1.3.3);

DL gain [dB] = RF output level [dBm] - 1Q input level [dBFS]

Simplified example of TX path. Actual design

reference plane to is expected to include other parts (e.g. reference plane to
digital interface converters, beamforming weight power loss  ossless antenna
digital input to O-RU could be also in analog domain). i Input to lossless antenna.

physical antenna

connectors (if existing) ;
: :“lossless antenna

e.g. losses : o lossesof
Input 1Q power levels are of TX filter : antenna H RF output level [dBm] can be measured
: without knowing the directivity by integrating

measured in dBFS. For ; ;

Category B O-RU this can H ® : i PA 1 - : { | H the radiation density over the full sphere.
be generalized as power { o i

level of IQ resulting from i BF weight loss [dB] configured_DL_gain [dB]< max configurable

decompression ¢ depends on beamID DL gain [dB]
H does not depend on beamID and values of
beamforming weight

Antenna Directivity [dBi]

s

RF output level [dBm] EIRP[dBm]

In case of integrated antenna
RF output level = TRP (Total Radiated Power)

A : DL_gain [dB] g
1Q input level [dBFS]

Figure 8-2 : Details of DL Gain

In Figure 8-3 the details of UL gain are described. For every rx-array, O-RU reports (as capability) an UL
gain_correction_range in dB of one element of the array (applicableto all the elements of the array). The
gain_correction_rangeis signed, has a max and min value, and a step size. In addition, the O-DU configures over the
M-Plane again_correction value to be applied for contribution of signal received by array-element to IQ datain eAxC
(for backward compatibility thisis configured as a sum of a common gain correction applicable to all eAxCs of given
array carrier and an individual gain correction of each eAxC). The O-RU can then configure itsinternal UL gain of the
rx-array element for that carrier (rx-array carrier element) if the IQ compression method is configured as static. In case
the compression method is dynamic, the internal gain of the O-RU will be dynamic and depending on compression
information received in realtime over the C-Plane.

The values for the configured UL gain assume:
e No power loss/gain due to beamforming weights.
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UL gain [dB] = 1Q output level [dBFS] - RF input level [dBm]

Simplified example of RX path. Actual

reference plane to design is expected to include other parts reference plane to
digital interface (e.g. converters, beamforming weight power lossless antenna
. : loss could be also in analog domain). :
digital output of O-RU H : Output of lossless antenna.

physical antenna

connectors (if existing) .
' :“lossless antenna

: losses of :
Output IQ power levels : 8.4 losses 1\ RF input level [dBm] can be measured from

i of RX fiter ~:  antenna i , , ; :
are measured in dBFS : : | S, : a known equivalent isotropic received power
H : LNA : | T after embedding the antenna directivity (i.e.,

if not known, the directivity can be measured
by integrating the incident radiation density
over the full sphere and comparing to the
measured power from a specific direction)

i BF weight power loss [dB] configured_UL_gain [dB]

: depends on beamID does not depend on beamforming weight;

: does depend on used compression
properties and a correction gain capability

! Antenna directivity [dB]

<
< <

* UL_gain [dB :
IQ output level [dBFS] S RF input level [dBm] i _Fﬁ?O [td_Bmt] |
quivalent Isotropic

received power

Figure 8-3: Details of UL Gain

8.1.3.2.1 DL Gain Guideline

The DL gain of aTX array carrier element shall be provided as part of the O-RU carrier set-up procedure. The
configured (by the O-DU over the M-Plane) DL gain of aTX array carrier element (i.e. “TX array carrier element’”’
refersto the TX array element serving the respective carrier configured on the respective TX array) is defined by
mapping Reference_Level dBFs (see clause 8.1.3.3) carried over any subcarrier (of the carrier) on the digital interface
to the maximum RM S power the TX array carrier element is supposed to output at the assumed-lossless antenna
connector port (i.e., including all insertion losses). In single-carrier operation, the configured DL gain applies to the
carrier. In multiple-carrier operation, the configured DL gain should be lower accommodating the number of multiple
carriers and their bandwidths. It isthe responsibility of the O-DU to scale down the level of the signals at the interface
and/or set tx-array-carrier gain values to avoid saturation in the O-RU for single or multiple-carrier configurations.

Configured DL_gain [in dB] ~< maximum TX power per array element [in dBm] — Reference Level [in dBFS], valid
for each individual spatial stream served under this TX array carrier element.

NOTE 1: the maximum configured DL gain of a TX array carrier is equivalent to mapping 0dBFs carried over any
subcarrier (of the carrier) on the digital interface to the maximum RMS power the TX array carrier element is supposed
to output + 10-logio (the number of array elements) — Reference L evel [in dBFS].

NOTE 2: for acategory A O-RU, the tx-array output rms power is measured over 1 polarization

NOTE 3: for acategory B O-RU, the tx-array output rms power shall be measured over all polarizations addressed by
the respective precoding operations

NOTE 4: Configured DL_gain [in dB] = target TX carrier power per array element [in dBm] - Reference_Level [in dB]

where target TX carrier power per array element < maximum TX power per array element.

8.1.3.2.2 UL Gain Definition

The UL gain or scaling of an rx-array carrier element (i.e. "rx-array carrier element’’ refersto the rx-array element
serving the respective eAxC configured on the respective rx-array) is defined by mapping -152dBm at the assumed-
lossless antenna port to the smallest power level an 1Q sample can carry over the digital interface (i.e., average(12+Q?) =
1) while considering a configured gain_correction value and the 1Q compression properties to be used; configured
gain_correction is sum of RX carrier specific gain_correction and eAxC specific gain _correction. In addition, in order
to avoid saturation over the interface when beamforming is used over the rx-array carrier, the largest power level that
can be received at the assumed-lossless antenna port by the rx-array carrier element is equivalent to 0dBFS -
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10-logio(number of array elements). The configured gain-correction allows to adjust the level of the smallest & largest
receivable power.

The following principles apply:

1. theUL gain of anrx-eAxCisequa to the UL gain of the rx-array carrier element, and contributionsto IQ in
the eAxC from all rx-array elements are considered to have the same gain

2. the minimum and maximum power levels that can be received by the rx-eAxC are scaled by +10-1ogio(number
of array elements) from the respective values of the rx-array carrier element (i.e. when signal is received with
equal levelsfrom all the elements of the rx array meaning no tapering used and all rx elements have same
design properties). In case an rx-array has only one rx-array element, then the scale factor is unity. The reason
behind this principle isto allow applying tapering (beam 1D dependent) to an rx-array without impacting the
quality of the 1Q data being transferred over the interface (i.e., in aworst case scenario, the signal is received
from only one rx-array element from the rx-array).

3. assumed-lossless antenna port means antenna losses are considered part of the unit under test.

4. the-152dBm isconsidered asthe smallest level that can be measured by a narrow subcarrier of 1.25kHz (i.e.,
CW tone) for a system with 3dB of equivalent noise figure and without being impacted by the interface noise
(i.e. 20dB margin considered).

5. Configured UL_gain [in dB] = Interface resolution [dBFsg] - (-152 dBm) + gain_correction [dB]; valid for each
received individual spatial stream (i.e. configured_UL_gain is configured by O-RU and not by the O-DU).

The UL gain depends on the digital interface resolution (in dBFS) representing the smallest level that can be used. The
interface resol ution depends on the compression scheme which can be static or dynamic. For this reason, when multiple
compression methods or 1Q bitwidths are used for data streams received from an rx-array carrier element, the
configured gain shall accommodate all the intended compression methods and 1Q bitwidths.

For example, when using block floating point compression, the interface resolution is defined as
Interface resol ution [dBFS|=—20 x log, o(2M@ntissapies=1 x 257" -1)

It is assumed that the gain_correction is 0dB by default, unless a different value is needed due to specia circumstances
(details beyond the scope of this specification).

The gain_correction is configured as one value per rx array carrier and does not change once an array carrier is
activated. The O-RU applies a configured value of gain_correction regardless of used compression.

Example with rx-array formed by 10 array elements and gain_correction of 0dB:

9bit mantissa 2's complement + 4bit exponent - Interface resolution=-138.5dBFS
Default UL gain [dB] =-138.5dBFs + 152dBm +0dB =13.5dB

The UL gain and power scaling are summarized in Table 8-1.

Table 8-1 : Example of UL gain and power scaling for an rx array with 10 elements and for block
floating point compression based on 9-bit mantissa and 4-bit exponent

Interface resolution -138.5dBFS rx-array carrier element Rx-array carrier with 10 elements
UL Gain 13.5dB 13.5dB
Lowest received power level without | -152dBm - -138.5dBFS -142dBm-> -128.5dBFS

degradation due to interface
(excluding losses due to beam

weights)
Largest possible received power -23.5dBm 2 -10dBFS -13.5dBm - 0dBFS
level

8.1.3.3 TX Power Budget Guideline for Category A and Category B O-RUs

This clause describes a guideline for handling of power budget in a category A and category B O-RU. In general, care
shall be taken to avoid exceeding the maximum rms power rating of atx-array element.
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In this clause, max isthe maximum rms power rating (in W) of tx-array element k of atx-array a with K elements. For
simplicity it isassumed all K elements of the array have the same maximum rms power rating (i.e., for every array a
and every k and k", max = max’). For an O-RU with tx-array a, the maximum rms power rating of tx-array
element shall bereported asread-only parameter. Thiswill be a common value for all array elements of the tx-
array a.

NOTE 1: maximum-power-rating can be reported as form of gain when mapped to OdBFS.

The maximum rms power rating of array can be derived from max by scaling linearly with the number of elements K
(|e, ma:K'mak)

In addition, let g« bethe gain (in dB) configured for tx-array element k of tx-array a for array carrier c. It is
considered that the configured gain is same to every element (i.e., for every tx-array carrier ¢, every tx-array a and
every element k and k”, geak = geak). Hence, the O-DU should configurethe O-RU by providing a valuefor geax
in parameter ‘gain’ of tx-array-carrier.

Thetotal gain of array carrier ¢ served on array a can be derived from the configured gain gc.qx as.
Jgea[dB]= geax [dB]+10-10010(K).
Hence, the power p.«x Of array carrier ¢ served on tx-array element k of array a can be derived as
Pcak[dBm]= gcax [dB]+0dBFS.
Asaresult, the total power of p.« Of array carrier ¢ served on tx-array a is derived as
Pea [dB]= peak [dB]+10:10010(K).

Finally, the total power pax used on tx-array element k of tx-array a serving all configured carriersis derived as

Pcak

Pax = 10-logyg 10 10

c

In scenarioswhere a tx-array element k is shared between multiple tx-arrays, the O-DU shall ensure that the
configured gains gcqx are constrained by:

gc a, k+Reference Level,
Z Z <1000 - m,

wherem, = min(ma_k) and Reference_Level. (in dB) isthe array-carrier specific 1Q normalization level optionally
a

configured via M-plane per array carrier (the value 0 is used if this parameter is not supported by the O-RU or not
configured by the O-DU). The index a spans over every tx-array a that shares array element k and has array carrier
configured. The summing over c includes every array carrier ¢ that is configured for tx-array a.

NOTE 2: in general mq . can be different for different values of tx-array a. However, tx-arrays not used in agiven
configuration do not contribute to the above constraint.

For every configured array carrier c over atx-array a, the O-DU shall ensurethat the input power levels of all
resour ce elements used over all eAxCs x are constrained by:

REnxca Reference_Level,
E 510 0 <10 10

dBFS
RE yca <0

and

where REZEFS, representsinput power level in dBFS of an RE n of an eAxC x of array carrier ¢ configured over tx-
array a. Note REZEES, =10 -10g10(Iyxca’ + Qnrca’) — 10 - logyo(FS, - 27F5-017set y where I, ., and Q are

nx,.c,a

decompressed 1Q sample value components, FS, and FS_Offset are defined in clause 8.1.3.1. The summing over X
includes every eAxC x of array carrier ¢ that is used simultaneously in DL on the tx-array a. The summing over n
includes every RE of the eAXC x that is used simultaneously in DL.

When beamforming is used in O-RU, an additional constraint appliesto all the beamforming weights to be used for
beamforming in order to ensure that the tx power per tx-array element after the beamforming has well-defined upper
bound and does not exceed the limit of the maximum rms power rating of the tx-array element. To simplify the notation
and cover all beamforming types, i.e. frequency-domain beamforming and time-domain beamforming, any individual
beamforming weight (a complex number multiplier used by O-RU in beamforming operation) is denoted asw.
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For any beamfor ming weight wto be used by O-RU to perform beamfor ming operations, the entity controlling
the generation of the weight (i.e., O-DU or O-RU) shall ensurethat

lw|? < 1.

Note that this constraint is applicable to every beamforming weight, used in frequency or time domain. The constraint is
applicable to every explicit or implied beamforming weight applied by O-RU regardless of the source of the
beamforming weight (e.g. received from O-DU, predefined by O-RU, generated by O-RU from beam attributes or from
channel information, etc.).

8.2 Elementary Procedures

8.2.1 IQ Data Transfer procedure

This procedure (an alternative procedure |Q data transfer is described in clause 8.2.2) is used to transfer frequency
domain IQ data samples between the O-DU and O-RU. Data is transmitted symbol by symbol as U-Plane messages.
The data-associated control information istypically sent every dot (or for LTE, TTI) in adifferent dataflow with its
own header and encapsulated payload (C-Plane messages). An overview of the logic for transmission of both the data-
associated control information and |Q datais depicted in Figure 8-4.

Application Layer

Legend
Control Info IP & Ethernet C-Plane Control info
for SLOT #n Headers header
IP & Ethernet U-Plane 1Q Data
Headers header

U-Plane 1Q Data for SLOT #n

for a single flow of data, point of view of sender

A
v

1Q Data o000 0000 1Q Data

/ Control Info
for SLOT #n+1

/
/ Control Info
U-Plane 1Q Data for SLOT #n+1

C-Plane and U-Plane messages are not
concatenated but are sent in physically
separate frames 1Q Data oo 1Q Data

A
A

Transport Layer \

I Control Info 1Q Data I Control Info 1Q Data 1Q Data 1Q Data

Figure 8-4 : DL IQ data transfer overview

The 1Q transfer procedure is comprised of two types of messages:
e  Message containing scheduling and beamforming commands information (i.e. data-associated control)
e Message containing frequency domain |Q samples

The data-associated control information is bundled in messages within a single data flow (albeit possibly in multiple C-
Plane messages). However, control information for UL and DL is sent separately (See Figure 8-5). Asshown in the
figure, the C-Plane messages for a given slot and given symbol(s) exchanged between the O-DU and O-RU are
followed by the U-Plane data for that slot and symbol(s), one symbol at a time. U-plane messages are sent by the O-DU
and O-RU in order of the symbol for which they carry 1Q data. C-Plane and DL U-Plane messages are sent by the O-
DU in advance (see 2.3 for details) such that they arrive at O-RU within atime window that is early enough to leave the
O-RU time to process them. Figur e 6-5 shows the case where O-DU sends DL C-Plane message describing symbols
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#M, M+1,..., N of dot Sbetween “Tla max_cp dlI” and “Tla min_cp_dI” before the start of DL symbol #M (the
earliest symbol described by the message). As shown in the figure, the end of receive time window for DL C-Plane
messages describing symbol #M, M+1, ..., N of dot S (where M isthe earliest symbol described by each of messages)
ishy “Tcp_adv_dI” earlier than the end of receive time window for DL U-Plane messages carrying 1Q data for symbol
#M. The O-DU sends and O-RU receives DL U-Plane message as per the transmission window and reception window
specified in clause 4.3. Similarly, the O-DU sends UL C-Plane messages describing symbols#M, M+1, ..., N of dlot S
between “T1a max_cp_ul” and “Tla min_cp_ul” before the start of the UL symbol #M (the earliest symbol described
by the message). The end of receive time window for UL C-Plane messages describing symbol #M, M+1, ..., N (where
M isthe earliest symbol described by each of messages) isby “T2a min_cp_ul” earlier than the start of UL symbol #M.
The O-RU sends and O-DU receives UL U-Plane message as per the transmission window and reception window
specified in clause 4.3. For non-PRACH channels the O-RU sends UL U-Plane message carrying 1Q data for symbol
#M between “Ta3_min” and “Ta3_max” after the reception of the earliest air interface sample of UL symbol #M (this
corresponds to start of cyclic prefix). For PRACH channels the O-RU sends UL U-Plane messages carrying 1Q data for
arepeatable part of PRACH sequence between “Ta3_min” and “Ta3 _max” after the reception of the earliest air
interface sample that is necessary to generate the 1Q data in the message (this corresponds to the start of the FFT
sampling window).

Also shown in the figure is the fact that there is a certain period of time between the O-RU’ s receipt of C-Plane
messages for a symbol and the need for the O-RU to process U-Plane data for that symbol. In particular, in the DL
thereisaperiod of time, “Tcp_adv_dl” which provides for some number of microseconds for the O-RU to e.g. update
beamforming weights prior to processing the DL data arriving from the O-DU. Inthe UL thereisaperiod of time,
“t2a_min_cp_ul” between the O-RU’ s receiving the C-Plane messages governing the processing of UL data and the
receipt of UL signals at the O-RU’s antennas. These time intervals, when combined with network delays and other
processing latencies, result in the RAN’s HARQ loop to be closed allowing feedback in the air interface processing.

O-RU DL C-Plane and DL U-Plane 0-DU O-RU UL C-Plane and UL U-Plane 0-DU
(@ FH interface) (@ FH interface) (@ FH interface) (@ FH interface)
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*) A DL C-plane message describing multiple symbols must arrive at O-RU **) A UL C-plane message describing multiple symbols must arrive at O-RU
at least Tcp_adv_dl before the end of DL U-plane receive window for at least t2a_min_cp_ul before the earliest air interface UL signal sample of
symbol startSymbolld (the earliest symbol described by the message). symbol startSymbolld (the earliest symbol described by the message)

arrives at O-RU antenna.
Figure 8-5: C-Plane and U-Plane message transfer procedure (DL & UL shown)

Regardless of the level of compression, user-plane data may exceed the maximum packet size (e.g., MTU of 1500 Bytes
for regular not Jumbo frames) even in case of one symbol of granularity. Thus, 1Q data for each symbol may require
packetization over multiple packets.

User plane messages are sent as resource blocks (“PRBS’) and the data for each PRB shall start on a byte boundary. |If
due to the I Q bit-width being used the natural end of the datain the PRB does not fall on a byte boundary, then zero bits
shall be appended until a byte boundary is reached.

PRACH datais handled similarly, such that the PRACH REs are packaged into 12-RE blocks analogous with data
PRBs. Each 12-RE block shall be padded with zero bits to end on a byte boundary. In cases when thereis not an even
factor of 12 REsin the PRACH data (e.g. 839 PRACH REs), added zero-value REs shall be added to fill out the block
to 12 REs, and then if needed zero-padding will then be appended to reach a byte boundary.
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8.2.2 1Q Data Transfer Procedure Without C-Plane

Thisisaprocedure used to transfer frequency domain 1Q data samples between the O-DU and O-RU without C-plane
control. In respect to 1Q data transfer this procedure follows the rules described in clause 8.2.1 with an exception: data-
associated control information for selected eAxCsis not transferred in C-Plane messages but configured via M-Plane.
This method is applicable to channels with predictable scheduling (like PRACH or SRS) which do not require changes
of data-associated control information in real-time.

At present this procedure is applicable to eAxCs assigned to receive a subset of uplink signals and channels —
specifically PRACH and SRS (see clause 8.3.5.3 and clause 8.3.5.4):

1) O-DU provides viaM-Plane data-associated control information (this consists of scheduling and beamforming
configuration) to O-RU and activates the eAxC. C-plane messages are not sent for this eAxC.

2) O-RU periodicaly receives uplink radio signal following the configured schedule and sends U-plane messages
containing frequency domain |Q data (asin clause 8.2.1). Note values of fieldsin U-plane message headers
and data section headers are derived from parameters configured via M-plane as per rules described in M-plane
specification (see [7]).

For more details on parameters that convey scheduling and beamforming configuration and rules for mapping them to
U-plane messages refer to M-Plane specification (see [7]).

8.3 Elements for the U-plane Protocol

8.3.1 General

U-Plane messages are encapsulated using a two-layered header approach. The first layer consists of an eCPRI or |IEEE
1914.3 common header, including fields used to indicate the message type, while the second layer is an application
layer including necessary fields for control and synchronization. When the optional “little endian byte order” is chosen
via M-plane, the i Sample/qSample fields shall use little endian byte order to transmit the complex numbers. Annex D.2
shows little endian byte order format for various 1/Q data length.

8.3.2 DL/UL Data

A common frame format is used for U-Plane messages consisting of a transport layer and an application layer. The
application layer is within the transport payload and consists of a common header for time reference, followed by
information and parameters dependent and specific to the Section Type in use. Data from multiple sections of the same
value can be lined up one after another within the payload. To minimize packet rate over the interface, transmitter
should fill messages with as many subsequent sections as possible. Data from sections of different Section Types can be
mixed within a single U-Plane message for a given eAxC when the Section Types do not have differencesin format and
values of user plane application header or format of user plane section header. NOTE: Previous versions of the
specification mandated separate U-plane messages to be used with different Section Types, this restriction has been
relaxed. Furthermore, whenever necessary, stuffing bits are to be added at the end of a sections after (possibly
compressed) | and Q sample datato achieve 1-Byte alignment. Note that within a resource block, unless and sReSMask
isincluded in the udCompParam field, 12 REs are always sent across the interface. 1f some REs are meant to be blank
some data (perhaps zero value) shall be sent anyway because the U-Plane data parser is expecting exactly 12 complex
RE values per resource block.

o Transport Layer —seeclause 5.1.3

o Application Layer

0 Section Type “0" Fields (used for indicating idle or guard periods from O-DU to O-RU):
o No U-plane messages are associated with Section Type “0”

0 Section Type“1” Fields (used for most Downlink and Uplink physical radio channels):

0 Common Header Fields

0 dataDirection (datadirection (QNB Tx/Rx)) field: 1 bit
o payloadVersion (payload version) field: 3 bits
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*  Value="1" shal be set (1% protocol version for payload and time reference format)
filterIndex (filter index) field: 4 bits
frameld (frame identifier) field: 8 bits
subframel d (subframeidentifier) field: 4 bits
dotID (dot identifier) field: 6 bits
symbolld (symbol identifier) field: 6 bits
0 Section header fields
sectionl D (section identifier) field: 12 bits
rb (resource block indicator) field: 1 bit

symlnc (symbol number increment command) field: 1 bit

o O O O O

startPrbu (starting PRB of user plane section) field: 10 bits

numPrbu (number of contiguous PRBs per data section) field: 8 hits
udCompHdr (user data compression header) field, not always present: 8 bits
reserved (reserved for future use) field, only present with udCompHdr: 1 byte
udCompL en (PRB field length) field, not always present: 16 bits

O O O O O o o o

o PRBfields

0 udCompParam (user data compression parameter) field: O, 8 or 16 bits

o iSample (in-phase sample) field: 1-16 bits

0 (gSample (quadrature sample) field: 1-16 bits
0 Section Type “3” Fields (used for PRACH and mixed-numerology channels**):

o Timing header, section header and PRB fields same as for Section Type “1”
0 Section Type “5” Fields (used for UE scheduling information):

o0 Timing header, section header and PRB fields same as for Section Type “1”
0 Section Type “6” Fields (used for sending channel information for a specific UE ID):

0 No U-plane messages are associated with Section Type “6”
**NOTE: Section Type “1” message can also be used for PRACH channel. When Section Type “1” message is used for
PRACH, the UL U-plane processing should apply same rules as a non-PRACH channel in O-RU.

Table 8-2 : 1Q data frame format

Section Type 1,3: DL/UL 1Q data msgs

3 4 5 6 7 (Isb)
transport header, see clause 5.1.3 8 Octet 1
dataDirection payloadVersion filterlndex 1 Octet 9
frameld 1 Octet 10
subframeld | slotld 1 Octet 11
dotld | symbolid 1 Octet 12
sectionld 1 Octet 13
sectionld [ rm | syminc | startPrbu 1 Octet 14
startPrbu 1 Octet 15
numPrbu 1 Octet 16
udCompHdr (not always present) 0/1 Octet 17
reserved (not always present) 0/1 Octet 18
udCompL en (not always present) 0/2 | Octet 17/19
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udCompParam (not always present) 0/1/2 | Octet 17/19/21
iSample (1% RE in the PRB) 1* | K=17/19/20121/23
gSample (1 RE in the PRB) 7l K+1*
iSample (12" RE in the PRB) 1* K+22*

gSample (12 RE in the PRB) I K+23*
udCompParam (not always present) 0/1/2 K+24*
iSample (1% RE in the PRB) 1* | K+24/25/26*
gSample (1% RE in the PRB) I K+25/26/27*
iSample (12" RE in the PRB) 1* K+46/47/48*
gSample (12% RE in the PRB) e K+47/48/49*
sectionld 1 Octet M
sectionld [ rm | syminc | startPrbu 1 M+1
startPrbu 1 M+2
numPrbu 1 M+3
udCompHdr (not always present) 0/1 M+4
reserved (not always present) 0/1 M+5
udCompL en (not always present) 0/2 M+4/6
udCompParam (not always present) 0/1/2 M+4/6/8
iSample (1% RE in the PRB) 1* | K=M+4/6/7/8/10
gSample (1 RE in the PRB) gl K+1*
iSample (12" RE in the PRB) 1* K-+22*
gSample (12 RE in the PRB) i K+23*
udCompParam (not always present) 0/1/2 K+24*
iSample (1% RE in the PRB) 1* | K+24/25/26*
gSample (1% RE in the PRB) I K+25/26/27*
iSample (12" RE in the PRB) 1* K +46/47/48*
gSample (12% RE in the PRB) 1* K+47/48/49*

shading: yellow is transport header, pink is radio application header, others are repeated sections
*Qctet count given if the iqWidth = 8 but other iqWidth values are possible; the octet count assumes all REs are present
which may not be the case when field sSReSMask is present in udCompParam.

8.3.3 UL/DL Data Coding of Information Elements

See clause 5.1.3 for transport header information element details.

8.3.3.1 dataDirection (data direction (gNB Tx/Rx))

See clause (7.4.4.1)

8.3.3.2 payloadVersion (payload version)

Seeclause (7.4.4.2)

8.3.3.3 filterindex (filter index)

See clause (7.4.4.3)
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8.3.34 frameld (frame identifier)

See clause (7.4.4.4)
frameld in U-plane message shall be set to the frameld value signaled in the corresponding C-plane message.

8.3.35 subframeld (subframe identifier)

See clause (7.4.4.5)
subframeld in U-plane message shall be set to the subframel d value signaled in the corresponding C-plane message.

8.3.3.6 slotld (slot identifier)

See clause (7.4.4.6)
dotld in U-plane message shall be set to the slotld value signaled in the corresponding C-plane message.

8.3.3.7 symbolld (symbol identifier)

Description: This parameter identifies a symbol number within a slot. When a C-plane message describes asingle
symbol (or in case of PRACH, a single PRACH repetition), symbolld in the U-plane message for that symbol (or
PRACH repetition) shall be set to the startSymbolld value signaled in the C-plane message. When a C-plane message
describes multiple symbols (or in case of PRACH, multiple PRACH repetitions), symbolld in the U-plane message for
the first symbol (or PRACH repetition) shall be set to the startSymbolld val ue signaled in the C-plane message.
symbolld in the U-plane message for the subsequent symbols (or PRACH repetitions) are incremented thereon.

Valuerange: {00 0000b-11 1111b}
Type: unsigned integer.
Field length: 6 bits.

8.3.3.8 sectionld (section identifier)

Seeclause (7.4.5.1)

8.3.3.9 rb (resource block indicator)

See clause (7.4.5.2)

8.3.3.10 syminc (symbol number increment command)
See clause (7.4.5.3)

8.3.3.11 startPrbu (startingPRB of user plane section)

Description: This parameter isthe starting PRB (lowest frequency) of a user plane data section. Values of rb, startPrbu
and numPrbu shall ensure that data sections shall never overlap: asingle PRB (ablock of 12 resource elements
consecutive in frequency) may only exist within one data section for a given eAxC. For one section description in C-
Plane message, there may be multiple U-Plane data sections associated with it and requiring defining from which PRB
the contained |Q data are applicable. NOTE: freqOffset parameter conveyed in the corresponding section description
affects the frequency span for specific range of PRB numbers (formulasin clause 7.4.5.6 apply with startPrbu replacing
startPrbc). Therefore "shall never overlap" shall consider the value of freqOffset.

In general U-plane data section shall include only PRBs addressed by the corresponding C-plane section descriptions,
but O-RU shall be prepared for possibility of lost C-plane or U-plane message. Depending on method of coupling of C-
plane and U-plane more specific rules apply. If coupling of C-plane and U-plane via sectionld value is used then values
of rb, startPrbu and numPrbu shall ensure only PRBs addressed by section descriptions with the same sectionld as the
user plane data section are present in the user plane data section. If coupling of C-plane and U-plane via frequency and
time (with or without priorities) is used then values of rb, startPrbu and numPrbu shall ensure only PRBs addressed by
section descriptions are present in the user plane data section.

Note that due to fragmentation (an application level fragmentation to meet restriction of message size or a
fragmentation of section in frequency, e.g. as aresult of presence of Section Extension #6 of #12 in a corresponding
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section description) there may be multiple user plane data sections per a C-plane section description. Presenceof rb =1
(see 5.4.5.2) in C-plane section description requires presence of rb = 1 in user plane data section and does not require
multiple user plane data sections.

Valuerange: {00 0000 0000b-11 1111 1111b}.
Type: unsigned integer.
Field length: 10 bits.

8.3.3.12 numPrbu (number of PRBs per user plane section)

Description: This parameter defines the number of PRBs (blocks of 12 resource elements consecutive in frequency) in
the user plane data section. If the parameter rb (see 6.3.3.9) is zero, then the PRBs in the user plane data section shall be
consecutive in the frequency. Otherwise the set of PRBsincludes only every other PRB in the frequency. Values of rb,
startPrbu and numPrbu shall ensure that data sections shall never overlap: asingle PRB may only exist within one data
section for agiven eAxC. NOTE: freqOffset parameter conveyed in the corresponding section description affects the
frequency span for specific range of PRB numbers (formulasin clause 7.4.5.6 apply with startPrbu replacing startPrbc).
Therefore "shall never overlap" shall consider the value of freqOffset.

In general U-plane data section shall include only PRBs addressed by the corresponding C-plane section descriptions,
but O-RU shall be prepared for possibility of lost C-plane or U-plane message. Depending on method of coupling of C-
plane and U-plane more specific rules apply.

If coupling of C-plane and U-plane via sectionld value is used then values of rb, startPrbu and numPrbu shall ensure
only PRBs addressed by C-plane section descriptions with the same sectionld as the user plane data section are present
in the user plane data section. If coupling of C-plane and U-plane via frequency and time (with or without priorities) is
used then values of rb, startPrbu and numPrbu shall ensure only PRBs addressed by C-plane section descriptions are
present in the user plane data section.

Note that due to fragmentation (an application level fragmentation to meet restriction of message size or a
fragmentation of section in frequency, e.g. as aresult of presence of Section Extension #6 of #12 in a corresponding
section description) there may be multiple user plane data sections per a C-plane section description. Presenceof rb=1
(see 5.4.5.2) in C-plane section description implies presence of rb = 1 in user plane data section and does not require
multiple user plane data sections.

Value range: {0000 0001b-1111 1111b, 0000 0000b = all PRBsin the specified SCS and carrier bandwidth } .

Vaue 0000 0000b isreserved for NR cases wherein the total number of PRBs may be more than 255, for other cases
anon-zero value of numPrbc shall be used. In this case, the sending node shall set the startPrbu value to zero and the
receiving node shall ignore whatever startPrbu value is received and assume it is zero.

Type: unsigned integer.
Field length: 8 bits.

8.3.3.13 udCompHdr (user data compression header)

Description: This parameter defines the compression method and 1Q bit width for the user datain a data section. This
means that, in the DL at least, each data section can in principle have a different udCompHdr value. In the UL, the O-
RU shall copy the received udCompHdr value in the C-plane message to the udCompHdr field in the UL U-plane
message. This C-Plane instruction provides a single udCompHdr value for all data sections defined in the C-Plane
message. Thisfield isabsent from U-Plane messages when the static 1Q format and compression method is configured
viathe M-Plane. In this way a single compression method and 1Q bit width is provided (per UL and DI, per LTE and
NR) without adding more overhead to U-Plane messages.

Valuerange: {0000 0000b-1111 1111b}

Bit allocations

Number
of Octets

udlqwidth udCompMeth 1 Octet 1
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Table 8-3 : udigWidth definition

udlgwWidth Bit width of each | and each Q

0000-1111b 16 for udlqWidth=0, otherwise equals udlqWidth e.g. udiqwidth = 0000b means | and Q are

each 16 bitswide;

e.g. udlQWidth = 0001b means | and Q are each 1 bit wide;

e.g. udigwidth = 1111b means | and Q are each 15 bits wide

Table 8-4 : udCompMeth definition

udCompM eth compression method udlqWidth meaning
0000b Nno compression bitwidth of each uncompressed | and Q value
0001b block floating point (BFP) bitwidth of each | and Q mantissavalue
0010b block scaling bitwidth of each | and Q scaled value
0011b u-law bitwidth of each compressed | and Q value
0100b modulation compression bitwidth of each compressed | and Q value
0101b BFP + selective RE sending bitwidth of each compressed | and Q value
0110b mod-compr + selective RE sending | bitwidth of each compressed | and Q value
0111b-1111b | reserved for future methods depends on the specific compression method

Type: unsigned integer (concatenated bit fields).
Field length: 8 bits.

8.3.3.14

Description: This parameter provides 1 byte for future definition, should be set to all zeros by the sender and ignored
by the receiver. Thisfield isonly present when udCompHdr is present, and is absent when the static 1Q format and
compression method is configured via the M-Plane.

Value range: {0000 0000b-1111 1111b}, but shall be set to all zeros.
Type: unsigned integer.
Field length: 8 bits.

reserved (reserved for future use)

8.3.3.15 udCompParam (user data compression parameter)

Description: This parameter applies to whatever compression method is used for the PRB (configured statically viaM-
Plane or specified in udCompHdr of the data section containing the PRB).

Value range: {0000 0000b-1111 1111k} .

Bit allocations
udCompMeth

7 (Isb) compParam

0000b = no compression absent 0 octets
0001b = block fl. Point (BFP) reserved (set to all zeros) | exponent (unsigned) 1 octet
0010b = block scaling 1 octet
sblockScaler (unsigned, 1 integer bit, 7 fractional bits)
0011b = p-law compBitWidth | compShift 1 octet
0100b = modulation compr. absent 0 octets
0101 = BFP + selective RE sReSMask[11:8] | exponent (unsigned) 1 octet
sending sReSMask[7:0] 1 octet
0110 = mod-compr + selective sReSMask[11:8] | reserved 1 octet
RE sending sReSMask[7:0] 1 octet
0111b—-1111b reserved (set to all zeros) ? octets
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Type: variable.

Field length: zero for udCompM eth values 0000b and 0100b, 8 bits for udCompM eth values 0001b, 0010b and 0011b,
16 bits for udCompMeth values 0101b and 0110b; other udCompM eth values may imply other lengths but will always
be an integer number of bytes.

8.3.3.16 iISample (in-phase sample)

Description: This parameter is the In-phase sample value. When the optional “little endian byte order” is chosen via M-
plane, refer to Annex D.2 for detail byte order, otherwise see Annex D.1 for example sample formatting.

Valuerange: {all zeros—all ones}.
Type: signed integer.
Field length: 1-16 hits.

8.3.3.17 gSample (quadrature sample)

Description: This parameter is the Quadrature sample value. When the optional “little endian byte order” is chosen via
M-plane, refer to Annex D.2 for detail byte order, otherwise see Annex D.1 for example sample formatting.

Valuerange: {al zeros—all ones}.
Type: signed integer.
Field length: 1-16 bits.

8.3.3.18 sReSMask (Selective RE Sending Mask)

Description: This parameter defines the 1Q usage mask when using the compression methods block floating point +
Selective RE sending or modulation compression + Selective RE sending. 1Q-samplesin corresponding PRB that are
included in the U-plane message are indicated with bit-value 1b in the mask. |Q-samples that are not included in U-
plane message are indicated with the bit-value Ob. The notation of the |Q-samples 1%, 2" ... is according to the same
order as shown in Table 6-2. The most significant bit in this mask is defined as the bit for the highest frequency RE in
the PRB.

Valuerange: { rrrr 0000 0000 0000b—rrrr 1111 1111 1111b}

Bit allocations:

7 (Ish) Number

reserved (set to al zeros)
I

gh 5" 40 3¢ 20 1S 1 Octet 2

Type: unsigned integer
Field length: 2 bytes

8.3.3.19 udCompLen (PRB field length)

Description: This parameter specifies the total number of octets including padding in the PRB fields up to the end of
current section. The maximum supported PRB field length is 2'-1, but the actual size may be further limited by the

maximum payload size of the underlying transport network. Thisfield isonly present for the following compression
methods:

udCompMeth 0101b = BFP + selective RE sending
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udCompMeth 0110b = Modulation compression + selective RE sending
Value range: {0000 0000 0000 0010b - 11111111 1111 1111b},
{ 0000 0000 0000 0000b, 0000 0000 0000 0001b} Reserved
Type: unsigned integer.
Field length: 16 bits.

NOTE: if an O-RU declares support of the field then udCompLen MUST be included in the U-Plane message (DL and
UL). If the O-RU does not declare support of thisfield then thisfield MUST NOT be included in the U-Plane message.
This ensures backward-compatibility with v03.00 of this Specification.

8.3.4 DL Data Precoding

e Section Extension ‘'3’ isused for C-plane and associated sectionlD for U-plane

¢ O-RU shall understand that for this Section Extension, O-RU should read 12 REs which have CRS reference
signalsin that PRB.

¢ O-RU shal understand the crsShift and crsReMask field to map appropriately the CRS REs to each antenna
port

Table 8-5: DL Data Precoding Example

C-plane example O-RU Outcome

DL Precoding configuration parameters and
indications (Section ext “3")

e Sectionext=3 e Based on numLayers, crsShift, crsSymNum and
e txScheme="txD’ crsReMask bit positions, CRS ports are mapped to the
e codeBooklndex= ‘00000000’ (invalid) appropriate RE position and rest are |eft blank.
e numLayer =4 CRS (4 If crsSymNum | crsReMask Bit
e layerld ='0000" (TxD) Layer) Position
e crsReMask= 001001001001 (Assuming (crs_Ant0) 0 {0,6} + vShift
MSB..LSB)
e crsSymNum=0000 (crs_Antl) 0 {3,9} + vShift
e crsshift=0
e beamldAP1
e beamldAP2
e beamldAP3
8.3.5 Data Transfer for Special Cases
8.35.1 Data Message Mapping and Packetization
See clause 8.3.2.
8.3.5.2 Uplink Data Transfer

Uplink 1Q data transfer is covered in clause 8.3.2. In particular, PRACH and other common channels as well as SRS
and other reference signal channels use the same frequency domain |Q data packetization as with user data channels
(PDSCH, PUSCH) following the transfer procedure described in clause 8.2.1. Alternatively, PRACH and SRS related
|Q data may be transferred as described in clause 8.3.5.3 and clause 8.3.5.4.

8.353 PRACH Data Transfer Without C-Plane

In addition to general uplink data transfer (see 6.3.5.2), PRACH related 1Q data may be transferred using the IQ data
transfer procedure without C-plane (see clause 8.2.2). In this case parameters controlling signal reception and sending
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U-plane messages are provided via M-plane. Refer to “ Static PRACH” in M-Plane specification (see [7]) for description
of M-plane parameters and rules for sending U-plane messages and interpretation of fieldsin U-plane messages.

8.354 SRS Data Transfer Without C-Plane

In addition to the general uplink data transfer (see 6.3.5.2), SRS related |Q data may be transferred with | Q data transfer
procedure without C-plane (see clause 8.2.2). In this case parameters controlling signal reception and sending U-plane
messages are provided via M-plane. Refer to “ Static SRS” in M-Plane specification (see [7]) for description of M-plane
parameters and rules for sending U-plane messages.

8.4 U-Plane Optimizations

8.4.1 Coupling via Frequency and Time

Coupling between C-Plane section descriptions and U-Plane data sections via frequency and time (for more details see
clause 7.4.1.2.2) is mode of operation enabled by eAxC via M-plane. It allows to optimize U-Plane message size by
combining data sections that are continuous in frequency and are within the same symbol. Combined data sections share
the same data section header (sectionld, rb, syminc, startPrbu, numPrbu and optionally udCompHdr) resulting in
reduced message size. Value of sectionld isthe same for all sections (predefined value) and does not prevent
combining. If udCompHdr is present, then data sections can be combined only if value of udCompHdr isthe same.
Details of resource allocation (e.g. discontinuity in frequency, differencesin compression) may restrict combining but
resulting U-plane message size is aways less or equal the size without combining.

This U-plane optimization method is compatible with all Section Types and Section Extensions with an exception for
Section Type 3. With this coupling method, when multiple Section Type 3 messages are sent each with two (or more)
different “freqOffset” values and/or “frameStrcutures’, but same startPrbc and numPrbc, each C-plane messages can be
uniquely identified by “freqOffset” and/or “frameStructure” fields, however associated U-Plane message with sectionld
as 4095 and with no “freqOffset” or “frameStructure” cannot be uniquely identified. Hence, Section Type 3 shall not be
used in conjunction with Time-Frequency Coupling. Note that frequency discontinuity of beamforming configurationin
C-plane does not imply discontinuity of data sectionsin U-plane.

Example 1: Let’s assume before combining in symbol sthere are two data sections: A and B such that A.udCompHdr =
B.udCompHdr and A.startPrbu < B.startPrbu and A.rb = B.rb = 0. If B.startPrbu = A.startPrbu + A.numPrbu then A and
B can be combined into data section C such that C.rb = 0, C.startPrbu = A.startPrbu, C.numPrbu = A.numPrbu +
B.numPrbu.

Example 2: Let’s assume before combining in symbol sthere are two data sections: A and B such that A.udCompHdr =
B.udCompHdr and A.startPrbu < B.startPrbu and A.rb = B.rb = 1. If B.startPrbu = A.startPrbu + 2¢A.numPrbu then A
and B can be combined into data section C such that C.rb = 1, C.startPrbu = A.startPrbu, C.numPrbu = A.numPrbu +
B.numPrbu.

Example 3: Let’s assume before combining in symbol sthere are two data sections: A and B such that A.udCompHdr =
B.udCompHdr and A.startPrbu < B.startPrbu and A.rb = B.rb = 1. If B.startPrbu = A.startPrbu + 1 and A.numPrbu =
B.numPrbu then A and B can be combined into data section C such that C.rb = 0, C.startPrbu = A.startPrbu, C.numPrbu
= A.numPrbu + B.numPrbu.

Note the above examples are non-exhaustive.

9 Counters and KPIs

9.1 Counters

This clause defines recommended ORAN CU-Plane specific performance counters for the fronthaul interface. Table
9-1 defines the set of mandatory and optional ORAN performance counters to be implemented within an O-RU or O-
DU. These counters are defined from the perspective of the O-RU’s or O-DU’ s Ethernet interfaces. These counters
increment on eCPRI/IEEE1914.3 message-based events. A message is defined as a complete eCPRI, or IEEE1914.3
message including header and payload. Unless otherwise noted in the table, these counters may be implemented to
count events with agranularity of per RU, per Transport Flow, or per eAxC as indicated in the fronthaul M-Plane
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specification [7]. Higher granularity counters provide more detailed information and can simplify managing and
troubleshooting the front haul network.

It is recommended that the counters defined in Table 9-1 shall only increment if the message is contained in avalid
(error free) layer 2 or 3 packet. In other words, if the packet has no layer 2 CRC or no layer 3 checksum errors it may be
counted. All counters defined in this specification are assumed to be wrap-around counters. Wrap-around counters are
counters that automatically go from their maximum/final value to zero and continue to operate. These are unsigned
counters. These counters shall provide for any explicit means to return them to their minimum/zero, i.e., reset during
normal operation. Due to their nature, wrap-around counters should be read frequently enough to avoid loss of
information.

Only the transport related counters are listed herein; other O-RU counters may also be relayed across the fronthaul
interface and these are described in Annex B of the M-Plane Specification [7].

Table 9-1 : O-RU and O-DU Performance Counter Definitions

Counter name Size Mandatory Counter Definition

(bits) or Optional
RX_TOTAL Mandatory | The total number of control/user plane eCPRI or 1914.3 messages
received. This counter isthe sum of all valid and errored messages
received. (previousy ORAN-WG4.CUS.0-v02.00 named this
Total_msgs rcvd)

RX_ON_TIME 64b Mandatory | The number of inbound user plane (ecpri type 0) messages that arrived
within the specified time window. Some “on time” messages may have
sequence number errors or corruption errors but aslong as they arrived
within specified window time, this counter should include them. If the
received message has been transport-fragmented, the full message shall
be reassembled before checking its arrival window.

« Implementation of asingle global counter is required.

¢ Implementation of per transport counters are optional.

« Implementation of per eAxC counters are optional.

RX_EARLY 64b Mandatory | The number of inbound user plane messages which were detected to
have arrived before the start of their designated receive window time.
This counter increments whether the message is subseguently
processed or dropped.

¢ Implementation of asingle global counter isrequired.

¢ Implementation of per transport counters are optional.

¢ Implementation of per eAxC counters are optional.

RX_LATE 64b Mandatory | The number of inbound user plane messages which were detected to
have arrived after the end of their designated receive window time.
This counter increments whether the message is subseguently
processed or dropped.

« Implementation of asingle global counter is required.

¢ Implementation of per transport counters are optional.

« Implementation of per eAxC counters are optional.
RX_SEQID_ERR 64b Optional The number of inbound on time user plane messagesin which a
sequence identifier number error is detected. When this counter is
implemented with an eAXC granularity, separate uplink and downlink
counters shall be implemented.

This error occurs when the ecpriSegld field does not increment as
specified in Clause 5.1.3. Both the Sequence ID, and Subsequence ID
fields shall be checked if transport fragmentation is supported
otherwise only the Sequence ID field may be checked.

In addition to identifying a sending equipment sequencing error, this
counter can increment when packets are dropped prior to reception by
the RU, or when packets reordered by the network exceed the
receiving device's capabilities.

RX_ON_TIME_C 64b Mandatory | The number of valid inbound control plane (ecpri type 2) messages
that arrived within the specified time window. Some “on time”
messages may have sequence number errors or corruption errors but as
long as they arrived within specified window time, this counter should
count them.
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Counter Definition

(bits)

or Optional

Implementation of a single global counter is required.
Implementation of per eAxC counters are optional.
Implementation of per transport counters are optional.
Implementation of counters for each combination of eAxC and
dataDirection fields are optional.

RX_EARLY_C

64b

Mandatory

The number of inbound control plane messages which were detected to
have arrived before the start of their designated receive window time.
This counter increments whether the message is subsegquently
processed or dropped.

« Implementation of asingle global counter is required.

¢ Implementation of per eAxC counters are optional.

¢ Implementation of per transport counters are optional.

e Implementation of counters for each combination of eAxC and
dataDirection fields are optional.

RX_LATE C

64b

Mandatory

The number of inbound control plane messages which were detected to
have arrived after the end of their designated receive window time.
This counter increments whether the message is subseguently
processed or dropped.

¢ Implementation of asingle global counter isrequired.

¢ Implementation of per eAxC counters are optional.

« Implementation of per transport counters are optional.

e Implementation of counters for each combination of eAxC and
dataDirection fields are optional.

RX_SEQID_ERR_
C

64b

Optiona

The number of inbound on time control messages in which a sequence
identifier number error is detected. This counter increments under the
same conditions as the rx_seqgid_num_err except for control plane
messages.

¢ Implementation of aglobal counter is optional.

¢ Implementation of eAxC countersis optional.

« Implementation of per transport counters are optional.

« Implementation of counters for each combination of eAxC and
dataDirection fields are optional.

RX_CORRUPT

64b

Optional

The number of inbound on time messages with a correct ecpriSeqld
(no sequence number error) which are dropped by the terminating
entity due to the message containing one or more eCPRI/1914.3 or
ORAN protocol errors. This counter’s granularity islimited to per O-
RU or per transport flow implementations.

Protocol errors are defined as when eCPRI/1914.3/ORAN defined
fields contain invalid values or indicate unsupported capabilities.
Some examples of thisare:

1. Pcld or section Id number which has not been configured.

2. Unexpected use of C hit,

3. Unconfigured or Unsupported udCompHdr setting.

4. Unsupported Section Extension.

5. Wrong ecpriVersion and/or payloadV ersion information

6. ecpriMessage field does not contain 0, 2, or 5.

RX_ERR_DROP

Optional

The total number of inbound messages which are discarded by the
receiving O-RAN entity for any reason.

RX_PKT_DUPL

64b

Optional

Duplicated packet. This counter is depr ecated.

TX_TOTAL

64b

Mandatory

The number of valid outbound control/user plane messages.

TX_TOTAL_C

64b

Mandatory

The number of valid outbound control plane messages. This counter is
required on an O-RU only if O-RU supports LAA/LBT capabilities.

NOTE: A counter islisted as mandatory if it is considered important enough to be necessary for the O-RU or O-DU to
be compliant to this specification. A counter is defined as optional if it is of lessor importance and therefore is not
necessary to implement for compliance to this standard.
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10 Specification Mandatory and Optional Capabilities

10.1 General

This clause provides details regarding which capabilities within the specification are mandatory and which are optional.
Thelist will in general be different for the O-DU versus the O-RU because in many cases, the O-DU will need to
implement multiple options as mandatory to ensure interoperability with O-RUs that have optional capabilities. For
example, the ability to support many compression methods may be mandatory in the O-DU while in O-RUs there may
be only a single mandatory compression method to allow simplicity in O-RU design (while vendors may enhance their
O-RU product offering by implementing some of the optional compression methods).

Table 10-1 : O-RAN-Supported LTE and NR Channels

Physical Channel Support

LTE DL Channels PDSCH, PBCH, PCFICH, PDCCH, ePDCCH, MPDCCH, PHICH, CRS, MBSFN RS, UE-
RS, DMRS for ePDCCH/MPDCCH, PRS, CSI-RS, PSS, SSS, Discovery RS
LTE UL Channels PUSCH, PUCCH, DMRS-PUSCH, DMRS-PUCCH, SRS, PRACH (incl. eMTC)

Narrow band IoT DL Channels NB-DMRS, NB-PDSCH, NB-PBCH, NB-PDCCH, NB-RS, NB-PRS, NB-PSS, NB-SSS
Narrow band loT UL Channels NB-PUSCH, NB-PRACH

NR DL Channels PDSCH, PDCCH, DMRS-PDSCH, PTRS-PDSCH, DMRS-PDCCH, DRMS-PBCH, CSI-
RS, PSS, SSS, SS Block/PBCH
NR UL Channels PUSCH, PUCCH, PRACH, DMRS-PUSCH, PTRS-PUSCH, DMRS-PUCCH, SRS
‘ System Capability Support
Technologies LTE TDD, FDD (normal and extended CP)
NR TDD, FDD

LTE: 1.4, 3,5, 10, 15, 20 MHz
NR: up to 400MHz

Channel Bandwidth

LTE: 15kHz, 7.5kHz, 1.25kHz
LTE PRACH: 1.25kHz, 7.5kHz
NB-loT PRACH: 3.75kHz

Subcarrier Spacing NR: 15, 30, 60, 120, 240 kHz
NR Multi Numerology

NR PRACH: 1.25, 5, 15, 30, 60, 120 kHz
DL Transmission Modes : TM1 - TM10
UL Transmission Modes : TM1, TM2

Carrier Aggregation

eMBMS

TTI-Bundling

Semi-Persistent Scheduling (SPS)
MIMO (SU/MU-MIMO)

UE TAS (Tx Antenna Selection)
FelCIC (ABS)

CoMP (DL/UL), JT

Short TTI

eMTC

NB-10T (in band/guard band/standalone)

LTE Specific Features

License Assisted Access (LAA)
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Sidelink (Proximity Services)

Dynamic TDD (elMTA)

Mission Critical PS-LTE Features (MCPTT, ..)

Positioning (PRS, OTDOA etc)

V2X

Distributed Antenna System Support

CBRS Support

EN-DC

SSBlock

BW Part

NR Specific Features
Supplementary UL

Mini-slot

LTE-NR Co-existence

Analog Beamforming

Digital Beamforming

Beamforming
Hybrid Beamforming

O-RU Support for 64 TRX

L2 : Ethernet

Transport L3 : IPv4, IPv6

QoS over Fronthaul

Table 10-2 describes the capabilities required of O-DU and O-RU units. There are three choices:
Mandatory: the unit shall support the described capability to be O-RAN compliant.

Conditional M andatory: the unit shall support the described capability to be O-RAN compliant, but the Notes column
described the conditions under which the capability is mandatory.

Optional: the unit may not support the capability and still be O-RAN compliant, but if the unit does support the
described capability it shall support it in the way described within the O-RAN specifications.

Table 10-2 : O-RAN Mandatory and Optional Features

O-DU

O-RU

Category Feature of O-DU or O-RU Support Support
The O-DU may only support fewer
than 8 spatia streams; that number
O-RU Support for CAT-A O-RU (up to of spatial streams shall however be
Category 8 spatial streams) Mandatory | NA supported for CAT-A O-RUs.
SUbDOrt Support for CAT-A O-RU (> 8
PP spatial streams) Optional NA
Support for CAT-B O-RU
(precadingin O-RU) Mandatory | NA
Condition applies to UE-specific
BF for any O-RU capable of BF; a
non-BF radio shall be supplied a
Beamn- zero pegmld if aC-PlI ane message
forming Conditional | containing a beamld will be sent at
Beam I ndex based Mandatory | Mandatory | al (FFS).
Condition for O-DU: Mandatory
Conditional | Conditional | only for O-DUs designed to support
Real-time BF Weights Mandatory | Mandatory | any kind of BF that involvesthe
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Category

Support

Support

operation of updating BF weightsin
real-time;

Condition for O-RU: for any O-RU
internally using BF weights, the
ability to update the weightsin real-
time via C-Plane messages (using
“Real-time BF Weights”) shall be
mandatory.

Thisis considered to not internally

Real-Time Beamforming Attributes | Optional Optional use BF weights.
Thisis considered to internally use
Real-Time UE Channel Info Optiona Optional BF weights.
Predefined beam tilt for Beam
Index based Beamforming Optiona Optional
Antenna Calibration support Optional Optional
Null-layer Info. for ueld-based
beamforming using Section
Extension 14 Optional Optional
User port group indication for
beamforming based on UE channel
(Section Extension = 17) Optiona Optional
IQ Data For mats
16-bit mandatory (others
- Fixed point (no compression) Mandatory | Mandatory | optional).
9, 12 & 14-bit mantissa
mandatory if this compression
method is supported (others
optional).
Condition: if an O-DU or O-RU
Conditional | Conditional | supportsany IQ compression it
- Block floating point compression | Mandatory | Mandatory | shall support this one.
9 & 14-bit scaler mandatory if
this compression method is
- Block scaling compression Optional Optional supported (others optional).
9 & 14-bit width mandatory if
this compression method is
- u-law compression Optional Optional supported (others optional).
4-bit width mandatory if this
Bandwidth . . . ' comprpn method is supported
Saving - Modulation compression Optional Optional (others optlopal). '
9,12 & 14-bit mantissa
mandatory if thiscompression
- Block floating point compression method is supported (others
+ selective RE sending Optional Optional optional).
4-bit width mandatory if this
- Modulation compression + compression method is supported
selective RE sending Optional Optional (others optional).
If the O-RU declares support of
udCompLen then it shall be used,
otherwise it shall be omitted (in DL
and UL U-Plane messages); thisis
only relevant for block floating
point with selective RE sending or
Conditional modulation compression, with
Presence of udCompLen Mandatory | Optional selective RE sending.
IQ data format is determined by
Real-time variable bit-width Optional Optional value of udCompHdr. Thisimplies
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Category

presence of udCompHdr in U-plane
messages.

Real-time variable bit-width per

IQ data format is determined by
value of udCompHdr. Thisimplies
presence of udCompHdr in U-plane
messages. Values of udCompHdr
can be different in different sections

Channel (per data section) Optional Optional in the U-plane messages.
IQ data format is determined by M-
plane configuration. Thisimplies
absence of udCompHdr in U-plane
messages.
Mandatory for supported 1Q
Static configuration of U-PlaneIQ | Conditional | Conditional | formatslisted in 7 rows under “1Q
format and compression header Mandatory | Mandatory | DataFormats’ in thistable.
This compression algorithmis
Beamspace compression Optional Optional specific to beamforming weights.
Use of “syminc” flag to allow
multiple symbolsin a C-Plane
section Optional Optional
Coupling via sectionld Value Mandatory | Mandatory
Coupling via Frequency and Time If O-RU or O-DU supports
“Coupling via Frequency and Time
Conditional | Conditional | with Priorities’ it shall also support
Mandatory | Mandatory | thisone.
Coupling via Frequency and Time
with Priorities Optional Optional
Coupling via Frequency and Time Refer clause 7.4.1.2.4 and clause
with Priorities (Optimized) Optiona Optional 75.7.1.
PRACH datatransfer without C-
Plane Optional Optional
SRS data transfer without C-Plane | Optional Optional
Energy
Savings Transmission blanking Optiona Optional
Defined Transport Method Mandatory | Mandatory
If O-RU supports Measured
Transport Method it shall support
both 1-Step and 2-step version of
T12 measurement and at least one
of 1-Step or 2-Step version of T34
O-DU - measurement.
O-RU If the O-DU supports T34
Timing measurement it shall support both
1-Step and 2-Step version.
Measured Transport Method Refer clause 4.3.3.3 for more
(eCPRI Msg 5) Optional Optional detailed information.
External Antenna Delay handling Using Tdaand Tau parameters as
using Minimal O-DU Impact defined in clause 4.6.1.
Method Optional Optional
- All O-RUs shall support the
multicast PTP profile of G.8275.1
. except for O-RUs targeting only
Synchroni- config LLS-CA4.
zation
- O-DU and O-RU end applications
Conditional | may optionally use PLFS input
G.8275.1 NA Mandatory | within G.8275.1.
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Category

Support

Support

- in LLS-C1 config, the emission of
PLFS by O-DU is only mandatory
if O-RU requiresit.

- in LLS-C2 config, the emission of
PLFS by O-DU is mandatory.

- in LLS-C3/C4, the O-DU does not
transmit synchronization signals to
the O-RU, so the emission of PLFS
isoptional.

-inLLS-C2and LLS-C3
topologies supporting Shared cell,
the emission of PLFS is mandatory
for network elementsin the
Fronthaul synchronization chain
(FHM or cascaded O-RUsthat are
on the path to other network
elementsin the synchronization
chain).

- O-DU (in LLS-CL/C2/C3/CA4) or
O-RU (in LLS-CL/C2/C3) may
optionally be synchronized from a
(G.8275.2 PTP source.

-in LLS-CL/C2, O-DU may
optionally act as G.8275.2 PTP
master on the fronthaul for the O-

(G.8275.2 Optional Optional RU.
O-DU (in LLS-C1/C2/C3/C4) or O-
RU (in LLS-C4) may optionally be
synchronized from alocal time
Local PRTC Optional Optional source, for example GNSS-based.
L2: Ethernet Mandatory | Mandatory
L3: IPv4, IPv6 (CUS Plane) Optional Optional
QoS over Fronthaul Mandatory | Mandatory
Prioritization of different U-Plane
traffic types Optional Optional
Transport Support of Jumbo Ethernet frames | Optional Optional
Features eCPRI Mandatory | Mandatory
support of eCPRI concatenation Optional Optional
IEEE 1914.3 Optiona Optiona
Application layer fragmentation Mandatory | Mandatory | C-Plane and U-Plane.
Radio Transport layer
fragmentation Optional Optional U-Plane (see clause 5.1.3.1.7).
O-RU may ignore message if
blanking or other Section Type 0
Section Type 0 Optiona Mandatory | utility is not supported.
Section Section Type 1 Mandatory | Mandatory
Types/ ,
extensions Section Type 3 Mandatory | Mandatory _
Specific to Channel-Info
Section Type 5 Optional Optional beamforming.
Specific to Channel-Info
Section Type 6 Optional Optional beamforming.
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Category

Support

Support

Specific to LAA whichisan

Section Type 7 Optiona Optional optional capability.
Condition for O-DU: Mandatory
only for O-DUs designed to support
any kind of BF that involvesthe
operation of updating BF weightsin
real-time;
Condition for O-RU: for any O-
RU internally using BF weights, the
ability to update the weightsin real -
time via C-Plane messages (using

Beamforming weight transfer using | Conditional | Conditional | “Real-time BF Weights’) shall be

Section Extension =1 Mandatory | Mandatory | mandatory.

Beamforming attribute transfer Attribute-based beamforming is

using Section Extension = 2 Optiona Optional optional.
While CAT B is mandatory, it is
possible to precode using

DL precoding configuration using beamforming so use of this

Section Extension = 3 Optional Optional extension is optional.

Modulation compr. Parameters Modulation compression is

using Section Extension =4 Optional Optional optional.

Modulation compr. Parameters Modulation compression is

using Section Extension =5 Optional Optional optional.

Non-contiguous PRB allocation Use of non-contiguous PRBsis

using Section Extension = 6 Optional Optional optional.

eAXxC masking using Section

Extension =7 Optiona Optional Use of eAxC masking is optional.
Specific to Channel-Info
beamforming;
O-DU condition: if O-RU and O-
DU both support Channel-Info BF,
then the O-DU shall use Section
Extension =8 to convey MMSE
parameters;
O-RU condition: if the O-RU
supports Channel-Info BF, then the
O-RU shall accept Section

Provide MM SE parameters using Conditional | Conditional | Extension =8 MM SE parameters

Section Extension =8 Mandatory | Mandatory | fromthe O-DU.
DSS using overlapping carriersis

Add LTE/NR indicator using possible; DSS using this Section

Section Extension =9 Optional Optional Extension is optional.

Group configuring of multiple ports Use of multiple port (multiple

using Section Extension =10 Optiona Optional eAxC) grouping is optional.
Use of flexible beamforming

Flexible Beamforming Weights weights Section Extension is

using Section Extension =11 Optiona Optional optional.

Non-contiguous PRB allocation

with frequency ranges using

Section Extension =12 Optional Optional

PRB allocation with frequency

hopping using Section Extension

=13 Optional Optional

Nulling-layer Info. for uel d-based

beamforming using Section

Extension = 14 Optiona Optional

Mixed-numerology Info. for ueld-

based beamforming using Section

Extension =15 Optiona Optional
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Category

Antenna mapping in UE channel
information based UL beamforming

Use of antenna mapping in UE
channel information based UL

using Section Extension = 16 Optional Optional beamforming is optional.
Description for indication of user
port group using Section Extension
=17 Optional Optional
Uplink traffic management using Mandatory if uplink traffic
Section Extension = 18 management using C-Planeis
supported. Not permitted if uplink
Conditional | Conditional | traffic management using C-Plane
Mandatory Mandatory is not supported.
Compact multiple port See clause 7.4.7.19 and 7.5.10.
beamforming information using
Extension =19 Optiona Optional
Dedicated puncturing Section using See clause 7.4.7.20 and 7.5.11.
Extension = 20 Optiona Optional
LAA LBT O-DU Congestion Conditional | Conditional | Mandatory only for O-DUs and O-
Window mgmt Mandatory | Mandatory | RUS supporting LAA.
LAA LBT O-RU Congestion
Window mgmt Optional Optional
UL gain correction per eAxC Optional Optional See clause 8.1.3.2.2.
See Reference_Level in clause
DL reference level adjustment Optional Optional 8.1.3.3.
FS adjustment Optional Optional See FS Offsetin clause 8.1.3.
Other Ordered transmission Optional Optional See clause 4.5.3.
features Uplink traffic management using
M-Plane Optional Optional See clause 4.5.4.
Uplink traffic management using C-
Plane Optional Optional See clause 4.5.4.
See clause 4.5.2, Requires support
of uplink traffic management (using
Uniformly distributed transmission | Optional Optional M-plane or C-plane).
See clause 4.5.4. Requires support
Independent U-plane transmission of uplink traffic management (using
window control Optiona Optional M-plane or C-plane).
C-Plane Message processing O-RU Refer clause 7.6.2 CUS-Plane and
limits Optiona Optional clause 15.8 M-Plane.

NOTE: when a capability that is "per endpoint” is cited as MANDATORY in the O-RU, it means at least one endpoint
shall support it (a minimum number meaningful for the functionality of the O-RU), not that ALL endpoints shall

support it.

Note al so that for some Mandatory capabilities, only a subset of the full set of parameter valuesisreally mandatory, this
ismarked in the “Note” column. For some Optional capabilities, there are parameter val ues that shall be supported (if
the optional capability is present) and other parameter values may be supported but are not mandatory for that optional
feature. These are marked in the Note column.
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11 S-Plane Protocol

11.1 General

11.1.1 Overview

Time and frequency synchronization can be distributed to the O-DU and O-RU in different manner. However,
synchronization accuracy is mostly impacted by implementation (e.g., timestamping near the interfaces, number of
hops) than by the technology itself. The following synchronization options are available over an Ethernet network:

e Frequency synchronization where clocks are aligned in frequency

e  Phase synchronization where clocks are aligned in phase

e Time synchronization where clocks are aligned to a common base time

Together the above parameters define a profile for the network, requiring a set of features and option selections for
bridges and end stations operation. Further, the profile also states the conformance requirements for supporting
equipment and user applications.

This edition of the document considers frequency, phase and time synchronization of al the network elements (O-DUs,
intermediate switches and O-RUs) for TDD and FDD features requiring specific TAE. Frequency-only configurations
(like LTE FDD or 5G FDD) are For Further Study.

This edition of the document considers macro BTS O-DUs and not small cells that have O-DU and O-RU in the same
box and therefore no need for fronthaul link.

11.2  Synchronization Baseline

11.2.1 List of Reference Documents

See clause 2.

11.2.2 Clock Model and Synchronization Topology

Different O-RAN synchronization topologies are necessary to address different deployment market need. The
following 4 topology configurations are considered by O-RAN as compliant topol ogies for supporting the O-RU
synchronization needs. A configuration label isused for easier reference through this specification:

e Configuration LLS-C1: with this topology, the O-DU is part of the synchronization chain towards the O-RU.
Network timing is distributed from O-DU to O-RU via direct connection between O-DU site and O-RU site

e Configuration LLS-C2: with this topology, the O-DU is part of the synchronization chain towards the O-RU.
Network timing is distributed from O-DU to O-RU between O-DU sites and O-RU sites. One or more Ethernet
switches are allowed in the fronthaul network. Interconnection among switches and fabric topology (for example
mesh, ring, tree, spur etc.) are deployment decisions which are out of the scope of this O-RAN specification.

e Configuration LLS-C3: with this topology, the O-DU is not part of the synchronization chain towards the O-RU.
Network timing is distributed from PRTC/T-GM to O-RU typically between central sites (or aggregation sites) and
O-RU sites. One or more Ethernet switches are allowed in the fronthaul network. Interconnection among switches
and fabric topology (for example mesh, ring, tree, spur etc.) are deployment decisions which are out of the scope of
this O-RAN specification

e Configuration LLS-C4: Thistopology concerns the case where the synchronization reference is provided to the O-
RU with no involvement of the transport network (typically with alocal GNSS receiver).

Note applyingto al LLS-C1to LLS-C4:

e With exception of the O-DU and O-RU, only clock types and classes (PRTC/T-GM, T-BC, T-TC) under G.8271.1
are covered by this document.
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e How O-DU issynchronized is not in the scope of this classification of the synchronization topologies. O-DU may
be synchronized from either alocal or remote PRTC.

11.2.21 Topology configuration LLS-C1 and LLS-C2 Synchronization

Configuration LLS-C1 is based on point-to-point connection between O-DU and O-RU using network timing option.
Asshownin Figure 11-1 below, it is basically the simplest topology for network timing option, where O-DU directly
synchronizes O-RU.

Configuration LLS-C2 issimilar to LLS-C1 with O-DU acting as master to distribute network timing toward O-RU.
One or more Ethernet switches are allowed between the centra site (hosting O-DUs) and the remote sites (hosting O-
RUs). The alowed number of switchesin the synchronization path is limited by frequency and time error contributions
by al clocksin the chain.

With Full Timing Support, the allowed network noise limit in the budget can be met by a certain number (refer to
Annex H for more details) of Class B or class C T-BC switches as shown in Figure 11-1 below. Additional T-BC
switches may be allowed if total noise limit can be met. The synchronization master islocated at the O-DU. Further, all
Ethernet switches in the fronthaul function as Telecom Boundary Clocks as specified by ITU-T G.8273.2. T-TC switch
isalso alowed as T-BC replacement with the same expectation based on G.8271.1.

With Partial Timing Support, non-T-BC switches may also be deployed. Further investigation is required to specify
appropriate frequency and timing budgets and network configuration to ensure 4G and NR TAE requirements as
described in Table 9-3 and 3GPP frequency accuracy reguirements can be met.

I nterconnection among switches and fabric topology (for example mesh, ring, tree, spur etc.) are deployment decisions
which are out of the scope of this O-RAN spec.
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Figure 11-1 : Configurations LLS-C1 and LLS-C2 synchronization (see notes below for additional
information on O-DU, O-RU, Switch functionality).

Notes for O-DU:

O-DU acts as PLFS + PTP synchronization master towards the fronthaul interface, but there are different possible sub-
configurations based on the O-DU sync source. Two main cases are possible: O-DU isitself the master at the top of the
synchronization chain (e.g., PRTC directly connected to the O-DU) or it gets synchronization from the network. In
particular:

e if O-DU synchronization source isfrom alocal PRTC (typically a GNSS receiver), it may act asaT-GM, or asa
specific PLL with higher jitter and wander filtering capability.

e if O-DU synchronization source is from aremote PRTC through a network (typically PTP, with or without PLFS,
which grandmaster can be located anywhere in the network), O-DU acts as synchronization subordinate toward the
upstream network. Two sub- configurations are possible:

o If the PTP profile used in the upstream network is different (typically ITU-T G.8275.2) from the fronthaul
one (whichistypically ITU-T G.8275.1), then the O-DU acts as an InterWorkingFunction clock to bridge
between the profiles, asdefined in ITU-T G.8271.2 (but no clock specification exists for such IWF). This
is For Further Study.
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o If the PTP profile used in the upstream network is same as the fronthaul one (typically ITU-T G.8275.1),
then the O-DU may act as a combined PTP Subordinate and Master with higher jitter and wander filtering
capability. NOTE: O-DU acting asalTU-T G.8273.2 T-BC clock does not provide enough wander
cleaning to guarantee the 15 ppb limit and is therefore outside the scope of LLS-CL/LLS-C2.

When multiple O-DU are directly connected to the central site aggregation switch supporting T-BC in configuration
LLS-C2, only one active Master will be in the clock chain. One O-DU will serve as active GrandMaster to al O-RUSs,
including the ones controlled by other O-DUs over the M-plane. If Master redundancy is needed, another O-DU shall
serve as backup Master.

Notesfor Switches:
e |ITU-T “Full Timing Support” Clock: ITU-T G.8273.2 T-BC (or ITU-T G.8273.3T-TC).

e Inthe case of FHM or cascaded O-RU used in shared cell topologies described in clause 13, this equipment also
behavesasan ITU-T “Full Timing Support” Clock from its subordinate to master port from S-plane point of view.

e  Partia timing support using non-T-BC switches may also be allowed. G.8275.2 Telecom Profileisrequired for
partial timing support. Performance aspects and budgets associated with this mode require further investigation.

Notes for O-RU:

e Asanend application, the O-RU includes an application-specific PTP (T-TSC*) subordinate clock that may be
compliant to G.8273.2 T-TSC. The combination of the T-TSC* and the local RF end application clock needsto
fulfill additional requirements to ensure 3GPP air interface compliance on the RF interface.

T-TSCis per IEEE 802.1CM interface condition Case 1.

e Inthe case of Shared Cell using cascade mode with direct chaining of the O-RUs, the O-RU also implements either
ITU-T G.8273.2 T-BC or ITU-T G.8273.3 T-TC on the path between the S-Plane subordinate and S-Plane master
ports (as per above Notes for Switches).

If the O-RU is not on the synchronization path to other O-RUs, the O-RU is not required to support T-BC or T-TC
functions. These may be supported by a collocated switch.

e Anend application connected to an external T-TSC per |EEE 802.1CM interface condition Case 2. This case may
be excluded by O-RAN since the O-RU generally does not provide a separate PPS/ToD interface for external T-
TSC connection, and there may be some performance concerns about the 1pps distribution interface compared to
PTP over Ethernet.

11.2.2.2 Topology configuration LLS-C3 Synchronization

Configuration LLS-C3 issimilar to LLS-C2 except frequency and time distribution is made by the fronthaul network
itself (not by the O-DU). That means that one or more PRTC/T-GM are implemented in the fronthaul network to
distribute network timing toward O-DU and O-RU. One or more Ethernet switches are allowed between the central site
(hosting O-DUs) and the remote sites (hosting O-RUs). The permitted number switches in the synchronization path is
limited by frequency and time error contributions by all clocksin the chain.

With Full Timing Support, al Ethernet switchesin the fronthaul function as T-BC as specified by ITU-T G.8273.2. T-
TC switch is also allowed as T-BC replacement with the same expectation based on G.8271.1.

Partial Timing Support using non T-BC switches may also be allowed. G.8275.2 Telecom Profile is required for Partial
Timing Support. Performance aspects and budgets associated with this mode requires further investigation.

I nterconnection among switches and fabric topology (for example mesh, ring, tree, spur etc.) are deployment decisions
which are out of the scope of this O-RAN spec.
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Figure 11-2 : Configuration LLS-C3 synchronization (see notes below for additional information on O-
DU, O-RU, Switch functionality).

Notes for O-DU:

Unlike LLS-C1 & LLS-C2, O-DU does not act as synchronization master towards the fronthaul interface. It can select
its own synchronization from local or remote PRTC likein LLS-C1/LLS-C2, but can also select the same
synchronization master from the fronthaul asthe O-RU and act asan ITU-T G.8273.2 Telecom Time Slave Clock (T-
TSC).

One possible LLS-C3 implementation consists in having one of the ITU-T G.8273.2-compatible T-BC of the chain
being the O-DU.

Whether O-DU is or not involved in the synchronization of the O-RU, it shall meet the time error limit for latency
management as specified in clause 4.3.

Notesfor Switches:
Sameasfor LLS-C2.
Notesfor O-RU:
SameasLLSCl& LLS-C2.

Notesfor PRTC/T-GM (asoperator choicein deployment):

e ThePRTC (typically a GNSS receiver) can be embedded either in an external T-GM connected to any T-BC, or an
embedded function inside any T-BC in the network,

e Multiple PRTC/T-GMs can offer redundancy. ITU-T G.8275.1 BMCA is used to optimize the time distribution
through the clock chain.
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11.2.2.3 Topology configuration LLS-C4 Synchronization

O-RAN maintains network timing distribution as the preferred approach within the fronthaul network, however, there
could be some deployment use cases that prevent the fronthaul network (or only a section of the network) from being
upgraded to G.8271.1 compliance and meeting the target performance at the O-RU. To cover these use cases, the O-
RAN synchronization strategy shall allow local PRTC (typically GNSS) timing option at the O-RU.

It should be noted that such timing support at O-RU requires extra timing interface or embedded function. Examples of
implementation include:

e aloca PRTC that provides time synchronization to the O-RU viaa 1PPS/ToD interface
e aloca PRTC/T-GM that provides synchronization to the O-RU viaalocal PTP interface
e aloca PRTC embedded in the O-RU

local PRTC
time source

Config LLS-C4 M

central site NO PTP and PLFS remote site \_ D
0O-DU support required O-RU — .
Fronthaul Additional noise
(any allowed filtering to meet
local or remote configuration) 3GPP
PRTC
time source

O-RAN fronthaul
Air interface

Note : Additional O-RU noise filtering is needed to filter sync source dynamic noise to meet 3GPP
frequency accuracy requirement and satisfy target |TAE|.

Figure 11-3: Configuration LLS-C4 synchronization

Notes for O-DU:

Unlike within LLS-C1 & LLS-C2 configurations, O-DU does not act as synchronization master towards the fronthaul
interface. It can select its own synchronization from local or remote PRTC likein LLS-C1/LLS-C2, but can also select
the same synchronization master from the fronthaul.

Although O-DU is not involved in the synchronization of the O-RU, it shall meet the time error limit for latency
management as specified in clause 4.3.

11.2.3 Clock Synchronization

The following requirements are provided for clock synchronization:

e For Full Timing Support networks (either upstream O-DU or fronthaul between O-DU and O-RU), PLFS
(typically SyncE) shall be used within the fronthaul network distribution per ITU-T G.8271.1, G.8275.1 and
(G.8273.2. Inan LLS-C1 configuration, the O-DU shall drive the PLFS regardless of its own selected time
source. A derogation applies under the operator’ s responsibility in the specific case where O-RU does not
make use of PLFS, in which case PLFS emission is optional for the O-DU. In an LLS-C2 configuration, the
O-DU shall drive the PLFS regardless of its own selected time source. Inan LLS-C3 configuration, the
network shall deliver the PLFSto all switches and O-RUs. However, an O-DU or O-RU end application is not
required to use a PLFS to achieve clock (frequency) synchronization. They can use PTP aone to achieve both
frequency and phase/time synchronization. The ITU recommendations listed above refer to any PLFS and not
just Synck (for example SDH). However only SyncE has been fully studied for the T-BC so far (ITU-T
G.8273.2), and SyncE isthe most common implementation asit isin-band over Ethernet.

e  For Partial Timing Support networks (either upstream of the O-DU or via the fronthaul between the O-DU and
O-RU), PLFS may optionally be used, as per ITU-T G.8271.2 and G.8275.2

e  When used for clock synchronization, Synck shall comply with the following ITU-T specifications:
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Definitions: ITU-T G.8260

Architecture: ITU-T G.8261

SSM transport channel and format: ITU-T G.8264

Clock specifications: ITU-T G.8262 (EEC) for the original, non-enhanced SyncE
Clock specifications: ITU-T G.8262.1 (eEEC) for the enhanced SyncE
Functional model and SSM processing: ITU-T G.781

OO0 o0OOo0o

o

e PLFSimplementations other than Synck are for further study.
All network elementsin the fronthaul network need to use the same PLFS method for optimal interoperability
and performance.

e |ITU-T G.8271.1 shall be consulted for guidance on balancing the need to meet atarget air interface
performance at the O-RU with the maximum number of hops allowed. The network operator shall plan for
specific fronthaul network deployment based on this guidance.

e Theuse of eEECsisrecommended as they generate less noise (Time error, FFO) in normal operation and
during network rearrangements than EECs, alowing alarger number of hops while meeting a given time error
budget.

11.2.4 Profiles

11.2.4.1 Physical Layer Frequency Signals (PLFS)
An implementation providing Synck shall:

e  Support ITU-T G.781 Option 1 Quality Level (per clause 5.4 Quality Code of ITU-T G.781)
0 Support ITU-T G.781 other options, is for further study. ITU-T G.8271.1 analysis has only been done
with a synchronous Ethernet network based on option 1 EECs or eEECs.

e Support ITU-T G.8264 message types, format, transmission and reception (per Table 11.3 of ITU-T G.8264) if
SyncE is used.
0 Support of extended SSM TLV (per the 2017 edition of ITU-T G.8264) isoptional, and For Further
Study

Alternate PLFS implementations are for further study.

NOTE: The accepted QL may be limited to PRC or better value for optimal operation, while other values may be used
under at the operator’ s discretion considering the holdover capability of the SyncE source and the way the end
applications use SyncE.

11.2.4.2 PTP

11.2.4.2.1 Full Timing Support

Use of IEEE 1588 or PTP for time/phase synchronization shall be according to its clauses referred by ITU-T G.8275.1
(Full Timing Support).

Notes:
e TheT-TSCinside the O-RU and O-DU are considered as T-TSC inside 3GPP end application modules. Such
T-TSC may not provide a 1PPS measurement interface, and ITU-T G.8273.2 Appendix IV applies: the

combined performance within each module may not behave as a stand-alone T-T SC described in the normative
section of the recommendation.

e PLFSand PTP distribution shall be supported (with afew derogations listed in Table 8-2), either using
congruent or non-congruent topologies, as per ITU-T G.8271.1.

e O-RUsshal support L2 (Ethernet) and multicast communication when acting asan ITU-T G.8275.1 PTP
subordinate in a fronthaul network, which is considered “mandatory” in this version of the CUS-Plane
specification.

e O-RUsand O-DUs supporting LLS-C1, LLS-C2, and LLS-C3 shall follow ITU-T G.8275.1 clause 6, including
requirements related to one-step and two-step clock mode.
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For configurations LLS-C1 and LLS-C2, the O-DU shall support L2 (Ethernet) and multicast communication
when acting asan ITU-T G.8275.1 PTP master in afronthaul network to synchronize the O-RUs, whichis
considered “mandatory” in this version of the CUS-Plane specification.

For al configurations, O-DU shall support L2 (Ethernet) and multicast communication when acting asan I TU-
T G.8275.1 subordinate in afronthaul or other network, which is considered “optional” in this version of the
CUS-Plane specification.

11.2.4.2.2 Partial Timing Support

Support of Partial Timing Support using ITU-T G.8275.2 Telecom Profile is currently considered as permissible but
requires additional considerations:

Partial Timing Support allows switches with no T-BC or T-TC, hence there is no guarantee of synchronization
performance based on ITU-T standard specification such as G.8273.2. Asaresult, the system operator shall
ensure the network components will have adequate performance to meet frequency and phase error budgets to
allow an accurate detection of frequency accuracy and phase for proper network operation. Such budgets and
implications on performance require further investigation.

O-RUs may support L3 (UDP/IP) and unicast communication when acting asan ITU-T G.8275.2 PTP
subordinate in a fronthaul network, which is considered “optiona” in this version of the CUS-Plane
specification.

O-RUs and O-DUs supporting LLS-C1, LLS-C2, and LLS-C3 shall follow ITU-T G.8275.2 clause 6,
including requirements related to one-step and two-step clock mode.

For configurations LLS-C1 and LLS-C2, the O-DU may support L3 (UDP/IP) and unicast communication
when acting asan ITU-T G.8275.2 PTP master in afronthaul network to synchronize the O-RUs, whichis
considered “optional” in this version of the CUS-Plane specification.

For all configurations, the O-DU may support L3 (udp/ip) and unicast communication when acting as an I TU-
T G.8275.2 PTP subordinate, which is considered “optional” in this version of the CUS-Plane specification.

Note finally that Partial Timing Support is not finalized in the ITU, which has considered this timing method only for
relatively coarse timing accuracy (1.5 pusec). Using Partial Timing Support for S-plane fronthaul distribution to the O-
RU to satisfy tighter requirements than levels of accuracy 4 and 4A (as per ITU-T G.8271 Table 1) isfor further study.

11.2.5 Synchronization Accuracy

The parameters Time Error and other derived metrics are used in the subsequent clauses of this document. The
definition of Time Error function, TE(t) isgiven in clause 3.1. For a synchronized clock or timing signal, the Time
Error function is composed of severa different error components which contribute to the total, and these individual
components of time error have limits which are specified in subsequent clauses. To clarify the specification tables later
in this clause, definitions of these additional time error parameters are provided here.

Max|TE|: The maximum absolute value of the time error function, TE(t) (i.e. the furthest point away from
zero, either positive or negative). See ITU-T G.8260, clause 3.1.20.

Constant Time Error, cTE: The mean value of the time error function, TE(t), over a measurement period.
See ITU-T G.8260, clause 3.1.20.

Dynamic Time Error, dTE(t): The changein the time error function, TE(t), over a measurement period. See
ITU-T G.8260, clause 3.1.20.
Thisisdivided into high and low frequency components by filtering

0 dTEL(t): The dynamic time error after low-pass filtering.
For packet timing signals (e.g. PTP), the measurement filter bandwidth is typically 0.1Hz, and
dTEL(t) is generally further characterized using MTIE or TDEV.

0 dTEr(t): The dynamic time error after high-pass filtering.
For packet timing signals (e.g. PTP), the measurement bandwidth istypically 0.1Hz, and dTEH(t) is
generally reported as a peak-to-peak or zero-to-peak value. This document specifies these parameters
using zero-to-peak values.
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e TEL(t): The slow changesin time error after low-pass filtering.
For packet timing signals (e.g. PTP), the measurement bandwidth istypically 0.1Hz.

0 Max|TEL|: The maximum absolute value of the low pass filtered time error function
Further information about the accumulation of time error through a synchronization network can be found in Appendix
IV of G.8271.1.
11.25.1 Jitter

Within the O-RAN fronthaul network, all network equipment (NE) supporting SyncE transport across the network shall
comply with input and output jitter requirements specified in ITU-T G.8262 (for EEC) or ITU-T G.8262.1 (for eEEC).

Alternate PLFS implementations are for further study.

11.25.2 Wander

Within the O-RAN fronthaul network, all network equipment (NE) supporting SyncE transport across the network shall
comply with input and output wander requirements specified in ITU-T G.8262 (for EEC) or ITU-T G.8262.1 (for
eEEC).

Alternate PLFS implementations are for further study.

11.2.5.3 Air interface frequency error

The O-RAN fronthaul network shall ensure O-RU meeting a +/-50ppb air interface frequency error requirement. 3GPP
TS 36.104 (for LTE macro cells) and TS 38.104 (for 5G macro ceO) specify +/-50ppb as the short-term average error in
1ms duration applicable to both LTE and 5G technologies. Refer to clause 11.3.2 for more detail information.

11.254 Air interface maximum time error

The O-RAN fronthaul network shall ensure O-RU meeting the following air interface time alignment error (|TAE]|
absolute or relative) requirements based on different featuresin LTE and 5G technologies. For features covered by
3GPP, they are specified in TS 36.104 (for LTE) and TS38.104 (for 5G).

The following figure shows the reference points to define the network time error [TE| vs air interface time alignment
error [TAE| and the concept of relative vs absolute.
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O-RAN Fronthaul Network

Antenna

|TEru| |TErU|

O-RLQ UNI @ UNI ®O-RU

I |TE|absqute I |TE|absqute I

Antenna

I< |T E | relative >I
I
L [TAElssoue | [TAE]sssoue
> -

I | TAE | relative I
- >
UNI UNI
O-RAN Fronthaul
O-DU | | O-RU

s

|TE|absqute >I< |TE|network >I

PRTC/ | O-RAN Fronthaul
T-GM | o

Figure 11-4 : Definition of |TE| and |TAE| and UNI
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For LTE features:
Table 11-1 : LTE features with time alignment error requirement at the air interface

LTE Features |[TAE]| relative or absolute Corresponding Timing Category in
802.1CM/eCPRI standard

(Informative)

TDD Relative [TAE| < 3us (cell radius < 3km) Timing Category C
Relative [TAE| < 10us (cell radius > 3km)
(note 1)
TS36.133
Dual connectivity Relative [TAE| < 3us Timing Category C
(note 1)
TS36.133
MIMO or Tx Diversity Relative [TAE| < 65ns (note 2, note 4)
TS36.104
CA (intraband contiguous) Relative [TAE| < 130ns (note 2, note 5) Timing Category A (note 3)
TS36.104
CA (interband or intraband Relative [TAE| < 260ns (note 2) Timing Category B (note 3)
non-contiguous) TS36.104
OTDOA Absolute [TAE| at O-RU antenna << 1.5us, Not covered sinceit is not defined
~100-200 ns (not defined by 3GPP) by 3GPP

NOTE 1: For TDD and dual connectivity features, relative [TAE| requirement is applied to any pair of O-RUs within
RAN without any cluster boundary limit. Hence relative [TAE]| spec indirectly leads to a per O-RU requirement of
absolute [TAE| at O-RU antenna = 1.5us.

NOTE 2: When these features are supported within 1 O-RU, relative [TAE]| isimpacted by O-RU internal [TE| only.

NOTE 3: When these features are supported by multiple cooperating O-RUSs, relative [TAE| is aso impacted by network
relative [TE| where 802.1CM Timing Category is applicable to limit the network error contribution.

NOTE 4: In the current specification, it is assumed that “MIMO or Tx Diversity” is applicable within asingle O-RU.
MIMO or Tx Diversity with multiple cooperating O-RUs s for further study.

NOTE 5: Applicable when the aggregated carriers are generated by co-located O-RUs (i.e, where the distance between
the O-RUs does not create significant differential delay between the O-RUs and the UE, when compared with the
timing requirement).

For 5G features:

Table 11-2 : 5G features with time alignment error requirement

5G Features |[TAE]| relative or absolute Corresponding Timing Category in
802.1CM/eCPRI standard

(Informative)

TDD Relative [TAE| < 3us Timing Category C
(note 1)
TS38.133

Dual connectivity Relative [TAE| < 3us Timing Category C
(note 1)
TS38.133

MIMO and Tx Diversity Relative [TAE| < 65ns (note 2, note 4)
TS38.104 [8]
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CA (intraband contiguous per | Relative [TAE| < 130ns (note 2, note 5) Timing Category A (note 3)
base station type) (FR2 as defined in 3GPP)
TS38.104 [8]
CA (intraband contiguous per | Relative [TAE| < 260ns (note 2, note 5) Timing Category B (note 3)
base station type) (FR1 as defined in 3GPP)
TS38.104 [8]
CA (interband or intraband Relative [TAE| < 3us (note 2) Timing Category C (note 3)
non-contiguous) TS-38.104 [§]
OTDOA Absolute [TAE| at eRE antenna << 1.5us Not covered sinceit is not defined
(not defined by 3GPP) by 3GPP

NOTE 1: For TDD and dual connectivity features, relative [TAE]| requirement is applied to any pair of O-RUs within
RAN without any cluster boundary limit. Hence relative [TAE]| spec indirectly leads to a per O-RU requirement of
absolute [TAE| at O-RU antenna = 1.5us.

NOTE 2: When these features are supported within 1 O-RU, relative [TAE| isimpacted by O-RU internal [TE| only.

NOTE 3: When these features are supported by multiple cooperating O-RUSs, relative [TAE| is aso impacted by network
relative [TE| where 802.1CM Timing Category is applicable to limit the network error contribution.

NOTE 4: In the current specification, it is assumed that “MIMO or Tx Diversity” is applicable within asingle O-RU.
MIMO or Tx Diversity with multiple cooperating O-RUs s for further study.

NOTE 5: Applicable when the aggregated carriers are generated by co-located O-RUSs (i.e, where the distance between
the O-RUs does not create significant differential delay between the O-RUs and the UE, when compared with the
timing requirement).

11.3 Time and Frequency Synchronization Requirements

11.3.1 Allowed PTP and PLFS clock types and clock classes

A network element (NE) may use the following clock types and classes to support PTP and PLFS, and can be used
among other such NEs to build an O-RAN-compliant fronthaul network meeting end-to-end frequency synchronization
requirements as well as time synchronization requirements at the air interface.

e EEC (per ITU-T G.8262)

e eEEC (per ITU-T G.8262.1)

e PRC (perITU-T G.811)

e PRTC* (per ITU-T G.8272 and G.8272.1))

e T-BC (per ITU-T G.8273.2)

e T-TSC (per ITU-T G.8273.2)

o T-TC** (per ITU-T G.8273.3)

*(G.8272 specifies 2 types of PRTC: PRTC-A and PRTC-B. The time output of a PRTC-B is more accurate than that of
aPRTC-A. PRTC-B is suitable for locations where it is possible to guarantee optimized environmental conditions (e.g.,
controlled temperature variation in indoor deployments). Typical examples are central location and large aggregation
sites. This means that PRTC-B may be challenging and impractical for LLS-C4 deployments (e.g., due to generally
outdoor deployments). G.8272.1 specifies 2 types of ePRTC, ePRTC-A and ePRTC-B. The main difference between
the PRTCs and the ePRTCsiis the input from an external autonomous primary reference clock (e.g., cesium clock)
required in case of ePRTCs. This means that ePRTCs are only suitable for deployment in centralized location (therefore
not applicable as asolution for LLS-C4).

** According to ITU-T G.8271.1 and IEEE 802.1CM, T-TC is alowed as T-BC replacement and T-TC/T-BC accuracy
performance is equivalent. O-RAN allows T-TC as accepted clock type. However, using T-TC has potential issue with
broadcast stormsin a bridging network as stated in G.8271.1 and hence guidance by Appendix | in G.8275.1 should be
followed.

Thetime error analysisin Annex H only covers T-BC deployments, and not the T-TC one (which is For Further Study)

O-DU and O-RU are considered end points in an O-RAN-compliant fronthaul network. O-DU and O-RU can support
specific PTP clock and specific classes based on O-DU and O-RU synchronization capability options.

Alternate PLFS implementations are for further study.
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O-DU synchronization capability options;
For configurations LLS-C1 and LLS-C2: PLFS and PTP Master.

e Incaseof local PRC/PRTC (typically alocal GNSS receiver) used as frequency and time source: O-DU acts a
PLFS and PTP master. The performance reguirements are specified in clause 11.3.2.

e Incaseof aremote PRC/PRTC used as frequency and time source viaa Full Timing Support packet network
(defined by ITU-T G.8271.1): O-DU shall act as an embedded end application with better wander and jitter
filtering capability, as per Appendix 1V of ITU-T G.8273.2 (thus acting more like a combined PTP Subordinate
IMaster than a T-BC). Note that acting as atrue ITU-T G.8273.2 T-BC does not guarantee the frequency
accuracy required in 9.3.2, and is therefore For Further Study.

e Inthe case of aremote PRC/PRTC used as frequency and time source viaa Partial Timing Support packet
network (defined by ITU-T G.8271.2): O-DU may act as an IWF P-F InterWorking Function to drive Full
Timing Support (defined by ITU-T G.8271.1) to the Fronthaul.

For both Full Timing Support and Partial Timing support, the remote PRC/PRTC used as frequency and time source
can be located anywhere in the network.

For configuration LLS-C3 and LLS-C4:

e O-DU can be synchronized from any possible time source (either local or remote PRC/PRT C-traceable one, like
for LLS-C1 and LLS-C2).

e O-DU does not need to meet the 3GPP frequency and TAE target specification as required in the O-RU.
However, a more relaxed phase alignment between O-DU and O-RU timing should be kept to avoid data buffer
overflow/underflow (impact to delay management topic). Whether O-DU is or is not involved in the
synchronization of the O-RU, it shall meet the time error limit for latency management as specified in clause
4.3.

O-RU synchronization capability options;

e For configuration LLS-C1, LLS-C2 and LLS-C3 with full timing support: (T-TSC is either embedded or
external, as per ITU-T G.8271.1 and IEEE 802.1 CM). In the case where O-RU includesa T-TSC, thisone is
“embedded in end application” as specified in G.8273.2 Appendix 1V and include additional necessary filtering
function to ensure 3GPP air interface compliance. Under investigation iswhat is needed for Partial Timing
Support because thereis not yet any available ITU recommendation.

e For configuration LLS-C4, O-RU is simply synchronized from the local PRC/PRTC using proprietary timing
interface.

O-RU shall support network timing as mandatory synchronization capability to cover configuration LLS-C1, LLS
C2and LLS-C3. Loca PRC/PRTC (typically a GNSS receiver) shall be optiona synchronization capability to
cover configuration LLS-C4.

11.3.2 Frequency and Time Synchronization Requirements across
fronthaul network elements

11.3.2.1 Configurations LLS-C1 and LLS-C2

Based on IEEE 802.1CM and ITU-T G.8271.1 guidance, the following table summarizes the frequency and time error
budgets across different elements of an O-RAN-compliant fronthaul network.

O-DU : shal not exceed allocated frequency error budget and time error budget (for chosen air interface target)

e O-RU : shall not exceed alocated frequency error budget and time error budget (for chosen air interface target).
Note that the two O-RU classes described by |IEEE 802.1 CM are deployment examples. The requirement shall be
met only for O-RUs compliant with the limits of these classes.
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e  O-RAN fronthaul network: shall not exceed network limit to satisfy both frequency error budget and time error
budget (for chosen air interface target). Allowed number of switchesin a deployment can be derived based on
allowed network limit vs chosen switch specification. Annex H shows the analysis of number of switches based on
T-BC Class B and C switches.

The following table covers budget allocation for configuration LLS-C1 and LLS-C2 (Refer to Figure 11-4 for reference
point definition). Requirementsarein BOLD :

Table 11-3: Frequency and time error budget allocation (for topology configuration LLS-C1 and LLS-

Timing Reference

C2)

Frequency error budget allocation

O-RAN fronthaul network
contribution limit

O-RU

Air interface

tar get

[freq error| < 5ppb
e @ O-DU UNI (see
NOTES1, 8, 9)

UNI

e For LLS-C2: Allowed number of
hops (see NOTE 2)

e For LLS-C1: single hop by
definition

o FFO after O-RU filtering of
dTEL++ @ O-RU UNI

e O-RU internal additive
frequency error (see NOTE 3)

Timeerror budget allocation

O-DU PTP/PLFS total |[dTEL+n| < 45ns O-RU |freq error| = 35ppb +50ppb per
master class A, with e Between O-DU UNI and O-RU including both 3GPP spec
[freq error| < 15ppb UNI e FFO after O-RU filtering of

e @ O-DU UNI (see e For LLS-C2: Allowed number of dTEL+n1 @ O-RU UNI

NOTES1, 8, 9) hops (see NOTE 2) e O-RU interna additive
e For LLS-C1: single hop by frequency error (see NOTE 3)
definition

O-DU PTP/PLFS total [dTEL+n| < 57ns O-RU [freg error| < 45ppb +50ppb per
master class B, with e Between O-DU UNI and O-RU including both 3GPP spec

Timing Reference O-RAN fronthaul network O-RU Air interface
contribution limit (All allowed class optionsare target
shown) (see NOTE 6)
Relative [TEL| < 60ns O-RU [TE] includes as per IEEE Per IEEE
e Between 2 O-RUs UNI 802.1CM (see NOTE 5): 802.1CM
e per IEEE 802.1CM e (enhanced O-RU can beused) | Category A
e For LLS-C2: Allowed number of O-RU [TE| < 35ns
hops (see NOTE 4)
No relative [TE.| [ For_ L_L_SrCl: single hop by
contribution by O-DU definition :
since O-DU iscommon | Relative [TEL| = 100ns O-RU |TE| includes as per IEEE Per IEEE
PTP and PLES master to | (using regular O-RU) 802.1CM (see NOTE 5): 802.1CM
all co-operated O-RU Relative [TE.| < 190ns e Either regular O-RU Category B
(NOTE 1) (using enhanced O-RU) O-RU |TE| < 80ns
e Between 2 O-RUs UNI e Or enhanced O-RU
e per IEEE 802.1CM O-RU|TE| < 35ns
e For LLS-C2: Allowed number of
hops (see NOTE 4)
e For LLS-C1: single hop by
definition
For LLSC2: absolute | Network |TEL| < 95ns O-RU |TE| includes as per IEEE Absolute
[TEL| = 1.325us (using regular O-RU) 802.1CM (see NOTE 5 and 7): [TAE|at O-RU
For LLS-C1: absolute Network |TE.| = 140ns e Either regular O-RU antenna =
[TEL| = 1.420us (using enhanced O-RU) O-RU |TE| < 80ns 1.5us derived
e @ O-DU UNI from 3GPP

e Or enhanced O-RU O-RU
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e includes holdover e Between O-DU UNI and O-RU ITE| < 35ns (Same as |IEEE
budget UNI 802.1CM
e e NOTESS, 9 e For LLS-C2: Allowed number of Category C)
hops (see NOTE 4)
e For LLS-C1: single hop by
definition

NOTE 1: O-DU implements PTP and PLFS master function in this use case.
Two frequency error limits are defined in this specification, conservative class A with 15ppb, and more advanced class
B with 5 ppb.
Both frequency error limits and [TE.| time error limits are measured on the O-DU UNI after applying a first-order
measurement low-pass filter bandwidth of 0.1Hz to the time samples.
Measurement condition is applicable when O-DU Master Clock is either in locked state or holdover, but excluding rare
and temporary transients:

e Resynchronization to recovered source after holdover.

e Resynchronization to newly selected source after failure of the previous one, in case of redundancy.

It is considered that al master ports of the O-DU are fully synchronized together, and there is no port-to-port time error
(see Annex H).

NOTE 2: dTE_++ = accumulated dynamic time error (dTE. and dTEn) of aT-BC clock chain (excluding O-DU
contribution) based on G.8271.1 Appendix IV calculation method. Refer to Annex H for detailed analysis for
maximum number of T-BC Class B and C switches.

NOTE 3: The O-RU requirement is not specified in IEEE 802.1CM or ITU-T G.8271.1. O-RAN only specifiesthetotal
O-RU frequency error budget to allow design flexibility by different solution vendors. The O-RU solution vendor can
make a tradeoff between FFO (Fractional Frequency Offset after applying O-RU filtering) and internal additive
frequency error aslong as the total frequency error budget with network total |[dTE| limit is met. Refer to Annex H for
anaysis.

NOTE 4: Refer to Annex H for analysis of the number of switches to satisfy the allowed network limit. For the Time
Error budget (both network and relative time errors) it is considered that the O-RU attenuates the dTEw part of the noise
present at its input, and therefore the budget uses [TE_| using a 0.1 Hz low-pass filter as described in ITU-T G.8271.1.

NOTE 5: The T-TSC are considered T-TSC embedded in end application as specified in G.8273.2 Appendix IV and the
performance may not behave as a standalone T-TSC described in the normative section of the recommendation.
However, to ensure interoperability among O-RAN O-RU vendors, the agreed performance will be based for O-RUs
compliant with the classes defined in eCPRI and 802.1CM recommendation: under eCPRI Transport Network
Reguirements Specification [2] and |EEE 802.1CM [11], aregular O-RU with |TE[= 80 ns and an enhanced O-RU with
[TE| =35 ns. The O-RU time error accumulates linearly with the other contributors in the network.

NOTE 6: O-RU [TE]| isthe total budget proposed in IEEE 802.1CM for two examples of O-RU classes. O-RAN
recommends O-RU internal split as shown in the table based on eCPRI and 802.1CM guidance. It isaso acceptable for
RAN solution vendor to use a different O-RU internal split to meet the same O-RU [TE| total budget.

NOTE 7: O-RAN recommends meeting the specified budget split between O-DU and O-RU |TE| across all categories
based on eCPRI and 802.1CM guidance. A different budget split than what O-RAN recommends may meet the overall
radio interface requirements, but shall be considered under the operator’ s responsibility. Typically, configuration LLS-
C1 and LLS-C2 with category C target may allow more flexibility in O-DU |TE,|, network [TE| and O-RU |TE| budget
split as long as the network limit (network [TEL]| for time error and |dTE_.+| for frequency error) is still respected. For
example, if an operator can guarantee the network [TE_ | < 75ns which is below the 95ns limit set in this O-RAN
specification, 20ns (95ns-75ns) can be moved into the O-DU [TE, | and/or O-RU [TE| budget. Inter-operability can be
guaranteed by the network operator when all participating O-DU and O-RU vendors design to meet the operator-chosen
budget split.

NOTE 8: In case the O-DU is synchronized using alocal PRTC (typically a GNSS receiver or local T-GM), the time
error limit at the input of the O-DU is specified as being Reference point A (or B) defined by ITU-T G.8271, ITU-T
(G.8271.1 and G.8271.2. The O-DU acting asa T-GM in normal operating mode may meet Time Error limits dightly
larger than what is specified in ITU-T G.8272, and expected to be significantly lower than 1420 ns or 1325 ns.

NOTE 9: In case the O-DU is synchronized using network distribution (typically PTP and PLFS), the network time
error limit at the input of the O-DU is specified as being Reference point C defined by ITU-T G.8271, ITU-T G.8271.1
for Full Timing Support or ITU-T G.8271.2 for Partial Timing Support. Similarly to NOTE 4, the relevant limit of the
O-DU isthe 0.1 Hz low-pass filtered [TE_|, which implies that the O-DU low-pass filtering bandwidth is lower than 0.1
Hz (per clause 11.2.2.1).
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The synchronization accuracy for the OTDOA feature is not defined by 3GPP. Hence absolute [TAE]| at O-RU antenna
and the corresponding network [TE, | are out of scope in O-RAN specification and are not covered in thisanalysis. The
two O-RU |TE] classes indicated earlier may be considered also for this use case. In a deployed network, an operator
can choose atarget absolute [TAE| and then derive the corresponding network [TE, | and the allowed number of hops
and required types of T-BC(s)/T-TC(s) based on ITU-T G.8271.1 guidance.

With Partial Timing Support, when using non-T-BC switches, network contribution limit requires further investigation.

11.3.2.2 Configuration LLS-C3

Based on IEEE 802.1CM and ITU-T G.8271.1 guidance, the following table summarizes the frequency and time error
budgets across different elements of an O-RAN-compliant fronthaul network.

e PRTC/T-GM : shall not exceed alocated frequency error budget and time error budget (for chosen air interface
target)

e O-RU : shall not exceed alocated frequency error budget and time error budget (for chosen air interface target).
Note that the two O-RU classes described by IEEE 802.1 CM are deployment examples. The requirement shall be
met only for O-RUs compliant with the limits of these classes.

O-RAN fronthaul network : shall not exceed network limit to satisfy both frequency error budget
and time error budget (for chosen air interface target). The network limits for time error, applicable
at the input of the O-RU, are those defined in clause 7.3 and 7.5 of G.8271.1 (Network limits at
reference point C and for deployment cases with the PRTC deployed in the access network; only
one of these would be applicable depending on the specific deployment), where the O-RU
corresponds to the End Application with integrated PTP clock (Deployment Case 1, see Figure 7-1
in G.8271.1). Thelimitsin G.8271.1 are expressed in terms of MTIE, max [TE.| and peak-to-peak
dTEx. Applicability of G.8271.1 peak-to-peak dTEH(t) limit isfor further study. Further details and
references are provided in Annex H. The requirements provided in this clause are aligned with
|EEE 802.1CM.

e  O-DU output measurement signal (1PPS): there is no such allocated frequency error budget as for LLS-C1/C2.
Only time error shall be within £1500ns limits as specified in clause 4.3. O-DU and O-RU can be traceable to a
different PRTCs, as long as they share the same timescale.

In case the O-DU is synchronized using alocal PRTC (typically a GNSS receiver or local T-GM), the time error
limit at the input of the O-DU is specified as being Reference point A (or B) defined by ITU-T G.8271.1 and
G.8271.2.

In case the O-DU is synchronized using network distribution (typically PTP and PLFS), the network time error
limit at the input of the O-DU is specified as being Reference point C defined by ITU-T G.8271.1 for Full Timing
Support or ITU-T G.8271.2 for Partial Timing Support.

e O-DU : shall not exceed allocated time error budget required by latency management as specified in clause 4.3.

The following table covers budget allocation for configuration LLS-C3 (Refer to Figure 11-4 for reference point
definition). Requirementsarein BOLD :
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Table 11-4 : Frequency and time error budget allocation (for topology configuration LLS-C3)

Timing Reference

Frequency error budget allocation

O-RAN fronthaul network

O-RU

Air interface

PRTC/T-GM [freq
error|< 2ppb

e @PRTC/T-GM UNI
(seeNOTE 1)

Timing Reference

contribution limit

total [dTEL+n| < 63ns (see

NOTE 4)

e Between PRTC output and O-
RU UNI

¢ Include PRTC/T-GM MTIE
contribution

¢ Allowed number of hops (see
NOTE 2)

O-RU |[freq error| =48ppb
including both

e FFO after O-RU filtering of dTE_+n

@ O-RU UNI

e O-RU internal additive frequency
error

(see NOTE 3)

Time error budget allocation

O-RAN fronthaul network
contribution limit

O-RU

(All allowed class options are shown)

(see NOTE 6)
O-DU (see NOTE 8)

target

+50ppb per
3GPP spec

Air interface
target

Relative [TE_| =<60ns O-RU |TE]| includes as per IEEE Per IEEE
e Between 2 O-RUs UNI 802.1CM: 802.1CM
e per |IEEE 802.1CM (enhanced O-RU can be used) Category A
* Allowed number of hops(see | , 5 ry [TE| < 35ns
No relative [TE] NOTE5)
contribution by PRTC/T-
GM aslong as PRTC/T- Relative [TE_| =100ns O-RU |TE]| includes as per IEEE Per IEEE
GM iscommon PTPand | (for regular O-RU) 802.1CM (see NOTE 6): 802.1CM
PLFS master to all co- Relative [TEL| £190ns e Either regular O-RU |TE|< 80ns Category B
operating O-RU (for enhanced O-RU) e Or enhanced O-RU [TE| < 35ns
(see NOTE 1) e Between 2 O-RUs UNI
e per |[EEE 802.1CM
o Allowed number of hops (see
NOTE5)
Absolute [TE|<100ns | ¢ Network |[TE.| < 1100ns at O-RU |TE| includes as per IEEE Absolute
or 40 ns (see NOTE 9) the O-RU UNI (see NOTE 7, | 802.1CM (see NOTE 6): [TAE|at O-RU
e @PRTC/T-GM UNI NOTE 10) ¢ Either regular O-RU |TE| < 80ns antenna =
e PRTC/T-GM spec per | ¢ Short Clock Chain Network | e Or enhanced O-RU |TE| < 35ns 1.5us derived
G.8272 (see NOTE 1) [TEL| < 100ns at the O-RU from 3GPP
e Not including UNI (see NOTE 10, NOTE (Same as |IEEE
holdover budget 11) 802.1CM
e Allowed number of hops (see Category C)
NOTE5)
Absolute [TE| < 100ns Network |[TE|isout of scope O-DU absolute |TAE]| Absolute
or 40ns(seeNOTE9) | e O-DU may getits @ O-DU UNI [TAE|at O-DU
e @PRTC/T-GM UNI synchronization from either < +1.5us (see NOTE 8) =1.5ps
e PRTC/T-GM spec per local or remote PRTC (Same as|EEE
G.8272 (see NOTE 1) 802.1CM
Not including holdover Category C)
budget

NOTE 1: PRTC/T-GM follows G.8272 specification for PRTC-A and PRTC-B, or G.8272.1 for ePRTC. MTIE
specification is considering dynamic error during lock condition and its contribution is covered under dTE_.++ in note 2.
However, there is possible semi-static frequency error which is not part of MTIE specification. Therefore, it isincluded

here.

Both ITU-T G.8272 and G.8272.1 specify that for the combined PRTC and T-GM function, time error samples are
measured through a moving-average low-pass filter of at least 100 consecutive time error samples. Assuming a message
rate of 16 PTP messages per second as described in G.8275.1, the low-pass filtering bandwidth is 0.05 Hz, which is not
same as a 0.1Hz low-pass-filtered [TE.|. (The frequency response of a moving average filter is approximately similar to
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afirst-order linear filter of bandwidth 1/(nT), where T is the width of the moving average window).

In case the PRTC/T-GM is amultiple-port device, it is considered that all master ports are fully synchronized together,
and there is no port-to-port time error.

Refer to Annex H for detailed analysis.

NOTE 2: dTE_+n = accumulated dynamic time error (dTE_ and dTEw) of a T-BC clock chain, including PRTC/T-GM
contribution, to O-RU UNI (or O-DU UNI) based on G.8271.1 Appendix |V calculation method. Refer to Annex H for
analysis for maximum number of T-BC Class B and C switches.

NOTE 3: The O-RU requirement is not specified in IEEE 802.1CM or ITU-T G.8271.1. O-RAN only specifiesthetotal
O-RU frequency error budget to allow design flexibility by different solution vendors. The O-RU solution vendor can
make a tradeoff between FFO (Fractional Frequency Offset after applying O-RU filtering) and O-RU internal additive
frequency error aslong as the total frequency error budget with network total |[dTE| limit is met. Refer to Annex H for
anaysis.

NOTE 4: The O-RAN fronthaul network contribution limits are stricter and therefore not consistent with peak-to-peak
dTEw(t) limits defined in G.8271.1 for long synchronization chain (see clause 7.3 in G.8271.1). In order to tolerate the
higher G.8271.1 limits (applicable to long network) the O-RU would be required to provide higher filtering capabilities.
Thisis an option that may be considered but not further described in this specification. This requirement assumes
shorter clock chains.

NOTE 5: Refer to Annex H for analysis of the number of switches to satisfy the allowed network limit.

NOTE 6: The T-TSC are considered T-TSC embedded in end application as specified in G.8273.2 Appendix IV and the
performance may not behave as a standalone T-TSC described in the normative section of the recommendation.
However, to ensure interoperability among O-RAN O-RU vendors, the agreed performance will be based for O-RUs
compliant with the classes defined in eCPRI and 802.1CM recommendation: under eCPRI Transport Network
Requirements Specification [2] and |EEE 802.1CM [11], aregular O-RU with [TE|= 80 ns and an enhanced O-RU with
[TE|=35ns. The O-RU time error accumulates linearly with the other contributors in the network.

NOTE 7: Network |[TE.| = 1100 nsis specified by G.8271.1 in clause 7.3 for the max [TE.|. An O-RU may consume
only 35 ns (enhanced O-RU) or 80 ns (regular O-RU). max|TE_| < 1 100 ns may leave extra budget that could be
allocated for instance to holdover that could be especially relevant in case of TDD applications. This additional budget
would be added on top of the 35 ns (enhanced O-RU) or 80 ns (regular O-RU). Specification for holdover isfor further
study.

NOTE 8: TAE between O-DU and O-RU limit (as specified in clause 4.3) trang ates into absolute [TAE| for both O-DU
and O-RU with half the budget. Thisis measured at any available O-DU output signal (either 1PPS or O-DU UNI).

NOTE 9: PRTC-B (max|TE| = 40 ns) is assumed in case of short clock chains by G.8271.1.
NOTE 10: the contribution from the network includes the noise generated by the PRTC/T-GM.
NOTE 11: the network limits for short clock chain networks are specified in clause 7.5 of G.8271.1.

The synchronization accuracy for the OTDOA feature is not defined by 3GPP. Hence absolute [TAE]| at O-RU antenna
and the corresponding network [TE_| are out of scope in O-RAN specification and therefore not covered in this analysis.
The two O-RU |TE| classes indicated earlier may be considered also for this use case. 1n a deployed network, operator
can choose atarget absolute [TAE| and then derive the corresponding network [TE, | and the allowed number of hops
and required types of T-BC(s)/T-TC(s) based on ITU-T G.8271.1 guidance.

With Partial Timing Support, when using non-T-BC switches, network contribution limit requires further investigation.

11.3.2.3 Configuration LLS-C4

The following table summarizes the frequency and time error budgets across different elements.

e O-DU output measurement signal (1PPS): there is no such allocated frequency error budget as for LLS-C1/C2.
Only time error shall be within £1500ns limits as specified in clause 4.3.
In case the O-DU is synchronized using alocal PRTC (typically a GNSS receiver or local T-GM), the time error
limit at the input of the O-DU is specified as being Reference point A (or B) defined by ITU-T G.8271.1 and
G.8271.2.
In case the O-DU is synchronized using network distribution (typically PTP and PLFS), the network time error
limit at the input of the O-DU is specified as being Reference point C defined by ITU-T G.8271.1 for Full Timing
Support or ITU-T G.8271.2 for Partial Timing Support
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e O-RU : shall not exceed allocated frequency error budget and time error budget (for chosen air interface target)
Note that the two O-RU classes described by IEEE 802.1 CM are deployment examples. The requirement shall be
met only for O-RUs compliant with the limits of these classes

The following table covers budget allocation for configuration LLS-C4:

Table 11-5: Frequency and time error budget allocation (for topology configuration LLS-C4)

Frequency error budget allocation

Timing Reference in O-RAN Air interface target
network or O-DU fronthaul
network
No dependency No dependency | O-RU |freq error| < 50ppb including both
¢ O-RU filtering on local PRTC noise +50ppb per 3GPP spec
e O-RU internal additive frequency error
(NOTE 3, 4)
Time error budget allocation
Timing Reference in O-RAN O-RU Air interface target
network or O-DU fronthaul (See NOTE 1,2, 3, 4)
network O-DU (see NOTE 5)
No dependency No dependency | Local time source [TE| < 100ns (PRTC- |EEE 802.1CM Category
A), <40ns (PRTC-B) B
O-RU [TE| < 30ns
local time source [TE| < 100ns Absolute [TAE] at O-RU
O-RU [TE]| £ 1.4usincluding any antenna = 1.5us derived
holdover budget from 3GPP
(Same as |EEE 802.1CM
Category C)
Absolute [TE| < Network [TE|is | O-DU absolute [TAE| Absolute [TAE| at O-DU
100nsor 40 ns (see out of scope @ O-DU UNI =1.5us
NOTE 1) e O-DU may < +1.5us (NOTE 5) (Same as |EEE 802.1CM
e @PRTC/T-GM getits Category C)
UNI synchronization
e PRTC/T-GM spec | from either
per G.8272 local or remote
Not including PRTC
holdover budget

NOTE 1: local PRTC (typically GNSS receiver) to O-RU. Therefore, budget is based on ITU-T G.8272 (PRTC class
A, with max [TE| = 100ns, or PRTC class B, with max |TE| = 40ns) on each GNSS receiver. Because thereis no
requirement in ITU-T G.8272 on the relative time error between two neighbor local PRTC (GNSS receivers), it is not
possible to remove any common time error in the budget at the O-RUs side.

NOTE 2: When feature for relative [TAE] is needed, LLS-C4 configuration will include 2x local PRTC-A [TE| = 200ns
total, or 2x local PRTC-B [TE| = 80nstotal. This disadvantage automatically prevents LLS-C4 configuration from
meeting certain demanding relative [TAE| feature (astarget by 802.1CM Category A). Hence, only 802.1CM Category
B/C are shown.

NOTE 3: O-RU |TE|is not governed by eCPRI/802.1CM or ITU-T standard since LLS-C4 configuration is not based
on network timing solution. O-RU |TE| budget is basically the remaining budget to satisfy target feature [TAE| after
excluding the local PRTC [TE] contribution. O-RU [TE]| includes the O-RU clock recovery (i.e. deriving a clean clock
from local time source) error and any O-RU internal error.

NOTE 4: This O-RU option requires extra interface and extra hardware support including local PRTC (typically GNSS
receiver and antenna) and likely a more expensive oscillator for noise filtering. Standard O-RU with network timing
support (target for configuration LLS-C1, LLS-C2 and LLS-C3) cannot offer this option in general. Specific O-RU
design is needed.

NOTE 5: TAE between O-DU and O-RU limit (as specified in clause 4.3) trang ates into absolute [TAE| for both O-DU
and O-RU with half the budget. Thisis measured at any available O-DU output signal (either 1PPS or O-DU UNI).

The synchronization accuracy for the OTDOA feature is not defined by 3GPP. Hence absolute [TAE]| at O-RU antenna
and the corresponding O-RU|TE| are out of scope in O-RAN specification and is therefore not covered in this analysis.
In a deployed network, operator can choose a target absolute [TAE| and then derive the corresponding O-RU [TE|.
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11.4 Node Behavior Guidelines

11.4.1 Configurations LLS-C1 and LLS-C2

This clause covers O-RAN topology configurations LLS-C1 and LLS-C2 where the O-DU acts as PLFS and PTP
master.

The operation of O-DU and O-RU during holdover and other related statesis described in Table 11-6. O-RU holdover
and O-DU holdover are independent events. Likewise, O-RU holdover behavior is optional (not mandatory to be
supported by HW or SW).

In addition to synchronization state, the O-DU also considers estimated synchronization accuracy, because
synchronization state alone does not necessarily reflect synchronization status—anode in the LOCKED or
HOLDOVER mode may have synchronization accuracy outside of arequired limit.

Table 11-6 : Node behavior during Holdover and Out-of-Synch

O-DU State Synch O-RU State M-Plane

accuracy

- Disconnected | Clause 11.4.1.1
- N/A FREERUN Connected Clause 11.4.1.2

FREERUN - - Connected Clause 11.4.1.3
LOCKED/ In a limit LOCKED/ Connected Clause 11.4.1.4
HOLDOVER HOLDOVER
LOCKED/ Out of a limit LOCKED/ Connected Clause 11.4.1.4
HOLDOVER HOLDOVER

11.4.1.1 M-Plane disconnected

O-RAN alows hybrid M-plane model with M-plane communication between
e O-RU and O-DU
e O-RU and Service Management and Orchestration (SMO) function

Asaresult, the following M-plane disconnected events shall be considered:
e  O-DU detects loss communication to O-RU
e  SMO detects loss communication to O-RU
¢  O-RU detects loss communication to O-DU
e  O-RU detects loss communication to SMO
e  O-RU detects loss communication to both O-DU and SMO

NOTE: The following behavior is an assumption and expected to be described in M-Plane specification.
O-DU

If the O-DU detects aloss of M-plane communication to an O-RU, the O-DU shall stop sending any 1Q data towards
the O-RU. The O-DU shall aso send an explicit command to the O-RU to disable RF transmission.

The O-DU shall keep RF transmission on the O-RU off, and shall not turn it on, if M-plane communication to the O-RU
is broken.

Rationale: The requirement for the O-DU to send an explicit command is intended to prevent unsupervised radio
operation, if M-plane communication broken in one direction only, and the fault stays undetected on the O-RU. On the
other hand, if the O-RU detects the fault, it disables RF transmission autonomously (see below), and the O-DU shall
stop 1Q transmission accordingly.

O-RU

If the O-RU detects aloss of M-plane communication to the O-DU or both O-DU and SMO, the O-RU stops RF
transmission. The O-RU shall keep RF transmission off, and shall not turn it on, if M-plane communication to the O-
DU or SMO is broken.
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If the O-RU detects aloss of M-plane communication to the SMO only, the O-RU action shall continue RF
transmission. It isexpected SMO can eventualy detect aloss of M-plane communication to the O-RU based on some
round-trip sanity check mechanism. Any SMO action is out of the scope of this specification.

SMO

If the SM O detects aloss of M-plane communication to an O-DU or an O-RU, the SMO action is out of scope of this
specification.

11.4.1.2 O-RU in the FREERUN State

O-DU

If synchronization state on a connected O-RU transits to the FREERUN state, the O-DU shall stop sending C-Plane and
U-Plane related data to the O-RU unless otherwise specified. When O-RU transitsto LOCKED state, O-DU shall
request carriers to be switched to ACTIVE to reenable transmission.

Rationale: The O-DU receives a notification that the O-RU switched to the FREERUN state and, as conseguence, all
configured carriers on the O-RU were disabled. The O-DU shall disable carriersto be aligned on the carrier
configuration. After O-RU reestablish synchronization, the O-RU notifies the O-DU that the O-RU switched to the
LOCKED state and then if the O-DU intends to reenable transmission, the O-DU shall set carriersto active.

NOTE: For carrier activation procedure and notifications related to carriers and synchronization state, please refer to the
M-Plane specification [7].

O-RU

If synchronization state on an O-RU transits to the FREERUN state, the O-RU shall autonomously stop RF
transmission and switch all carriersto INACTIVE state. The O-RU shall send a notification to the O-DU about
synchronization and carriers state change. The O-RU shall re-enable RF transmission only when the O-DU requestsit.

Rationale: The O-RU isobliged to stop RF transmission as soon as the accuracy of the signal can no longer be
guaranteed. The O-RU shall send notification to the O-DU about any changesin its states. The O-RU shall not activate
carriers by itself asit is not guaranteed that the O-DU is providing valid U-Plane and C-Plane related data to the O-RU.

11.4.1.3 O-DU in the FREERUN state

O-DU

If an O-DU transits to the FREERUN state, the O-DU shall disable RF transmission on all connected O-RUs, and keep
it turned off until synchronization is reacquired.

NOTE: The O-DU shall support configuration option that allows O-DU to operate outside of the required
synchronization limits, or without any synchronization at all.

O-RU

The O-RU shall only react on a change of Quality Level, received in PLFS SSMs, and Clock Class, received in PTP
Announce messages:

o |f thereceived Quality Level and Clock Class are acceptable the O-RU shall continue using the reference
signal.

o |f thereceived Quality Level or Clock Class becomes unacceptable the O-RU shall stop using the reference
and transit to either the FREERUN state or aHOLDOVER state.

e Otherwise, the O-RU shall rely on O-DU to take care of the changed synchronization state. The O-RU need
not react on the FREERUN state at the O-DU in any distinct way.

11.4.1.4 Operation in LOCKED/HOLDOVER state

Whether in“LOCKED” or “Holdover” state, it is expected that O-DU monitors the “LOCKED/HOLDOVER” status of
the O-RUs under its management.

O-DU
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e Inconfiguration LLS-C1 and LLS-C2: by collecting the O-RUs “LOCKED" or “HOLDOVER" state, as well
asthe received PLFS and PTP quality status, O-DU in “LOCKED” or “HOLDOVER” state is able to detect
any self-estimated frequency and/or time accuracy degradation by the O-RUs.

NOTE: all O-RUsinthe LOCKED state and directly connected to the same master clock (typically the O-DU
in LLS-C1, and the nearest T-BC in LLS-C2) preserve optimal relative time error between them, regardless the
O-DU’s status. As aresult, intra-site features may remain enabled using different criteria compared to inter-site
ones.

e NOTE: the port-to-port constant and dynamic time errors between two master ports of the same module (either
the O-DU in configuration LLS-C1, and the T-BC onesin LLS-C2) may also contribute to the total error. This
is currently not specified in ITU-T G.826x and ITU-T G.827x recommendations and shall be taken into
account in the upcoming editions.

O-RU

The O-RU shall only react on a change of Quality Level received in PLFS SSMs, and Clock Class received in PTP
Announce messages:

e |f received Quality Level and Clock Class are acceptable, the O-RU shall keep on using the reference signal.

o If received Quality Level or Clock Class become unacceptable, the O-RU shall stop using the reference and
transit to either the FREERUN state or aHOLDOVER state.
ITU-T G.8271.1 network limits define the notion of “within holdover specification” (clock class values 7 and
135), and “exceeding the holdover specification” (clock class values 140, 150, 160, 165).
ITU-T G.8271.1 defines this holdover specification as 400ns in the context of category C (as per |IEEE
802.1CM). Thisvalueis however too high and useless for categories A/B, highlighting that the notion of
“acceptable” is dependent on the category of each feature.
As a consequence, it is mandatory that each O-RU reportsto O-DU the received Quality Level and Clock
Class, allowing O-DU to enable and disable accordingly the various RF features.
Besides, the value for the holdover specification may be configurable, thus allowing each network operator to
tuneit to its own needs.

11.4.2 Configurations LLS-C3

This clause covers O-RAN topology configuration LLS-C3 based on |EEE 802.1CM bridging network. PRTC/GM is
provided by the fronthaul network.

The operation of the Fronthaul network elements, O-DU and O-RU during holdover and other related states is described
in Table 11-7. O-RU holdover and O-DU holdover are independent events. Likewise, O-RU holdover behavior is
optional (not mandatory to be supported by HW or SW).

More than one PRTC/GM may be considered as a deployment option to improve redundancy. Should a PRTC/GM fail,
then another should be avail able as a backup time source and the PTP network tree would automatically re-arrange.
Only ashort holdover (NOTE: duration needs to be defined from ITU-T G.8271.1) shall be supported inside the various
network elements (as well as O-DU and O-RU) to provide a safe operation during this rearrangement scenario.

NOTE: the O-DU can aso be configured to provide backup PLFS+PTP likein LLS-C2.

In addition to synchronization state, the O-DU also considers estimated synchronization accuracy because the
synchronization state alone does not necessarily reflect synchronization status; a node in the LOCKED or HOLDOVER
mode may have synchronization accuracy outside of arequired limit.

Table 11-7 : Node behavior during Holdover and Out-of-Sync

Network Sync O-DU and O- M-Plane Action

Accuracy RU State
- - - Disconnected | Clause 11.4.2.1
- N/A FREERUN Connected clause 11. 4.2.2

and 11. 4.2.3

LOCKED/ In limit LOCKED/ Connected Clause 11.4.2.4
HOLDOVER HOLDOVER
LOCKED/ Out of limit LOCKED/ Connected Clause 11.4.2.4
HOLDOVER HOLDOVER
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11.4.2.1 M-Plane disconnected

Thisclauseissameas 11.4.1.1

11.4.2.2 O-RU in the FREERUN State

Thisclauseissameas 11.4.1.2

11.4.2.3 O-DU in the FREERUN state
NOTES:

- if O-DU and O-RU are synchronized from the same fronthaul network and are connected to neighbor nodesin this
network, it is most probable that the event leading to O-RU transiting to the FREERUN state will also lead to the same
transition at the O-DU.

- if O-DU has backup frequency and time source, such aslocal or remote PRTC, it can become a backup Master likein
configuration LLS-C2.

O-DU

If an O-DU transitsto the FREERUN state, because the synchronizing network delivers unacceptable synchronization
quality, the O-DU shall disable RF transmission on all connected O-RUs, and keep it turned off until synchronizationis
reacquired again.

NOTE: The O-DU shall support configuration option that allows O-DU to operate outside of the required
synchronization limits, or without any synchronization at all.

O-RU

The O-RU is not synchronized from the O-DU. It may have no indication of the O-DU synchronization status, and
therefore shall only rely on O-DU to take care of the changed synchronization state. The O-RU need not react to the
FREERUN state at the O-DU in any distinct way.

11.4.2.4 Operation in SYNCED/HOLDOVER state

Whether in “LOCKED” or “HOLDOVER" state, it is expected that O-DU monitors the “LOCKED” or “HOLDOVER"
state, as well asthe received PLFS and PTP quality status. Thisis same as configurations LLS-C1 and LLS-C2
described in earlier clause.

11.4.3 Configurations LLS-C4

This clause covers O-RAN topology configurations LL S-C4 where the O-RU is synchronized by local PRTC (typically
a GNSS receiver).

The operation of O-DU and O-RU during holdover and other related states is described in

Table 11-8. O-RU holdover and O-DU holdover are independent events. Likewise, O-RU holdover behavior is optional
(not mandatory to be supported by HW or SW).

In addition to the synchronization state, the O-DU al so considers estimated synchronization accuracy because the
synchronization state alone does not necessarily reflect synchronization status; a node in the LOCKED or HOLDOVER
mode may have synchronization accuracy outside of arequired limit.
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Table 11-8 : Node behavior during Holdover and Out-of-Sync

O-DU State Sync O-RU State Action
Accuracy

- Disconnected | Clause 11.4.3.1
- N/A FREERUN Connected Clause 11.4.3.2
FREERUN - - Connected Clause 11.4.3.3
LOCKED/ In limit LOCKED/ Connected Clause 11.4.3.4
HOLDOVER HOLDOVER
LOCKED/ Out of limit LOCKED/ Connected Clause 11.4.3.4
HOLDOVER HOLDOVER

11.4.3.1 M-Plane disconnected

Thisclauseissameas 11.4.1.1

11.4.3.2 O-RU in the FREERUN State

Thisclauseissameas 11.4.1.2

11.4.3.3 O-DU in the FREERUN state
O-DU

If an O-DU transits to the FREERUN state, the O-DU shall disable RF transmission on all connected O-RUs and keep it
turned off until synchronization is reacquired again.

NOTE: The O-DU may support a configuration option that allows O-DU to operate outside of the required
synchronization limits, or without any synchronization at all.

O-RU

The O-RU is not synchronized from the O-DU. It may have no indication of the O-DU synchronization status, and
therefore shall only rely on O-DU to take care of the changed synchronization state. The O-RU need not react to the
FREERUN state at the O-DU in any distinct way.

11.4.3.4 Operation in SYNCED/HOLDOVER state

Whether in “LOCKED” or “HOLDOVER" state, it is expected that O-DU monitors the “LOCKED” or “HOLDOVER"
gtate. Thisis same as configurations LLS-C1 and LLS-C2 described in earlier clause.

11.5 S-Plane Handling in Multiple Link Scenarios

Behavior of S-Plane in scenarios with multiple links shall be based on the following principles:
O-DU - Grand Master (configurationsLLSC1& LLSC2)

There shall be an input sync reference signal on at least one link to an O-RU. Likewise, it is not prohibited to have input
reference signal on multiple or al linksto agiven O-RU.

O-RU (all configurations)— Subordinates

O-RU shall be able to adapt at startup to the reception of a sync reference signal on any port from their master. How the
ingress signal is detected (usualy SSM for SynckE and Announce for PTP), and how the active port is selected (e.g., via
round-robin, ITU-T G.8275.1 BMCA, etc.) are implementation-specific.
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If the input referenceis present on multiple links, the O-RU may, but is not required to, implement redundancy for the
input reference signal if only capacity links are present on the module.

11.6  Announce Messages
O-RU shall check the following advertised parameters against a list of acceptable values based on its own design
(assumed to be M-Plane configurable):

e Domain Number: Default: 24 (for Full Timing Support per ITU-T G.8275.1) or 44 (for Partial Timing Support
per ITU-T G.8275.2)

e PTP Acceptable Clock Classes:
o Default: 6,7
o0 Operator configurable: 6, 7, 135, 140, 150, 160, 248

11.7 Elementary Procedures

11.7.1 PTP Time Synchronization procedure

All procedures used to exchange time related information between a time synchronization master and subordinate shall
be compliant to the ITU-T G.8275.1 or G.8275.2 telecom profile, which provides necessary details on utilization of the
|EEE 1588 protocol in telecom applications.

11.7.2 System Frame Number Calculation from GPS Time
The general framework for System Frame Number (SFN) calculation from GPS (or GNSS) time is based on the
following premises:

¢ PTPtimeon the fronthaul interface shall use PTP timescale

e ThePTPepochis1 January 1970 00:00:00 TAI, which is 31 December 1969 23:59:51.999918 UTC.

e PTPtimeon the fronthaul interface shall be traceable to a PRTC if a network wide synchronization of O-RUs
at the air interface isrequired (asin TDD 5G)

¢ From PTP time, the GPS seconds elapsed since GPS epoch (midnight January 6th, 1980) can be calculated,
since the difference between PTP and GPS epoch is a constant. The GPS seconds are expressed as a real
number.

e GPS seconds shall be used to calculate the frame number according to:
a
GPSseconds — ﬂ * 0.01 — m

framePeriodinSeconds

FrameNumber = floor( ymod (maxFrameNumber + 1)

number expressed in [seconds]
framePeriodinSeconds = 0.01 [seconds];
maxFrameNumber = 1023

NOTE: oo and B are defined as follows:

O O0O0Oo

ETSI



210 ETSI TS 103 859 V7.0.2 (2022-09)

Table 11-9: oo and B parameter exchange

Direction Parameter \ Range | Resolution
0-DU to O-RU Offset a (NR) of radio o1 0~1.2288e7 1/1.2288 ns
frame timing (NOTE 1) o * (1/1.2288 ns) : 0.00s~0.01s
O-DU to O-RU Offset B (NR) of radio B: -32768~32767 10ms

frame timing (NOTE 1) B * (10ms) : -327680ms~327670ms

NOTE 1: Parameter data types and values for a and {3 are provided by the O-RAN M-plane spec. Epoch for a and 3
(i.e. SFN=0) is set to 1980.1.6 00:00 (UTC)

Figure 11-5 below shows examples when o, and B are set to different values. The frame number at the antenna
reference point is shown in relation to the GPSsconds time. For simplicity the GPS-time around 10 seconds is shown.
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Figure 11-5: oo and  parameter example
The UL to DL radio frame timing offset in TDD systems is described in Table 9-10 with default values applicable for

5G NR FR1 and FR2 ranges. Nraoftst IS the configurable parameter used to control the timing offset. The absolute time
offset Tractfset CaN be calculated as Nyaofrset * 1/1.96608GHz.
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Table 11-10 : Definition of Ttaoffset & NTaoffset

Range

Resolution

Default

FR1 Nraoffset: 0~65535 0.5ns Nraoffset: 25600 (NOTE 2)
Traoftset: Ous~33.3us Traoftset: 25600*Tc= 13.02ps
(NOTE 3) (NOTE 1)

FR2 Nraoffset: 0~65535 0.5ns Nraoffset: 13792 (NOTE 2)

Traofiset: OpS~33.3us
(NOTE 3)

Traoftset: 13792*Tc= 7.015ps
(NOTE 1)

NOTE 1: Tc=~0.5ns=1/1.96608GHz

NOTE 2: based on 3GPP TS38.133 Table 7.1.2-2

NOTE 3: Traoftset=0s for FDD systems
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12 Beamforming Functionality

12.1 General

The following clauses describe terminol ogies, rules, properties and uses cases related to beamforming and its
functionalities. It is the baseline to follow by the O-DU, O-RU and modeling in M-plane.

12.2  Hierarchy of Radiation Structure in O-RU
The hierarchy of radiation structure in O-RU is depicted in Figure 12-1 and described bel ow:

O-R

E!

Tx-antenna-array
and/or —:
I
|
|
I
I
I
I
I
|
I
|
I

rx-antenna-array

Array element

2 radiators
X-polarized

Figure 12-1. Hierarchy of Radiation Structure

e O-RU: each O-RU can have 1 or several Panels
e Panel: each panel can have 1 or several TX-antenna-arrays/RX-antenna-arrays
e TX-antenna-array/RX-antenna-array:

o TX-antenna-array/RX-antenna-array isalogical construct used for data routing; there is a relationship
to physical antennas as defined by the O-RU construction, and eAxC values may be assighed to TX-
antenna-arrays/RX-antenna-arrays:

= Multiple eAxC values may be assigned to asingle TX-antenna-array or RX-antenna-array
= AneAxC value may only be assigned to a single TX-antenna-array and RX-antenna-array
o0 Each TX-antenna-array/RX-antenna-array has only 1 polarization for Category A O-RUSs.
o Each TX-antenna-array/Rx-antenna-array may include both polarizations for Category B O-RUs.
= O-RUsshal at least provide for RX-antenna-arrays for each polarization
0 Each TX-antenna-array/RX-antenna-array terminates 1 or several RU_port_IDs.

o Each TX-antenna-array/RX-antenna-array can have 1 or severa array elements (one use case being
antenna technologies wherein asingle “array element” can support a high degree of beamforming,
another use case being the need to address a single element in the array).

0 Each physical array element may be considered as a member of one or multiple TX-antenna-arrays/
RX-antenna-arrays.

o Amplitude and phase of each array element inside one TX-antenna-array/RX -antenna-array can be
controlled via the weights pointed to by the beam_ID(s) which are received via the terminated
RU_port_ID(s). Alternatively, the beam IDs may indicate the “state” of an antenna array not
explicitly comprising separate radiating elements which is a'so possible within the O-RAN
specification.
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o0 Itisassumed that when executing beamforming, array elements within an array are combined in
phase to form directed energy, therefore the array elements belonging to a TX-antenna-array and RX-
antenna-array are calibrated together as a group (although such a calibration operation may be hidden
from the interface (e.g. executed once upon O-RU manufacture).

e Array element: each array element can have 1 or several Radiators (where amplitude and phase relation
between the radiators cannot be changed dynamically during real-time)

e Radiator: radiating element — see |IEEE Std 145-1993 (R2004)

12.3  Calibration

Cdlibration is the functionality of eliminating/minimizing relative amplitude and phase differences over frequency
domain or time delay over the time domain between the array elements belonging to same TX-antenna-array/RX-
antenna-array (including effect of front-end analog filters).

Calibration can also be applied between two or many TX-antenna-arrays/RX-antenna-arrays if those TX-antenna-
arraysRX-antenna-arrays belong to the same calibration Group which is part of the O-RU capabilities.

NOTE: Calibration capability between different TX/RX antenna arrays is expected to be conveyed viaM-Plane but is
not supported in this version of the specification. When not available, it should be assumed that calibration is not
possible between the TX/RX antenna arrays.

12.4  beamld Use for Various Beamforming Methods

There are two main domains in which beamforming is executed, frequency-domain and time-domain; it is also possible
to combine both (called “hybrid beamforming”). Frequency-domain beamforming is done between the RE mapping
and FFT/iFFT processing stages (in UL and DL respectively) so isinherently adigital operation. Time-domain
beamforming may be executed digitally or in the analog domain.

A characteristic of frequency-domain beamforming when used with OFDM is that different users may use the same
time slot yet use different beams. In contrast, with time-domain beamforming all the users and signalsin atime slot use
the same beam. Hybrid beamforming allows different usersin the same time dlot to use different beams (the frequency-
domain part) at the same time as all the users using a shared time-domain beam. An example is the case where the
time-domain beam provides directivity in the elevation plane (so all users use the same elevation beam) while the
frequency-domain beams provide directivity in the azimuth plane (so different users may use different azimuth beams).

When implementing any kind of beamforming, O-RAN supports the following beamforming methods (see also Annex J
for amore mathematical description of the following beamforming methods):

a) Predefined-beam beamforming

b) Weight-based dynamic beamforming (based on real-time-updated weights)

c) Attribute-based dynamic beamforming (based on real-time-updated beam attributes)
d) Channel-information-based beamforming

When the Channel-information-based beamforming method is used for at least one layer (or spatial stream), then O-DU
shall use same beamforming method for all layers (or spatial streams) of the specific time-frequency resource
element(s). Similarly when the Attribute-based beamforming method is used for at |east one layer (or spatial stream),
then O-DU shall use same beamforming method for all layers (or spatial streams) of the specific time-frequency
resource element(s).

A: Predefined-beam beamfor ming

In this case, an index called “beamld” indicates the specific beam pre-defined in the O-RU to use. The beamld could
indicate a frequency-domain beam or a time-domain beam or a combination of both (“hybrid” beam) and the O-DU
needs to know to ensure the beamid is properly applied e.g. the O-DU could not apply different time-domain beamsto
the different PRBs in the sasme OFDM symbol. The method the O-RU uses to generate the beam is otherwise not
relevant, it could use the application of gain and phase controls on separate antenna elements, or use multiple shaped-
energy antennas, or any other technology. The O-RU is expected to convey to the O-DU viathe M-Plane on startup
beam characteristics but the O-DU remainsignorant regarding how the beam is actually created by the O-RU.
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B: Weight-based dynamic beamforming

Here the O-DU is meant to generate weights that create the beam so the O-DU needs to know the specific antenna
characteristics of the O-RU including how many antenna elements are present in the vertical and horizontal directions
and the antenna element spacing, among other properties. The weight vector associated with each beam has a beamld
value and the interpretation of this beamld value is addressed in this clause.

C: Attribute-based dynamic beamfor ming

Like index-based beamforming, attribute-based beamforming allows the O-DU to tell the O-RU to use a specific
beamld but in this case that beamld is associated with certain beam attributes as described in clause 7.4.7.2. How the
O-RU achieves the implementation of the beamsis not specified, however again the O-DU needs to know whether the
beam identified by the beamld is generated as a frequency-domain beam or a time-domain beam to ensure the beamld is
properly applied e.g. the O-DU could not apply different time-domain beams to the different PRBs in the same OFDM
symbol.

D: Channel-infor mation-based beamfor ming

In this case the O-DU provides channel information per UE periodically (generally less often than every sot) and then
on adot-by-dot basis the O-DU provides scheduling information which the O-RU uses along with the channel
information to calcul ate the proper beamforming wei ghts for the specific slot with its co-scheduled UEs. Herethereis
no beamld value associated with the beamforming, instead the uel D is provided associated with each data section.
Therefore this clause regarding beamld usage is not relevant for this beamforming method.

12.4.1 Predefined-beam Beamforming

When implementing index-based beamforming, it is necessary for the O-RU to convey to the O-DU whether the
beamforming type is frequency-domain, time-domain, or a mixture of the two (“hybrid beamforming”). In the case of
frequency-domain-only or time-domain-only, the beamid is simply an index to the desired beamforming weight vector
or other beamforming method. In the case of hybrid beamforming, there are present in the O-RU pre-loaded frequency-
domain weight vectors and time-domain weight vectors (these are applied separately). The beamld pointsto asingle
combined frequency-domain and time-domain weight vector. However, in reality there will be the application of a
frequency-domain beamforming weight vector and the separate application of multiple time-domain beamforming
weight vectors, one per frequency-domain weight value.

For this case the M-Plane shall convey from the O-RU to the O-DU upon start-up as part of the O-RU self-description:

° the list of available beamlds and their characteristics, see clause 12.4.1.1 bel ow.

Note that there is no requirement that beamlds be in sequential order or that there are no gaps between beamlid val ues.
The only constraint is that the beamld value of zero is reserved so cannot refer to any frequency-domain, time-domain
or hybrid beam.

124.1.1 Beam Characteristics

In order to use predefined-beam beamforming in a standardized way, O-RAN considers beamforming to be defined
such that energy (in the DL) or sensitivity (in the UL) is focused into either a“coarse” or “fine” granularity with
possible overlaps. Inthisway “broadcast” beams may be used to cover awider area with less power or sensitivity,
while higher-power or higher-sensitivity beams may be used in e.g. a per-UE fashion. Figure 12-2 shows an example of
the assumed beam arrangement.
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Note: ovals represent beams, numbers in ovals represent beamlid
Figure 12-2 : Example of updatable-weight frequency-domain plus fixed time-domain beamforming

Figure 12-2 introduces the concept of “beam-group”. A “beam-group” isthe set of beamlds that may be used
simultaneously for some reason. In Figure 12-2 an assumption can be made that the elevation direction is time-domain
while the azimuth direction is frequency-domain; the frequency-domain beamsin the same time-domain group may be
used at the same time but different time-domain groups shall be separated in time.

Figure 12-2 also shows the need to describe beam overlap and beam adjacency. It is necessary, for example, to convey
that beamld=1 is a coarse beam overlapping with fine beamlds={9,10,17,18} and that beamld=18 isafine beam
overlapping with coarse beamld=1. It isalso necessary to convey that beamld=1 has as neighbors
beamld={2,5,11,19,25,26} and that beamld=18 has as neighbors beamlds={ 2,5,10,17,19,26} . Overlapping beams shall
not be scheduled together to avoid interference, and neighboring beams should not be scheduled together to avoid
interference where possible.

The specific beam characteristics are therefore as follows, al per beamid:
1) beam-type for the subject beamld enumerated as COARSE-BEAM or FINE-BEAM;
e thereisno attempt to quantify “coarse” and fine” in terms of beamwidth, thisisjust arelative
relationship
2) beam-group-id for the subject beamld as an integer;
3) coarsefine-beam-relation asalist: if the subject beamld is coarse, thisisalist of the associated fine beams,
and if the subject beamld isfine, thisisalist of the associated coarse beams;
4) neighbor-beam asalist: alist of al beams that may interfere with the subject beamid

An O-RU which supports predefined beamforming may also support shifting the coverage area upon M-plane
command, referred to as the ‘ predefined-beam-tilt-offset’ feature. The O-RU should convey its capability and
associated parameters for the ‘ predefined-beam-tilt-offset’ feature if supported. This feature allows an operator to adjust
the coverage of the O-RU in elevation and/or azimuth angle. Figure 12-3 shows an example of the predefined beam-tilt-
offset operation. As a default, a predefined beam has its own steering angle denoted by (elevation angle: “theta’,
azimuth angle: “phi”). If the O-RU controller configures the elevation-tilt-offset-angle as “+A” degrees and azimuth-
tilt-offset-angle as “+B” degrees, then the O-RU shall regenerate the beams to change its steering angles to be elevation
angle value: “theta+ A”, azimuth angle value: “phi + B”. An M-plane command delivers the elevation and azimuth
predefined beam-tilt-offset angles. To regenerate beams, O-RU may load one of the pre-stored multiple beam weight
vectors corresponding to all supported predefined-beam tilt values or may regenerate beam weights upon receiving the
M-plane command; thisis up to the O-RU implementation.

Note, el evation-tilt-offset-angle values smaller than O represents an up-shift of the default service area towards the
zenith (i.e., corresponding to a decrease in zenith angle) and values larger than O represent a down-shift of the default
service area away from the zenith (i.e., corresponding to an increase in zenith angle).
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Figure 12-3: Example of shifting a grid of predefined beams with tilt-offset

12.4.2 Weight-based dynamic beamforming

Real-time-updated-wei ght-based beamforming operates the same as index-based beamforming, except that the need for
the O-DU to convey actual beam weights to the O-RU introduces additional complexity.

12.4.2.1 Weight-based dynamic frequency-domain or time-domain beamforming (not
hybrid)

In the case of either frequency-domain or time-domain beamforming wherein the beamforming weights can be updated
in real-time and have a beamld val ue associated with the weights, the beamld is treated the same: it points to a set of
weights that control the array elements’ gain and phase and the number of weights equals the number of array elements.
In many cases, the magnitude of each complex weight value will equal unity but thisis not required; in particular
“tapering” may require less-than-unity weight magnitudes for some array elements. The weight values prior to any
compression will be fractional hence no | or Q value may exceed positive or negative unity.

The following list describes the information that the M-Plane shall carry from the O-RU to the O-DU upon start-up as
part of the O-RU self-description, the information listed is per array (So per tx-array or per rx-array):

1) Beamforming type, enumerated as “frequency”, “time” or “hybrid”
2) Maximum number of weight-based beamld values supported (could be zero) : “numBeams’
e O-RUs may have memory limitations that mean the number of beamsis limited; zero means no weight-
based beamforming is supported by this tx-array or rx-array
3) Initia value of weight-based beamld supported: “initBeamld”
o Different ranges of beamld may support weight-based beamforming versus e.g. predefined
beamforming
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4) Frequency granularity of time-domain beamforming, enumerated as “per component carrier” or “per band”.
e Valueisonly present for time-domain beamforming

5) Time granularity of time-domain beamforming, enumerated as “ per-OFDM-symbol” or “per-sot”.
e Valueisonly present for time-domain beamforming

Because the beams are to be generated by the O-DU the O-RU will not know the beam characteristics so they are not
reported.

The actual number of weights K in the frequency-domain or time-domain weight vectors will be clear from the O-RU
antenna model, see the Clause 12.5 on that topic.

12.4.2.2 Weight-based dynamic hybrid beamforming

Here two sub-cases are considered, wherein for one sub-case both the frequency-domain and time-domain weights may
be updated in real-time, and for the second sub-case the frequency-domain weights may be updated in real-time but the
time-domain beams are fixed.

12.42.2.1 Hybrid beamforming with updatable frequency-domain and time-domain weights

For this sub-case the beamforming weight vector is a composite of the frequency-domain weights and the time-domain
weights so can be considered as simply alonger weight vector. Where ablock-based beam weight compression is
employed (block floating point, block scaling or p-law compression), the block size is a single beamforming weight
vector (both frequency-domain and time-domain parts). The actual number of weightsin the composite frequency-
domain plus time-domain weight vectors (K’ + K) will be clear from the O-RU antenna model, see the Clause 12.5 on
that topic.

The following list describes the information that the M-Plane shall carry from the O-RU to the O-DU upon start-up as
part of the O-RU self-description, the information listed is per array (so per tx-array or per rx-array):

1) Beamforming type, enumerated as “frequency”, “time” or “hybrid” — here will be “hybrid”
2) Maximum number of weight-based beamld values supported (could be zero) : “numBeams’
e  O-RUs may have memory limitations that mean the number of beams is limited; zero means no
wei ght-based beamforming is supported by this tx-array or rx-array
3) Initia value of weight-based beamld supported: “initBeamld”
o Different ranges of beamld may support weight-based beamforming versus e.g. predefined
beamforming
4) Frequency granularity of time-domain beamforming, enumerated as “per component carrier” or “per band”.
5) Time granularity of time-domain beamforming, enumerated as “ per-OFDM-symbol” or “per-sot”.

Note that the number of time-domain beam weights associated with a given beamld is the same as the number of array
elements which is K, but the number of frequency-domain weightsisless, being K'. p’ represents the dimensionality of
the time-domain beamforming operation, so that K =K’ * p’. Thetotal length of the beamforming weight vector,
including both the K’ frequency-domain weights and the K time-domain weights, isK’ + K=K’ + (K’ * p’) =K’ *
(p’+1). Figure 12-4 shows an example where K = 16, K’ =4 and p’ = 4, and the length of the beamforming weight
vector (frequency-domain and time-domain combined) is 20 complex weights.
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Figure 12-4 : Example of updatable-weight frequency-domain and time-domain beamforming

12.4.2.2.2 Hybrid beamforming with updatable frequency-domain weights and fixed time-
domain beams

For this sub-case the beamforming weight vector is a composite of the frequency-domain weights and the time-domain
beam numbers with the frequency-domain weights in the first half of the vector and the time-domain beam numbersin
the second half of the vector. This vector shall not be considered as simply alonger weight vector because the
frequency-domain weights may be compressed but the time-domain beam numbers shall not be compressed. Where a
block-based beam weight compression is employed (block floating point, block scaling or p-law compression), the
block size is a single beamforming weight vector but only that half of the weight vector containing the frequency-
domain weights. The remaining half of the vector containing the time-domain beam numbers may not be compressed
and contains the integer time-domain beam numbers.

The actual number of weights in the composite frequency-domain weights plus time-domain beam-number vectors (K’
and K) will be clear from the O-RU antenna model (see the Clause 12.5 on that topic) with the number of frequency-
domain weights K’ indicating which elements in the vector are subject to compression (the first K’ complex valuesin
the vector).

The following list describes the information that the M-Plane shall carry from the O-RU to the O-DU upon start-up as
part of the O-RU self-description, the information listed is per array (so per tx-array or per rx-array):

1) Beamforming type, enumerated as “frequency”, “time” or “hybrid” — here will be “hybrid”
2) Maximum number of weight-based beamld values supported (could be zero) : “numBeams’
a.  O-RUs may have memory limitations that mean the number of beamsis limited; zero means no
weight-based beamforming is supported by this tx-array or rx-array
3) Initia value of weight-based beamld supported: “initBeamld”
a. Different ranges of beamld may support weight-based beamforming versus e.g. predefined
beamforming
4) Frequency granularity of time-domain beamforming, enumerated as “per component carrier” or “per band”.
a.  Vaueisonly present for time-domain beamforming
5) Time granularity of time-domain beamforming, enumerated as “ per-OFDM-symbol” or “per-sot”.
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a.  Vaueisonly present for time-domain beamforming
6) For each of the time-domain beams (the number is known from the O-RU antenna model), beam attributes (see
11.3.1.1)

Note that the number of time-domain beam numbers associated with a given beamld (K’) will be the same asthe
number of frequency-domain beam weights for that beamlid; thisis because each frequency-domain beamforming
weight is applied to a data stream that is subsequently time-domain beamformed using a specific beam number, so if
there are e.g. K’ =4 frequency-domain weights associated with a given beamld there will be four time-domain beam
numbers also associated with that same beamld. See Figure 12-5 for an example wherein four frequency-domain
weights @y, are applied with four time-domain beamforming numbers (#3 and #5). Here the number of frequency-
domain weights K’ indicated by the antenna model would be “four” so the first four values in each vector would be
complex fractional values and would be compressed, while the second four values would be real integers and not
compressed.

Analog beam “shape”
defined by properties
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beam id beamforming weights beam # o, '7 Analog i
o, beam
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particular one per ADC/ DAC.

This is generally only useful for category B
O-RU (precoding within the O-RU)

Figure 12-5 : Example of updatable-weight frequency-domain plus fixed time-domain beamforming

12.4.3 Attribute-based dynamic beamforming

Attribute-based dynamic beamforming operates similarly to weight-based dynamic beamforming except that it is
inherently a time-domain beamforming operation (both are “dynamic” meaning the definition of abeam asindicated by
abeaml D value may be changed via a C-Plane message). Also, instead of beamforming weights associated with a
specific beamld being sent from O-DU to O-RU in Section Extension =1, beam attributes associated with a specific
beamld are sent instead from the O-DU to the O-RU in a different Section Extension =2.
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The following list describes the information that the M-Plane shall carry from the O-RU to the O-DU upon start-up as
part of the O-RU self-description:

1) Beamforming type, enumerated as “frequency” or “time” (not “hybrid”)
2) Maximum number of beamld values supported (could be zero) : “numBeams”
a.  O-RUs may have memory limitations that mean the number of beamsis limited; zero means no
weight-based dynamic beamforming is supported by this tx-array or rx-array
3) Initial value of beamld supported: “initBeamld”
a. Different ranges of beamld may support generated beam beamforming versus e.g. predefined
beamforming
4) Validrange of bfAzPt (see clause 7.4.7.2.2)
5) Validrange of bfZePt (see clause 7.4.7.2.3)
6) Validrange of bfAz3dd (see clause 7.4.7.2.4)
7) Validrange of bfZe3dd (see clause 7.4.7.2.5)
8) Validrange of bfAzSl (see clause 7.4.7.2.6)
9) Validrange of bfZeSl (see clause 7.4.7.2.7)

12.4.4 Channel-information-based beamforming

As stated earlier, beamld isirrelevant and unused in the case of channel-information-based beamforming.

12.5 O-RU Antenna Model supported by O-RAN

Knowledge of O-RU antenna model is critical for certain types of beamforming. The following model is applicable for
O-RU with one or more antennas, where each antenna has array of elementsthat are

o uniform (all elements have same properties) and
e organized into rectangular array (with rows and columns) that is planar (flat).

O-RU exposes via M-plane logical model of O-RU consisting of one or more arrays compose of one or more array
elements. Array element represents independently controllable entity including one or more radiating elements and
related RF processing elements (Here, RF processing element is an entity that processes RF signal and is not related to
processing element defined in M-plane). Note RX and TX are in general independently controllable for that in the
model TX and RX arrays are described as separate entities. If O-RU supports beamforming, then beamforming is
realized within each array separately i.e. beamforming weight vector is applicable within one array. One or more arrays
can occupy same physical location e.g. RX array and TX array that use same set of radiators.

Beamforming methods that use dynamic beamforming with beamforming weights conveyed in C-plane message (in
contrast to predefined beams) require the O-DU to know antenna properties. Different beamforming methods require
knowledge of different subsets of antenna properties.

12.5.1 Coordinate Systems

Some of parameters describing model of antenna related to coordinate system that defines three axes and three angles.
There are two coordinate systems defined:

e array coordinate system
e  O-RU coordinate system
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The array coordinate system is presented below:
A zZ Antenna A z Antenna

array array

Array Array
element element

L

View assumes observation of the antenna array View assumes observation of the antenna array
X from the front (from UE). X from the front (from UE).

Figure 12-6 : Array Coordinate System

The diagram presents view from the front of array-panel (from UE). Arrows indicate increasing values of coordinates.

X points towards broad-side

y increases to right, with antenna-array’ s columns

Z points towards zenith

¢ (phi) is azimuth angle, counter-clockwise rotation around z-axis, 0° points to broad-side, 90° points to y-axis
0 (theta) is zenith angle, counter-clockwise rotation around y-axis, 0° points to zenith, 90° points to horizon

v (psi) is angle, counter-clockwise rotation around x-axis, 0° points to horizon, 90° points to zenith

The array coordinate system is centered on centre of the leftmost, bottom element of array. The array coordinate
systemis applicable within one array.

The O-RU coor dinate system isthe selected array coordinate system of an O-RU. The selection is fixed by O-RU
design. The O-RU coordinate system is applicable within one O-RU.

12.5.2 O-RU Antenna Model Parameters

The O-RU antenna model can be described with following parameters:

K —number of array elementsin array (note that K = M*N*P*Q)

M —number of rows of array elementsin array. M>0; value O is reserved for future use.

N — number of columns of array elementsin array. N>0; value O is reserved for future use.

P — number of polarizationsin array. P>0, value O is reserved for future use.

Q — number of overlapping array elements (array-layers) in array. Each array-layer hasM rows, N columns

and P polarizations. Q>0; value O is reserved for future use. See Annex K for more information on array-

layers.

e XY, z—position of centre of the leftmost, bottom element of array in O-RU coordinate system

e ¢, 0 direction of normal vector perpendicular to array’ s surface in O-RU coordinate system (array’s normal
vector correspondsto x axisin array’s coordinate system)

o dy —mean distance between centres of nearby array elementsiny direction in array coordinate system
(distance between columns); value O is reserved for future use.

e dz - mean distance between centres of nearby array elementsin z direction in array coordinate system

(distance between rows); value 0 isreserved for future use.
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o list of polarizationsin array (thislist has P elements, each representing p-th polarization); values ordered in
ascending order of angle. Example: cross-polarized array having elements of one of two linear polarizations
can be described by list: (-45°, +45°) indicating that array element with polarization index p=0 has linear
polarization -45°, and array element with polarization index p=1 has linear polarization +45°.

e independent power budget per layer - in case of an array with multiple layers, corresponding elements
(located in same row and column and same polarization) of different layers may have a shared power budget or
have independent power budgets.

For an array supporting hybrid beamforming (see clause 12.4.2) there is a need for additional parameters:

. K’ —number of frequency domain beamforming weights ¢ i’ that can be applied within the array.
0<K’<K; value O isreserved for array not supporting hybrid beamforming.

e h(k) — mapping of array element k to frequency domain beamforming weight o where k' =h(k).
The mapping is represented as alist of lists: for every 0<k’<K’ alist of K/K’ numbersidentifying array
elements where frequency domain beamforming weight ¢y is applied. k'=h(k) if number k isin the list
corresponding to k’.
Clause 12.5.312.5.3 Identification and Ordering of Array Elements describes how numbers are assigned to
array elements.

The model assumes the number of array elements corresponding to frequency domain beamforming weight oy isthe
same for every k' (0<k’<K") and the elements corresponding to beamforming weights form a rectangular shape without
overlapping i.e. every array element is linked with exactly one frequency domain beamforming weight ¢ .

In addition, the O-RU antenna model provides parameters describing key capabilities of array elements. The model
assumes the array is uniform and all elements have the same properties. Each single value is applicable to al elements
within the array.

Parameters describing array elements applicable to TX and RX arrays:
e horizonal plane half power (-3 dB) beam width of array element’s radiation pattern
e vertical plane half power (-3 dB) beam width of array element’ s radiation pattern
e horizona plane quarter power (-6 dB) beam width of array element’ s radiation pattern
e vertical plane quarter power (-6 dB) beam width of array element’ s radiation pattern

Beam widths above are angles (expressed in degrees) between half-power (-3 dB) points or quarter-power (-6 dB)
points respectively of the main lobe with reference to pesak radiated power of main lobe. Horizontal and vertical plane
correspond to the xy-plane and xz-plane respectively of the array in the array coordinate system.

The parameter describing array elements specific for TX array:

® Mk - max rms power rating of array element of the array. Usage of max rms power rating is described in
clause 8.1.3.3.

12.5.3 Identification and Ordering of Array Elements

In many applications there is a need to assign to array element a number k such that 0<k<K. One example is mapping
position (represented by k, such that 0<k<K) of beamforming weight in beamforming vector to array element. Other
exampleisidentification of array elementsin antenna model.

For purpose of identification and ordering a number k is assigned to each element of array by the function f(m,n,p.q):
fmnp,q)=q-P-M-N+p-M-N+m-N+n
where:

m - row (bottom to top), 0<m<M

n - column (left to right, view from the front of array), 0<n<N

p - polarization index, 0<p<P; polarization value of polarization index p isyp

q—array-layer, 0<q<Q
Note that for arectangular array, the function f(m,n,p,q) can be inverted allowing to specify a“tuple” (m,n,p,q) of k-th
element.
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12.5.4 Relations Between Array Elements

Beamforming methods that use dynamic beamforming with beamforming weights conveyed in C-plane messages (in
contrast to predefined beams) require the O-DU to know that specific elements of one array is co-located with elements
of another array e.g. RX array and TX array that use same set of radiators. In addition, one or more TX arrays may

share elements and parts of RF processing paths (e.g. a power amplifier) resulting in a shared power budget described
by a maximum rms power rating.

If element k, of array A and element ky, of array B are in same position (same physical row and column) then ka and ky,
are co-located.

If element k, of array A and element ky, of array B are co-located and share a power budget, then ka and k, are shared.
Relation of co-location is symmetric: ka and ky, are co-located if and only if ky and k, are co-located.

Relation of co-location istransitive: if ka and ky are co-located and ky, and k¢ are co-located then ka and k. are co-
located.

Relation of sharing implies co-location: if ky and kp are shared then ka and ky, are co-located.

O-RU shall report via M-plane relations between array elements. O-RU shall avoid reporting redundant rel ations that
can be derived from other relations by symmetric and transitive properties and implication of co-location relation by
sharing relation. In addition, the O-RU shall provide a concise representation of the common case of two arrays that
have all elementsin relation (e.g. RX array of -45° polarization and corresponding RX array of +45° polarization).

12.5.5 Model Usage

The O-RU antenna model reported by the O-RU consists of RX arraysand TX arrays. RX arraysand TX arrays
represent a capability for transmitting/receiving RF signal related to an eAxC and - if beamforming is supported by O-
RU on given array - beamforming capability. In this clause examples are presented: red and green bars represent array

elements of different polarizations, grey box represents physical device, white rectangles represent arrays reported by
O-RU.
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Figure 12-7 : Examples of Model Usage — TX as two single-polarization arrays or one cross-polarized
array

As an example Figure 12-7 presents two O-RU designs. an O-RU with two TX arrays each of one polarization and an
O-RU with one TX array of two polarizations (note number and dimension of TX array has an impact on the size of
beamforming vectors). Of course, an O-RU that combines both above designsis possible as presented in Figure 12-8.
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Figure 12-8 : Examples of Model Usage — TX as two single-polarization arrays and one cross-
polarized array

Similarly, in RX —if an O-RU does not support the collecting raw SRS by use of beams designed to mute signal from

all elements except one then that O-RU —in addition to full RX array — may expose RX arrays with single elements as
presented in Figure 12-9.
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Figure 12-9 : Example of Model Usage — RX with multi-element and multiple single-element arrays

An O-RU that does not support beamforming can be represented with arrays having one element each. Note that a
category B O-RU could be represented with an array with two elements to accommodate two polarizations while a
category A O-RU would generally be represented with a TX array with only one polarization (P=1). Figure 12-10
presents the two design examples of a hon-beamforming O-RU: an O-RU with two TX arrays each of one polarization
and an O-RU with one TX array of two polarizations. Of course, an O-RU that combines both designsis also possible.
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Figure 12-10 : Examples of Model Usage — Non-beamforming O-RU with TX as two single-polarization
arrays or one cross-polarized array
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13 Support of Shared Cell

13.1 General

This clause specifies support for “Shared Cell”. “Shared cell” is defined as the operation for the same cell (the cell can
have one or multiple component carrier(s)) by several O-RUs.

There are 2 cases for realizing shared cell shown in Figure 13-1.

0 FHM mode: Shared cell isrealized by FHM and several O-RUs. In this case, FHM is placed between the O-
DU and multiple O-RUs. FHM is modelled as an O-RU with LLS Fronthaul support (same as norma O-RU)
and copy and combine function (additional to normal O-RU), but without radio transmission/reception
capability. For the copy and combine function, FHM may support selective transmission and reception
function. In this version, each O-RU under one FHM can be used for either operating the same cell (Single
Cell Scenario at Figurell-1) or different cells (Multiple Cells Scenario at Figurell-1) by M-Plane
configuration.

e  Cascade mode: Shared cell isrealized by several O-RUs cascaded in chain. In this case, one or more O-RU(s)
are inserted between the O-DU and the O-RU. The O-RUsin the cascaded chain except for the last O-RU shall
support Copy and Combine function. The O-RUs which support the Copy and Combine function are named
“Cascade O-RU”. Note that the last O-RU may also support Copy and Combine function although it is not
used (i.e. not only normal O-RU but also Cascade O-RU may work as the last O-RU). In this version, each O-
RU in acascaded chain is only used for operating the same cell.

O-RU#2 |

O-RU#N
(normal O-RU/

Cascade O-RU#N)

FHM mode (Same cell scenario) FHM mode (Multiple cells scenario) Cascade mode
Figure 13-1: Shared Cell Concept

For the cascade mode, the following generic reference to nodes in a cascaded chain is used. (For the FHM mode, the
nodes are directly referred to as O-DU, FHM or O-RU, and the below terminologies are not used in this CUS-Plane
specification. Please note that the terminologies: north-node and south-node are also used for FHM in the M-Plane
specification to maximize commonality for M-Plane modelling.)

north-node: For aparticular O-RU in the chain of cascaded O-RUSs, the north-node is the adjacent O-RU whichis
located closer to the O-DU. In the case of the O-RU which is adjacent to the O-DU, the north-node is the O-
DU.

south-node: For the O-DU or a particular O-RU in the chain of cascaded O-RUs, the south-node is the adjacent O-
RU which islocated farther from the O-DU.

In this clause, the following notations will be used;

N: the total number of O-RUs connected to a FHM for FHM mode, or the total number of O-RUs in a cascaded
chain (including the last O-RU) for Cascade mode.
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M: the total number of different cells realized by the total of N O-RUs connected to a FHM for FHM mode, or the
total number of difference cells realized by the total N O-RUs in a cascaded chain for Cascade mode. M eguals
1 for Same cell scenario for FHM mode. M equals 1 for Cascade mode in this version.

N the total number of O-RUs realizing a particular cell m. N equals N (and m=1) for Same cell scenario for FHM
mode. N equals N (and m=1) for Cascade mode in this version.

n: used to denote a particular O-RU within a set of O-RUs realizing a particular cell.

13.2  Copy and Combine function

DL Copy function (shown in Figure 13-2):

In downlink case, FHM retrieves eCPRI messages coming from O-DU as payload of Ethernet frames, copies them (the
entire eCPRI message including eCPRI header and eCPRI payload) without any modifications as payload into Ethernet
frames and sends them towards the O-RUs realizing the shared cell. FHM determines these O-RUs from M-Plane
configuration. Note that Figure 13-2 illustrates the Same cell scenario where copy is done for O-RU#1 to O-RU#N. For
the Multiple cells scenario, for aparticular cell m, copy will be for O-RU#1 to O-RU#Nm.

In downlink case, Cascade O-RU retrieves eCPRI messages coming from the north-node as payload of Ethernet frames,
copiesthem (the entire eCPRI message including eCPRI header and eCPRI payload) without any modifications as payload
into Ethernet frames and sends them towards the south-node.

eCPRI message eCPRI message
(C/U-Plane message) O-DU (C/U-Plane message) O-DU

=
O-RU#1 =
G Copy [ (Cascade O-RU#1) ] <} Copy
e =
Forward{
+ Forward =y
e ™ { omur2 ) O
\ 4 | (CascadeO-RU#2) ’: = Copy
\\ Forward® 1 _______
\ (]
\
PR N
i I O-RU#N
1 O-RU#N | (normal O-RU/
LG ) Cascade O-RU#N)
FHM mode Cascade mode

Figure 13-2 : Downlink flow for Shared Cell

UL Combine function (shown in Figure 13-3):

FHM combines IQ data corresponding to the same radio resource element from the multiple eCPRI messages for UL U-
Plane in the Ethernet frames transmitted from each O-RU, where the general principles are listed below;

. The FHM identifies |Q data corresponding to the same radio resource element from the information elements
in eCPRI transport header, application layer common header and application layer section field which are
listed in Table 13-1. In case that transport layer fragmentation occurs, the FHM will need to re-assemble the
fragmented message first.

. The FHM retrieves compression information (if present), iSample and gSample from those corresponding
eCPRI messages and cal culates the combined i Sample and gSample by adding i Sample and gSample
individually, taking compression information into account as below;

If U-Plane data compression is used then

Combined iSample = Compress (Sum (Decompress (iSample_#1), ..., Decompress (iSample #Nrm) ) ),
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Combined gSample = Compress (Sum (Decompress (qgSample #1), ... , Decompress (qSample #Nn) ) ),
Else

Combined iSample = Sum (iSample #1, ..., iSample #Np),
Combined gSample = Sum (gSample #1, ..., gSample #Nm),
where

iSample_#n is the iSample received from the O-RU#n and
gSample_#n isthe gSample received from the O-RU#n.

. If overflow occurs from the combine operation, i Sample and/or gSample should be clamped to the closest
value that can be represented in the compression format used for the combined 1Q data.

° The compression format for the combined 1Q datais the same as that in the 1Q data received from the O-RUs.

. In this version of the specification, selective combining of UL signalsis not supported.

After combining, the FHM generates eCPRI header (the ecpriSeqid field generated by the FHM is independent and not a
copy of that received from O-RUs; other fields are just copies of those received from the O-RUSs.), adds combined 1Q
data as eCPRI message body, constructs Ethernet frames carrying eCPRI messages as payload, and forwards them to the
O-DU.

Notethat Figure 13-3 illustrates the Same cell scenario where combineisdone for O-RU#1 to O-RU#N. For the Multiple
cells scenario, for a particular cell, combine will be for O-RU#1 to O-RU#Nm.

Cascade O-RU combines|Q data corresponding to the same radio resource element from air and from the eCPRI messages
for UL U-Plane in the Ethernet frames transmitted from the south-node, where the general principles are listed below;

. The Cascade O-RU identifies |Q data corresponding to the same radio resource element from the information
elementsin eCPRI transport header, application layer common header and application layer section field
which arelisted in Table 11-1. In case that transport layer fragmentation occurs, the Cascade O-RU will need
to re-assembl e the fragmented message first.

. The Cascade O-RU retrieves compression information (if present), iSample and gSample from those
corresponding eCPRI messages and cal culates the combined iSample and gSample by adding i Sample and
gSample individually, taking compression information into account as below;

If U-Plane data compression is used then
Combined iSample = Compress (Sum (Decompress (iSample_from_south-node) and (iSample_from
air))),
Combined gSample = Compress (Sum (Decompress (gSample_from_south-node) and gSample_from
air)),
Else
Combined iSample = Sum (iSample_from_south-node and iSample_from air),
Combined gSample = Sum (gSample_from_south-node and gSample_from air),
where
iSample_from_south-node is the iSample received from the south-node,
gSample_from_south-node is the gSample received from the south-node,
iSample_from_air isthe iSample received from the air, and
gSample_from_air isthe gSample received from the air.

. If overflow occurs from the combine operation, iSample and/or gSample should be clamped to the closest
value that can be represented in the compression format used for the combined 1Q data.

e  Thecompression format for the combined |Q datais the same asthat in the | Q data received from the south-
node.

. In this version of the specification, selective combining of UL signalsis not supported.

After combining, the Cascade O-RU generates eCPRI header (the ecpriSegid field generated by the Cascade O-RU is
independent and not a copy of that received from the south-node; other fields are just copies of those received from the
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south-node.), adds combined 1Q data as eCPRI message body, constructs Ethernet frames carrying eCPRI messages as
payload, and forwards them to the north-node.

Forward Forward f
= ]
O-RU#1 = .
[ (Cascade O-RU#1) ] 4 Combine
= ==
Forward f
CTTTIITIITTTT v

Figure 13-3 : Uplink flow for Shared Cell

Table 13-1 : information elements to be checked when FHM/Cascade O-RU combines UL U-Plane

messages
Field Information element
eCPRI transport header ecpriPcid
Application layer common header dataDirection, frameld, subframeld, slotld, symbolid
Application layer section field rb, syminc, startPrbu, numPrbu

13.2.1 Selective transmission and reception using beamld

In order to avoid unnecessary interference and noise enhancement, selective transmission and reception function can be
useful and it can be realized with minimum implementation impact on both O-DU/O-RU by using beamid.

The followings are noted for the selective transmission and reception function using beaml d:

. Predefined-beam beamforming is assumed;

e  Applicability for cascade mode (cascaded O-RUs or cascaded FHMS) is out of scope in this version due to the
lack of study.

The concept isto utilize the multiple O-RUs involved in a shared cell collectively as a single beamforming O-RU, and to
realize selective transmission and reception using beamforming operations.

. In normal beamforming operation, a unigue SSB and/or CSI-RS are transmitted from each beam so that the O-
DU scheduler can understand which beam should be used based on L 1-RSRP reports from the UE; where each
is further mapped to a unique beamld that the O-DU signals on the fronthaul.

o For shared cell with selective transmission and reception using beamid:

- In the simplest form, al O-RUs involved can be non-beamforming O-RUs, and each of them can be
regarded as separate beam of one collective beamforming O-RU. In this case, a unique SSB and/or CSI-
RS are transmitted from each non-beamforming O-RU; where each is further mapped to a unique beamld
that the O-DU signals on the fronthaul. Then the FHM, based on the beamld signalled from the O-DU,
would route the messages to the appropriate non-beamforming O-RU. At thistime, the FHM aso
trandates the beamld so that the O-RU will transmit/receive using the appropriate beam. This assumes
each O-RU handles unique user data meaning the FHM is not executing any copy/combining operation.
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Other forms can be considered. E.g.

All O-RUsinvolved can be still be non-beamforming O-RUs, but multiple O-RUs illuminating
overlapping/neighbouring areas can be made to transmit a common SSB/CSI-RS (and common
user data) and be regarded as a common beam from the O-DU perspective. The FHM, based on the
beamld signalled from the O-DU which corresponds to the common beam, would route the
messages to the appropriate set of multiple O-Rus and would execute a copy/combining operation
for this data;

Multiple beamforming O-RUs can collectively be considered as a single beamforming O-RU. Each
beam of the individual O-RUs may be regarded as a separate beam, or multiple beams illuminating
overlapping/neighbouring areas can be made to transmit a common SSB/CSI-RS (and common
user data) and be regarded as a common beam from the O-DU perspective. The FHM, based on the
beamld signalled from the O-DU, would route the messages to the appropriate beamforming O-RU
and would execute a copy/combining operation for this data, and also trand ate the beamid value so
that the O-RU will transmit/receive using appropriate beams.

NOTE: For the O-RU beams illuminating overlapping/neighbouring areas that are made to transmit a
common SSB/CSI-RS and are regarded as a common beam from the O-DU perspective, coherency between
the beamsis not required.

From here on, the beamld used by the O-DU and signalled from the O-DU to FHM is referred to as the global beamlid;
and the beamld signalled from the FHM to O-RU and used by the O-RU is referred to as the local beamid.

Related M-plane aspects are described below.

If O-DU receives the capability from FHM via M-Plane which indicates selective transmission and reception
support, O-DU can configure the FHM to use selective transmission and reception function.

The mapping information between each global beamld, O-RU(s) and their local beamid is configured to the
FHM during the M-Plane start-up procedure.

It is noted that the inter-beam relationship information such as coarse-fine-beam-relation and nei ghbour-beams
are reported from each O-RU via M-Plane. Therefore, although O-DU considers the set of O-RUs as one
beamforming O-RU, coarse-fine-beam-relation and neighbour-beams information across different O-RUs will
not be available.

The details of copy combine function with selective transmission and reception function using beamld describted bel ow.

Selective transmission function (shown in Figure 13-4):

In downlink case, FHM retrieves eCPRI messages coming from O-DU as payload of Ethernet frames, reads C/U-plane
message-section field and separates C-Plane message section fields based on beamld and al so separates U-Plane message
section header fields/PRB fields based on sectionlds corresponding to each beamld. Then FHM creates new eCPRI
messages by adding common header field on each new C/U-plane message which may includes multiple separated section
fields for C-Plane and section header fields/PRB fields for U-Plane belonging to the same beam. The FHM sends them
towards appropriate O-RUs according to the mapping table between beamld value and O-RU(s). For C-Plane messages,
FHM needsto overwrite beamld field according to the mapping table between global beamld and local beamld. Note that
Figure 13-4 illustrates the same cell scenario where selective transmission is done for O-RU#1 to O-RU#N. For the
Multiple cells scenario, for a particular cell m, selective transmission will be for O-RU#1 to O-RU#Nn,.
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Figure 13-4 : Downlink flow for selective transmission

Selective reception function (shown in Figure 13-5):

FHM sends C-Plane messages as a same manner of selective transmission, i.e. the FHM sends C-Plane messagesto RUs
selectively based on the beaml d value in the C-plane message received from O-DU and the mapping table between global

beamld value and O-RU; and overwrites beamld value according to the mapping table between global beamid value and
local beamid value for the O-RU.

Then corresponding O-RU(s) transmits UL U-Plane messages which includes UL signal received by using the beam
indicated by the beamld value in the C-Plane message received from FHM.

FHM combines 1Q data according to 11.2. In case UL U-plane message received from different O-RUs do not include 1Q
data for the same radio resource element, combined |Q datais equivalent to | Q data received from particular O-RU.

FHM reconstructs eCPRI payload carrying UL U-Plane messages to be sent to the O-DU by concatenating combined 1Q
data and corresponding section header field with one UL U-Plane message common header.

After eCPRI payload reconstruction, the FHM generates eCPRI header (the ecpriSeqid field generated by the FHM is
independent and not a copy of that received from O-RUSs; other fields are just copies of those received from the O-RUs)),
constructs Ethernet frames carrying eCPRI messages as payload, and forwards them to the O-DU.

Note that Figure 13-5 illustrates the same cell scenario where selective reception is done for O-RU#1 to O-RU#N. For
the Multiple cells scenario, for a particular cell, selective reception will be for O-RU#1 to O-RU#Nm.
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Figure 13-5: Uplink flow for selective reception

Beam mapping parameters for selective transmission and reception using beamld are summarized in Table 11-2.

Table 13-2 : Beam mapping parameters for selective transmission and reception using beamlId

Parameter Description

global beamld This parameter indicates the beam ID to
be applied to the U-Plane data on O-DU
as same as existing beamld. One global
beamld can be mapped to one or multiple
local beamld. The mapping information
between each global beamld, O-RU(s),
and local beamld is configured to the
FHM during M-Plane start-up procedure.
local beamld This parameter indicates the beam ID to
be applied to the U-Plane data on O-RU
as same as existing beamld. In one O-
RU, different beams can not map to one
global beamld. Local beamld shall be
unique within O-RU.

Note
Since FHM and O-RUs are treated as a beamforming
O-RU, global-beam-id = 0 is prohibited. Value range is
same as that of existing beamld explained in 5.4.5.9.

13.3 Delay management for Shared cell

Total fronthaul distance between O-DU and O-RU shall be reduced compared to the case when there are no FHM/Cascade
O-RU. Thisisrequired in order to keep the same total fronthaul delay between O-DU and O-RU even in the presence of
processing time at FHM/Cascade O-RU, and to ensure UL messages arrive at O-DU within O-DU reception window as
well as DL messages arrive at O-RU within O-RU reception window. Further the transmission/reception timing of

FHM/Cascade O-RU needs to be clarified. So, on top of clause 4.3, additional consideration is required for delay
management which involves shared cell.

NOTE: Whether the delay management for shared cell in this clause can be used for measured transport method and/or
dynamic timing advanceis FFS.
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13.3.1 DL delay management for Shared cell
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Figure 13-6 : Delay model parameters for FHM mode (2 O-RUs case, i.e. N» =2, is illustrated as an
example)
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Figure 13-7 : Delay model parameters for Cascade mode (3 O-RUs case, i.e. N=3, is shown as an
example)

It is assumed that additional delay due to combining in UL case is larger than copying in DL case. Therefore aslong as
fronthaul and FHM/Cascade O-RU are configured to satisfy delay management for UL case, nothing additional is needed
for DL delay management with shared cell. 1.e., FHM/Cascade O-RU can just perform copying and forwarding as soon
asit receives DL messages from O-DU (FHM mode)/north-node (Cascade mode), and this will ensure that DL messages
are received within O-RU reception window. Although the additional requirement for DL is not needed, if O-DU knows
processing delay for copy which is shorter than T_Comb, it may be beneficial for O-DU transmission window
optimization. For this reason, T_Copy is specified as O-RU capability. Note that it would need additional consideration
for FDD cell (DL only band) formed of one DL carrier.

Delay parameter for shared cell for DL is summarized in Table 13-3.
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Table 13-3 : Delay parameters for shared cell for DL

Parameter Description Note
T_Copy Corresponding to the maximum FHM or Capability parameter.
Cascade O-RU processing delay FHM or Cascade O-RU reports the value by M-Plane.

between receiving an IQ sample over the
fronthaul interface from O-DU (FHM
mode) or the north-node (Cascade
mode), coping it and transmitting it over
the fronthaul interface to O-RU (FHM
mode) or the south-node (Cascade
mode).

In addition to the above, in FHM mode
with selective transmission, T_Copy also
includes reconstructing U-Plane
message.

13.3.2 UL delay management for Shared cell
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Figure 13-8 : Delay model parameters for FHM mode (2 O-RUs case, i.e. Nm =2, is illustrated as an
example)

UL delay model parameters for FHM mode are shown in Figure 13-8. Since FHM processing delay for combining UL
U-Plane messages effectively adds to the total fronthaul delay between O-DU and O-RU, total fronthaul distance between
O-DU and O-RU shall be reduced compared to the case when thereis no FHM in order to keep the same total fronthaul
delay between O-DU and O-RU so as to ensure UL U-Plane messages arrive at O-DU within O-DU reception window.
In other words, configuration of fronthaul including FHM shall meet;

T_FH1 max+ max (T_FH2-1_max, ..., T_FH2-N», max) <= T34_max - T_Comb,
where
T_FH1 max isthe maximum transport delay between FHM and O-DU,
T_FH2-n_max is the maximum transport delay between O-RU#n and FHM (n=1, ..., Nm), and
T_Comb is FHM processing delay for combining which depends on FHM capability and is reported via M-Plane.

To ensure that UL U-Plane messages arrive at O-DU within O-DU reception window, the latest time FHM can send
combined UL U-Plane messages towards O-DU is“Ta4 max - T_FH1 max”. Since the value of T_FH1 max depends
on position of FHM, FHM needs to be told about the latest time. Thistimeis defined as Ta3 prime_max and needs to be
configured to FHM via M-Plane. Considering T_Comb, this means that UL U-Plane messages received by
“Ta3 prime_max — T_Comb” are subject to UL U-Plane message combining. In other words, even if FHM does not
receive all UL U-Plane messages from O-RUs by “Ta3 prime_max —T_Comb”, FHM shall combine whatever received
UL U-Plane messages and send it to O-DU by Ta3 prime_max. This time “Ta3_prime_max (configured) — T_Comb
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(FHM capability)” is defined as T_Waiting and calculated at FHM. In addition, in order to combine all UL U-Plane
messages from O-RUs, T_Waiting needs to be larger than or equal to “Ta3_max + max (T_FH2-1_max, ... , T_FH2-
Nm_max)”. Therefore, configured Ta3_prime_max should meet following condition;

Ta3_max + max (T_FH2-1 max, ... , T_FH2-N, max) + T_Comb <= Ta3 prime_max <= Ta4_max -
T_FH1 max
t=0
Tad4_max
0-DU Ta4_min Lo Reception window (UL)
7 I€
Min UL 1 delay | Max FH W
FH1 T_FH1_min - u T_FH1_max >
|
Ta3_prime_max
/ N
O-RU#1 Combining delay bining delay
(Cascade T_Comb > T_Comb a3_prime_mex(for O-RU# 1)is derived from Tad
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>
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Figure 13-9 : Delay model parameters for cascade mode (3 O-RUs case, i.e. N=3, is shown as an
example)

UL delay model parameters for Cascade mode are shown in Figure 13-9. In a similar manner with FHM mode,
configuration of fronthaul including Cascade O-RU shall meet;

N N-1
z T_FHi_max < T34_max — Z T_Comb (for Cascade O-RU#i)
i=1 i=1

where
T _FHNn _maxis
the maximum transport delay between O-RU#1 and O-DU (n=1),
the maximum transport delay between O-RU#n and O-RU#n-1 (n=2 ... N),

T_Comb is Cascade O-RU processing delay for combining which depends on Cascade O-RU capability and is
reported via M-Plane, and

T34 _max isthe maximum uplink transport delay between O-DU and the last O-RU (as specified in clause 4.3).

In addition, in asimilar manner with FHM mode, Ta3_prime_max configured to each Cascade O-RU shall meet following
condition;

N N-1
Ta3_max + Z T_FHi_max + Z T_Comb (for Cascade O-RU#i) < Ta3_prime_max (for Cascade O-RU#n), and
i=n+1 i=n

n-1
n
Ta3_prime_max (for Cascade O-RU#n) < Ta4_max — Z T_FHi_max — Z T_Comb (for Cascade 0-RU#i), nz2

i=1
i=1

0, n=1

Delay parameters for shared cell for UL are summarized in Table 13-4.
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Table 13-4 : Delay parameters for shared cell for UL

Parameter Description Note
T_Comb Corresponding to the maximum FHM or Capability parameter.
Cascade O-RU processing delay FHM or Cascade O-RU reports the value by M-Plane.

between receiving an I1Q sample over the
fronthaul interface from all O-RUs (FHM
mode) or the south-node (Cascade
mode), combining them and transmitting
it over the fronthaul interface to O-DU
(FHM mode) or the north-node (Cascade

mode).

Ta3_prime_max | The latest time that FHM or Cascade O- Configuration parameter.
RU is allowed to send UL U-plane Value configured to FHM or Cascade O-RU by M-
message to O-DU (FHM mode) or north- | Plane.
node (Cascade mode) relative to See above for appropriate setting.
reception timing at O-RU antenna.

T_Waiting Time when FHM or Cascade O-RU shall | Calculated parameter.
wait UL U-Plane message sent by O-RU FHM or Cascade O-RU calculates from configured
(FHM mode) or south-node (Cascade Ta3_prime_max and its T_Comb. l.e. this parameter
mode). is not defined in M-Plane.

Regarding O-RU delay profile reporting via M-plane;

. For FHM, only T_comb is applicable. Other parameters (T2aand Ta3 related parameters and Tcp_adv_dl) are
not applicable for FHM since it does not behave as an O-RU

. For Cascade O-RU, T_comb is applicable. Other parameters (T2a and Ta3 related parameters and Tcp_adv_dl)
are also applicable and the values are for the case it behaves as a normal O-RU

13.4  S-plane for Shared cell

The same synchronization framework and requirements specified in clause 11 also apply to the FHM, O-DU and O-RU
for Shared cell, where the FHM (in the FHM mode), and the cascaded O-RU(s) (in the Cascade mode), are typically
regarded as Ethernet switches on the synchronization chain, meeting the requirements specified for T-BC or T-TC
Ethernet clocksin Clause 11 from an S-plane point of view. Whenever an O-RU is not on the synchronization path to
other O-RUs, the O-RU is not required to support T-BC or T-TC functions. In any case the existing limits specified in
clause 11 between the S-plane input port and RF port apply to al O-RUs.

13.4.1 Node behavior at O-RU in FREERUN state

134.1.1 O-DU

If synchronization states on all O-RUsin a shared cell used for operating the same cell transit to the FREERUN or
HOLDOVER state, the O-DU shall stop sending C-Plane and U-Plane related data to these O-RUs. In other words, the
O-DU shall continue sending unless all O-RUs in the shared cell used for operating the same cell transit to the
FREERUN or HOLDOVER state.

13.4.1.2 O-RU

If synchronization state on a cascade O-RU transits to the FREERUN state, the cascade O-RU shall autonomously stop
RF transmission, switch all carriersto INACTIVE state and send a natification to the O-DU about synchronization and
carriers state change. The Cascade O-RU shall enable to continue the function for copy and forward to south-node when
the O-RU receives the C-Plane and U-plane related data from the north-node and shall be enable to continue forwarding
without any combining function when the O-RU receives the U-plane related data from the south-node.

If synchronization state on an FHM transits to the FREERUN state, the FHM shall send a notification to the O-DU
about the synchronization. The FHM shall enable to continue function for copy and forward to south-nodes when the O-
RU receives the C-Plane and U-plane related data from the north-node and shall be enable to continue the function for
combine and forward to the north-node when the FHM receives the U-plane related data from the south-nodes.
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Rationale: The other O-RUs in a shared cell used for operating the same cell as cascade O-RU or FHM might be till
LOCKED synchronization state. The cascade O-RU or FHM shall be able to continue copy and combine functions for
the other O-RUsin chain or star topology which provides valid U-Plane and C-Plane related data from/to the O-RUs.
However, it has to be considered that if one of the O-RUsin the cascaded chain or FHM in FHM mode movesto
FREERUN or HOLDOVER, the clockClass values advertised by this FHM/O-RU towards south-node(s) might impact
the sync plane of al the other RUs which are listening on PRTC clockClass values and might trigger state change on all
O-RUs which eventually might move to FREERUN or HOLDOV ER based on the sync state of that particular O-RU.

13.5 Cascade-FHM mode

13.5.1 General

Following clauses defines one hybrid mode Cascade-FHM. The mode is shown in Figure 13-10.

FHM#1

Same cell scenario Two cells scenario

Figure 13-10: Cascade-FHM mode

Figure 13-10 shows two typical scenariosin Cascade-FHM mode, one is Same cell scenario, that is O-RU(S) serving
cascaded FHM s belong to Same cell, another is Two cells scenario, that is O-RU(s) serving different FHM belong to
different cell. Other different cell scenarios are also possible.

Cascade-FHM mode isrealized by at least two chained FHMs and O-RUs connected to them. Star-like topology where
many FHMs would be connected to one FHM is not in scope.

Limitation: inthis version of the specification maximum level of cascaded FHMsislimited to 2, see below note. As
for other usages they can be discussed in future as needed.

NOTE: In current version of specification, the reasons for limited depth of FHM chain are as follows: 1) Noise floor
level may have negative impact when deeper chain is constructed. Such impact is not yet analyzed; 2) Delay
management may be affected by deeper chain and also requires further analysis. 3) Cascade-FHM mode is suitable to be
deployed in Indoor Distribution System, and generally the usage with two cascaded FHMs istypical and sufficient.

The first cascade FHM nearest to O-DU is named FHM #1, the second cascade FHM is named FHM #2. For FHM#1, its
north-node is O-DU and south-nodes are its O-RUs and FHM#2. For FHM#2, its north-node is FHM#1 and south-nodes
areits O-RUs.

13.5.2 Copy and Combine function
DL Copy function and UL Combine function for Cascade-FHM mode are actually same with FHM mode with alittle

attention that FHM#1 regards FHM#2 asits one O-RU from aspect of Copy and Combine. Following figures show
downlink and uplink flow for Same cell scenario (Figure 13-11) and Two cells scenario (Figure 13-12).
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Downlink flow for Same cell scenario Uplink flow for Same cell scenario

Figure 13-11: Cascade-FHM flow for Same cell
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Figure 13-12: Cascade-FHM flow for two cells

13.5.3 Delay management

Delay management for Cascade-FHM mode looks like the combination of FHM mode and Cascade mode while
FHM#2 cannot be treated as one normal O-RU from aspect of delay management since it has own processing delay and

transport delay towards its O-RUSs.

Assuming the configuration is two Cascaded FHMs: FHM#1 has one O-RU and FHM#2 has two O-RUs.
1) TheDL delay model parametersin Same cell scenario are shown in Figure 13-13.
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Figure 13-13: DL delay model parameters for Cascade-FHM mode

To ensure DL U-Plane messages arrive at O-RU within O-RU reception window the configuration of fronthaul including
two cascaded FHM s shall meet:

T _FH1 min + min (min (T_FH2_1 min, ..., T_FH2-N_min), T_FH2 min + min (T_FH3 1 min, ..., T_FH3-
M_min) + T_Copy) >=T12 min - T_Copy
where

T_FH1 ministhe minimum transport delay between FHM#1 and O-DU,

T_FH2_ministhe minimum transport delay between FHM#2 and FHM#1,

T_FH2-n_min isthe minimum transport delay between O-RU#n and FHM#1 (n=1, ..., N),

N is the total number of O-RUsrealizing a particular cell m under FHM#1, and in this case N=1,

T_FH3-m_min isthe minimum transport delay between O-RU#mand FHM#2 (m=1, ... , M),

M isthe total number of O-RUsrealizing a particular cell munder FHM#2, and in this case M=2,

T_Copy is FHM processing delay for copying which depends on FHM capability and is reported via M-Plane.

T _FH1 max+max (max (T_FH2 1 max, ..., T_FH2-N_max), T_FH2 max +max (T_FH3 1 max, ..., T_FHS3-
M_max) + T_Copy) <= T12 max —T_Copy
where

T_FH1_max is the maximum transport delay between FHM#1 and O-DU,

T_FH2_max is the maximum transport delay between FHM#2 and FHM#1,

T_FH2-n_max is the maximum transport delay between O-RU#n and FHM#1 (n=1, ..., N),

N is the total number of O-RUsrealizing a particular cell m under FHM#1, and in this case N=1,

T_FH3-m_max is the maximum transport delay between O-RU#mand FHM#2 (m=1, ... , M),

M isthe total number of O-RUsrealizing a particular cell munder FHM#2, and in this case M=2,

T_Copy is FHM processing delay for copying which depends on FHM capability and is reported via M-Plane.

2) TheUL delay model parametersin Same cell scenario are shown in Figure 13-14.
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Figure 13-14: UL delay model parameters for Cascade-FHM mode

To ensure UL U-Plane messages arrive at O-DU within O-DU reception window the configuration of fronthaul including
two cascaded FHM s shall meet:

T _FH1 min + min (min (T_FH2_1 min, ..., T_FH2-N_min), T_FH2 min + min (T_FH3 1 min, ..., T_FH3-
M_min) + T_Comb) >=T34_min - T_Comb
where

T_FH1 ministhe minimum transport delay between FHM#1 and O-DU,

T_FH2_min is the minimum transport delay between FHM#2 and FHM#1,

T_FH2-n_min isthe minimum transport delay between O-RU#n and FHM#1 (n=1, ... , N),

N is the total number of O-RUsrealizing a particular cell m under FHM#1, and in this case N=1,

T_FH3-m_min isthe minimum transport delay between O-RU#mand FHM#2 (m=1, ... , M),

M isthe total number of O-RUsrealizing a particular cell munder FHM#2, and in this case M=2,

T_Copy is FHM processing delay for copying which depends on FHM capability and is reported via M-Plane.

T_FH1 max + max (max (T_FH2-1_max, ..., T_FH2-N_max), T_FH2_max + max (T_FH3-1 max, ..., T_FH3-
M_max) + T_Comb ) <= T34 max—T_Comb,
where

T_FH1_max is the maximum transport delay between FHM#1 and O-DU,

T_FH2_max is the maximum transport delay between FHM#2 and FHM#1,

T_FH2-n_max is the maximum transport delay between O-RU#n and FHM#1 (n=1, ... , N),

N isthe total number of O-RUsrealizing a particular cell m under FHM#1, and in this case N=1,

T_FH3-m_max isthe maximum transport delay between O-RU#m and FHM#2 (m=1, ..., M),

M isthe total number of O-RUsrealizing a particular cell m under FHM#2, and in this case M=2,

T_Comb is FHM processing delay for combining which depends on FHM capability and is reported via M-Plane.

In addition, in order to combine all UL U-Plane messages from O-RUs the configured Ta3_prime_max for two cascaded
FHM s should meet following condition:

Ta3 max + max (T_FH3-1 max, ..., T_FH3-M_max) + T_Comb <= Ta3 prime_max_FHM#2,

Ta3_max + max (max (T_FH2-1 max, ..., T_FH2-N_max), T_FH2_max + max (T_FH3-1 _max, ..., T_FH3-
M_max) + T_Comb) + T_Comb <= Ta3_prime _max#l <=Ta4 max-T_FH1 max,
where

Ta3 prime_max_FHM#1 isTa3_prime_max for FHM#1,
Ta3 _prime_max_FHM#2 is Ta3_prime_max for FHM#2,
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T_FH2-n_max is the maximum transport delay between O-RU#n and FHM#1 (n=1, ..., N),

N isthetotal number of O-RUsrealizing a particular cell m under FHM#1, and in this case N=1,
T_FH3-m_max is the maximum transport delay between O-RU#m and FHM#2 (m=1, ..., M),
M isthe total number of O-RUsrealizing a particular cell m under FHM#2, and in this case M=2.

ETSI



243 ETSI TS 103 859 V7.0.2 (2022-09)

Annex A (informative):
Compression Methods

A.l Block Floating Point Compression

The compressed data representation is as follows. For each PRB, In-phase (1) and Quadrature (Q) samples are converted
into floating point format. Subsequently, the samples are presented as a compressed bit sign and a mantissa (e.g., 9-bit)
and a shared exponent (see Figure A.1). The compression procedure receives 12 subcarriers with 24 uncompressed |
and Q samples. The | and Q samples are subsequently compressed to a bit signed mantissa and unsigned exponent.
Further, the exponent is included for each compression block to be sent per PRB (see Figure A.2).

NOTE: Mantissa bitwidths are specified in the compHdr field of the relevant U-Plane or C-Plane message (range 1-16
bitwidth). However, support on O-RU HW for particular mantissa bitwidths isto be defined on individual basis. That is,
thereis no requirement on O-RU HW to support al possible mantissa bitwidths.

_ Uncompressed bit-width signed
"4

» 1 Q1
2 12 Q2
[ —
3 e o o
& 112 [ Q12 ]
‘ Compressed bit-width signed & mantissa
, (eg., 9-bit)
i/
» 1§ Q1
a 12 Q2
E
3 ® o o , Exponent
~N 4
- l 112 [ Q12 I Exponent ]

Figure A.1: Block Floating Point Compression data representation

Generation of floating

point number =
. . . : Output of the floating
Time domain to Selection of group of representation of point representation of
Frequency domalrj Q ::) frequency domain 1Q :> frequency domain I.O :> the frequency domain
data transformation data data values, wherein 10 dats
mantissas share a

common exponent

Figure A.2 : Block Floating Point Compression process overview

A.1.1  Block Floating Point Compression Algorithm

The following pseudo code depicts an example reference implementation of the compression agorithm.
Inputs:

e fPRB - Original physical resource block (PRB), 12 complex resource elements with “native” word length of
the implementation e.g. 24 bits (UL should use as accurate value as possible from FFT & beamforming)

e igWidth - Word length after compression (includes sign bit)
Outputs:
e CPRB - Compressed PRB, 12 complex resource elements with word length igwWidth

e exponent - Common exponent for compressed PRB
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/I Find max and min
maxV = max(Re(fPRB), Im(fPRB)), minV = min(Re(fPRB), Im(fPRB))

/I Determine max absolute value
maxValue = max(maxV, |[minV|-1) (msb of negative value can be one higher)

/I Calculate exponent
raw_exp = [floor(logz(maxValue) +1)] (msb of maxValue)

/I Cdculate shift value and limit to positive
exponent = max(raw_exp —igWidth + 1, 0)

/I Determine right shift value
scaler = 2-exponent

For iRe = 1:length(fPRB)
//Scale and round:
Re(cPRB(iRE)) = Quantize (scaler x Re(fPRB(iRE))) /* mult. could be bit-shift, Quantize could be or-round */
Im(cPRB(iRE)) = Quantize (scaler x Im(fPRB(iRE))) /* mult. could be bit-shift, Quantize could be or-round */
End

A.l.2 Block Floating Point Decompression Algorithm

The following pseudo code depicts an exampl e reference implementation of the decompression algorithm.
Inputs:

e CPRB - Compressed PRB, 12 complex resource elements with word length WL

e exponent - Common exponent for compressed PRB
Outputs:

e fPRB - Decompressed physical resource block (PRB), 12 complex resource elements with “ native” word
length for further processing. For example, 24 bits or 32 bits

/IDetermine scaler
scaler = 2exponent

For iRe = 1:length(cPRB)
/IScale
Re(fPRB(iRE)) = scaler x Re(cPRB(IRE)) /* this could be replaced with a bit-shift operation */
Im(fPRB(IRE)) = scaler x Im(cPRB(iRE)) /* this could be replaced with a bit-shift operation */
End

A.2 Block Scaling Compression

A block scaling algorithm is proposed which is similar in concept to the Block Floating Point representation except that
instead of data being represented by mantissa values and exponent shared within the block, datais instead represented
by post-scaled values and a multiplicative scale value shared within the block. 1t is proposed in the specification that
the data block size for this function is a single PRB, same as for the proposed Block Floating Point representation. The
following Figure A.3 shows the agorithm in principle (assuming an 8-bit scaler value).
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Figure A.3: Block Scaling Compression Process Diagram

A.2.1  Block Scaling Compression Algorithm

The following pseudo code depicts an example implementation of the compression algorithm.
Inputs:

e fPRB - Original physical resource block (PRB), 12 complex resource elements with “native” word length of
the implementation e.g. 16-bits| + 16-bits Q is assumed in this definition.

e igWidth - Word length after compression (includes sign bit)

Outputs:
e CPRB - Compressed PRB, 12 complex resource elements with word length igwWidth
e shlockScaler- Common scaler for compressed PRB

/I Find max and min of resource element real and imaginary parts
maxV = max(max(real (fPRB)), max(imag(fPRB)));
minV = min(min(real (fPRB)), min(imag(fPRB)));

/I Determine maximum absolute value, which will be 15-bits
maxVaue = max(maxV, abs(minV)-1); /I Negative values offset by 1 to fit 15-bits

/I Map sBlockScaler to 8-bits
sblockScaler = ceil(maxVa ue/28); /1 Q1.7, 0->128 represents 0->1.000

/I Calculate inverse of sBlockScaler - this can be implemented as a look-up table
if (shblockScaler==0)

sBlockScaler = 1; I/ Trap divide by zero
end
inverseBlockScaler = 2°7/sblockScaler; /] Scaled 128->1

/l Max output value, used for saturating compressed samples to igwidth
gs = 27(iqWidth-1);

/I Scale each RE. Scaling assumes 16-bit uncompressed data width.
for iRe =1:length(fPRB)
cRe_re =round(inverseBlockScaler * real (fPRB(iRe)) / 2*(16-igWidth)); I/ Scale real part

cRe_re = min(max(cRe_re, -0s), gs-1); /I Saturate

cRe_im = round(inverseBlockScaler * imag(fPRB(iRe)) / 2°(16-iqWidth));  // Scale imaginary part

cRe_im = min(max(cRe_im, -gs), qs-1); /I Saturate

cPRB(iRe) = complex(cRe_re, cRe im); /I Complex output value
end

A.2.2 Block Scaling Decompression Algorithm

The following pseudo-code depicts an example reference implementation of the block scaling decompression agorithm.

Inputs:
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e CPRB - Compressed PRB, 12 complex resource elements with word length igwidth
e blockScaler - Common scaler for compressed PRB
Outputs:

o fPRB - Decompressed physical resource block (PRB), 12 complex resource elements with “native” word
length for further processing. For example 16-bits | + 16-bits Q is assumed in this definition.

/I Re-scale each resource element back to 16-bit uncompressed width
for iRe = 1:length(cPRB)

fRe_re = round(sblockScaler * real (cCPRB(iRe)) / 2*(iqWidth-9));

fRe_im = round(sblockScaler * imag(cPRB(iRe)) / 2*(igWidth-9));

fPRB(iRe) = complex(fRe _re, fRe_im); /I Complex output value
end

A.3 u-Law Compression

A.3.1 u-Law Compression Algorithm
Inputs:

e prbl & prbQ — Original physical resource block (PRB), 12 complex resource elements with a word length of
16-bits | and 16-bits Q. The input bit width is fixed to 16-bits.

e compBitWidth —the length of | bits and the length of Q bits after compression over the entire PRB. Note that
this means that the p-law compression isreally considered as a “block” compression with the block size being
one PRB (same as for block floating point and block scaling).

Outputs:

e compl & compQ — compressed PRB, 12 complex resource elements with word length compBitWidth,
including sign, exponent and mantissa
e compShift — the shift applied to the entire PRB.

The O-RAN p-law compression method combines a simple bit shift operation (for dynamic range) with a nonlinear
piece wise approximation of p-law compression where for implementation efficiency, p=8 and the sign & mantissa are
1 and 2-bits respectively.

L sign(prbl) ]
prbl
abs| 15 - _ compl
abs(prbl) shl(absl,compShift) — Compand [— Sign recover ——~—»

compBitWidth
Shift compShift
max(absl,absQ) H LUT compnt s 4 >
Q
abs(prbQ) > shl(absQ,compShift) — Compand —{ Sign recover e
ashsQ compBitWidth
16 . 1
sign(prb
o L8 (prbQ)

Figure A.4 : p-Law Compression Algorithm

/I extract the sign bit and absolute value for the PRB
signi=sign(prbl), signQ=sign(prbQ), absl=abs(prbl ), absQ=abs(prbQ)
/I Find the maximum in absl and absQ
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maxV a=max(absl ,absQ)
/I Determine compShift, the shift to be applied to the entire PRB

if maxVal>=2"14 then compShift=0
if maxVal<2"14 then compShift=1
if maxVal<213 then compShift=2
if maxVal<2"12 then compShift=3
if maxVal<2711 then compShift=4
if maxVal<2710 then compShift=5
if maxVal<2”9 then compShift=6
if maxVal<278 then compShift=7

/I Apply round and shift left (shl — make greater)
absl = shi(absl,compShift)
absQ= shl(absQ,compShift)

/I compand each sample, absBitWidth=15

if absl(i) > (2"absBitWidth-1) then absl (i) = (2"absBitWidth-1) // saturate
if absl (i) <= 2°(absBitWidth-2) then

compl (i) = absl(i)/2"(absBitWidth- compBitwidth )
elsaf absl(i) <= 2"(absBitWidth-1) then

compl (i) = absl(i)/2*(absBitWidth- compBitWidth +1) + 2*( compBitWidth -3)
else

compl (i) = absl(i)/2"(absBitWidth- compBitWidth +2) + 2*( compBitWidth -2)
end

if absQ(i) > (27absBitWidth-1) then absQ (i) = (2*absBitWidth-1)
if absQ (i) <= 2/\(absBitWidth-2) then

compQ(i) = absQ (i)/2"(absBitWidth- compBitWidth )
elsaif absQ (i) <= 2*(absBitWidth-1) then

compQ (i) = absQ (i)/2*(absBitWidth- compBitWidth +1) + 2*( compBitWidth -3)
else

compQ (i) = absQ (i)/2"(absBitWidth- compBitWidth +2) + 2*( compBitWidth -2)
end

Il re-apply sign

compl = round(signl .* compl);
compQ = round(signQ .* compQ);

A.3.2 u-Law Decompression Algorithm
Inputs:

e compl & compQ- compressed physical resource block (PRB), 12 complex resource elements with aword
length of compBitWidth bits | and compBitWidth bits Q.
e compShift —the shift applied to the entire PRB.
Outputs:

e decompl & decompQ — the decompressed PRB, 12 complex resource elements with word length fixed to 16-
bits | and 16-bits Q, including sign, exponent and mantissa.

The O-RAN p-law decompression method isalogical reverse function of the compression method.
/I extract the sign bit and absolute value for the PRB

signi=sign(compl), signQ=sign(compQ), absl=abs(compl), absQ=abs(compQ)

/I decompand each sample, absBitWidth=15

if absl(i) > (2*( compBitWidth -1)-1) then absl (i) = (2*( compBitWidth -1)-1)
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if absl (i) <= 2" compBitWidth -2) then
decompl (i) = absl (i)*2"\(absBitWidth- compBitWidth )
elseif absl (i) <= (2*( compBitWidth -2) + 2*( compBitWidth -3)) then
decompl (i) = absl (i)*2"\(absBitWidth- compBitWidth +1) - 2*13
else
decompl (i) = absl (i)*2"(absBitWidth- compBitWidth +2) - 2*15
end

if absQ(i) > (2*( compBitWidth -1)-1) then
absQ (i) = (2*( compBitWidth -1)-1)
if absQ (i) <= 2( compBitWidth -2) then
decompQ(i) = absQ (i)*2"(absBitWidth- compBitWidth)
elseif absQ (i) <= (2*( compBitWidth -2) + 2*( compBitWidth -3)) then
decompQ(i) = absQ (i)*2"(absBitWidth- compBitWidth +1) - 2*13
else
decompQ(i) = absQ (i)* 2" (absBitWidth- compBitWidth +2) - 2/15
end,

/IApply sign and shift

decompl = signl * decompl
decompQ = signQ .* decompQ
decompl = decompl/2*compShift
decompQ = decompQ/2*compShift

A.3.3 u-Law udCompParam and IQ data format
PRB fields are populated as follows:

e udCompParam (8 bits)
o compBitWidth, 4 bits, (MSB)
o0 compShift, 4-bits, (LSB)

e |1Q samples, total bits= 12x 2x compBitWidth
o 1% samplel, compBitWidth-bits

1% sample Q, compBitWidth-bits

2" sample |, compBitWidth-bits

2" sample Q, compBitWidth-bits

12t sample |, compBitWidth-bits
12" sample Q, compBitWidth-bits

O O0OO0OO0OO0Oo

A.4 Beamspace Compression and Decompression

This compression algorithm is specific to beamforming weights and is not suitable for user or control 1Q data. Hence
this compression method will only be used as part of the bfwCompMeth in the C-Plane.

A4.l Beamspace Compression Algorithm

The following pseudo code depicts an example reference implementation of the compression algorithm.
Inputs:

e fBV - Original beamforming vector of K complex elements. K is the number of digital antenna ports
supported by the O-RU (see clause 12.5.2 and Annex J) and is communicated to the DU during startup by the
OAM subsystem. Each element is a complex number with a native bitwidth e.g. 16-bit I, and 16-bit Q. Element
fBV (n) of this vector corresponds to beamforming vector element k = n-1 (see clause 12.5.3).

e igWidth - Word length of each | and Q value after compression (includes sign bit)
Outputs:

e BV - Compressed beamforming coefficients
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e blockScaler- Common scaler for compressed beamforming coefficients

e activeBeamspaceCoefficientMask — Vector of bits activeBeamspaceCoefficientMask(n) for 1 <n < K. Bit
value activeBeamspaceCoefficientM ask(n)=1 indicates presence of beamspace coefficient associated with the
beamforming vector element k ) n-1 (see clause 12.5.3) in the compressed beamforming vector. The bit
activeBeamspaceCoefficientMask(1) is conveyed in the most significant bit of the first octet of the field
bfwCompParam.

/I Generate DFT basis matrix
fork=1toK
forl =1to K
W (k,I) = exp(i*2*pi*k*1/(K)) // WisaK x K complex matrix
end for
end for

[/l Transform into beamspace
cBV = W*fBV // multiplication of a KxK complex matrix with a Kx1 complex vector yields another complex vector.

[* The dgorithmisinitialized to assume that all Beamspace Coefficients are transmitted across the fronthaul link. */
fork=1toK
activeBeamspaceCoefficientMask(k) = 1

end for

/* At this stage some of the beamspace coefficients may be removed from the vector of coefficientsto transmit across
the fronthaul. In this example implementation, if the absolute value of a beamspace coefficient islessthan ‘threshold’, it
is deemed inactive, i.e. the activeBeamspaceCoefficientMask is ‘0’ at that coefficient index and thisindex is not sent
across the fronthaul. The decompression algorithm will assume a value of O for that coefficient. The value of threshold
can be chosen by the implementer. Other methods to determine active or inactive beamspace coefficients are also
allowed and do not violate the specification. */

t=0
fork=1toK
if abs(cBV (k)) < threshold
activelndex(k) =0
cBV(K) = null // remove the element from the vector
else
activelndex(k) = 1
t=t+1
end if
end for
T=t
I Célculate scaler
maxV alue = max(abs(Re(cBV)),abs(Im(cBV)))

blockScaler = maxValue /* scaler can be chosen to be larger than maxValue. */
ForiRe=1toT
//Scale and round:
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Re(cBV(iRE)) = Quantize (Inverse(blockScaler) x Re(cBV (iRE))) /* Quantize could be truncate or round,
Inverse can be implemented vialook up table or other methods. */
Im(cBV (iRE)) = Quantize (Inverse(blockScaler) x Im(fBV (iRE))) /* Quantize could be truncate or round,
Inverse can be implemented vialook up table or other methods. */

End

A.4.2 Beamspace Decompression Algorithm

The following pseudo-code depicts an example reference implementation of the block scaling decompression agorithm.
Inputs:

e BV - Compressed beamforming coefficients

e blockScaler- Common scaler for compressed beamforming coefficients

o activeBeamspaceCoefficientMask — see definition in clause A.4.2
Outputs:

e BV —Decompressed beamforming vector of K (see K in clause 12.5.2) complex elements. Element BV (n) of
this vector corresponds to beamforming vector element k = n-1 (see clause 12.5.3)

m=20
fork=1toK
if activeBeamspaceCoefficientMask (k) = 1
/IScale
fBSC(K) = blockScaler x cBV(m)
m=m+1
else
fBSC(k) =0
end if
end for
/I Generate DFT basis matrix
fork=1to K
forl=1toK
W (k) = exp(-i*2*pi*k*1/(K)) // WisaK x K complex matrix
end for
end for
fBV =W * fBSC

A.5 Modulation Compression

Modulation compression is an 1Q data compression method that may be applied to DL data only and depends on the
observation that modulated data symbols may be represented by a very limited number of | and Q bits. For example, a
QPSK modulated symbol has only two potential states of | and two potential states of Q, so such a symbol may be
represented with no loss of information with asingle bit of |1 and asingle bit of Q. Likewise, a 64QAM constellation
point (8x8 constellation) may be represented by at most 3 bits of | and 3 bits of Q. This allows a dramatic reduction in
DL throughput and approximates that achieved by a 7-3 DL split. See the two figures below for a description of this
concept (note Figure A.5 and Figure A.6 assume a single modulation type, MCS, is used for the data section).
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BPSK (normal, w/ 4, n/ 2) QPSK 16-QAM 64-QAM
encodes 1 user bit encodes 2 user bits encodes 4 user bits encodes Ghser bits
4 4 4 X X X X X X X X
X X X X X X
X X X X X X X X
X X X X X X X X
X X X X
‘X X X X X X X X‘
* > 1z vz s 1/4 14 i Kxoxoxxoxo XX
-2 2 ’ ’ | X X X XX x x X
X X X X
X X X X X X X X
X X X X X X X X
X X X X X X v
v v v
lisrepresented by 2 bit lisrepresented by 1 bit lisrepresented by 2 bits lisrepresented by 3 bits
Qisrepresented by 2 bits Qisrepresented by 1 bit Qisrepresented by 2 bits Qisrepresented by 3 bits
(-1/2,0, and 1/2 are needed)
modulation-compression: modulation-compression: modulation-compression:
modulation-compression: from 32 bits (161 and 16Q) from 32 bits (161 and 16Q) from 32 bits (161 and 16Q)
from 32 bits (16l and 16Q) to 2 bits (1l and 1Q) to 4 bits (21 and 2Q) to 6 bits (31 and 3Q)
to 4 bits (21 and 2Q)
Figure A.5 : Several Constellation types
To represent the constellation points as | and Q values that also overlap allowing multiple constellation sizes to be
represented by a single word-width, the constellations are “ shifted” to allow a twos-complement | and Q value to
represent any constellation point. The figure below shows the same constellations after shifting.
BPSK (normal, /4, t/2) QPSK 16-QAM 64-QAM
(special case, need torepresent encodes 2 user bits encodes 4 user bits encodes 6 yser bits
lorQas-1/2,0, and +1/2) (shift By -1/2) (shift By -1/4) (shift bff-1/8)
NO SHIFT % X X K ¥ X X
X X X X X X X
X X X
X X X X X X X
i —p @ > % > ‘—’:1—3/,—5—», oxa»>
-1/2 1/2 -1 0 -1 -1/2 0 1/2 X X X X X X X
X X X X X X X
X X X X X X X X X X
X X X X X ¥ X X X
v A X X ¥ X
lis-1/2 or+1/2 lis-1or0 lis-1,-1/2,00r1/2 lis -1, -%, -, -Y%, 0, Y, 2, or %
QisO0 Qis-10r0 QiS-1,-1/2,00F1/2 QiS-‘l,-%.,-’/z,-Vz., 0, 7/1., 1/2, or %

Figure A.6 : Shifted Constellation Points

Once the constellations are shifted, the | and Q values may be encoded in alimited number of bits, being the larger
number needed to represent the largest constellation possible in the compression block (the data section). This means
that if some datain the section use 64QAM and others use QPSK (e.g. areference RE) all REs would use the largest
needed representation which in this example is 3 bits for | and 3 bitsfor Q (for 64QAM). This spoils the compression
efficiency alittle bit but because reference REs are a small fraction of the total number of REs, the efficiency
degradation is small (thereis further clarification below regarding mixing MCS in a data section). Note that in general,
every user will have its own data section (and own beamforming index) so users with high-order modulation may need
and use more bits of |1 and Q while users with lower-order modulation may need and use fewer bits of | and Q.

Note that some constellations should not be shifted. For example, BPSK needs | and Q datato take the values -1/2,
zero, and +1/2 (different varieties of BPSK can rotate these as with /4 BPSK and /2 BPSK). For this reason, BPSK
would use two bits for | and 2 bits for Q; while this seems counterintuitive (BPSK using more bits than QPSK) thisisa
small penalty given the rarity of BPSK as a modulation type. Here, BPSK would not be shifted. Likewise, PHICH
constellations encode 3 states for each | and Q: -1, zero and 1. For this constellation the representation would be -2, 0
and %2 with no constellation shift needed. However, all “QAM” modulations do need a constellation shift (except
possibly in mixed-MCS cases). The presence of absence of the need for a constellation shift isindicated by the “csf”
field, where for every “one” in the reMask “csf” indicates whether to shift (csf=1) or not (csf=0) the associated RE.

Mixed-MCS cases represent another example when constellations are not shifted. This can occur when user data RES
(at high MCS) and signaling data REs (at low MCS) are in the same PRB hence in the same data section. The reMask
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discriminates the REs at high MCS from the REs at the lower MCS (and provides different modCompScaler or

mcScal eOffset values for the different-M CS data), but al the REs in the PRB shall use the same number of | and Q hit-
widths. In this case only the high-M CS constellation is shifted, the lower-MCS constellation is not shifted because its
data points already overlap with the shifted high-M CS data points. Figure A-7 shows an example of 16QAM data
overlain with 64QAM data.
16QAM (green o) + 64QAM (red X)

16QAM (green o ) + 64QAM (red X ) 16QAM (green o) + 64QAM (red X )

X X X XIX X X X & T Y X X xox‘xox X X
X X X XIx x %X x the O-DU e Fhac T sk o ic fo‘\"e“h”“ X X X X|X X X X
X X X_XIX X X_X shifts the interface, cary 3-bit | X X X _X|X X %X_X
>(°>< x°~' xox ><°x highest- X X X X x X X and 3-bit Q data. On >(ox ><°“ x°x x°><
< Lol el e i > Ll
-« X,,X,,,x_.,\x}@(%x.kx%xﬁ MCS (red, ) <=ty - the O-RU, unshift the Everveivoovy cva Tva v svm ng
o)< xox xox xox 64QAM) X X X X n X X high-MCS (red) values ><°x xox ox ><°)<
X , (add 1/ t X
data by X X X X X X X (add 1/8) to restore
b o WP L P P the constellation B BT T e P
° ° ° ° -1/8 X X X X n X X ° ° ° °
X X X X|x x x X X X X X[x x x X
X X X X X X X
y v

Figure A.7: Multiple-MCS example for Modulation Compression

In the Figure A.7 example, for overlain 16QAM (green) and 64QAM (red), the high-MCS (red) points are shifted by ¥2
the high-MCS resolution (here, -1/8) to allow all pointsto share the same “grid”, as shown in the middle figure wherein
the red and green points overlay. All | and Q values can be represented by 3 bits each on the fronthaul interface.

The O-DU uses the constellation shift flag (csf) to tell the O-RU which data (red points) to “unshift” by adding 1/8 to
them, thereby restoring the original constellation values. After that, modCompScaler (or mcScaleOffset) is applied to
set the datato the correct power levels (separate modCompScaler or mcScal eOffset values may be used for the differing
MCS data).

When decompressing, the O-RU shall “unshift” the constellation (or perhaps not, depending on “csf”) and also apply a
scale factor for the constellation types represented in the section. There are expected to be either one or two modulation
typesin the section, no more. The modulation type isinferred from the reMask bits, where each “one” bit indicates the
shift command (“csf”) and scale factor (“modCompScaler” when using extension type 4, and “mcScaleOffset” when
using extension type 5) for the REs in the subject PRB. The scale factor allows not only for correcting for different
constellation scaling (e.g. for multiplexed channel datain a PRB inclusing QPSK and 16QAM, QPSK involves a
2/sgrt(2) factor while 16QAM involves a 4/sqrt(10) factor), but also allows different channel power scaling whichis
permitted as a 3GPP option.

Note that this compression method is essentially lossless, except that the scale factors, being 15 bits, impose alimit on
the accuracy of representation. 15 bitsis considered sufficient for all LTE and NR data representations.

When compressing, constellation points are shifted by the shift value defined in Table 7-26 in clause 7.4.7.4.1, and the |
and Q values are represented as signed two’'s complement fractional notation and included in the U-plane message as
udlgwidth bit vectors where udlqWidth is dependent on the modulation constellation type and is defined in Table 7-26.

Hereis the specific decompression agorithm intended by this approach:
1. Read igSample as an udlgWidth bit vector in the U-plane message [thisis al the |Q datain the data section]
2. Map iqgSample [0,2u419Width _ 1]t igSampleFx [—1,1) assuming that the udlgWidth bits are represented as Q1.(
udlgwidth-1) [thisisthe normal twos-complement representation of the | and Q samples represented in fractional
notation].
3X. For each RE in the PRB (using Section Extension =4):

3Xa: fetchthe® csf” and “ modCompScaler” valuesfor which thisRE hasa“1” in the reMask

3Xb. If “csf" == 1 then igSampleFx = iqSampleFx + 274dlaWidth [thisis“yunshifting” the constellation
point].

3Xc. igSampleScaled = modCompScaler X igSampleFx x v/2 [this scales the constellation point]
3Y. For each RE in the PRB (using Section Extension =5):

3Ya fetch the” csf” and “ mcScaleOffset” values for which this RE hasa“1” in the relevant mcScaleReM ask
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3Yb. If “csf" == 1 then igSampleFx = iqSampleFx + 27udlaWidth [thisjs“unshifting” the constellation
point].

3Yc. igSampleScaled = mcScaleOffset x igSampleFx x \/2 [this scales the constellation point]

After decompression, | igSampleScaled | shall be < 1 and avalue of | igSampleScaled | = 1.0 matches O dBFS.

A.6 Selective RE sending Compression

The compressed data representation is as follows. For each | Q-samples where both the |- and the Q-value are 0 (zero)
corresponding bit is set to the Selective RE sending bitmask (sReSMask) and that 1Q-sample will not be transmitted
over the interface in the U-Plane message.

If the total number of bits for the transmitted | Q-samplesis not amultiple of 8 (1 byte) then bit-padding will be
performed after the last part of the last | Q-samples so that byte alignment is achieved.

Figure below shows an example where 9 out of the 12 1Q-samplesin a PRB are zero and thus removed from being sent
in the corresponding U-Plane message.

The compression algorithm is performed on the original 12 |Q-samplesincluding any possible zero valued | Q-samples.
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Annex B (informative):
Delay Management Use Cases

B.1 General

Intra-PHY lower layer fronthaul split has characteristic of a stringent bandwidth and tight latency requirement. This
implies use of a specia “Fronthaul Service Profile” to be supported by the transport network, and which may differ
depending on the operating environment, topology and target use cases. The general concept and latency boundariesis
based on eCPRI reference points for delay management definitions (See Figure B.1). However, this specification
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additionally differentiates between DL (Figure B.2) and UL (Figure B.3) latency boundaries. The parameters and how
these are determined for a pre-defined latency configuration are explained below (an actual example of the parameters
for a specific use case are presented in Annex B.2). Pre-defined latency is necessary when actua latency measurements
are not provided; both the use of pre-defined latency value and use of a method for measuring actual network latency in
the DL and UL are supported in this specification.

The following assumptions are considered for the delay boundaries definitions:

e  Tcp_adv_di: Smallest time advance to receive Downlink Data C-Plane message before the first 1Q data can be
processed

e  Thefronthaul transmission delay behavior for C-Plane for DL data, C-Plane for UL data, and U-Plane for DL
dataisequal. Thus, thereis common usage of T12_min and T12_max parameters.

. The transmission window (T1a max — T1a min) for C-Plane for DL data, C-Plane for UL data, and U-Plane
for DL dataall have the same length.

. The reception window (T2a_max — T2a _min) for C-Plane for DL data, C-Plane for UL data, and U-Plane for
DL dataal have the same length.

e  T2a min_cp ul: Latest availability at O-RU of C-Plane for UL data message before reception of the first 1Q
data sample of the respective user’s U-Plane UL data packet is received over the air interface.

T12 R T2a
O-RU J

I T34 et Ta3
Tad (= Ta3 + TMM

Figure B.1: Definition of reference points for delay management (adapted from [2])

Ta(=T12+722) /" \ .
: e

t=-Tla_max_cp_dI| t=-Tla_min_cp_dI|

start of Tx window C-Plane DL end of Tx window C-Plane DL to.=0
L | t=Tla_max_up start of TX window
J\;ﬁ]nj:v:/ssmn G )1 t=-Tla_min_up end of TX window
O- C-Plane DL Twr;r:;(mssion t=-T2a_min_cp_dl (end of RX window c-plane dl)
DU C-Plane dat u-plane di t=-T2a_min_up
-Flane dala end of RX window u-plane dl
for symbol #n lIl g
DL FH Delay
1Q daﬁfer\ T12_max |
symbol #n .
FH — T2a_min_up|
DL FH Delay e
T12_max u
O- € >
RU Reception window u-plane
T2a_min_cp]dl
t=-T2a_max_up >
I start of RX window u-plane
<€ >
At Reception Window C-Plane DL - Symbol -#n Symbol #_n+l .
port €n Processing Processing
it il | Symbol #n-2 | Symbol #n-1 Symbol #n | Symbol #n+1 I ses

f RX wi -Plane DL s & fi
start of R window C-Pane DL frame timing at antenna ports (air interface)

Figure B.2 : Timing relations per symbol IQ in DL direction (U-Plane and C-Plane)
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Figure B.2 is based on the eCPRI delay measurement model on timing relationsin DL direction. More detail is added
to illustrate the following data transfer timing relations:

U-plane DL data: Blue path

C-plane for DL data: Green path

To understand this timing diagram, it is easier to work backward in timeline.

For U-plane DL data flow (use symbol #0 transmission as an example):

t=0: time of transmission (at air interface) of the first sample for symbol #0 (see to. = 0)

t=-T2a min_up: O-RU has afixed data processing delay (T2a_min_up). In order to meet air interface time
for symbol#0 transmission at t = 0, symbol#0 data shall be presented on time for the processing unit (yellow
block).

- For symbol#0, start of processing timet=0-T2a min_up =-T2a min_up

End of reception window : The latest time that O-RU can accept U-plane DL data for a specific symbol prior
to start of data processing. If U-plane DL data arrives earlier than thistime and is within reception window
range, DL data may wait inside reception window buffer until the start of processing time, hence - the end of
reception window is the same time point as the start of processing time as described immediately above.

- For symbol#0, end of reception window timet =0—T2a min_up =- T2a min_up.

Start of reception window : This earliest time that O-RU can accept U-plane DL data for a specific symbol
prior to start of data processing. If U-plane DL data arrives later than thistime and is within reception
window range, DL data will wait inside reception window buffer.

- For symbol#0, start of reception window timet=0- T2a max_up =- T2a_max_up
O-RU reception window range = T2a_max_up — T2a_min_up

End of transmission window : The latest time that O-DU can send U-plane DL data for a specific symbol out
to transport interface.

- For symbol#0, end of transmission window timet=0-T1a min_up=-Tla min_up.

Start of transmission window : The earliest time that O-DU can send U-plane DL for a specific symbol out to
transport interface.

- For symbol#0, start of transmission window timet =0—T1a max_up = - Tla max_up.
O-DU transmission window range = T1la max_up —T1a min_up

DL FH transport delay : T12_min and T12_max isthe min and max transport delay. When FH transport is
behaving properly, it should guarantee each packet transport (carrying C-plane or U-plane DL packet) delay is
within this min and max boundary. Figure B.2 illustrates case where T12_min = 0.

O-DU transmission window, FH transport delay and O-RU reception window shall satisfy the following
criteriafor proper behavior:

- Start of reception window can accept a packet sent at start of transmission window AND experienced
min FH transport delay => - T2a max_up <-Tla max_up + T12 min ----(egq1)

- End of reception window can accept a packet sent at end of transmission window AND experienced max
FH transport delay => - T2a_ min_up >-Tla min_up + T12_max ---- (eq 2)

- Combining both criteria (-eql + eg2), the logical conclusion is asfollows:
" O-RU reception window range > O-DU transmission window + FH DL transport max-min

L] (T2a_max_up —T2a_min_up) > (Tla max_up—Tla min_up) + (T12 max —T12_min)
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In other words, the reception window at O-RU MUST be greater than or equal to the total of the O-DU transmission
variability and the Transport time variability.

For C-plane to support DL data flow (use symbol #n = 0 transmission as an example):

. Focus on the green path, same principle is applied to relate reception window, transmission window and FH
transport delay.

. the logical conclusion is as follows:
- Reception window range > Transmission window + FH DL transport max-min

- (T2a_max_cp_dl —T2a min_cp_dl) > (T1a_max_cp_dl —Tla min_cp_dl) + (T12_max —T12_min)

t=-Tla_max_cp_ul t=-Tla_min_cp_ul

start of TX window c-plane (UL) end of TX window c-plane (UL) tu=0
Transmission ¢ Tad_max
Window
C-Plane UL P i
Ta4_min Reception window
O- < “ . »] u-plane (UL)
c-plane data <_IE_)
DU for symbol #n -T2 ; I i
sk DI t=- a_mlp_cp_u &
FH Delay (end of RX window c-pjane) Ta3 max
T12_max = S
L
FH i Fibek
i elay
Ta3_min > T34_max
O Reception Window piafe ks
i > C-Plane UL . for symbol #n
RU min DL * j€=¥ T2a_min_cp_ul
FH Delay -c > P Symbol #n Symbol #n+1 =
T12_min - = Processing Processing .
|
Ant | Symbol #n-2 | Symbol #n-1 Symbol #n | Symbol #n+1 | = = =
port

UL frame timing at antenna ports (air interface)
t=-T2a_max_cp_ul

Start of RX window cplane

Figure B.3: Timing relations per symbol IQ in UL direction (U-Plane and C-Plane)

Figure B.3 is based on the eCPRI delay measurement model on timing relationsin UL direction. More detail is added
to illustrate the following data transfer timing relations:

. U-plane UL data: Blue path
. C-plane for UL data: Green path

To understand this timing diagram, it is easier to work forward in timeline for the U-plane UL data and work backward
in timeline for the C-plane to support UL data flow. Note this example is applicable for non-PRACH channel.

For U-plane UL dataflow (use symbol #n = 0 reception as an example):

. t=0: time of reception (at air interface) of the first sample for symbol #0 (see tu. = 0)

e t=0+Ta3 min up: O-RU hasafixed data processing delay (Ta3_min_up). Air interface datais
immediately presented to data processing unit (yellow block).

- For symbol#0, end of processing =0+ Ta3_min_up =Ta3_min_up

. Start of transmission window : The earliest time that O-RU can send U-plane UL for a specific symbol out to
transport interface. The earliest time isimmediately after data processing.
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- For symbol#0, start of transmission window =0+ Ta3_min_up = Ta3_min_up.

. End of transmission window : The latest time that O-RU can send U-plane UL data for a specific symbol out
to transport interface.

- For symbol#0, end of transmission window =0 + Ta3_max_up = Ta3_max_up.
. O-RU transmission window range = Ta3_max_up —Ta3_min_up

. Start of Reception window : This earliest time that O-DU can accept U-plane UL data for a specific symbol
prior to start of O-DU data processing. If U-plane DL data arrives later than thistime and is within reception
window range, UL data will wait inside reception window buffer.

- For symbol#0, start of reception window =0+ Tad_min=Ta4_min

. End of Reception window : The latest time that O-DU can accept U-plane UL data for a specific symbol prior
to start of O-DU data processing.

- For symbol#0, end of reception window = 0 + Ta4_max = Tad_max.
. O-DU reception window range=Ta4_max —Ta4_min

. UL FH Transport delay : T34 _min and T34 _max is the min and max transport delay. When FH transport is
behaving properly, it should guarantee each packet transport (carrying U-plane UL packet) delay iswithin this
min and max boundary.

e  Transmission window, FH transport delay and reception window shall satisfy the following criteria for proper
behavior:

- Start of reception window can accept a packet sent at start of transmission window AND experienced
min FH transport delay => Ta4 min<Ta3_min_up + T34 min ---- (eq1)

- End of reception window can accept a packet sent at end of transmission window AND experienced max
FH transport delay => Ta4 max > Ta3 max_up + T34 max ---- (eq?2)

- Combining both criteria (-eql + eg2), the logical conclusion is asfollows:
L] O-DU reception window range > O-RU transmission window + FH UL transport max-min
] (Tad_max —Ta4_min) > (Ta3_max_up —Ta3 _min_up) + (T34 _max — T34_min)

In other words, the reception window at O-DU MUST be greater than or equal to the total of the O-RU transmission
variability and the Transport time variability.

For C-plane to support UL data flow (use symbol #0 transmission as an example):

. Focus on the green path, same principle to C-plane to support DL datais applied to relate reception window,
transmission window and FH transport delay.

e thelogical conclusion isasfollows:
- Reception window range > Transmission window + FH transport min-max difference
- (T2a_max_cp_ul —T2a min_cp_ul) > (T1a_max_cp_ul —Tla min_cp_ul) + (T12_max —T12_min)

It isuseful to consider several different delay management use cases because delay management, in particular the need
to buffer large amounts of data within O-RUs, can have a significant cost and complexity impact on O-RU design.
More specifically, accommodating long network delays (allowing long fiber lengths and/or many switch hops) can
impose a significant buffering requirement on the O-RU while use cases involving short network delayse.g. anin-
building application may allow much smaller in-O-RU buffering thereby allowing alower-cost and |ower-power
design. Additionally, the SCS may affect the transmission windows described above, and thus use cases may be SCS
specific aswell. Notethat hereit is assumed the DL buffering will be done in the O-RU, otherwise the O-DU would
have to always implement extensive buffering to accommodate any O-RU use case which would increase overall costs.
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In the case of using pre-defined network latency values per use case, the following shall be pre-defined (for measured-
network-latency cases these same val ues are determined via the measurement process):

T12 min, T12_max, T34 _min and T34_max shall be determined based on the desired network configuration.
Determination of T12_min and T34_min values shall include shortest transmission paths, both fiber and minimum
switching delays. In addition, longest fibers, switching delays, and PDV introduced due to the variable delay nature of
ethernet shall be accounted for in T12_max and T34_max.

T2a min_up, T2a_min_cp_ul, and Ta3_min shall be determined across all O-RU equipment to be used in the system.
The determined values shall be greater than or equal to the largest of these values across all supported equipment.
Equipment with lower values need to have additional delay added to align with the determined val ues.

Similarly, the maximum transmission windows shall be determined across all O-DU and O-RU equipment. As stated
above, the transmission windows for DL UP, DL CP and UL CP are all assumed to be the same at current. However,
thisis the maximum transmission window. Equipment may use less time for transmission of any symbol.

Additionally, the advance between DL UP/ CP shall be determined. (Tcp_adv_dl)

Once the above parameters are determined, the remaining values may be calculated as shown in the following tables:

Downlink Data Dir ection

Table B.1: U-Plane DL delay boundaries

Downlink Method

Tla max_up < T12 min + T2a_max_up

Tla min_up 2T12 max + T2a_min_up

T2a_max_up = T2a_min_up + (T12_max—T12_min) + O-DU Transmission Window
T2a_min_up Specified per Use Case

T12_max Specified per Use Case

T12 min Specified per Use Case

0O-DU Transmission Window Specified per Use Case

Table B.2 : C-Plane DL delay boundaries

Downlink Method

Tcp_adv_dl Specified per Use Case

Tla max_cp _dl 2Tla _max up + Tcp adv_dl
Tla _min_cp dl Tla _min_up + Tcp_adv dl
T2a_max_cp_dl >T2a_max_up + Tcp_adv_dl
T2a_min_cp_dI T2a_min_up + Tcp_adv_dl
T12_max Same as U-plane DL

T12 _min Same as U-plane DL

Uplink Data Direction (need not be the same as the Downlink values)

Table B.3 : U-Plane Uplink delay boundaries

Uplink Method

Ta3 max < Ta3_min + O-RU Transmission Window
Ta3 min Specified per Use Case

Ta4 max = Ta3 max + T34 max

Ta4 min < Ta3 _min + T34_min

T34 max Specified per Use Case

T34 min Specified per Use Case

0O-RU Transmission Window Specified per Use Case
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Table B.4 : C-Plane Uplink delay boundaries

Tla_max_cp_ul < T12 min + T2a max_cp_ul

Tla min_cp_ul 2T12 max + T2a_min_cp_ul

T2a_max_cp_ul = T2a_min_cp_ul + (T12_max — T12_min) + O-DU uplink C-Plane Transmission

Window duration

T2a_min_cp_ul Specified per Use Case

T12_max Specified per Use Case

T12 min Specified per Use Case

0O-DU Transmission Window Specified per Use Case

B.2 Latency categories and sub-categories

The O-DU and O-RU are defined to be in “delay categories’ and “delay sub-categories’ for the purposes of allowing a
matching of O-DU and O-RU units that will operate properly together from the point of view of accommodating a
customer’s network delay. Network delay comprises the “time-of-flight” of signals through (typically) a fiber-optic
cable (so can be known from the fiber length) added to the signal traversal latency through any switches in the network.

The delay category and delay sub-category values depend in part on the processing latency within the O-DU and O-RU.
It may be expected especially for an O-RU that the processing latency may depend on the specific frequency band and
sub-carrier spacing that isused. Further, a multi-band radio may experience different processing latencies for its
different bands. Therefore, it may be expected that an O-RU (and perhaps more rarely an O-DU) will have different
delay category and delay sub-category ratings for different bands.

O-DU categories are defined as A ##[##] (per direction, i.e. O-DU UL and O-DU DL are different categories)
. Prefix(blank/f): The prefix distinguishes the type of O-DU with dynamic/fixed timing advance/retard

e  A: Category from [AAAA-N] per table below
. [ ##H]: sub-category from [.00 - .1000] per tables below

O-RU categories are defined as X ##{##] (per direction, i.e. O-RU UL and O-RU DL are different categories)
. X: Category from [O-ZZ] per table below

. HH{##]: sub-category from [.00-.1000] per tables below

The following tables are used by equipment vendors to assign categories to their equipment based on design
characteristics.

ETSI



O-DU Category

260

ETSI TS 103 859 V7.0.2 (2022-09)

Table B.5: O-DU and O-RU Delay Categories

Category *Tla_max_upg.py- TXMaXxg.py
* Tad_max_upg.py
[usec]

AAAA >30000

AAA 10000 to 29999

AA 3000 to 9999 Category |[|*T2a_min_up

A 400 to 2999 OR

B 380t0399 f;:;‘max

C 360t0 379 0 |otos0

D 340to 359 P 51to70

E 320t0339 Q  [|71t090

F 300 to 319 R__J191t0110

G 580 10 299 S 111 to 130

H 260t0 279 LTJ Ei:o igg
(o]

| 240t0 259 v 17110 190

J 220t0 239 W Iio1to210

K 200to0 219 X 211to 230

L 180 to 199 Y 23110250

M 160t0 179 z 25110270

N 0to 159 2z >271

NOTE: Categories are defined to group endpoints with similar delay characteristics for easy evaluation relative to use

cases. Specifically, categories AA-AAAA and ZZ are defined for non-ideal fronthaul. The calculated value for O-DU
or O-RU faling anywhere within the range for the category indicates that the endpoint is classified as that category. It
isNOT required that the endpoint be able to support the full range of the category.

Table B.6 and B.7 are intended for use by network providers to determine the best and worst case T12_max/ T34_max

values that can be supported by a given egquipment combination (excluding non-ideal fronthaul). Alternatively, network
providers may locate the desired T12_max/ T34_max and select from the equipment combinations meeting that criteria.
Common criteria are identified by different colors on diagonals through the tables
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Table B.6 : Latency_min (Minimum supported T12_max/ T34 max in ysec)

RU A B C D E F G H | J K L M N
Of 350] 330/ 310 290] 270f 250 230] 210{ 190 170] 150 130] 110 0
Pl 330] 310] 290 270] 250 230{ 210 190} 170f 150 130 110 90 0
Q 310] 290 270 250] 230 210] 190 170{ 150 130] 110 90 70 0
R 290] 270 250 230] 210] 190 170] 150 130] 110 90 70 50 0
S| 270] 250] 230 210 190 170f 150 130] 110 90 70 50 30 0
T| 250, 230f 210] 190 170] 150 130 110 90 70 50 30 10 0
Ul 230/ 210} 190 170 150] 130 110 90 70 50 30 10 0 0
VIl 210] 190} 170 150} 130] 110 90 70 50 30 10 0 0 0
W] 190f 170f 150 130 110 90 70 50 30 10 0 0 0 0
X 170] 150{ 130] 110 90 70 50 30 10 0 0 0 0 0
Y[ 150 130 110 90 70 50 30 10 0 0 0 0 0 0
Z| 130 110 90 70 50 30 10 0 0 0 0 0 0 0

Table B.7 : Latency_max (Maximum supported T12_max/ T34_max in usec)

RU A B C D E F G H | J K L M N

3000f 399] 379] 359] 339] 319 299 279] 259 239] 219 199| 179] 159
2949 348] 328| 308] 288] 268 248] 228 208 188] 168| 148] 128] 108
2929 328 308| 288] 268 248 228] 208 188 168] 148 128| 108 88
2909| 308| 288| 268| 248 228 208] 188| 168 148] 128] 108 88 68
2889 288] 268| 248] 228 208 188] 168| 148| 128] 108 88 68 48
2869 268| 248| 228] 208| 188 168] 148 128 108 88 68 48 28
2849 248 228 208] 188| 168 148] 128] 108 88 68 48 28
2829 228| 208 188] 168| 148 128] 108 88 68 48 28
2809 208] 188 168] 148 128 108 88 68 48 28
2789 188] 168| 148] 128] 108 88 68 48 28 8
2769] 168| 148 128] 108 88 68 48 28 8 0
2749] 148 128| 108 88 68 48 28 8 0 0

N-<><§<C—|m:UD'UO

O |0 |0 |
O |0 |0 | [
O l|l0|0 |0 (O [

Table B.8 : Use Case Mapping (Based on Latency_min)

T12max

T34max Minimum T12Max Guaranteed for Category Combinations
Range (KM) (usec) (Combinations may support larger T12max)
50|  250lA0-AT [BO-BS [cO-CR |DO-DQ [FO-EP [FO
450 225Au BT cs DR EQ FP GO
40 200]av BU cT DS ER FQ GP HO
3| a7sjaw BV cu DT ES FR GQ HP 10
30|  150[AX-AY [BW-BX [cv-cw |DU-DV [ET-EU |FS-FT [GR-GS |HQ-HR |IP-1Q  [10-1P [KO
25| 1250AZ BY X DW EV FU GT HS IR Q KP Lo
200 100 BZ oY DX EW FV GU HT IS JR KQ LP MO
15 75 cz DY EX FW Gv HU IT IS KR La MP
10 50 Dz Ev-£z [rX-Fy lew-Gx [Hv-Hw lu-iv [IT-Ju [Ks-KT [IR-Ls  [mQ- MR
5 25 Fz GY HX W W KU T MS
0 g GZ HY X W KV LU MT
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NOTE: The Use Case Mapping table can be used to determine the O-DU/ O-RU delay category combinations which are
guaranteed to support a given latency use case. Thisis defined based on Latency _min for the category. 1t may be
possible for equipment from alower category to support a higher use case, but cannot be guaranteed. To determine the
exact maximum latency for an O-DU/ O-RU pair, it is necessary to calculate based on the delay parameter values for
the paired equipment.

Table B.9 : O-DU and O-RU Tx/Rx Window Sub-Categories

Receive Window Sub-Category

Sub- eT2a_max_up -T2a_min_up
Category [[e RXm aXo.0

[in usec] - ;
.1000 >10000 Sub- m—
300 3000 to 9999 Category [+ Ta3 max-Ta3_min
.100 1000 to 2999 _
40 400 to 999 lin usec]
38 380 to 399 20 2200
36 360 to 379 19 190t0 199
34 340t0 359 18 18010 189
32 320t0 339 17 170to 179
30 300t0 319 16 16010169
28 28010299 15 150t0 159
.26 260t0 279 14 140to 149
24 240t0 259 13 130to0 139
22 22010239 12 120t0 129
20 20010219 11 110to 119
18 180 to 199 10 100 to 109
16 160to 179 .09 90 to 99
14 140to 159 .08 801089
12 120to 139 .07 70t0 79
10 100to 119 .06 60 to 69
.08 801099 .05 50t0 59
.06 60 to 79 .04 40 t0 49
.04 4010 59 .03 30t0 39
.02 201039 .02 201029
01 10to 19 01 10to 19
.00 Oto9 .00 Oto9

NOTE: Sub-categories are defined to group endpoints with similar delay characteristics for easy evaluation relative to
use cases. Specifically, sub-categories .100 to .1000 are defined for non-ideal fronthaul. The calculated value for O-
DU or O-RU falling anywhere within the range for the category indicates that the endpoint is classified as that sub-
category. ItisNOT required that the endpoint be able to support the full range of the sub-category.

Table B.10 is used by service providers to identify equipment sub-category combinations which meet the desired
network variability (excluding non-ideal fronthaul). Variability isshownin Kminthetable. Thisrangeisbased on 5
usec per Km.
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Table B.10 : Dynamic Range (in Km) for sub-category pairs

TxMax | .40| .38 | .36 | .34 .32 | .30| .28 | .26 | .24 | .22 | .20 | .18 | .16 | .14 | .12 | .10 | .08 | .06 | .04 | .02 | .01
.20 40| 36| 32 28] 24 20| 16| 12 8 4
.19 42| 38| 34 30| 26/ 22| 18| 14| 10 6 2
.18 44 40| 36| 32| 28| 24| 20| 16/ 12 8 4
.17 46| 42| 38| 34 30/ 26| 22| 18| 14| 10 6 2
.16 48| 44| 40| 36| 32| 28] 24| 20[ 16| 12 8 4
.15 50| 46| 42| 38| 34| 30| 26/ 22| 18] 14| 10 6 2
.14 52| 48| 44| 40| 36| 32| 28| 24| 20| 16| 12 8 4
.13 54| 50| 46| 42| 38| 34| 30 26/ 22| 18] 14| 10 6 2
.12 56| 52| 48 44| 40| 36| 32| 28| 24| 20| 16| 12 8 4
.11 58| 54| 50 46| 42| 38| 34| 30/ 26| 22| 18| 14| 10 6 2
.10 60 56| 52| 48| 44| 40 36| 32| 28| 24| 20 16| 12 8 4
.09 62 58| 54| 50| 46| 42 38| 34| 30| 26| 22 18| 14| 10 6 2
.08 64 60| 56| 52| 48| 44| 40| 36| 32| 28| 24| 20| 16| 12 8 4
.07 66 62| 58| 54| 50| 46| 42| 38| 34| 30| 26| 22| 18| 14| 10 6 2
.06 68 64| 60| 56| 52| 48| 44| 40 36| 32| 28| 24| 20 16| 12 8 4
.05 70 66| 62| 58| 54| 50 46| 42 38| 34| 30 26| 22 18| 14 10 6 2
.04 72 68| 64| 60| 56| 52| 48| 44 40| 36| 32| 28| 24 20| 16 12 8 4
.03 74 70| 66| 62| 58| 54| 50| 46| 42| 38| 34| 30| 26/ 22| 18| 14| 10 6 2
.02 76 72| 68| 64| 60| 56| 52| 48| 44| 40| 36| 32| 28| 24| 20[ 16| 12 8 4
.01 78 74| 70| 66| 62| 58 54| 50| 46| 42| 38| 34| 30| 26| 22| 18] 14| 10 6 2
.00 80 76| 72| 68| 64| 60| 56| 52| 48| 44| 40| 36| 32| 28| 24| 20| 16| 12 8 4 2
B.3 Example Case: Evaluating O-DU / O-RU Combinations

This exampleillustrates an O-RU and an O-DU, each supporting multiple SCS. It illustrates how the actual O-DU/ O-
RU delay profiles map to categories, and then how the corresponding categories are used to evaluate the resulting

transport network limitations. The values represented are exemplary only. The exampleis provided to illustrate:

e Interoperability across multiple SCS
0 O-RU and O-DU will have multiple delay profiles
o Delay profiles are different for uplink and downlink

e applicability service provider use case

Table B.11 : Delay profiles for the example O-RU

| O-RU Parameters | 120 kHz
T2a_min_up, 50 50 205
T2a_max_up, 250 180 435
T2a_min_cp_dl, 175 175 330
Downlink | T2a_max_cp_dI, 375 205 460
Tcp_adv_dl 125 125 125
Category 0.20 (250- 012 W.22
50)=200
Ta3 _min, 50 50 70
Ta3_max 100 70 235
Uplink T2a_min_cp_ul, 125 125 125
T2a_max_cp_ul 325 255 360
Category R.05 P.02 Y.16
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Table B.12 : Delay profiles for the example O-DU.

\ O-DU Parameters 30 kHz 120 kHz 15 kHz
Tla_max_upo-bu, 250 180 435
Downlink | TXmaxo-pu 40 20 70
Category K.04 M.02 Cc.07
Ta4_maxo-pu, 250 180 395
Uplink RXmaxo-pu 200 130 325
Category 1.20 112 B.32

Thisresultsin 6 different category combinations:
Table B.13: Resulting 6 different category combinations

30 kHz 120 kHz 15 kHz
Downlink KO MO CW
Uplink IR LP BY

The respective minimum and maximum T12max val ues are highlighted in the tables below. Using the 30 kHz as an
example, it can be seen that the range on the transport is limited by the uplink (IR) to between 130 usec and 168 usec.
This means that this combination can be guaranteed to be able to support at least 130 usec of delay, and may be capable
of supporting up to 168 usec of delay. Using the actual delay values for the combination at 30 kHz, the uplink is limited
to Tad_max —Ta3_max = 250 — 100 = 150 usec. (The downlink valueis higher, so uplink becomes the limiting factor
for this combination.)

Table B.14 : Delay Category O-DU and O-RU with highlighted valid options for this example,
minimum T12max

RU A B C D E F G H | J K L M N
Of 350 330] 310 290 270] 250{ 230 210] 190] 170{ 150/ 130 110 0
P 330] 310f 290] 270 250] 230] 210{ 190] 170] 150{ 130, 110 90 0
Qff 310/ 290 270{ 250| 230] 210{ 190f 170] 150{ 130 110 90 70 0
Rf 290 270] 250{ 230 210] 190] 170{ 150 130] 110 90 70 50 0
Sf 270 250 230] 210 190 170] 150 130f 110 90 70 50 30 0
T| 250 230{ 210] 190] 170{ 150| 130 110 90 70 50 30 10 0
Ujf 230] 210f 190 170} 150{ 130] 110 90 70 50 30 10 0 0
V[ 210] 190} 170 150] 130} 110 90 70 50 30 10 0 0 0
W 190] 170f 150 130| 110 90 70 50 30 10 0 0 0 0
X 170) 150 130] 110 90 70 50 30 10 0 0 0 0 0
Yjf 150 130] 110 90 70 50 30 10 0 0 0 0 0 0
Z| 130] 110 90 70 50 30 10 0 0 0 0 0 0 0
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Table B.15 : Delay Category O-DU and O-RU with highlighted valid options for this example,
maximum T12max

RU A B C D E F G H | J K L M N
Ofl 3000] 399 379] 359] 339] 319 299 279] 259| 239 219 199] 179 159
P 2949| 348| 328] 308| 288 268 248| 228 208 188 168| 148| 128 108
Q 2929] 328 308] 288] 268 248 228 208] 188 168 148| 128] 108 88
R 2909 308] 288] 268| 248 228 208| 188 168 148 128| 108 88 68
S| 2889] 288| 268| 248| 228| 208 188 168| 148| 128 108 88 68| 48
T 2869 268] 248] 228| 208 188 168| 148 128 108 88 68| 48 28
Ul 2849] 248] 228 208| 188] 168 148 128 108 88 68| 48 28 8
VI 2829] 228] 208 188 168 148] 128] 108 88 68| 48 28 8 0

W| 2809 208] 188] 168| 148 128 108 88 68| 48 28 8 0 0
X| 2789] 188] 168 148] 128] 108 88 68| 48 28 8 0 0 0
Y| 2769] 168 148] 128] 108 38 68 48 28 8 0 0 0 0
Z|| 2749] 148] 128] 108 38 68 48 28 8 0 0 0 0 0

Evaluating the overall combination across all SCS, it can be seen that the maximum possible range for this combination
if all 3 SCSareto be used is 148 usec (limited by the 120 kHz uplink) and the minimum guaranteed range is 110 usec.
(In actuality, the limit is 110 usec for this combination.)

Similarly, there are 6 combinations of sub-categoriesto evaluate. (In this case, the sub-category combinations happen
to be the same for 120 kHz uplink and downlink.) In this case the different between T12max and T12min islimited by
the 120 kHz delay profile, with a maximum range of ~20 KM (~100 usec).

Table B.16 : Delay Sub-Category O-DU and O-RU with highlighted (in red) valid options for this

example
TxMax | .40]| 38| .36| .34|.32| 30| .28| .26| 24| 22| 20| .18 | .16 | .14 | .12| .10 ]| .08 | .06 | .04 [ .02 | .01
.20 40| 36| 32| 28| 24| 20| 16| 12| 8 4
.19 42| 38| 34| 30| 26| 22| 18] 14| 10, 6 2
.18 44| 40| 36| 32| 28| 24| 20| 16| 12| 8| 4
.17 46| 42| 38| 34| 30| 26| 22| 18| 14| 10[ 6 2
.16 48| 44| 40| 36| 32| 28| 24| 20| 16| 12| 8| 4
.15 50| 46| 42| 38| 34| 30| 26| 22| 18] 14| 10| 6 2
.14 52| 48| 44| 40| 36| 32| 28 24| 20| 16| 12| 8| 4
.13 54/ 50| 46| 42| 38| 34| 30| 26| 22| 18| 14| 10[ 6 2
12 56| 52| 48| 44| 40| 36| 32| 28| 24] 20| 16| 12 8 4
11 58| 54| 50| 46| 42| 38| 34| 30| 26| 22| 18| 14| 10| 6| 2
.10 60| 56| 52| 48| 44| 40| 36| 32| 28| 24| 20| 16| 12| 8 4
.09 62| 58| 54 50| 46| 42| 38| 34| 30| 26| 22| 18| 14| 10| 6 2
.08 64| 60| 56| 52| 48] 44| 40| 36| 32| 28| 24| 20 16| 12| 8 4
.07 66| 62| 58| 54| 50| 46| 42| 38| 34| 30| 26| 22 18| 14| 100 6 2
.06 68| 64| 60| 56| 52| 48| 44| 40| 36| 32| 28| 24| 20| 16| 12| 8| 4
.05 70| 66| 62| 58 54| 50| 46| 42| 38 34| 30| 26| 22| 18] 14| 10| 6| 2
.04 72| 68| 64| 60| 56| 52| 48| 44| 40| 36| 32| 28| 24| 20| 16| 12| 8| 4
.03 74| 70| 66| 62| 58| 54| 50| 46| 42| 38| 34| 30| 26| 22| 18 14| 10[ 6| 2
.02 76| 72| 68| 64| 60| 56| 52| 48| 44| 40| 36| 32| 28| 24| 20| 16| 12| 8 4
.01 78| 74| 70| 66| 62| 58| 54| S0| 46| 42| 38| 34| 30| 26| 22| 18| 14| 10 6| 2
.00 80| 76| 72| 68| 64 60| 56| 52| 48] 44| 40| 36| 32| 28 24| 20 16| 12| 8 4| 2

Using only the O-DU/ O-RU category/ sub-category combinations, if the corresponding O-DU/ O-RU isto be used
across al 3 SCS, the resulting delay constraints limit the implementation to:

e 110 usec<T12max < 148 usec

e T12min=T12max— 100 usec

ETSI



266 ETSI TS 103 859 V7.0.2 (2022-09)

The service provider can then use this analysis to determine if the resulting combination suits their target use case.

B.4 Example Case: Non-ideal transport O-DU/O-RU Categories

This example illustrates the usage of the non-ideal transport delay categories and sub-categoriesincluded in Table B.5
and Table B.9 respectively. These categories and sub-categories were created to alow for the use of transport networks
which have delay introduced at the MAC layer that islarger than the propagation delay e.g. DOCSI S networks,
E/GPON networks, microwave links, or G.Fast networks. In such systems, delay is decoupled from the transport
network length and therefore better specified in microseconds or milliseconds.

Non-ideal transport is defined by 3GPP in document TR 36.932 [i.2] per Table B.17.
Table B.17 : Non-ldeal transport categorization from 3GGP TR 36.932 [i.2] Table 6.1-1

Backhaul Technology Latency (One way) Throughput Priority (1 is the highest)
Fiber Access 1 10-30ms 10M-10Gbps 1
Fiber Access 2 5-10ms 100-1000Mbps 2
Fiber Access 3 2-5ms 50M-10Gbps 1
DSL Access 15-60ms 10-100 Mbps 1
Cable 25-35ms 10-100 Mbps 2
Wireless Backhaul 5-35ms 10Mbps — 100Mbps typical, | 1
maybe up to Gbps range

In Table B.18, example deployment use cases are used to illustrate O-DU/O-RU delay profile mapping. The values,
while meant to representative, are exemplary only.

Table B.18 : Non-ldeal fronthaul O-DU/O-RU Delay Profiles by link type

DOCSIS Microwave PON G.Fast
T12 (DL) | T34 (UL) T12 (DL) T34 (UL) T12 (DL) | T34 (UL) | T12 (DL) | T34 (UL)

Latency (RTT) <1ms <29 ms <10 ms <10 ms <500 ps | <2.5ms <2ms <2ms
Jitter/PDV <320 ps <9 ms <25ms <2.5 ms <1ms <1 ms <1lms <1lms
Tla_max_up_O-DU 1,500 ps - 12,500 ps - 750 ps - 2,250 us

) TXmax_0O-DU 50 ps - 100 ps - 50 ps - 50 ps -

D: Ta4_max_0O-DU - 29,500 ps - 12,500 ps - 2,750 ps - 2,250 ps

@) Rx_max_O-DU - 9,500 ps - 3,250 ps - 1,250 ps - 1,250 ps
Category A.05 |AAA.300| AAA.10 |[AAA.300| A.05 A.100 A.05 | A.100
T2a_min_up 100 ps - 50 ps - 50 ps - 70 ps -

oD T2a_max_up 500 ps - 2,650 ps - 1,100 ps - 1,200 ps -

0.: Ta3_min - 50 ps - 50 ps - 100 ps - 70 ps

O Ta3_max - 150 ps - 200 ps - 200 ps - 200 ps
Category R.40 T.10 0.100 W.15 0.40 W.10 P.100 W.13

The use of non-ideal transport links for fronthaul traffic comes with system performance tradeoffs. See Appendix L for
further discussion of these considerations.
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Annex C (informative):
M-Plane Impacts

The CUS-Plane makes certain demands on the M-Plane as listed below (list not exhaustive):

1

10.

11.

Generic static O-RU configuration: there are many parameters e.g. frequency band, number of antennas,
power level, etc. that will need to be gathered from the O-RU and configured by the O-DU. These are
expected to be much the same as is currently experienced with existing radio modules.

O-RU management: thisincludes status monitoring, KPlI measurements (PM counters), alarm collection and
software download. Thisis expected to be handled much the same as with existing radio modules.

Compression: command to use static method (compression and 1Q bit width) or use dynamic method using
udCompHdr.

Rtcid: M-Plane provides the bit-widths for the four defined fields (shall sum to 16 bits total).
Synch state: it is expected the O-RU will report its sync state to the EM S viathe M-Plane.

Synch: it is expected the EM S via the M-Plane will convey to the O-RU the clock quality being received (or
does this come directly from the GM?)

Beaml d for mat: to accommodate hybrid BF, and maybe even for other cases, the O-RU shall convey via M-
Plane characteristics of the O-RU so that the O-DU can “know” how to generate BF weights.

PRB raster and offset-setting: The M-Plane needs to convey the minimum PRB raster (based on the
minimum SCS, for LTE generally 15 kHz) to alow PRB counting across multiple SCS values (to support
mixed-numerology channels). In addition, the M-Plane shall convey the offset to the zeroth PRB.

Beam-weights/ beam attributes: It isintended that the M-Plane can download beam weights or beam
attributes to an O-RU when weight updating does not need to be real-time. The number of weights or types of
attributes applicable to the O-RU is meant to be conveyed from the O-RU to the O-DU at start-up via M-plane
messaging.

Power -Efficiency: the M-Plane will very likely include commands to enable O-RU power-saving techniques
which may be vendor-dependent.

Delay-M anagement and Transport Priority: for each eAxC (Pcid), whether the UL datais delay-managed
or not, and what the transport priority should be.
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Annex D (informative):

IQ Sample and Exponent Packetization for Different

Bitwidths

D.1 General

Bit-ordering and packetization for | and Q samples and compression parameters follows patterns that repeat after every
transmission of 12 resource elements. At this point, the pattern repeats starting from the udCompParam information

element, and is followed by the | and Q samples for the next 12 resource elements.

The cellsin the following Tables indicate the bit ordering for the following IES
0 udCompParam (assumed to be one byte in the tables)
0 | samples denoted by lpwidih-1..-lo
0 Q samplesdenoted by Quitwidth-1.-.Qo

Table D.1. IQ data samples bit-ordering (6-bit IQ bitwidth example)

7 (Isb) Number
of Octets
udCompParam 1 Octet N
Is la I3 I2 l1 lo Qs Q4 1 N+1
Qs Q2 Q1 Qo 1 N+2
Is la I3 I2 1 N+17
I lo Qs Q4 Qs Q2 Q1 Qo 1 N+18
udCompParam 1 Octet M
Is la I3 I2 l1 lo Qs Q4 1 M+1
Q3 Q2 Q1 Qo 1 M+2
Is la I3 I2 1 M+17
I lo Qs Qa4 Qs Q2 Q1 Qo 1 M+18
Table D.2. IQ data samples bit-ordering (7-bit IQ bitwidth example)
7 (Isb) Number
of Octets
udCompParam 1 Octet N
ls Is la I3 I2 I1 lo Qs 1 N+1
Qs Q4 Q3 Q2 Q1 Qo 1 N+2
l Is la I3 I2 I1 1 N+20
lo Qs Qs Qa4 Qs Q2 Q1 Qo 1 N+21
udCompParam 1 Octet M
ls Is la [E I2 I1 lo Qs 1 M+1
Qs Q4 Qs Q2 Q1 Qo 1 M+2
le Is l4 I3 I2 I1 1 M+20
lo Qs Qs Qa4 Qs Q2 Q1 Qo 1 M+21
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7 (Isb) Number
of Octets
udCompParam 1 Octet N
I7 l Is la I3 I2 I1 lo 1 N+1
Q7 Qs Qs Qs Qs Q2 Q1 Qo 1 N+2
I7 l Is la I3 I2 I1 lo 1 N+23
Q7 Qs Qs Q4 Qs Q2 Q1 Qo 1 N+24
udCompParam 1 Octet M
Iz le Is Ig I3 I2 I1 lo 1 M+1
Q7 Qs Qs Qs Qs Q2 Q1 Qo 1 M+2
I7 l Is la I3 I2 I1 lo 1 M+23
Q7 Qs Qs Q4 Q3 Q2 Q1 Qo 1 M+24
Table D.4. 1Q data samples bit-ordering (9-bit 1Q bitwidth example)
7 (Isb) Number
of Octets
udCompParam 1 Octet N
I I7 l Is la I3 I2 I1 1 N+1
lo Qs Q7 Qs Qs Qa4 Q3 Q2 1 N+2
Q1 Qo 1 N+3
Is I7 1 N+25
ls Is la I3 I2 I1 lo Qs 1 N+26
Q7 Qs Qs Qa4 Qs Q2 Q1 Qo 1 N+27
udCompParam 1 Octet M
Is I7 l Is la I3 I2 I1 1 M+1
lo Qs Q7 Qs Qs Q4 Qs Q2 1 M+2
Q1 Qo 1
. Ig I7 1 M+25
ls Is la K I2 I1 lo Qs 1 M+26
Qr Qs Qs Q4 Qs Q2 Q1 Qo 1 M+27
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Table D.5. 1Q data samples bit-ordering (10-bit IQ bitwidth example)

7 (Isb) Number
of Octets
udCompParam 1 Octet N
lo Is I7 le Is Ig I3 I2 1 N+1
l1 lo Qo Qs Q7 Qs Qs Q4 1 N+2
Q3 Q2 Q1 Qo 1 N+3
lg Is I7 le 1 N+28
Is la I3 I2 l1 lo Qo Qs 1 N+29
Q7 Qs Qs Qa4 Qs Q2 Q1 Qo 1 N+30
udCompParam 1 Octet M
lo Is I7 le Is Ig I3 I2 1 M+1
[ lo Qo Qs Q7 Qs Qs Q4 1 M+2
Qs Q2 Q1 Qo 1 M+3
. lo Is I7 le 1 M+28
Is la [E I2 l1 lo Qo Qs 1 M+29
Q7 Qs Qs Q4 Qs Q2 Q1 Qo 1 M+30
Table D.6. IQ data samples bit-ordering (11-bit IQ bitwidth example)
Number
of Octets
udCompParam 1 Octet N
l10 lg Is I7 le Is Ig I3 1 N+1
I2 I1 lo Q1o Qo9 Qs Q7 Qs 1 N+2
Qs Qa4 Qs Q2 Q1 Qo 1 N+3
. l10 lg Is I7 le Is 1 N+31
l4 I3 I2 [ lo Q1o Qo Qs 1 N+32
Q7 Qs Qs Qa4 Qs Q2 Q1 Qo 1 N+33
udCompParam 1 Octet M
l10 lg Is I7 le Is la I3 1 M+1
I2 I lo Qo Qo Qs Q7 Qs 1 M+2
Qs Q4 Q3 Q2 Q1 Qo 1 M+3
l10 lg Is I7 l Is 1 M+31
l4 I3 I2 I lo Q1o Qo Qs 1 M+32
Q7 Qs Qs Q4 Qs Q2 Q1 Qo 1 M+33
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Table D.7. 1Q data samples bit-ordering (12-bit IQ bitwidth example)

7 (Isb) Number
of Octets
udCompParam 1 Octet N
l11 l10 lg Is I7 le Is l4 1 N+1
I3 I2 I1 lo Q11 Q10 Qo Qs 1 N+2
Qr Qs Qs Q4 Q3 Q2 Q1 Qo 1 N+3
l11 l10 lg Is I7 le Is l4 1 N+34
I3 I2 I lo Qu Q1o Qo Qs 1 N+35
Q7 Qs Qs Qa4 Qs Q2 Q1 Qo 1 N+36
udCompParam 1 Octet M
l11 l10 lg Is I7 le Is l4 1 M+1
I3 I2 I lo Qu Q1o Qo Qs 1 M+2
Q7 Qs Qs Q4 Qs Q2 Q1 Qo 1 M+3
l11 l10 lg ls I7 le Is la 1 M+34
I3 I2 I lo Qu Q1o Qo Qs 1 M+35
Q7 Qs Qs Q4 Qs Q2 Q1 Qo 1 M+36
Table D.8. IQ data samples bit-ordering (13-bit IQ bitwidth example)
7 (Isb) Number
of Octets
udCompParam 1 Octet N
l12 l11 l10 lg Is I7 le Is 1 N+1
la I3 I2 I1 lo Q12 Qu Q1o 1 N+2
Qo Qs Q7 Qs Qs Q4 Qs Q2 1 N+3
Q1 Qo 1 N+4
l12 l11 1 N+36
l10 lg Is I7 le Is la I3 1 N+37
I2 I1 lo Q12 Q11 Q1o Qo Qs 1 N+38
Q7 Qs Qs Qa4 Qs Q2 Q1 Qo 1 N+39
udCompParam 1 Octet M
l12 l11 l10 lg Is I7 le Is 1 M+1
la I3 I2 I1 lo Q12 Qu Q1o 1 M+2
Qo Qs Q7 Qs Qs Q4 Qs Q2 1 M+3
Q1 Qo 1 M+4
l12 l11 1 M+36
l10 lg I I7 le Is la I3 1 M+37
I2 I1 lo Q12 Q11 Q1o Qo Qs 1 M+38
Q7 Qs Qs Q4 Qs Q2 Q1 Qo 1 M+39
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7 (Isb) Number
of Octets
udCompParam 1 Octet N
l13 l12 l11 l10 lo Is I7 le 1 N+1
Is la I3 I2 l1 lo Qi3 Q12 1 N+2
Qu Q1o Qo9 Qs Q7 Qs Qs Qa4 1 N+3
Qs Q2 Q1 Qo 1 N+4
l13 l12 l11 l10 1 N+39
lo Is I7 le Is Ig I3 I2 1 N+40
I1 lo Q13 Q12 Q11 Q1o Qo Qs 1 N+41
Q7 Qs Qs Q4 Q3 Q2 Q1 Qo 1 N+42
udCompParam 1 Octet M
li3 l12 l11 l10 lo Is I7 le 1 M+1
Is la I3 I2 l1 lo Qi3 Q12 1 M+2
Qu Q1o Qo9 Qs Q7 Qs Qs Qa4 1 M+3
Qs Q2 Q1 Qo 1 M+4
l13 l12 l11 l10 1 M+39
lg Is I7 le Is Ig I3 I2 1 M+40
I1 lo Q13 Q12 Q11 Q1o Qo Qs 1 M+41
Q7 Qs Qs Q4 Q3 Q2 Q1 Qo 1 M+42
Table D.10. IQ data samples bit-ordering (15-bit 1Q bitwidth example)
Number
of Octets
udCompParam 1 Octet N
l14 l13 l12 l11 l10 lg Is I7 1 N+1
ls Is la I3 I2 I1 lo Q14 1 N+2
Q13 Q12 Q11 Q1o Qo9 Qs Q7 Qs 1 N+3
Qs Qa4 Qs Q2 Q1 Qo 1 N+4
.. l14 l13 l12 l11 l10 lo 1 N+42
Is I7 l Is la I3 I2 I1 1 N+43
lo Q14 Q13 Q12 Q11 Q1o Qo Qs 1 N+44
Q7 Qs Qs Qa4 Qs Q2 Q1 Qo 1 N+45
udCompParam 1 Octet M
l14 l13 l12 l11 l10 lg Is I7 1 M+1
ls Is la [E I2 I1 lo Q14 1 M+2
Q13 Q12 Q11 Q1o Qo9 Qs Q7 Qs 1 M+3
Qs Qa4 Qs Q2 Q1 Qo 1 M+4
. l14 l13 l12 l11 l10 lo 1 M+42
I I7 l Is la I3 I2 I1 1 M+43
lo Q14 Q13 Q12 Q11 Q1o Qo Qs 1 M+44
Q7 Qs Qs Qa4 Qs Q2 Q1 Qo 1 M+45
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Table D.11. IQ data samples bit-ordering (16-bit IQ bitwidth example)

7 (Isb) Number
of Octets
udCompParam 1 Octet N
lis l14 l13 l12 l11 l10 lg Is 1 N+1
Iz le Is Ig I3 I2 I1 lo 1 N+2
Q1s Q14 Q13 Q12 Q11 Q10 Qo Qs 1 N+3
Q7 Qs Qs Q4 Qs Q2 Q1 Qo 1 N+4
lis l14 l13 l12 l11 l10 lg Is 1 N+45
Iz le Is Ig I3 I2 I1 lo 1 N+46
Qis Q14 Q13 Q12 Q11 Q1o Qo Qs 1 N+47
Q7 Qs Qs Q4 Qs Q2 Q1 Qo 1 N+48
udCompParam 1 Octet M
lis l14 l13 l12 l11 l10 lg Is 1 M+1
Iz le Is Ig I3 I2 I1 lo 1 M+2
Q1s Q14 Q13 Q12 Q11 Q1o Qo Qs 1 M+3
Q7 Qs Qs Q4 Qs Q2 Q1 Qo 1 M+4
lis l14 l13 l12 l11 l10 lg Is 1 M+45
Iz le Is Ig I3 I2 I1 lo 1 M+46
Q1s Q14 Q13 Q12 Q11 Q1o Qo Qs 1 M+47
Q7 Qs Qs Q4 Qs Q2 Q1 Qo 1 M+48
D.2 IQ Sample for Little Endian Byte Order

When the optional “little endian byte order” format is used, the complex 1Q data order is changed relative to that shown
in Annex D.1. The Q datawill be sent before | data, while within IQ data, the low byte is sent before high byte. All
other conventions are observed same as (Annex D.1) big endian format. The complex data fields which are applied to

the “little endian byte order” areidentified in related clauses. The usage of “little endian byte ordering” can be

negotiated between the O-DU and O-RU viathe M-Plane.

The cellsin the following Tables indicate the bit ordering for the following IEs
0
0

Table D.12. Bit order of 1Q data samples in little endian mode (6-bit 1Q bit width example)

| samples denoted by lpwidth-1...lo
Q samples denoted by Qpitwidih-1. .- Qo

7 (Isb) Number
of Octets
Octet N
Qs Q4 Q3 Q2 Q1 Qo Is l4 1 N+1
I3 I2 I1 lo 1 N+2
Qs Q4 Qs Q2 1 N+17
Q1 Qo Is la I3 I2 I1 lo 1 N+18
0 0 0 0 Es E> E1 Eo 1 Octet M
Qs Q4 Q3 Q2 Q1 Qo Is l4 1 M+1
I3 I2 I1 lo 1 M+2
Qs Q4 Qs Q2 1 M+17
Q1 Qo Is la I3 I2 I lo 1 M+18
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Table D.13. Bit order of 1Q data samplesin little endian mode (7-bit 1Q bitwidth example)

Number
of Octets
Octet N
Qs Qs Qs Q3 Q2 Q1 Qo ls 1 N+1
Is la I3 I2 I1 lo 1 N+2
Qs Qs Q4 Qs Q2 Q1 1 N+20
Qo le Is la I3 I2 I1 lo 1 N+21
0 0 0 0 Es E> E1 Eo 1 Octet M
Qs Qs Qa Qs Q2 Q1 Qo ls 1 M+1
Is la I3 I2 I1 lo 1 M+2
Qs Qs Q4 Qs Q2 Q1 1 M+20
Qo le Is la I3 I2 I1 lo 1 M+21
Table D.14. Bit order of 1Q data samplesin little endian mode (8-bit 1Q bit width example)
0 / 6 b Number
of Octets
Octet N
Qr Qs Qs Q4 Qs Q2 Q1 Qo 1 N+1
I7 le Is la I3 I2 I lo 1 N+2
Q7 Qs Qs Qs Qs Q2 Q1 Qo 1 N+23
I7 le Is la I3 I2 I lo 1 N+24
0 0 0 0 Es E> E1 Eo 1 Octet M
Q7 Qs Qs Qs Q3 Q2 Q: Qo 1 M+1
I7 le Is la I3 I2 I lo 1 M+2
Q7 Qs Qs Qs Qs Q2 Q1 Qo 1 M+23
I7 le Is la I3 I2 I lo 1 M+24

Table D.15. Bit order of IQ data samples in little endian mode (9-bit 1Q bitwidth example)

7 (Isb) Number
of Octets
Octet N
Q7 Qs Qs Q4 Qs Q2 Q1 Qo 1 N+1
Qs I7 le Is l4 I3 I2 [ 1 N+2
lo Is 1 N+3
Q7 Qs 1 N+25
Qs Q4 Qs Q2 Q1 Qo Qs I7 1 N+26
le Is Ig I3 I2 I1 lo Is 1 N+27
0 0 0 0 Es E> E1 Eo 1 Octet M
Qr Qs Qs Q4 Qs Q2 Q1 Qo 1 M+1
Qs I7 I Is la I3 I2 I1 1 M+2
lo Is 1
Q7 Qs 1 M+25
Qs Qa4 Qs Q2 Q1 Qo Qs I7 1 M+26
le Is la I3 I2 I1 lo I 1 M+27
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7 (Isb) Number
of Octets
Octet N
Q7 Qs Qs Q4 Qs Q2 Q1 Qo 1 N+1
Qo Qs I7 l Is la I3 I2 1 N+2
I lo lg I 1 N+3
Q7 Qs Qs Q4 1 N+28
Q3 Q2 Q1 Qo Qo Qs I7 ls 1 N+29
Is Ig I3 I2 I lo lg I 1 N+30
0 0 0 0 Es E> E1 Eo 1 Octet M
Q7 Qs Qs Q4 Qs Q2 Q1 Qo 1 M+1
Qo Qs I7 le Is la I3 I2 1 M+2
l1 lo lg Is 1 M+3
Q7 Qs Qs Q4 1 M+28
Q3 Q2 Q1 Qo Qg Qs I7 ls 1 M+29
Is la I3 I2 I1 lo lg Is 1 M+30

Table D.17. Bit order of IQ data samples in little endian mode (11-bit IQ bitwidth example)

Number
of Octets
Octet N
Q7 Qs Qs Q4 Qs Q2 Q1 Qo 1 N+1
Q1o Qo9 Qs I7 le Is la I3 1 N+2
I2 I lo l10 lg I 1 N+3
Q7 Qs Qs Qs Qs Q2 1 N+31
Q1 Qo Q1o Qo Qs I7 le Is 1 N+32
l4 I3 I2 I1 lo l10 lg I 1 N+33
0 0 0 0 Es E> E1 Eo 1 Octet M
Qr Qs Qs Q4 Qs Q2 Q1 Qo 1 M+1
Q10 Qo Qs I7 ls Is la I3 1 M+2
I2 I1 lo l10 lg Is 1 M+3
Q7 Qs Qs Q4 Qs Q2 1 M+31
Q1 Qo Q10 Qo Qs I7 I Is 1 M+32
l4 I3 I2 I1 lo l10 lg Is 1 M+33
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7 (Isb) Number
of Octets
Octet N
Q7 Qs Qs Q4 Qs Q2 Q1 Qo 1 N+1
Qu Q1o Qo9 Qs I7 le Is la 1 N+2
I3 I2 I lo l11 l10 lg I 1 N+3
Q7 Qs Qs Q4 Qs Q2 Q1 Qo 1 N+34
Qu Q1o Qo Qs I7 le Is la 1 N+35
I3 I2 I lo l11 l10 lg I 1 N+36
0 0 0 0 Es E> E1 Eo 1 Octet M
Q7 Qs Qs Q4 Qs Q2 Q1 Qo 1 M+1
Qu Q1o Qo Qs Iz le Is l4 1 M+2
I3 I2 I1 lo l11 l10 lg Is 1 M+3
Q7 Qs Qs Qa4 Qs Q2 Q1 Qo 1 M+34
Qu Q1o Qo Qs Iz le Is l4 1 M+35
I3 I2 I1 lo l11 l10 lg Is 1 M+36

Table D.19. Bit order of IQ data samples in little endian mode (13-bit bitwidth mantissa example)

7 (Isb) Number
of Octets
Octet N
Q7 Qs Qs Q4 Q3 Q2 Q1 Qo 1 N+1
Q12 Q11 Q1o Qo9 Qs I7 l Is 1 N+2
la I3 I2 I1 lo l12 l11 l10 1 N+3
lg I 1 N+4
Q7 Qs 1 N+36
Qs Qa4 Qs Q2 Q1 Qo Q12 Q11 1 N+37
Q1o Qo9 Qs I7 le Is la I3 1 N+38
I2 I1 lo l12 l11 l10 lg I 1 N+39
0 0 0 0 Es E> E1 Eo 1 Octet M
Q7 Qs Qs Q4 Q3 Q2 Q1 Qo 1 M+1
Q12 Q11 Q1o Qo9 Qs I7 l Is 1 M+2
la I3 I2 I1 lo l12 l11 l10 1 M+3
lg Ig 1 M+4
Q7 Qs 1 M+36
Qs Qa4 Qs Q2 Q1 Qo Q12 Q11 1 M+37
Q1o Q9 Qs I7 le Is la I3 1 M+38
I2 I1 lo l12 l11 l10 lg Is 1 M+39
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7 (Isb) Number
of Octets
Octet N
Q7 Qs Qs Q4 Qs Q2 Q1 Qo 1 N+1
Q13 Q12 Q11 Q1o Qo Qs I7 le 1 N+2
Is la I3 I2 I1 lo l13 l12 1 N+3
l11 l10 lg Is 1 N+4
Q7 Qs Qs Q4 1 N+39
Qs Q2 Q1 Qo Q13 Q12 Qu Q1o 1 N+40
Qo Qs I7 l Is la I3 I2 1 N+41
l1 lo l13 l12 l11 l10 lg Is 1 N+42
0 0 0 0 Es E> E1 Eo 1 Octet M
Q7 Qs Qs Q4 Qs Q2 Q1 Qo 1 M+1
Q13 Q12 Q11 Q1o Qo Qs I7 le 1 M+2
Is la I3 I2 I1 lo l13 l12 1 M+3
l11 l10 lg Is 1 M+4
Q7 Qs Qs Q4 1 M+39
Qs Q2 Q1 Qo Q13 Q12 Qu Q1o 1 M+40
Qo Qs I7 l Is la I3 I2 1 M+41
l1 lo l13 l12 l11 l10 lg Is 1 M+42
Table D.21. Bit order of IQ data samples in little endian mode (15-bit IQ bitwidth example)
Number
of Octets
Octet N
Q7 Qs Qs Q4 Qs Q2 Q1 Qo 1 N+1
Q14 Q13 Q12 Qu Q1o Qo Qs I7 1 N+2
le Is Ig I3 I2 I lo l14 1 N+3
l13 l12 l11 l10 lg I 1 N+4
... Q7 Qs Qs Qs Qs Q2 1 N+42
Q1 Qo Q14 Q13 Q12 Qu Q1o Qo 1 N+43
Qs I7 l Is la I3 I2 I1 1 N+44
lo l14 l13 l12 l11 l10 lg I 1 N+45
0 0 0 0 Es E> E1 Eo 1 Octet M
Q7 Qs Qs Q4 Qs Q2 Q1 Qo 1 M+1
Q14 Q13 Q12 Qu Q1o Qo Qs I7 1 M+2
le Is Ig I3 I2 I lo l14 1 M+3
l13 l12 l11 l10 lg I 1 M+4
... Q7 Qs Qs Qs Qs Q2 1 M+42
Q1 Qo Q14 Q13 Q12 Qu Q1o Qo 1 M+43
Qs I7 l Is la I3 I2 I1 1 M+44
lo l14 l13 l12 l11 l10 lg I 1 M+45
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7 (Isb) Number
of Octets
Octet N
Q7 Qs Qs Q4 Q3 Q2 Q1 Qo 1 N+1
Q1s Q14 Q13 Q12 Q11 Q10 Qo Qs 1 N+2
Iz le Is Ig I3 I2 I lo 1 N+3
lis l14 l13 l12 l11 l10 lg Is 1 N+4
Q7 Qs Qs Q4 Qs Q2 Q1 Qo 1 N+45
Q1s Q14 Q13 Q12 Q11 Q10 Qo Qs 1 N+46
Iz le Is Ig I3 I2 I1 lo 1 N+47
lis l14 l13 l12 l11 l10 lg Is 1 N+48
0 0 0 0 Es E> E1 Eo 1 Octet M
Q7 Qs Qs Q4 Qs Q2 Q1 Qo 1 M+1
Qis Q14 Q13 Q12 Q11 Q10 Qo Qs 1 M+2
Iz le Is Ig I3 I2 I lo 1 M+3
lis l14 l13 l12 l11 l10 lg Is 1 M+4
Q7 Qs Qs Q4 Qs Q2 Q1 Qo 1 M+45
Q1s Q14 Q13 Q12 Q11 Q1o Qo Qs 1 M+46
Iz le Is Ig I3 I2 I1 lo 1 M+47
lis l14 l13 l12 l11 l10 lg Is 1 M+48
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Annex E (informative):
OFDM Phase Compensation

Consider thetimeinterval ¢t ..., <t < th,,., + (Ni + N )T, asdefinedin clause 5.3.1 of [4], which corresponds

start,l —

to the transmission of the [th OFDM symbol, with baseband waveform s,(”"‘)(t).

Suppose that the transmitter performs up-conversion of the signal sl(p"‘)(t) to RF centre frequency f;,, and the receiver
performs down-conversion from RF centre frequency f;. Unlike LTE, it is possible that the transmitter and receiver
have different centre frequencies, f, # f;, which motivates the introduction of OFDM phase compensation in NR.

Ignoring channel distortions and noise for simplicity, the baseband signal at the receiver in the same time interval can
be written

Sl(p'#)(t) . elzn(fo-ft = Sl(p.#)(t) . elor. ejZﬂ(fo—fl)(t—tgP,l)
where 6, = 2m(fy — fi)tgp, ad tep, = tha, + Nép, T, isthetimeat the end of the cyclic prefix of OFDM symbol !.

We can see from the equation above that each OFDM symbol is subjected to a phase shift 8, which can result in large
phase changes between successive OFDM symbols. This may cause problems for receiver processes such as channel
estimation and frequency error tracking, which expect the channel to vary smoothly between symbols.

The solution adopted by 3GPP in RAN WG1 meeting AH#18-01 [5][6] is to apply a phase pre-compensation term

e 12mhite; gt the transmitter and a phase post-compensation term e/2™/1tce. ot the receiver. These two terms together
provide the required correction e ~/t. The phase pre-compensation requirement for the transmitter is captured in clause
5.4 of [1]. Note that the phase compensation depends only on the starting time of each OFDM symbol, and is common
for all OFDM symbols transmitted using a given numerology u, regardless of which NR physical channels they belong
to, except for PRACH.
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Annex F (informative):
Beamforming Attributes Frame of Reference

The beamforming attributes involving pointing angle (bfAzPt and bfZePt) are defined following 3GPP 38.901 [i.1],
clause 7.1. Two coordinate systems are defined, the Global Coordinate System (GCS) and local coordinate system
(LCS). The GCS applies across multiple BS and UT locations, while the LCS applies to a single array antenna. The
GCSisdefined as shown below in Figure F.1. Inthe GCS, ¢ refersto the azimuth angle and 6 refers to the zenith
angle.

The LCSis defined by a 3-parameter rotation of the GCS. The rotation with parameters a, B, y is shown in Figure F.2
(left). Note that the rotation parameters are defined as follows:

e aisdefined asthe bearing angle (sector pointing angle)

e [ isdefined asthe downtilt angle

e yisdefined asthe dlant angle

A two-dimensional array antennais defined such that the x'-axis is broadside to the array antenna. If an antenna
architecture such asin 3GPP 38.901 [i.1] clause 7.3 is used, the horizontal direction is defined asy’ and the vertical
direction isdefined as z'.

All parameters which relate to “peak” refer to the principal beam pointing in a particular direction. For a given beam
configuration, the peak direction is the angle corresponding to maximum gain. Thus, bf AzPt specifies the pointing angle
of maximum gain.

The pointing parameter bf AzPt is defined as ¢'. The pointing parameter bfZePt is defined as 6'. The angles are shown
in Figure F.2 (right).

The beamwidth parameters bf Az3dd and bfZe3dd are defined as the as the angular widths at which the beam fallsto 3
dB below the peak beam gain on both sides of the peak direction, in azimuth and zenith, respectively.

The sidelobe parameters bf AzSl and bfZeS are defined as the suppression level of the highest sidelobe relative to the
peak gain in the azimuth and zenith principal planes, respectively.

Figure F.1: Global Coordinate System Definition
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- -‘-
€, '

Figure F.2 : Orienting the LCS (blue) with respect to the GCS (gray) by a sequence of 3 rotations
(left); Definition of spherical coordinates and unit vectors in both the GCS and LCS (right)
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Annex G (informative):
LAA Algorithms and Examples

LBT
Reset

Yes

Success
Qutcome?
Yes
Tstart = Tstart + Bru |

s the remaining
data < Bgy
No
At CUTyp, send By worth of data |

| At CUTyy, send Bgy worth of data |

At the target SFN/SF for sensing,
send LBT_PDSCH_REQ

l

LBT_PDSCH_RSP
received?

At CUTyy, send the remaining data |

Figure G.1: PDSCH Transmission Algorithm O-DU flowchart

O-DU end

Tstart = Tstare t [Brul

send Bgy worth of data

where [a]: is the ceiling of number “a’ to the nearest x, where x is 1 msfor normal SF and 0.5 msfor partially-filled

SF.
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CO-RU startD

es

No

Send an error message

Yi
Larger than Bg;?
No

LBT_PDSCH_REQ received?

No |

=|| Start/continue LBT CAT 4 spectrum sensing |

LBT CAT 4 timer is expired?
No

now = Tstare && channe
is not acquired?

Send LBT_PDSCH_RSP

Send LBT_PDSCH_RSP (failure outcome)

per dropped SF

i

‘ Tstart = Tstare +

Discard any expired symbols from
buffer. Buffer any new received
data. Send LBT_PDSCH_RSP per

dropped SF

No
Channel is acquired (at Tg¢q)?

Yes
| Send LBT_PDSCH_RSP (success outcome) |
v

| Send the reservation signal OTA till Tt |

Send LBT_PDSCH_RSP

| Send buffered data OTA }.7 per transmitted SF

v

| Tytart = Tstare +buffered data |

s data received
< Bgy?
Yes

| Send buffered data OTA }—'

Send LBT_PDSCH_RSP e
per transmitted SF

Figure G.2 : PDSCH Transmission Algorithm O-RU flowchart

For DRS Transmission Procedure, the O-DU flowchart covers both cases, where the O-RU does 25 us sensing or LBT
CAT 4
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At DRSp,1 or DRS¢, 2, send corresponding DRS

At the target SFN/SF for sensing,
send LBT_DRS_REQ

J

\—{ Send corresponding DRS

now = DRS¢p,q or
Tow = DRSSy 2?2

LBT_DRS_RSP

DMTC offset time Yes
is passed?

received?

Yes

Success No

outcome?

Yes

Figure G.3: DRS Transmission Procedure O-DU flowchart

No

Buffer it

LBT_DRS_REQ received?

Yes

DMTC offset time is passed?

Drop existing DRS.
Buffer new DRS

No
New DRS received?
No

4>| Start LBT spectrum sensing (25 us) at the configured time |

No

Send LBT_DRS_RSP

Success?

Yes

(failure outcome)

Send LBT_DRS_RSP (success outcome) |

|

| Send DRS OTA

Figure G.4: DRS Transmission Procedure O-RU flowchart — 25 us sensing

ETSI



285 ETSI TS 103 859 V7.0.2 (2022-09)

No

Buffer it

LBT_DRS_REQ received?

DMTC offset time is passed?

Drop existing DRS.
Buffer new DRS

No

New DRS received?

No
4>| Start/continue LBT CAT 4 sensing at the configured time |

BT CAT 4 timer is Ye
expired?

No

Send LBT_DRS_RSP
(failure outcome)

No

Channel is acquired?

1Yes

| Send LBT_DRS_RSP (success outcome) |

!

| Send reservation signal OTA till the SF boundary |

!

At the SF boundary, send DRS OTA

O-RU end <

Honrvend )
Figure G.5: DRS Transmission Procedure O-RU flowchart — LBT Cat 4

ETSI



286 ETSI TS 103 859 V7.0.2 (2022-09)

Annex H (informative):

S-Plane detailed frequency and phase error budget
analysis, and future ITU-T clock types and classes
reference

H.1 Reference documents

Clause 2 lists the standards which are referenced within this annex.

H.2 Frequency and time error budget analysis

This clause provides the informative analysis to support budget alocation in clause 11.3.2 for a Full Timing Support
network (as per ITU-T G.8271.1 for the limits, ITU-T.G.8273.2 for the clock definition). The analysis serves 2
puUrposes:

Considering T-BC Class B and C switches (as per ITU-T G. 8273.2) inalTU-T G.8271.1 compliant network, the
number of allowed switches to satisfy the allocated network limit is computed in detail as an example.

NOTE: the following configurations are outside the scope of this annex, and are therefore For Further Study:
e |ITU-T G.8271.1 compliant networks using class D T-BCs.
ITU-T G.8271.1 compliant networks using T-TCsinstead of T-BCs.
Non-ITU-T G.8271.1-compliant networks, such asI TU-T G.8271.2 ones.
O-RU using SyncE/eSyncE. In the example below, only PTP is considered as synchronization source for O-
RU.

Each network element in the fronthaul clock chain generates time error (including constant cTE and dynamic dTE,
dTEL), which will accumulate through the entire clock chain and be present at the O-RU UNI, as described in ITU-T
G.8271.1 Appendix IV. This Annex consider the accumulation of centered, symmetrical noise. In particular,
accumulated dynamic time error will cause O-RU subordinate clock FFO (fractional frequency error) after clock
recovery and filtering. Given O-RU shall meet the 3GPP air interface frequency accuracy target (x50ppb), O-RU
filtering is needed to filter the accumulated dynamic time error and reduce the frequency error down to an acceptable
level. The allowed network limit (i.e. dynamic time error), reasonable O-RU filter bandwidth and acceptable frequency
error after filtering are the result of a compromise exercise as shown in the following analysis.

The value of the O-RU filtering bandwidth is a key compromise, combined with the local oscillator thermal sensitivity:

- Thehigher filtering bandwidth, the faster frequency correction of the local oscillator thermal sensitivity and
therefore the lower temporary accumulated time error under thermal variations, but the poorer efficiency in
low pass filtering the dynamic noise seen on the UNI

- Thelower filtering bandwidth, the better efficiency in low pass filtering the dynamic noise seen on the UNI,
but the poorer frequency correction of the local oscillator thermal sensitivity and therefore the higher
temporary accumulated time error under thermal variations.

Frequency error budget for Network limit (LLS-Cland LLS-C2):

Based on the above compromise explanation, a practical expectation of O-RU filtering max BW is set to 75mHz to start
the analysis.

Table H.1: O-DU Frequency Error Budget

O-DU class A 2]
e Consider O-DU PTP/SyncE master frequency error budget = ................. +15 ppb +5 ppb
(refer tonote 1in clause 11.3.2.1)
e Consider O-RU total frequency error budget based on O-DU frequency error budget
taken away from the 3GPP air interface (+50ppb) budget = ............ +35ppb +45ppb
o Further split the O-RU total frequency error budget as follows as an example of O-
RU design:
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o0 FFO (O-RU subordinate clock) +21ppb +27ppb
e et e e e e e e +14ppb. +18ppb

e  With FFO (O-RU subordinate clock) value and filter BW = 75mHz, based on ITU-T
SG15 Q13 C1730, Geneva, 5 — 16 December 2011:
FFO (in ppb) = +2*7 * |dTEL+|(in ns)*filter BW(in H2)
= FFO (O-RU subordinate clock) = 2 * |[dTE +n| * filter BW
= |dTEL+x| = FFO (O-RU subordinate clock)/( 2r * filter BW) = +45ns +57ns
which is the max alowed network noise limit (between O-DU UNI and O-RU
UNI) guaranteeing FFO at the output of the O-RU filter with 75mHz BW.

Note that after this network noise limit is agreed in O-RAN spec, it isup to O-RU
vendor implementation to select filter BW (not necessarily 75mHz) to trade off the
internal budget split between FFO (O-RU subordinate clock) and FFO (O-RU
internal additive frequency noise) as long as the O-RU total frequency error budget
(x35ppb or +43ppb) is still met.

e Based on G.8271.1 Appendix IV guidance to calculate accumulated error:
= Total dynamic noise = RMSsum (dTE,++)
=  |dTEL+n| = RMSsum (|dTE.++| of all nodes excluding O-RU’s T-TSC)

Consider the model of clock chain of n T-BC clocks (between O-DU UNI to RU UNI)
ITU-T G.8273.2 (class B) switch: |dTE.|=20ns, |[dTEx| = 35ns
= | dTEL [ limit = sgrt [n*202 + 352] NS = ....vviieiee i e +45ns |  *57ns

2 N=([ATELHP - 35202, ... e e e e e e 2 5
the maximum number of class B T-BCsin each chain (excluding O-DU)

Consider the model of clock chain of n T-BC clocks (between O-DU UNI to RU UNI)
ITU-T G.8273.2 (class C) switch: : |dTE.|=5ns, [dTEx| = 10ns (Note 1)
2 | dTELsn [ limit= sgrt[n*52+ 102 NS = ....iiviei i e +45ns 157ns

D N= (JATELHP = L0D)/52, oo et e et e e e e >>10 >>10
the maximum number of class C T-BCsin each chain (excluding O-DU)
Note 1: This [dTEx| limit is not yet specified by ITU-T G.8273.2 and istherefore an
estimation.

Timeerror budget for network limit (LLS-Cland LLS-C2) :

Using existing class B T-BCs, and considering no time error contribution by the fiber asymmetry nor from two master
ports of the same T-BC, then:

Following G.8271.1 Appendix 1V guidance to calculate accumulated error with the following clock chain models:
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UNI UNI
- Path 1: Total [TE| |
< VI‘
Common n T-BC switches |— |O-RU1
PTP/SyncE
master Path 2: Total [TE]| I'/Relative [TE|
(Ils-DU or [* "l
T-BC) n T-BC switches |—! O-RU2
I
Relative [TE| < 2x Total [TE|
Notes:

- this picture does not show the port-to-port relative TE between two Master ports of the common master.
lIs-DU is considered as having no such port-to-port relative time error.

However, T-BCs as specified by ITU-T G.8273.2 does not specify it, and it may be more prudent to consider
the common T-BC inside the « n » chain.

- this picture does not show the relative TE caused by asymmetry on the links

Therefore some margin shall be considered in the TE budget to take them into account

UNI network |TE| UNI
. TotalTEf 4
lls-DU
n T-BC switches O-RU1
PTP/
SyncE |
master
network [TE| = Total [TE| I
Notes:

- this picture does not show the relative TE caused by asymmetry on the links
Therefore some margin shall be considered in the TE budget to take it into account

Figure H.1: clock chain model for analysis

Asper ITU-T G.8271.1 Appendix I V:
Total [TE| = sum (|cTE| of n nodes) + RSS sum (JdTE, | of n nodes and |dTEw| of last node)
=n*|cCTE| + sgrt (N*[dTEL]? + |[dTExP)

However, the O-RU’ s time error budget (cTE, [dTEL? + [dTEx]) has aready been taken into account in the budget (see
tables below), so only the T-BCsin the network are included in “n” and their contribution islimited to cTE and dTE,.
As aresult, the above genera formula can be further simplified for the chain of n T-BCs excluding the O-RU’s T-TSC:

Total [TEL| = n*|cTE| + sgrt (n*|[dTELP),
Where anodeis based on T-BC Class B switch with the following noise generation specification:
Constant time error = |cTE| = 20nsfor class B, 10nsfor class C

Low-band dynamic error = [dTE_| = 20nsfor class B, 5nsfor class C (considering centered noise)
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Table H.2 : O-RU Time Error Budget

For O-RU type= Enhanced Regular Enhanced Regular | Enhanced
and limit = 60ns 100ns 190ns 95ns 140ns
to meet category Cat B Cat B Cat C Cat C
(notes 1, 2)
n*|cTE| + sgrt (n*|dTEL| ?) < limit per branch 30ns 50ns 95ns 95ns 140ns
maximum n value, number of classB T-BCson 0 1 2 2 4

each branch from common network element (either
O-DU or T-BC) to O-RU:

Remaining relative TE margin to be assigned to 60ns 20ns 53ns 12ns 20ns
fiber asymmetry and relative TE between two ports
of the common network element

maximum n value, number of class C T-BCson 1 3 7 7 11
each branch from common network element (either
O-DU or T-BC) to O-RU:

Remaining relative TE margin to be assigned to 15ns 12ns 12ns 12ns 14ns
fiber asymmetry and relative TE between two ports
of the common network element

NOTE 1: Proposed maximum n values are conservative and leave at least 10ns margin for fiber asymmetry or relative
TEL between two ports of the branching clock. It is therefore recommended to limit the number of fronthaul
clocks to this value, although an additional one may still allow meeting the expected limits.

NOTE 2: For IEEE802.1CM cat A and cat B, the limit corresponds to a relative TEL between two O-RU input ports
(the end of two branches), and therefore the limit per branch is half. For IEEE802.1CM cat A and cat B, the
limit corresponds to a relative TEL between the O-DU output and any O-RU input ports, and therefore the
limit per branch is the same value.

Frequency error budget for Network limit (LLS-C3) :

e Based on the above compromise explanation, a practical expectation of O-RU filtering max BW is set to 75mHz to
start the analysis

e Based on G.8272, PRTC/T-GM MTIE (during lock) specification can be used to describe PRTC/T-GM dynamic
noise generation:

Table H.3 : Wander Generation (MTIE) for PRTC-A

MTIE limit (us) Observation interval (s)

0.275x 103t + 0.025 0.1<1t<273
0.10 1> 273

Table H.4 : Wander Generation (MTIE) for PRTC-B

MTIE limit (us) Observation interval (s)

0.275x 103t + 0.025 0.1<t<545
0.04 1>545

=  Given O-RU filtering max BW = 75mHz, it corresponds to observation interval T = 1/(n* 75mHz) = 4.2s.
From the above table, MTIE limit (with T = 4.2s) = 26.2ns pk-pk for both PRTC-A and PRTC-B.
From this MTIE number, the value of dTE, is computed as 13.1ns.

= Besides MTIE, which can be treated as dynamic noise during lock condition, there is additional consideration
of PRTC/T-GM during holdover condition. Potential semi-static frequency drift could happen during holdover,
+2ppb isreserved based on ITU-T G.8271.1 Appendix V PRTC failure scenario (b) which permits 400ns
holdover limit for short period of 5 minutes.
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Table H.5 : Network (LLS-C3) Frequency Error Budget

Consider PRTC PTP/SyncE master frequency error budget =..........ooooiiiii i +2 ppb

(refer tonote 1in clause 11.3.2.2)
Consider O-RU total frequency error budget based on O-DU frequency error budget taken away

from the 3GPP air interface (+50ppb) budget = +48ppb
o Further split the O-RU total frequency error budget as follows as an example of O-RU design:

o0 FFO (O-RU subordinate clock) +30ppb

e +18ppb

e With FFO (O-RU subordinate clock) value and filter BW = 75mHz, based on ITU-T SG15 Q13
C1730, Geneva, 5 — 16 December 2011:
FFO (in ppb) = £2*z * |dTEL+|(in ng)*filter BW(in H2)

= FFO (O-RU subordinate clock) = 2r * |[dTEL++| * filter BW
=  |dTEL+| = FFO (O-RU subordinate clock)/( 2x * filter BW) = +63ns
which is the max alowed network noise limit (between O-DU UNI and O-RU UNI)
guaranteeing FFO at the output of the O-RU filter with 75mHz BW.
Note that after this network noise limit is agreed in O-RAN spec, it is up to O-RU vendor
implementation to select filter BW (not necessarily 75mHz) to trade off the internal budget split
between FFO (O-RU subordinate clock) and FFO (O-RU interna additive frequency noise) aslong
asthe O-RU tota frequency error budget (+35ppb or £45ppb) is still met.

e Based on G.8271.1 Appendix IV guidance to calculate accumulated error:
= Total dynamic noise = RMSsum (dTE, ++)
=  |dTEL+n| = RMSsum (|dTEL+n| of al nodesincluding PRTC/T-GM but not O-RU’s T-TSC)

e Consider the model of clock chain of either class A or B PRTC/T-GM and n T-BC switches
(between PRTC input to O-RU UNI) and using G.8272 MTIE specification for the PRTC and
G.8273.2 dTE_+H specification for the T-BC.
= PRTC/T-GM dynamic noise = MTIE/2 based on max 75mHz O-RU filter BW

2SS 1] 0] 13ns
= T-BC Class B switch dynamic noise = |[dTE_| = 20ns, |dTEw| = 35ns
©  |ATEL+H| = SOM(13% + N 207 +352) NS= ..u it iii i it et eee e et e e e e ee aee s 63ns
= Maximum n= ( [dTE ]2 - 352 - 13?%) / 202 =

the maximum number of class B T-BCsin each chain (after PRTC) ®
= T-BC Class C switch dynamic noise = |[dTE, | = 5ns, |dTEx| = 10ns
= |dTEL+H| = Sqrt(132 + n*52 +102) 10 63ns
= Maximum n= ([dTEL+HP - 102 - 132) / B2 = Lt e e >>10

the maximum number of class C T-BCsin each chain (after PRTC)

Timeerror budget for network limit (LLS-C3):

G.8271.1 Appendix V (Example of design options) and Appendix XI1 (Examples of design options for fronthaul and
clusters of base stations) provide guidelines on the number of switches that can be deployed in case of LLS-C3 for the
different target requirements.

Appendix V isfocusing on the absolute Time Error Requirement (Category C), while Appendix X1| addresses also
relative time error requirements applicable in fronthaul (Category A and B).

H.3 Summary of allowed number of switches:

The maximum allowed number of switches shall be determined based on the smallest allowed number constraint by
. Fregquency error budget
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e  Theclassof network elements (note that the O-RU classes are examples proposed by |IEEE802.1 CM)

Table H.6 : Network Frequency Error Budget

Frequency Error Network

limit

LLS-C1 and
LLS-C2,

LLS-C1 and
LLS-C2,

Comment

Absolute Frequency error

budget between time
source and O-RU

class A O-DU
2
(class B T-BC)
>>10
(class C T-BC)

class B O-DU
5
(class B T-BC)
>>10
(class C T-BC)

Note 3

Any branch shall not exceed

this number of T-BCs from
O-DU or PRTC/T-GM to
meet 50ppb frequency
accuracy at the air interface.

Table H.7 : Network Time Error Budget

LLS-C1 and
LLS-C2,

class A O-DU

LLS-C1 and
LLS-C2,
class B O-DU

Comment

Cat A Relative Time error 0 0 Note 3 Any branch shall not
budget (with enhanced O- (class B T-BC) (class B T-BC) Note 4 exceed this number of T-
RUs) between O-RUs 1 1 BCs from common T-BC to
(class C T-BC) (class C T-BC) meet target relative time
Cat B Relative Time error 1 1 Note 3 error limit at the air
budget (with regular O-RUs) | (class B T-BC) (class B T-BC) interface.
between O-RUs 3 3 Value 0 means that only lIs-
(class C T-BC) (class C O-RU) C1 is supported
Cat B Relative Time error 2 2 Note 3
budget (with enhanced O- (class B T-BC) (class B T-BC)
RUs) between O-RUs 7 7
(class C T-BC) (class C T-BC)
Cat C Absolute Time error 2 2 Note 3 Any branch shall not
budget (with regular O-RUs) | (class B T-BC) (class B T-BC) exceed this number of T-
between time source and 7 11 BCs from O-DU or PRTC/T-
O-RU (class C T-BC) (class C T-BC) GM to meet 1500ns
Cat C Absolute Time error 4 4 Note 3 absolute time error limit at
budget (with enhanced O- (class B T-BC) (class B T-BC) the air interface.
RUs) between time source (further limitto 2 | 11
and O-RU due to freq. limit) | (class C T-BC) Note 1.
7
(class C T-BC)

Note 1 : Only applicableto IIs-C1 and lIs-C2: Asindicated in table 9-3, the maximum Time Error at the output of the O-
DU is 1420 nsfor lIs-C1 and 1325 nsfor lIs-C2. This limit considers that the input of the O-DU stays within the limits
at Reference point C defined by ITU-T G.8271.1 or ITU-T G.8271.2.

Note 2 : The analysis on the number of switches (for time error budget) is meant to rough estimate and excludes both
fiber asymmetry factor and relative TE between two ports of the common network element. It isoperator’s
responsibility to control these two parameters. The analysisfor each time error budget (specific category) has some
left-over margin that could be used to cover them. If the left-over margin is not enough, the alternative is to reduce the
allowed number of switches.

Note 3: network design guidelines for configuration LLS-C3 are provided in ITU-T G.8271.1 Appendix V (addressing
|EEE802.1CM synchronization Category C) and Appendix XII (addressing IEEE802.1CM synchronization Category A
and B) of G.8271.1. The guidelinesin Appendix V includes also indication on allowed number of switches between the
PRTC/T-GM and the O-RU. The guidelinesin Appendix XII include also indication on allowed number of switches
between a clock that is common for the cooperating O-RUSs, and these O-RUs.

As an example:

- in order to meet the Cat B requirements with aregular O-RU, the number of T-BC class C switches, after the
common switch (itself a class C T-BC), should be 3 or less, while there is no room for additional switches with T-
BC class B clocks after the common switch (itself aclass B T-BC).
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- In order to meet the Cat B requirements with an enhanced O-RU, the number of T-BC class C switches should be 6
or less after the common switch (itself a class C T-BC), and the number of T-BC class B switches after the common
switch (itself aclass B T-BC), should be 2 or less.

The minor differences between the maximum number of switches supported in LLS-C2 and LLS-C3 are due to different
characteristics of the common clock (asindicated in Figure H-1, in LLS-C2, the O-DU has no relative time error
between ports specified, whilein LLS-C3, the G.8273.2 T-BC takes this into account).

(G.8271.1 aso presents the case of an alternative deployment with a short clock chain that has a maximum of 4 Class C
T-BC, or 1 ClassB T-BC between the PRTC/T-GM and the O-RU (see reference network model in Figure 11.6 of
(G.8271.1 with aPRTC-B/T-GM directly connected to the common T-BC). For this case the regular O-RU was
considered as it represents the worst-case scenario. This deployment, in addition to meeting IEEE802.1CM
synchronization Category C, is aso suitable to support IEEE802.1CM synchronization Category B.

Note 4: Cat A requirements concerns co-located O-RUSs. It is assumed that the cooperating O-RUs are connected to the
same switch (therefore there is no switch after the common T-BC).
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Annex | (informative):
Precoding and Examples

1.1 Case 1. Tx Diversity 1-CRS Port Ant0, 1 PRB:
At the O-DU

e Forsingle Tx case, ¢ (@ (qg),.., d (@ (m @, -1 M_q_sym modulation bits belonging to PDSCH ANTO are

packed into a PRB. All CRS REs for ANTO are packed into a PRB for transmission and are unpacked at the O-
RU.
At the O-RU
e Atthe O-RU, for single antenna port single Tx asingle layer is used and mapping is defined as
X(O)(i) =d© 0]
e O-RU needsto map CRS REs into antenna ports using crsReMask, crssymbolNumber and crsShift. Follow

case5
At 0-DU( (@) D@ ) O-RU f
d'7(0),...,d (Mg, 1) — After antenna Mapping at O-RU
TxD 1 CRS Port ANT, 1 PRB TxD Ant0
Subframe O Subframe O
Slot 0 Slot 1 .
o[ 1/ 2] 3] 4| 5/6| 7| 8 9] 10{11] 12] 13 N AN
TE
11 Y NN 11
10 E P A
— | R R — 10
9 [Ro] R0 £ " 5
M c
8 n S APP 8
7 P 1 | 7
P NG
8 preo Ro| ! NG 8 preo
5 N 5
4 G 4
3 IR [ra 3
2 2
1 1
0 [Ro] ko] L I 0 el |

RS Ant0
PDSCH Ant0
PDCCH
Blank

Figure I.1 : Single Tx 1-CRS Port Ant0O, 1 PRB

1.2 Case 2: Tx Diversity 2-CRS Port AntO, Antl, and 1 PRB

Case 2.1 At the O-DU

e For TxD case, 4@ (0),.. d@(m @, -1 M_qg_sym modulation bits belonging to PDSCH are packed

into aPRB. All CRS REs for ANTO and ANT1 are packed into the same PRB for transmission and
are unpacked at the O-RU.

Case 2.2 At the O-RU

e Atthe O-RU, for two antenna port TxD 2 layers are used and mapping is defined as X' (1) = d‘?(2i)
x® (i) =d@2i+1)

e For TxD, information for 2 layers are packed into a PRB for transmission and are unpacked at the O-RU. At
the O-RU, after layer mapping and, precoding, CRS REs for 2 antenna ports are mapped to the appropriate RE
positions and rest are |eft blank (gray-shaded REs) as illustrated below. Follow Case 5.
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[ —— O-RU i
At 0-DU( d(ﬂ)(o),---,d“"(M,(;‘,)m,—l).\ - After antenna Mapping at O-RU
TxD 2 CRS Port ANTs, 1 PRB | THD Ant0 THD Antl \
Subframe 0 Subframe 0 Subframe 0
Slot 1 L ﬁ Slot 0 | Slot 1
sl 6l 7] 8 o 10/11] 12] 13 ¢ 'I"\‘E m 0] 1) 2(3/ 4] 5/6/7 8 9] 10{11] 12| 13|
1 E || P N n
10 | == R R A [ — 9 R R
E
9 R1 B " £ " ?
8 A ||op AP : . =
7 s N|G P 5 PRBO PRBO
|
& mreo || il ! N 2
5 N G 3 R R
4 | G 2
3 R1 | 1]
2 Il o R Rl
. e (a) (q) (@)
0 | EEEE [ |ModBitsd W (0)., d V(M Py -1
RS AntO
RS Antl

PDSCH AntO
PDSCH Antl
PDCCH
Blank

Figure 1.2 : Tx Diversity 2-CRS Port Ant0, Ant1, and 1 PRB

1.3 Case 3: Tx Diversity 4-CRS Port Ant0,1,2,3 and 1 PRB

’ . il in | | bij) | bij+1) | bij+2) | bij+3) | blj+&) |
lable 6.3.3.3-1: Coteword-to-layer mapping fod transmit diversity evideuannd
’ 3% pl——
] [l N .
: =g - M2 " = Mhodulistesd
2 1 g Ay | M- wEL iinsany dii) dli+1) dli+2) dii+3) dli+4)
i ek [ MR M Bmedi =0 > i NP E \ \\‘ .
gy ity M‘”"‘Jiivﬂ'.;rfia e [ l \\;.ayel mapper — 1
¥ L) A =i ) | e ATy et 40t molh el shallbe appended
= =D [ 4 e, ok, [ o ] [ xa+1) | [ xi+2) | [ xo+3) |
= = layers
¥ an 1 0 0 0 j 0o o 0
+an A e - Layer O Layer 1 Layer 2 Layer 3
»YPan 0o -10 0 0 f O O - - — 7 .
s i oilb 8 & b6 3 4 Procoding  §  §
YO ae+n) o 1 0 0 o ; o ofRrelxq] : 2 5 %
Yoarn| [0 0o o o0 o ofrbam) Precoded [vo | [ ven || ([ ve2 || || v |
¥ ety t 00 0 -5 0 0o ofgels™p) m?-?:m -
2 _1[o 0 0 0 o o o ofgel:®ep) Parta I y{i+4) ‘ | y(i+5) | y(i+6) I y(i+7)
"l o0 0 o0 0o 0o 0 h,{_,‘chm_
o PR o 0 1 0 0 0 s ofmkip) [ y(i+8) | | y(i+9) | | Y(i+10) I I yii+11) |
¥ P pas+ 2y 0 00 0 0 ¢ 0 O0fmk¥p)
| 3™ @i+2) 90 0 -1 0 0 0 jjml<p) | y(i+12) | | y(i+13) | | yli+14) [ i y(i+15) |
3™ a3y e o0 0 0 0 0 O
a3y e 00 1 0 0 O
¥ 41+3) o 000 0 0 0 0
|3 e+ lo o 1 0 o o -4 o] AP O AP 1 AP 2 AP 3

Case 3.1 At the O-DU

Figure 1.3 : Case 3 Layer Mapping

e For TxD case, ¢ () (0),., d@ M @, -1 M_q_sym modulation bits belongs to PDSCH are packed to into a

PRB. All CRSRE'sfor ANTO, ANT1, ANT2 and ANT3 are packed into that same PRB for transmission and
are unpacked at the O-RU.

Case 3.2 At the O-RU
x@ (i) = d© (4i)

o  Atthe O-RU, for two antenna port TxD 4 layers are used and mapping is defined as X" (1) =d‘” (4i +1)
x?(i)=d@4i+2)
xP (i) =d©4i+3)
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e For TxD, user data RE's for 4 layers are packed into a PRB for transmission and are unpacked at the O-RU. At
the O-RU, after layer mapping and precoding, CRS REs for 4 antenna ports are mapped to the appropriate RE
position and rest are left blank as illustrated below.

After antenna Mapping at O-RU
TXDAn“;ubframeO |
Slot 0 | Slot 1 |
) . ; ] e
ALO-DU(  dM (., d @ (MID, ~ 1. \/ O-RU 5
TxD 4 CRS Port ANTs, 1 PRB 2
Subframe 0 A 5 PRB O
Slot 1 L N 4
5| 6] 7] 8[ o] 20]11] 12] 13 A TE P
1 Y N 3
10 E P N TxD Antl
R R A Subframe O
9 R1 = £ —
8 M c M -
7 A op AP 5
2[R R1 P | P s
5 P NG ! & preo
| N Z
4 N G 3
3 R1 G 2|
2 5 ma
1 TxD Ant2
Subframe O
; BE = - .
g
T
9
s
;
& PRB O
5
H
2 ModBits
B RS Ant0
e — -
smtlcl = smijl RS Ant2
o) 2| 3 6 8| 9 0 2|
= o - RS Ant3
e ;Ht PDSCH Ant0
E PDSCH Ant1
ol oo ;HE PDSCH Ant2
a 1| [poSCH AN
: :H: PDCCH
2 i Blank
Figure 1.4 : Tx Diversity 4-CRS Port Ant0,1,2, 3, and 1 PRB
O-DU Modulation Symbols

CRS 2
Beamld: 0

TxS: TxD

Beam id refers to spatial E
Beamld1: 1

stream not MIMO layer. its 2
proposed to have all needed Beamld2: 2
Beamld3: 3

beam ids in the “anchor
layer”

O-RU Layer mapping

Beamforming Beamforming Beamforming Beamforming
Beaml|d0 Beamld1 Beaml|d2 eamld3

i 1j T 1 T i T 1 T ¥ T il i T T i
b3 X X X X X X X X X X X X X X X
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Figure 1.5 : TxD — 4 CRS Ports

.4 Case 4: TM3/TM4 3 Layers, 4 Antenna ports

One symbol from each of layersis linearly mapped to each antenna port.

4 antenna ports

Figure 1.6 : Case 4 Layer Mapping

For TM3/TM4, REs belonging to all the antenna ports are mapped to the zeroth layer at the O-DU. The O-RU should
consider layer zero’'s CRS REs for CRS mapping for al the antenna ports using reMask hit field; CRS RE positionsin
the non-zero layers can be ignored asillustrated below (gray-shared REs in the O-DU represent CRS RE positions that
are not populated by the O-DU.

xO(i)=d@(3i)
xP@)=dQ@+1) M5 =m L), /3
x@([)=d@ @ +2)

TM3/4 Ant0
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Figure 1.7 : TM3/TM4, 3 Layers 4 Antenna Ports
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O-DU

Layerld: 1
Remask: 0

Data 1

Beamld: 0
TxS: CDD4
numLayer:2
Layerld: 0
crsReMask
crsShift
BeamldAnO1: 1
BeamldAnt2: 2
BeamlIdAnt3: 3

Beamforming Beamforming Beamforming Beamforming
Beaml|d0 Beamid1 Beamld2 Beaml|d3

TETRE"R"E "R "R "RBR"TER"RTR "R "RTRTRCT
x W x x ll x x W x X X X x il x @ x x fl x X X

Figure 1.8 : TM3 rank 2/4 CRS Ports

1.5 CRS location assignment: reMask Bit position for LayerO, 2
and 4 for all possible vShift cases

NOTE: CRS shift pattern for antenna port 0 when 3 < vshift <5 issame as 0 < vshift < 3 for antenna port 1 resulting in
only three possible vshift for a 2-antenna port case and this holds good for 4-antenna port case as well. Hence the
crsReMask is differentiated with the crsShift field. If the O-RU identifies crsShift as 1, then shift in CRS belongsto
each antenna have to read properly.

Table 1.1 : CRS Location Assignment For layerl

Layerl
crsSymNum 0 and 7 crsSymNum 4 and 11
crsShift crsReMask Posind in Bit Ant 0 crsReMask Posind in Bit Ant O
0 0 0000 0100 0001 0,6 0010 0000 1000 3,9
1 0 0000 1000 0010 1,7 0100 0001 0000 4,10
2 0 0001 0000 0100 2,8 0100 0010 0000 5,11
3 0 0010 0000 1000 3,9 0000 0100 0001 6,0
4 0 0100 0001 0000 4,10 0000 1000 0010 7,1
5 0 1000 0010 0000 5,11 0001 0000 0100 8,2

crsReMask is not repeated for al for vShift combinations, hence crsShift is always indicated as 0.
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Table .2 : CRS Location Assignment For layer2

Layer2
crsSymNum 0 and 7 crsSymNum 4 and 11
Posind in Posind in Posind in Posind in
crsShift crsReMask Bit Ant 0 Bit Ant 1 crsReMask Bit Ant O Bit Ant 1
0 0 0010 0100 1001 0,6 3,9 0010 0100 1001 3,9 0,6
1 0 0100 1001 0010 1,7 4,10 0100 1001 0010 4,10 1,7
2 0 1001 0010 0100 2,8 511 1001 0010 0100 511 2,8
3 1 0010 0100 1001 3,9 6,0 0010 0100 1001 6,0 3,9
4 1 0100 1001 0010 4,10 7,1 0100 1001 0010 7,1 4,10
5 1 1001 0010 0100 511 8,2 1001 0010 0100 8,2 511

crsReMask for vShift 0 is same as for vShift 3 case but RE locations are different for Ant 0 and 1. Hence indicating 1
for 3,4,5 vShift cases, thereby O-RU shall pick the positions as interpreted in above table.

Table 1.3 : CRS Location Assignment For layer4

Layer4
crsSymNum 0 and 7 ‘ crsSymNum 4 and 11

Posind in Posind in Posind in Posind in
vshift = crsShift crsReMask Bit Ant 0 Bit Ant 1 crsReMask Bit Ant O Bit Ant 1
0 0 0010 0100 1001 0,6 3,9 0010 0100 1001 3,9 0,6
1 0 0100 1001 0010 1,7 4,10 0100 1001 0010 4,10 1,7
2 0 1001 0010 0100 2,8 511 1001 0010 0100 5,11 2,8
3 1 0010 0100 1001 3,9 6,0 0010 0100 1001 6,0 3,9
4 1 0100 1001 0010 4,10 7,1 0100 1001 0010 7,1 4,10
S 1 1001 0010 0100 511 8,2 1001 0010 0100 8,2 511

Layer4
crsSymNum 1 crsSymNum 8

Posind in Posind in Posind in Posind in
vshift = crsShift crsReMask Bit Ant 2 Bit Ant 3 crsReMask Bit Ant 3 Bit Ant2
0 0 0010 0100 1001 0,6 3,9 0010 0100 1001 0,6 3,9
1 0 0100 1001 0010 1,7 4,10 0100 1001 0010 1,7 4,10
2 0 1001 0010 0100 2,8 511 1001 0010 0100 2,8 511
3 1 0010 0100 1001 3,9 6,0 0010 0100 1001 3,9 6,0
4 1 0100 1001 0010 4,10 7,1 0100 1001 0010 4,10 7,1
5 1 1001 0010 0100 511 8,2 1001 0010 0100 511 8,2

crsReMask for vShift 0 is same as for vShift 3 case but RE locations are different for Ant 0 and 1. Hence indicating 1
for 3,4,5 vShift cases, thereby O-RU shall pick the positions as interpreted in above table.

Pseudo code to determinethe CRS belongsto ANT port-N

/] Determine vShift = NCELL_ID %6
/1 Bel ow pseudo code for Num Layer = 4

Swi t ch( cr sSynm\um)

{
Case 0 || case 7:
if( vShift ==0)

if (bitSet_0 && bitSet_6)
{
maplQ of 0 and 6 to AntO //rest blank

if (bitSet_3 & bitSet_9)
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maplQof 0 and 6 to Antl //rest blank

}
Br eak;
Case 1:
if( vShift ==0)
if (bitSet_0 && bitSet_6)
{
maplQ of 0 and 6 to Ant2
}
if (bitSet_3 && bitSet_9)
{
maplQ of 3 and 9 to Ant3
}
}
Br eak;
Case 4 || case 11:
if( vShift ==10)
if (bitSet_0 && bitSet_6)
maplQ of 0 and 6 to Antl
}
if (bitSet_3 && bitSet_9)
{
maplQ of 0 and 6 to AntO
}
Br eak;
Case 8:
if( vShift ==10)
{
if (bitSet_0 && bitSet_6)
{
maplQ of 0 and 6 to Ant3
}
if (bitSet_3 && bitSet_9)
{
maplQ of 3 and 9 to Ant2
}
}
Br eak;
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Annex J (informative):
Beamforming Methods Description

Beams are RF energy directed in specific angular directions in space. Beamforming can generate energy lobes
(maxima, or “peaks’) &/or energy nulls (minima, or “valleys’) in the spatial dimension. They can be formed using
various methods in the analog domain, the digital domain, or a combination thereof. Beams and beamforming can
further be used to re-utilize temporo-spectral (Time-Frequency) resources to achieve Spatial Multiplexing.

O-RAN has four distinct methods supported at the O-RU for beamforming.

1. Predefined-Beam Beamfor ming.

In this method, beam indices (“beamld” values) are conveyed from the O-DU to the O-RU to indicate which beam to
apply to the DL or UL data. The beams are expected to be pre-defined within the O-RU and the method of
beamforming is not specified. However, the O-DU still needs to know whether the beamforming is frequency-domain,
time-domain or “hybrid” so the beamld values can be correctly applied e.g. to not apply different time-domain beamlds
to subcarriersin the same OFDM symbol.

2. Weight-based Dynamic Beamfor ming.
In this method, beamforming weights are transmitted across the interface using C-Plane messages.
For frequency-domain beamfor ming the operation may be considered as follows:

LetX = [x,x; ...Xp] represent the frequency domain IQ data in one data section, where P is the number of PRBsin
the data section and x isaPRB, x € C*! | L isthe number of streams.

Let W = [w, wy ...wg] represent the beamforming weights associated with the tx-array, where w is a beamforming
weight, w € CX*L | K isthe number of array elements.

The output after beamformingY = [y, y; ...yp] isdiven by
y = W.X
wherey is abeamforming output for thePRB x, y € CX¥*!
The equation above refers to DL beamforming but the same principle is applied for UL as well.

For time-domain beamfor ming the operation isthe similar:
Here, however, instead of being applied per data section the beamforming is applied for the entire OFDM symbol.

LetX = [xoX; ...Xp] represent the frequency domain IQ datain one OFDM symbol, where P is the number of PRBs
inthe OFDM symbol and x isaPRB, x € C*! |, L isthe number of streams.

LetW = [wyw; ...wp] represent the beamforming weights associated with one tx-array, where w is a beamforming
weight, w € CX*L | K isthe number of array elements.

The output after beamformingY = [y, y; ...ypr] iSgiven by
y = W.X
wherey is abeamforming output for the PRB x, y € CX*1
The equation above refers to DL beamforming but the same principle is applied for UL as well.

For hybrid beamfor ming the operation involves the multiplication by frequency-domain weights and time-
domain weights.

There are K number of time-domain weights (the is the same as the number of array elements) and K’ number of
frequency-domain weights (K’ islessthan K, see clause 12.5). The K’ frequency-domain weights are applied for the
PRBs in a data section, and the K time-domain weights are applied for all the PRBs in the entire OFDM symbol.

ETSI



301 ETSI TS 103 859 V7.0.2 (2022-09)

LetX = [x,x; ...Xp] represent the frequency domain IQ datain one OFDM symbol, where P is the number of PRBs
in the OFDM symbol and x isaPRB, x € CL*! | L isthe number of streams.

LetW = [wyw; ...wp] represent the beamforming weightsin one OFDM symbol, where w isatime-domain
beamforming weight, w € (CK*L , K isthe total number of array elements.

Let W' = [wow'y ..w'pr wow'y wow'pr ow/o W'y Low'pr ] represent the beamforming weights in one data
section, where w' is a frequency-domain beamforming weight, w' € (CK *L .

Notethat K = K' »p" sothe W’ vector represents K / K’ repetitions of the K’ frequency-domain weights.,

The output after beamformingY = [y, y; ...yp] isdiven by
y=(Ww=xw').x
wherey is abeamforming output for the PRB x , y € CM*!
The equation above refers to DL beamforming but the same principle is applied for UL aswell.

3. Attribute-Based Dynamic Beamfor ming.

In this method, beamforming attributes and/or their indices (if already known to the O-RU) are transmitted across the
interface.

Whereas a beam index provides a pointer to a beamforming vector already known to the O-RU, and beamforming
weights specify an important method for how to form the beam, beamforming attributes specify the what, an inherently
compact characterization of the desired beam pattern itself, to be formed directionally in space.

These beamforming attributes include:
o bfAzPt: the azimuth beamforming pointing angle in degrees
e bfZePt: the zenith beamforming pointing angle in degrees
e bfAZz3dd: the azimuth beamforming 3dB down beam width in degrees
e bfZe3dd: the zenith beamforming 3dB down beam width in degrees
e bfAzS: the azimuth beamforming sidelobe suppression value in dB

o bfZeSl: the zenith beamforming sidel obe suppression value in dB

Multiple methods of forming the beam per the Beam Attributes are possible and are left as O-RU implementation
choices. Some potential schemes are: Beamforming phased array weights (Analog or Digital), Holographic
Beamforming, Butler Matrices, Lenses, and other known and emerging techniques. These schemes may also be
hybridized with method #4 “ Channel -Information-Based beamforming”.

4. Channel-Information-Based Beamforming.

In this method, beamforming weights are calculated at the O-RU based on the channel estimates that are transmitted
across the interface.

For UL:

Assuming K users who are jointly scheduled for MU-MIMO in UL, a beamforming matrix W= [wy,...,wu] € C*M s
applied to the frequency domain IQ data for K users.

LetH 2 [hy...,hx] € CMM*K pethe UL channel estimates for the K users.

Multiple methods to calculate the beamforming weights for UL are possible and are left as the O-RU implementation
choices. Some potential schemes are;

Zero-forcing: W = (HY H)"'HY
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Regularized zero-forcing/ MMSE: W = (HY H + &I,)"*H |

& isthe regularization parameter.

Note that the C-Plane Section Extension =8 allows configuration of regularization factor per user in UL.

For DL:

Assuming K layers which are jointly scheduled for MU-MIMO in DL, abeamforming matrix W= [wi, ..., Wk] € CM*K
is applied to the frequency domain 1Q datafor K layers.

LetLet Hor 2 [hlgy,..., hgff,K]T € CX*M bethe DL channel estimates for the K selected layers among L users each
transmitting multiple-layer datawhere hgg, € C*M.

Multiple methods to calcul ate the beamforming weights for DL are possible and are left as the O-RU implementation
choices. Some potential schemes are:

. 1 —
Zero-forcing: W = \/_¢H€1ff(HeffHeffH) !

Regularized zero-forcing/ MMSE: W = \/%Hfff(HeffHeff” + EIK)_l,

& isthe regularization parameter, and the normalization parameter W can be chosen to satisfy the total power constraint
{WWHY <M.

Note that the C-Plane Section Extension =8 allows configuration of regularization factor per user in DL.

Assuming L users' channel matrices each transmitting multiple layers data considering transmit antenna switching
(TAYS), so H.¢¢ can be selected by using a proper sub-spacing function f(-) among L user’s channel matrices H; where
i=1,..,Le CcV#M and N; is the number of antennas of i-th user. Define K; as the number of selected layers for i-th

T .
user, and then K = ¥}, K; and Hege = [Hig ..., Hogr, | Where Hegeye, = f(H;) € CX#Mand K; < N;.
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Annex K (informative):
Layers of Array Elements

K.1 General

Figure K.1 shows an example of arectangular array with 12 rows and 4 columns of array elements. There are four data
converters (not shown in the figure). Each data converter connects to all the 48 array elements (also known as the full-
connection model in 3GPP). The array element contains 4 gain and phase control elements each connecting to one of
the data converters. The gain and phase control element is used to apply time domain (TD) beamforming weights. This
type of connection creates four overlapping arrays (“array-layers’) by reusing the same array elements.

&~

>

0,11 e

906036 Po80.47

36336 P36547

0,0 3,0

Po eo,:

3655

-
N

<

Figure K.1

On the transmit side each DAC can correspond to one layer, which is then connected to one of the overlapping Tx
arrays. Hence the structure of the tx-array so constructed can support 4 layers. The 48 elements corresponding to layer g
=0...3 receive the same input from DAC g and thisinput can be beamformed with a 48 element TD beamforming

vector (Hq_o, 9q147)and aFrequency Domain (FD) beamforming weight ¢, corresponding to layer q. Each array element
hence can receive 4 equivalent beamforming weights @0, otogs83, corresponding to 4 layers.

K.2 Use Case A

Use case A isto send eAxC via 48 elements. In this case, the eAXC is beamformed in frequency domain (FD) by
@poand 48 complex weights corresponding to time domain (TD) usi ng(eo,o, 00_47) see figure K.2. In this case, the O-RU
has 4 simple tx-arrays with 48 elements each.

Figure K.2
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One should note in the above case that the 48 array elements each have one power amplifier which is shared across the
four tx-arrays, conveyed over the M-plane as the array elements being “shared” according to clause 12.5.4

K.3 Use Case B

In this use case, one eAXC signal is sent over all the 4x48 elements. This can be accomplished by using 4 digital
weightsin FD and 4x48 TD weights (figure K.3). In this case, O-RU has one tx-array with 4x48 elements.

Po |P1 P2 [P 80,0 ‘ ‘eo,n
1N

\

810 ’ I 6147

8o |- |G |80 | [04a |

@y b0,36 Po eo,u

36336 P30547

Figure K.3

One should note in the above case that the 48 array elements each have one power amplifier which is shared across the

four array-layers g=0..3, conveyed over the M-plane as independent-power-budget being false according to clause
1252
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Annex L (informative):
Considerations when operating in non-ideal transport
environments

L.1 General

The Intra-PHY lower layer fronthaul split has been optimized for operation using transport systems that are able to
support tight latency and bandwidth requirements. However, this does not preclude operation of the lower layer splitin
environments where the transport systems are not able to meet tight latency and bandwidth requirements. This appendix
isinformative and describes those additional capabilities that may be included in an O-DU and/or O-RU to assist when
operating in such circumstances.

Many of the following discussion points and examples assume an FDD cell configuration. FDD examples are used here
as the timing aspects are easier to conceptualize. The same principles and approaches apply to TDD cells.

L.2 Deployment Scenarios and Performance Considerations

L.2.1 Low Impact

Thereisaclass of low mobility deployment scenarios characterized by slow fading, which provide arelatively stable
radio channel at small time scales. When combined with low UE density, these scenarios see low (or no) performance
impact from non-ideal fronthaul vVRAN deployments.

Example deployment use cases include indoor femto cells, fixed wireless access, and outdoor pico cellsin non-dense
urban settings.

In such scenarios the benefit from HARQ is negligible, thus the performance impact of disabling HARQ
retransmissions or using predictive HARQ is negligible. Further, the impact of a diminished UE attach ramp rateis
negligible as well because UE ramp rate is not a performance design attribute for such deployments.

L.2.2 Medium Impact

Thereisasecond class of low mobility deployment scenarios where again, radio channels are predominately slow
fading, but where UE density may be higher. In these scenarios, the UE attach ramp rate may be a performance attribute
of higher importance and thus a larger impact from non-ideal fronthaul may be expected.

Example deployment use cases include venue deployments (e.g. stadiums or arenas), shopping malls, or airport
terminals.

In such scenarios inter-cell interference may become significant and the benefit from HARQ may be greater and thus a
noticeable degradation of system throughput would be observed when using non-ideal fronthaul. In addition, delaysin
NAS attach may become noticeable to users depending on the user behavior given the increased UE density.

L.2.3 High Impact

There also exists a class of deployments which are characterized by high mobility and/or fast fading. In these scenarios
the performance impacts of using non-ideal fronthaul may be significant.

Example deployment use cases include freeway coverage macro cells, dense urban macro or small cells, or rura large
ISD macros.

In these scenarios, HARQ often provides a benefit and thus prediction algorithms will likely result in a noticeable
performance impact. In addition, the impact of delayed CSI feedback will further reduce system efficiency. Similarly,
depending on the UE behavior (i.e. traffic movement) UE attach ramp rate may be a metric of higher importance.
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L.3  HARQ

Long latency fronthaul links may break traditional Hybrid ARQ timelines. The following clauses discuss the timelines
in detail and cover techniques which can be used to minimize the impact of the timeline being broken.

L.3.1 Synchronous HARQ

Since FDD LTE offers 8 HARQ processes for each UE, one UE can be scheduled for PDSCH traffic in up to 8 different
subframes simply by associating a different HARQ process to each subframe. Hence, the most demanding scenario in
terms of processing timeline is given by a “full-buffer” UE continuously scheduled in consecutive subframes, which
results in 8 subframes (i.e., 8 ms) of timeline budget for each HARQ process. Since the standard mandates that each
ACK/NACK HARQ response is sent in uplink 4 subframes after the relevant downlink transmission, effectively only 4
ms of timeline budget are left for eNB-side operations.

The eNB is typically expected to complete all tasks within the 4-ms timeline budget, with many eNB implementations
taking more than than 3 ms in the worst load conditions. It is this argument that has generated the common perception
according to which all sources of “extra’ latency cannot exceed 0.5-1.0 ms, see figure L.1.
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3ms plus 2 x Propagation Delay

Figure L.1: Synchronous Up-link HARQ Processing Budget

In the strictest interpretation of this argument, the sub-ms upper bound includes occasional, short-term spikes, which
effectively rules out virtual implementations of LTE L1 on commodity operative systems (OSs) and forces adoption of
real-time OSs. Even in the broader interpretation, this argument rules out disruptive deployments such as split-7
architectures over high-latency fronthaul.

The following analysis challenges these often-cited assumptions, showing that, while they make sense for many legacy
deployments, different scenarios exist in which forcing tight latency constraints is unnecessary and may be
counterproductive to the exploration of innovative low-cost deployment scenarios.

L.3.1.1 HARQ Interleaving

One option often mentioned in the context of latency-resistant LTE implementationsis “HARQ (process) interleaving”,
which in essence requires waiting for the ACK/NACK response to be avail able before reusing a certain HARQ process.
This concept was first introduced in [REF: https.//www.bell-labs.com/our-research/publications/200870/].

Using this approach, the tolerated latency for O-DU processing time plus round trip frounthaul delay can be increased to
3+ n8 milli-seconds, where n is number of autonoms HARQ responses sent with the New Data Indication (NDI) not
toggled, ensuring that the UE re-transmits the data until it can be successfully ACK’s/NACK'd by the O-DU.
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Figure L.2: Interleaved HARQ Operation

In the worst case in terms of timeline budget -- that of a single, full-buffer UE -- this option is very inefficient, resulting
in only 8 every (8+n) subframes being used when the overall latency exceeds the 8-ms budget by n ms. For example, 8
ms of extralatency would lead to about 50% of the subframes being unused. Hence, while possibly appealing in
deployments with latency typically below the desired limit except for afew occasional spikes, this option is certainly
not viable for deploymentsin which high latency is the norm, such as split-7 architectures over high-latency fronthaul.

L.3.1.2 Predictive HARQ

Another option consists of, effectively, turning off HARQ, relying on upper layers for retransmissions (e.g., RLC-AM,
or transport/application layer for RLC-TM and RLC-UM). In this technique, the eNB schedules each user asit would if
it had received a timely ACK response for each PDSCH transmission, which results in no subframe left unnecessarily
unused.

When the late HARQ response is actually received, two cases are possible. In one case, when the response is ACK,

nothing else needs to be done since “ prediction of ACK” was correct -- the eNB did everything correctly, without wasting
time waiting for the actual response.

[T T T I Tl

Scheduling advancement l T l
Scheduler could dynamically

DLTX HARQ DL TX (using decide which of these two options
response predicted based on active users, fronthaul
HARQ) state, elc.
Scheduling Scheduling  Scheduling

(HARQ HARQ LI 1T 1
response response \ i
prediction)  available) DL transmissions for other users

DL TX (using real HARQ)

Figure L.3: DL Predictive HARQ Operation

In the other case, when the response is NACK and the prediction was wrong, nothing else needs to be done, since this
event is equivalent to an ACK-for-NACK decoding error, hence equivalent to an event that is typically caused by radio
problems (e.g., fading, interference) against which LTE already has built-in robustness.

This simple technique performs well when NACK events are rare, most notably in peak-rate conditions, when NACK
events are essentially absent even at maximum MCS. With proper tuning of the link adaptation parameters (e.g., lower
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target block error rate), it is possible to achieve full-buffer throughput performance within 10-15% of what an optimal,
low-latency eNB can achieve in any given static/pedestrian radio conditions.

It is evident that, for these low-mobility scenarios, ruling out high-latency deployments is unnecessary: Many use cases
exist in which a 10-15% throughput degradation does not justify more expensive infrastructures.

More advanced algorithms may be required for optimization of scenarios in which full-buffer throughput is not the key
metric (e.g., RRC messages not protected by RLC-AM). For example, “prediction of NACK” may be be used until an
ACK responseis actually received for a certain critical message.

While discussions of advanced techniques are beyond the scope of this clause -- and the scope of fronthaul protocol
specifications -- it is critical to remark that innovative eNB vendors have the opportunity to unlock new use cases, using
the longer latency O-DU and O-RU categories.

L.3.2  Asynchronous HARQ Considerations

Inthe LTE down-link and in both 5G down-link and up-link, HARQ has been defined to be asynchronous. This means
that a separate HARQ process identifier isincluded in the HARQ messages, thus avoiding the processing time
limitations associated with synchronous up-link LTE operation.

L.4 RACH Considerations

The LTE attach procedure starts with UES performing a preamble transmission on the random access channel to
identifying itself to the network. This call flow is usually described as“message 1" through “message 4” as:

1) RACH preamblefrom UE
2)  Random Access Response (RAR) from MAC
3) PUSCH message from UE containing CCCH or MAC signaling

4)  Contention resolution Identity MAC CE for contention-based RACH procedure

Following are the timers used in RACH procedure (specified as per 3GPP TS 36.331) apart from the PRACH
configuration.

r a- ResponseW ndowSi ze ENUMERATED {
sf2, sf3, sf4, sf5, sf6, sf7,sf8, sfi0},
mac- Cont ent i onResol uti onTi ner ENUMERATED {

sf8, sf16, sf24, sf32, sf40, sf48, sf56, sf64}
PRACH configuration allows the RACH occasions for UEsto be available in every UL subframe to every 20 UL
subframes.

Even if the above timers are set to maximum value, timers would pose an issue with RACH handling for long latency
fronthaul transport links. In particular, the ra-ResponseWindowSi ze timer maximum value is 10ms (with timer starting
3 subframes after RACH transmission) from RACH preamble transmission occasion. During this time the vVRAN
system needs to handle the steps including

1) Complete L1 processing of RACH detection,

2)  Sending decoded RACH message to MAC (including fronthaul transport latency)
3) MAC processing to allocate DL (msg2, RAR) and UL (msg3 grant) resources

4) Relaying of messages back to L1 (including fronthaul transport latency)
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RACH
transmission by

UE RAR message
expected by UE

Figure L.4: Traditional RACH Timing Diagram

Therefore, in this process, there will be a 2-way delay (first in UL for RACH reception at MAC and second for sending
RAR from MAC to L1) apart from the LI/MAC processing time. Without adjust to accommodate long latency
fronthaul, this would lead to RACH procedure failure and UE will reattempt the RACH again (and would lead to same
problem again) leading to UE not able to access the network.

With high fronthaul latency, alternative options are required to handle the RACH procedure. Two such options are
discussed below.

L.4.1 Non-Ideal Fronthaul RACH Designs

When designing the RACH process for non-ideal, long latency fronthaul the following points are considered:
1) The method should work assuming existing 3GPP specification
2)  There should not be any impact to UE and 3GPP compliant UE should work with the method

3) Currently PRACH Format-0 is considered in RACH analysisto consider FH latency requirements. Support of
different Preamble formats need to be considered in future versions

4)  Current clause considers the msg2 handling to meet the FH latency requirements

5) Contention Based RACH procedure is considered in current document. Contention Free RACH procedure
needs to be considered in future versions

6) BI (Backoff indicator) not considered
7)  HARQ timings for Msg3 and msg4 HARQ are considered in clause L.3.

8) FDD Duplexing mode is considered

L.4.1.1 Option-1: Semi-persistent Resource allocation

Option 1 presents a semi-persistent allocation of resources that allows the O-DU to make RACH decisions without
waiting for the reception of a RACH preamble. In this aternative, MAC allocates three types of resource for RAR

messages:
1) PDCCH resourcesfor RAR
a RA-RNTI (0-9) being fixed and one-to-one mapping for RACH occasionsin FDD mode
b) Common search space resources for PDCCH carrying RAR (corresponding RA-RNTI)

¢) Based on configured RACH configuration (RACH occasions), MAC reserves the PDCCH resources
corresponding to RAR message in all required TTIs (For example, n+3 TTI from every RACH preamble
occasion).

d) Thereservation of resources will be done at MAC regardless of the RACH triggered by UE
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DCI Format 1A

PDSCH resources for RAR

Configured number of RACH to be entertained by MAC in one subframe

Based on “Number of RACH” to be processed, MAC estimates the size of RAR PDU
MAC reserves the PDSCH resourcesin all required TTIs similar to PDCCH

Layer-1 updatesthe TC-RNTI (A pool of TC-RNTI available with L1 for CBR RACH) in RAR along with
RAP-ID (Preamble ID) and TA value in RAR message (decoding of MAC PDU sent by MAC)

Layer-1 maintains the TC-RNTI pool
PUSCH resources for Msg3
Based on “Number of RACH” to be processed in a subframe, MAC reserves the PUSCH resources

All the above information (reserved by MAC) to L1 at cell configuration time. MAC will directly receive the
PUSCH (Rx_PUSCH.Indication) with TCRNTI (and corresponding subframe number) and TA value applied
inRAR

Considering maximum value of contention resolution timer, MAC will then normally schedule msg4.
After successful msg4 procedure, MAC will start using C-RNTI

In case of contention failure or UE release, MAC will inform Layer-1 to free the TC-RNTI

Disadvantage: This would waste PDCCH/PDSCH/PUSCH resourcesif thereisno RACH procedure triggered. In
addition hard coding of the timing advance is an acceptable approach for small cell deployments, but in macro cellsthis
will not work.

L.4.1.2

Option-2: RACH retransmission estimation

The following description addresses the flow driving message 2 scheduling in a basic configuration -- different, more
complex flows exist.

For simplicity, the description refersto an FDD LTE deployment with RACH configured with the greatest possible
values for the maximum number of preamble retransmissions (50), the preamble periodicity (20 subframes) and the
RAR window size (10 subframes).

The O-DU stack detects that a RACH preamble was transmitted at UL subframet.

If the scheduling in advance (which is afunction of the fronthaul latency) is such that the relevant message 2
can be transmitted over the air at DL subframe t+12 or earlier, the "regular" flow is possible. In particular, a
message 2 with content corresponding to the preamble detected in UL subframet is transmitted by DL
subframe t+12.

Else, the relevant message 2 cannot be delivered within the valid RAR window, in which case the terminal that
transmitted a preamble at UL subframet is mandated to transmit another preamble at UL subframe t+20, for
which the valid RAR window ends at DL subframe t+32. In this case, O-DU skips the scheduling of the
message 2 corresponding to the preamble transmitted at UL subframet (since it would not be received within
the valid RAR window) and directly schedules for DL subframe t+32 the message 2 corresponding to the
preamble transmitted at UL subframe t+20, even before receiving and processing the samples for said UL
subframe.

Note that the flow described above assumes that the "effective fronthaul round-trip delay” islower than 32 ms, that is,
assumes that it is possible for O-DU to process the samples relative to UL subframet and to compute the relevant
response, and for the O-RU(s) to transmit said response at DL subframe t+32.
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A simple extension of this flow makesit viable to complete the RACH procedure in the presence of an "effective
fronthaul round-trip delay" as high as 52 ms, or even 72 ms, but deployments over such high-latency fronthauls are not
recommended.

Some details are omitted in the description above to maintain the flow presentation as simple as possible. In practice,
the latency-resistant RACH procedure is made dightly more complex by the fact that the terminal choses the preamble
ID randomly at each retransmission, and that the content of message 2 has to include the preamble ID of the last
transmission.

In the example above, at the time of scheduling message 2 for DL subframe t+32 (which refersto the preamble
transmitted in UL subframe t+20), O-DU doesn't know what preamble ID to include in that message, since it has not
processed yet the samples relative to said preamble transmission. The simplest method to thisis to populate message 2
with the last seen preamble.

A b T

|
Preamble Preamble | msg3
transmission transmission |

Sending .-~ If atleast one RAR matches the last
msg2 preamble transmitted by UE

Preamble detected, scheduling
multiple Random Access

Figure L.5: Long Latency RAR “Collision” Operation

By limiting the number of available preambles, the likelihood two subsequent UE RACH attempts using the same
preamble can increased sufficiently to ensure successful RACH in atimely manner.

L.5 Other Latency Related Considerations

Supporting high latency requires careful system design to ensure seamless device connectivity while maintaining
spectrum efficiency. In this clause, we highlight other system aspects that are impacted by high fronthaul latency.
Some of the issues can be resolved with upper layer protocols while some may not be relevant for certain deployment
use cases. Proposed solutions for these issues are for future study to see if they require any additional information to be
transmitted over the fronthaul interface.

o Link adaptation and scheduling

- Link adaptation isimplemented at layer 2, where the eNB adapts in real-time the UES' MCS based on the
CQI. Scheduling (e.g., proportional fair scheduling) depends heavily on the channel quality between the
eNB and the UE. Although this depends on the channel model, it hasto be done on arelatively short
time-scale. Link adaptation and scheduling have to be conservative for non-ideal fronthaul with split 7
since the channel can change significantly in the time period. This may reduce the benefit of frequency
selective scheduling and high mobility support since it takes longer for the scheduler to respond to the
channel variations under fading conditions. However, this may not be an issue for low mobility scenarios
inasmall cell environment.

. UL power control

- Another challenging issue for non-ideal fronthaul is UL power control. This aso becomes challenging
under high mobility and large latencies since it takes longer time to feedback this information to the
scheduler to adjust the UE transmit power. However, for use cases with limited mobility, this may not be
anissue.

. Beamforming and MU-MIMO

- Beamforming is becoming an important use case for interference mitigation and for multi-user MIMO
support for LTE and NR for macros. This requires close interaction with the scheduler in order to
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suppress interference and pair users. If there is significant latency on the fronthaul, the beamforming and
multi-user MIMO support becomes challenging under non-ideal conditions. This can be explored further.
However, there are use cases with 2TRX/4TRX radios where beamforming support is not critical.

. COMP and advanced receiver support

- One of the main advantages of split 7 is centralized processing for features such as UL COMP and
advanced receivers since signals from multiple base-stations can be combined and processed jointly.
However, under split 7 non-ideal fronthaul, these gains are not straightforward to attain in general since
the latencies on the different links can have significant variations. Hence, innovation is needed to help
achieve these gains. However, there can be mechanisms to exploit these gains via other means (e.g.
solutions developed for inter-site COM P which can accommodate more latency). Thisisalso not a
requirement for all use cases.

. UE attach latency

- The UE attach process involves 5 steps of message exchanges between the eNB and the UE. While there
are messages a so dependent on the core network and RRC latency, most of these messages are handled
by the MAC/PHY layers and this has an impact on UE attach time, specially under large latencies.
Again, this may not be relevant for low mobility use cases such as small cells.

To summarize, there are several other factors to consider for high latency support. However, such factors need not be
relevant for all use cases and can be explored further in future versions.

L.6 Bandwidth Limitation Considerations

In addition to accommodating extralatency in the fronthaul transport link, implementations may also support variable
bandwidth as another aspect of non-ideal fronthaul transport. At a high level, two bandwidth related scenarios can exit;
peak rate may be limited, or bandwidth resources may be shared and thus fluctuate over time. In either case, fronthaul
implementations can be designed to handle these conditions.

To support limited or variable bandwidth transport links, the O-DU will need to produce estimates of the uplink and
downlink available bandwidth at periodic intervals e.g. on aper ot or per TTI interval. The O-DU can then use these
bandwidth estimates to inform the scheduling decisions.

In particular a bandwidth estimation function can simply return available bandwidth values in terms of bits per second
in the next time interval. Alternatively, available bandwidth could also be expressed as a function of the following
parameters including but not limited to:

. Real-time |Q sample variable-bit-width

o IQ Compression

. Variable bit width per channel

J MCS/ Constellation of data

. Beam count / compression

. Beam forming related signaling overhead

. C-Plane signaling overhead (reMask, symlnc support, etc)

° Number of PRBs scheduled

An example API implementation may take as inputs some or al o the above parameters and return simply numPrbu
available in the next interval.

The design goal in such implementationsis to keep the cell up and active but limit the air interface user plane
bandwidth to match the available fronthaul resources. Fronthaul data associated with air interface broadcast and
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control/reference signaling occupies a small fraction of the bandwidth needed to achieve full cell throughput. An
example implementation of a fronthaul aware scheduler could prioritize broadcast and control signaling, allocating
PDSCH and PUSCH resources only after fronthaul bandwidth resources for all broadcast and control signaling has been
removed from the available bandwidth estimate.

The exact fronthaul aware scheduling algorithm used is out of scope for this specification.
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Annex M (informative):
Use Case of Selective Transmission and Reception

M.1 General

In order to clarify how to transmit/receive signal when selective transmission and reception is used, some concrete
examples of selective transmission and reception with beamid areillustrated in this clause.

1) Selective transmission and reception with non beamforming O-RUs and 1-to-1 mapping of global beamid and
local beamid

2)  Selective transmission and reception with beamforming O-RUs and 1-to-N mapping of global beamld and
local beamld

M.2 Selective transmission and reception with non beamforming
O-RUs and 1-to-1 mapping of global beamld and local
beamld

In this clause, it is assumed that the total number of beams is seven. Figure M.1 shows comparison of C/U-plane

processing and RF signal transmission/reception procedure between normal beamforming O-RU case with seven beam
and selective transmission and reception with seven non beamforming O-RUs case.

O' 0-DU sends C-plane message and 0-bu Q-DU sends C-plane message and
sends/receives U-plane message sends/receives U-plane message
D 2 ] I D T ] [ 7 The relationship between global D ] ] I D [ g |
L g 5 beamld, O-RU, and local beamld S L
1: sectic ul: sectionid = 1 is configured to the FHM tionkd = 1, beamid ; ull; sectiondd =1
€2 lof‘l: T ud: sectionld = 2 g} sectionid = 2, beamid = u2: sectionid = 2
€7: sectionid = 7, beamid = 7 u7: sectionid = 7 €7: sectionkd = 7, beamid = 7 u7: sectionid = 7

using each beam according to

0- | O-RU transmits/receives RF signal
C-plane message

A

54 f"
Normal BF O-RU /

O RUJl O RU#2

ONG

Selective transmission/reception with non BF O-RUs

ﬁ
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Figure M.1: C/U-plane processing and RF signal transmission/reception procedure comparison (non
BF O-RU case)

First of all, the mapping table between global beamld/O-RU/local beamld is configured via M-Plane during start-up
procedure. Table M-1 shows the mapping table for this example scenario. The mapping table is assumed to be created by
operator based on what an operator would like to operate.
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Table M.1: Global beamld/O-RU/local beamld mapping table

Global beamld O-RU Local beamld |
Beam ID #1 O-RU #1 Beam ID #0
Beam ID #2 O-RU #2 Beam ID #0
Beam ID #3 O-RU #3 Beam ID #0
Beam ID #4 O-RU #4 Beam ID #0
Beam ID #5 0O-RU #5 Beam ID #0
Beam ID #6 O-RU #6 Beam ID #0
Beam ID #7 O-RU #7 Beam ID #0

When SSB is transmitted, O-DU sends C-Plane message with beamld corresponds to a transmitting SSB before U-Plane
transmission. FHM reads C-Plane header and routes it to corresponding O-RU(s). After that, U-Plane packet is routed in
same manner and then O-RU transmits SSB. When the UE receives SSB, UE can obtain each SSB 1D by decoding
PBCH included in the SSB. If UE is before attaching, UE will transmit PRACH preamble on the PRACH preamble
occasion correspondig to the best SSB ID. Since PRACH occasion islinked to SSB ID and SSB ID islinked to global
beamld one by one, O-DU knows which beam shall be used to receive PRACH preamble on each PRACH occasion.
Therefore, O-DU can sned C-Plane packet with appropriate beamld to receive PRACH preamble on each PRACH
occasion. The C-Plane packet is routed to O-RU(s) by FHM and then the O-RU(s) try to receive PRACH preamble and
sends U-Plane packet to FHM. After UE attaching, other shared channel and reference signal are transmitted/received

as same manner.

M.3

Selective transmission and reception with beamforming O-

RUs and 1-to-N mapping of global beamld and local

beamld

In this clause, it is assumed that the total number of beams is seven. Figure M.2 shows comparison of C/U-plane
processing and RF signal transmission/reception procedure between normal beamforming O-RU case with seven beam
and selective transmission and reception with two beamforming O-RUs case. In this case, each beamforming O-RU for
selective transmission and reception has 4 beams. Local beamld #4 of O-RU #1 and local beamid #1 of O-RU #2 are

mapped to the same global beamld #4.

0-DU 0O-DU sends C-plane message and O- 0-DU sends C-plane message and
sends/receives U-plane message sends/receives U-plane message
The relationship between global
beamld, O-RU, and local beamId
afe ul | u2 | is configured to the FHM ala ul | u2 u7
nid = 1, beamid = 1 ul: sectionld ¢1: sectionld = 1, beam g 1 ul: sectionid = 1
2: sectionid = 2, beamid « 2 u2: sectionid = 2 €2: sectionld = 2, beamid = 2 u2: sectionid « 2
Global O-RU Local
ectionid = 7, beamid = 7 u7: sectionld = 7 beainid busiria €7: sectionld = 7, beamid = 7 u7: sectionld =7
#2
0O-RU O-RU transmits/receives RF signal | > T4 FHM <l | ul | u2 u?
using each beam according to . c1:sectionid = 1, beamid =1 ul: sectionid s 4
u2 nid

C-plane message

Normal BF O-RU

€2: sectionid = 2, beamid = 2

€7: sectionld = 7, beamid = 4

FHM separates C-plane message and
separates/concatenates U-plane message

Each C/U-plane message is
routed to appropriate O-RU
based on mapping table

O-RU transmits/receives RF signal
according to C-plane message

Selective transmission/reception with BF O-RUs

Figure M.2: C/U-plane processing and RF signal transmission/reception procedure comparison (BF

O-RU case)
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First of al, the mapping table between global beamld/O-RU/local beamid is configured via M-Plane during start-up
procedure. Table M-2 shows the mapping table for this example scenario. The mapping table is assumed to be created by
operator based on what an operator would like to operate.

Table M.2: Global beamlId/O-RU/local beamld mapping table

Global beamld O-RU L ocal beamld |
Beam ID #1 O-RU #1 Beam ID #1
Beam ID #2 O-RU #1 Beam ID #2
Beam ID #3 O-RU #1 Beam ID #3
Beam ID #4 O-RU #1 Beam ID #4
O-RU #2 Beam ID #1
Beam ID #5 O-RU #2 Beam ID #2
Beam ID #6 O-RU #2 Beam ID #3
Beam ID #7 O-RU #2 Beam ID #4

Asshownin Table M.2, local beamld #4 of O-RU #1 and local beamld #1 of O-RU #2 are mapped to the same global
beamld #4. This means O-RU #1 and O-RU #2 partially construct shared cell area which is coverd by beam ID #4 of O-
RU #1 and beam ID #1 of O-RU #2. Therefore copy and combine function is applied for the signal transmit to/receive
from this area. The detailed procedure of fronthaul interface and physical layer for transmitting SSB, receiving PRACH
preamble, and for transmitting/receiving other shared channel are same as described in clause M.2.

ETSI



317 ETSI TS 103 859 V7.0.2 (2022-09)

Change History

date Version Information about changes
2019.03.11 01.00 First version 01.00
2019.08.02 02.00 Document version 02.00 approved by WG4
2020.03.26 03.00 Document version 03.00 approved by WG4
2020.07.30 04.00 Document version 04.00 approved by WG4
2020.11.19 05.00 Document version 05.00 approved by WG4
2021.03.12 06.00 Document version 06.00 approved by WG4
2021.07.20 07.00 Document version 07.00 approved by WG4
2021.10.18 07.00.01 |Created initial version, with change-marks from previous content. Implemented CRs:
NOK-0085, NOK-0086
2021.10.27 07.00.02 |Resolution of rewview comments: #1,3, 8-61, 63-66, 68, and 69
2021.10.28 07.01 Incorporated review comments #5, 62, 67 and 71. Document approved by WG4

ETSI




318

ETSI TS 103 859 V7.0.2 (2022-09)

History

Document history

V7.0.2

September 2022

Publication

ETSI



	Intellectual Property Rights
	Foreword
	Modal verbs terminology
	1 Scope
	2 References
	2.1 Normative references
	2.2 Informative references

	3 Definition of terms, symbols and abbreviations
	3.1 Terms
	3.2 Symbols
	3.3 Abbreviations
	3.4 Document Conventions
	3.4.1 Terminologies
	3.4.2 Fields and Bitmasks in Messages


	4 Architecture & Requirements
	4.1 Architectural aspects
	4.1.1 Functional Split
	4.1.2 Selected Split 7-2x (DL)
	4.1.2.1 Description
	4.1.2.2 Benefits and Justification

	4.1.3 Selected Split 7-2x (UL)
	4.1.3.1 Description
	4.1.3.2 Benefits and Justification


	4.2 Data Flows
	4.3 Latency Requirements
	4.3.1 Timing Parameter Relationships
	4.3.1.1 O-DU Transmission Window

	4.3.2 U-Plane/ C-Plane Timing
	4.3.3 Computed Latency Methods
	4.3.3.1 Fronthaul Timing Domain
	4.3.3.2 Defined Transport Method
	4.3.3.3 Measured Transport Method

	4.3.4 Latency Categories for O-DU with dynamic timing advance
	4.3.5 Latency Categories for O-DU with fixed timing advance
	4.3.6 Non-Delay Managed U-Plane Traffic

	4.4  Reception Window Monitoring
	4.5  Transmission windows
	4.5.1 Normal Transmission
	4.5.2  Uniformly Distributed Transmission
	4.5.2.1 Overlapping transmission windows

	4.5.3 Ordered Transmission
	4.5.4 Scheduled Transmission

	4.6 O-RU External Antenna Delay Handling
	4.6.1 Minimal O-DU Impact Method (Defined Transport Method)
	4.6.1.1 Minimal O-DU Impact Method - Example



	5 Transport & Protocol Architecture
	5.1 Transport Encapsulation Types
	5.1.1 Ethernet Encapsulation
	5.1.2 IP/UDP Encapsulation
	5.1.3 Transport Headers
	5.1.3.1 eCPRI Transport Header
	5.1.3.1.1 ecpriVersion (eCPRI protocol revision)
	5.1.3.1.2 ecpriReserved (eCPRI reserved)
	5.1.3.1.3 ecpriConcatenation (eCPRI concatenation indicator)
	5.1.3.1.4 ecpriMessage (eCPRI message type)
	5.1.3.1.5 ecpriPayload (eCPRI payload size)
	5.1.3.1.6 ecpriRtcid / ecpriPcid (real time control data / IQ data transfer message series identifier)
	5.1.3.1.7 ecpriSeqid (message identifier)

	5.1.3.2 1914.3 Transport Header
	5.1.3.2.1 RoEsubType (sub type / message type)
	5.1.3.2.2 RoEflowID (flow identifier)
	5.1.3.2.3 RoElength (length)
	5.1.3.2.4 RoEorderInfo (order information)



	5.2 Protocol Architecture
	5.2.1 C-plane
	5.2.2 U-plane
	5.2.3 S-plane

	5.3 Quality of Service
	5.4 Data Flow Identification
	5.5 Fragmentation
	5.5.1 Application layer fragmentation
	5.5.2 Radio Transport layer (eCPRI or IEEE-1914.3) fragmentation
	5.5.3 Fragmentation Guideline


	6 Security
	6.1 General

	7 C-plane Protocol
	7.1 General
	7.2 Function
	7.2.1 C-Plane Transport

	7.3 Elementary Procedures
	7.3.1 Scheduling and Beamforming Commands Transfer procedure
	7.3.2 Mixed Numerology and PRACH Handling
	7.3.3 DL Precoding configuration parameters and indications
	7.3.4 LAA Commands Transfer procedure
	7.3.4.1 LBT procedure overview
	7.3.4.2 Definitions
	7.3.4.3 General Guidelines for the LAA-procedure
	7.3.4.3.1 PDSCH Transmission
	7.3.4.3.2 DRS Transmission
	7.3.4.3.3 Congestion Window Information Transmission


	7.3.5 Symbol Numbering and Duration
	7.3.6 Dynamic Spectrum Sharing (DSS)
	7.3.6.1 Dynamic Spectrum Sharing (DSS) via Dedicated Endpoints
	7.3.6.2 Dynamic Spectrum Sharing (DSS) via Section Extension =9 for DSS

	7.3.7 Channel Information based Beamforming

	7.4 Elements for the C-plane Protocol
	7.4.1 General
	7.4.1.1 Section Extensions
	7.4.1.2 Coupling of C-Plane and U-Plane
	7.4.1.2.1 Coupling via sectionId Value
	7.4.1.2.2 Coupling via Frequency and Time
	7.4.1.2.3 Coupling via Frequency and Time with Priorities
	7.4.1.2.4 Coupling via Frequency and Time with Priorities (Optimized)


	7.4.2 Scheduling and Beamforming Commands
	7.4.3 Coding of Information Elements Œ Transport Layer
	7.4.4 Coding of Information Elements Œ Application Layer, Common
	7.4.4.1 dataDirection (data direction (gNB Tx/Rx))
	7.4.4.2 payloadVersion (payload version)
	7.4.4.3 filterIndex (filter index)
	7.4.4.4 frameId (frame identifier)
	7.4.4.5 subframeId (subframe identifier)
	7.4.4.6 slotId (slot identifier)
	7.4.4.7 startSymbolid (start symbol identifier)
	7.4.4.8 numberOfsections (number of sections)
	7.4.4.9 sectionType (Section Type)
	7.4.4.10 udCompHdr (user data compression header)
	7.4.4.11 numberOfUEs (number Of UEs)
	7.4.4.12 timeOffset (time offset)
	7.4.4.13 frameStructure (frame structure)
	7.4.4.14 cpLength (cyclic prefix length)

	7.4.5 Coding of Information Elements Œ Application Layer, Sections
	7.4.5.1 sectionId (section identifier)
	7.4.5.2 rb (resource block indicator)
	7.4.5.3 symInc (symbol number increment command)
	7.4.5.4 startPrbc (starting PRB of data section description)
	7.4.5.5 reMask (resource element mask)
	7.4.5.6 numPrbc (number of contiguous PRBs per data section description)
	7.4.5.7 numSymbol (number of symbols)
	7.4.5.8 ef (extension flag)
	7.4.5.9 beamId (beam identifier)
	7.4.5.10 ueId (UE identifier)
	7.4.5.11 freqOffset (frequency offset)
	7.4.5.12 regularizationFactor (regularization Factor)
	7.4.5.13 ciIsample, ciQsample (channel information I and Q values)
	7.4.5.14 laaMsgType (LAA message type)
	7.4.5.15 laaMsgLen (LAA message length)
	7.4.5.16 lbtHandle
	7.4.5.17 lbtDeferFactor (listen-before-talk defer factor)
	7.4.5.18 lbtBackoffCounter (listen-before-talk backoff counter)
	7.4.5.19 lbtOffset (listen-before-talk offset)
	7.4.5.20 MCOT (maximum channel occupancy time)
	7.4.5.21 lbtMode (LBT Mode)
	7.4.5.22 lbtPdschRes (LBT PDSCH Result)
	7.4.5.23 sfStatus (subframe status)
	7.4.5.24 lbtDrsRes (LBT DRS Result)
	7.4.5.25 initialPartialSF (Initial partial SF)
	7.4.5.26 lbtBufErr (LBT Buffer Error)
	7.4.5.27 sfnSf (SFN/SF End)
	7.4.5.28 lbtCWConfig_H (HARQ Parameters for Congestion Window management)
	7.4.5.29 lbtCWConfig_T (TB Parameters for Congestion Window management)
	7.4.5.30 lbtTrafficClass (Traffic class priority for Congestion Window management)
	7.4.5.31 lbtCWR_Rst (Notification about packet reception successful or not)
	7.4.5.32 reserved (reserved for future use)

	7.4.6 Section Extension Commands
	7.4.6.1 extType (extension type)
	7.4.6.2 ef (extension flag)
	7.4.6.3 extLen (extension length)

	7.4.7 Coding of Information Elements Œ Application Layer, Section Extensions
	7.4.7.1 ExtType=1: Beamforming Weights Extension Type
	7.4.7.1.1 bfwCompHdr (beamforming weight compression header)
	7.4.7.1.2 bfwCompParam (beamforming weight compression parameter)
	7.4.7.1.3 bfwI (beamforming weight in-phase value)
	7.4.7.1.4 bfwQ (beamforming weight quadrature value)

	7.4.7.2 ExtType=2: Beamforming Attributes Extension Type
	7.4.7.2.1 bfaCompHdr (beamforming attributes compression header)
	7.4.7.2.2 bfAzPt (beamforming azimuth pointing parameter)
	7.4.7.2.3 bfZePt (beamforming zenith pointing parameter)
	7.4.7.2.4 bfAz3dd (beamforming azimuth beamwidth parameter)
	7.4.7.2.5 bfZe3dd (beamforming zenith beamwidth parameter)
	7.4.7.2.6 bfAzSl (beamforming azimuth sidelobe parameter)
	7.4.7.2.7 bfZeSl (beamforming zenith sidelobe parameter)
	7.4.7.2.8 zero-padding

	7.4.7.3 ExtType=3: DL Precoding Extension Type
	7.4.7.3.1 codebookIndex (precoder codebook used for transmission)
	7.4.7.3.2 layerID (Layer ID for DL transmission)
	7.4.7.3.3 txScheme (transmission scheme)
	7.4.7.3.4 numLayers (number of layers used for DL transmission)
	7.4.7.3.5 crsReMask (CRS resource element mask)
	7.4.7.3.6 crsSymNum (CRS symbol number indication)
	7.4.7.3.7 crsShift (crsShift used for DL transmission)
	7.4.7.3.8 beamIdAP1 (beam id to be used for antenna port 1)
	7.4.7.3.9 beamIdAP2 (beam id to be used for antenna port 2)
	7.4.7.3.10 beamIdAP3 (beam id to be used for antenna port 3)

	7.4.7.4 ExtType=4: Modulation Compression Parameters Extension Type
	7.4.7.4.1 csf (constellation shift flag)
	7.4.7.4.2 modCompScaler (modulation compression scaler value)

	7.4.7.5 ExtType=5: Modulation Compression Additional Parameters Extension Type
	7.4.7.5.1 mcScaleReMask  (modulation compression power scale RE mask)
	7.4.7.5.2 csf (constellation shift flag)
	7.4.7.5.3 mcScaleOffset (scaling value for modulation compression)

	7.4.7.6 ExtType=6: Non-contiguous PRB allocation in time and frequency domain
	7.4.7.6.1 rbgSize (resource block group size)
	7.4.7.6.2 rbgMask (resource block group bit mask)
	7.4.7.6.3 symbolMask (symbol bit mask)
	7.4.7.6.4 priority
	7.4.7.6.5 repetition (repetition flag)

	7.4.7.7 ExtType=7: eAxC Mask Section Extension
	7.4.7.7.1 eAxCmask (eAxC Mask)

	7.4.7.8 ExtType=8: Regularization factor
	7.4.7.8.1 regularizationFactor (regularization Factor)

	7.4.7.9 ExtType=9: Dynamic Spectrum Sharing parameters
	7.4.7.9.1 technology (interface name)

	7.4.7.10 ExtType=10: Section description for group configuration of multiple ports
	7.4.7.10.1 beamGroupType
	7.4.7.10.2 numPortc
	7.4.7.10.3 Interaction with other Section Extensions

	7.4.7.11 ExtType=11: Flexible Beamforming Weights Extension Type
	7.4.7.11.1 bfwCompHdr (beamforming weight compression header)
	7.4.7.11.2 bfwCompParam for PRB bundle x (beamforming weight compression parameter)
	7.4.7.11.3 numBundPrb (Number of bundled PRBs per beamforming weights)
	7.4.7.11.4 bfwI (beamforming weight in-phase value)
	7.4.7.11.5 bfwQ (beamforming weight quadrature value)
	7.4.7.11.6 disableBFWs (disable beamforming weights)
	7.4.7.11.7 RAD (Reset After PRB Discontinuity)

	7.4.7.12 ExtType=12: Non-Contiguous PRB Allocation with Frequency Ranges
	7.4.7.12.1 priority (priority of section description)
	7.4.7.12.2 symbolMask (symbol bit mask)
	7.4.7.12.3 offStartPrb(r) (offset of PRB range start)
	7.4.7.12.4 numPrb(r) (number of PRBs in PRB range)

	7.4.7.13 ExtType=13: PRB Allocation with Frequency Hopping
	7.4.7.13.1 nextSymbolId(n) (offset of PRB range start)
	7.4.7.13.2 nextStartPrbc(n) (number of PRBs in PRB range)

	7.4.7.14 ExtType= 14: Nulling-layer Info. for ueId-based beamforming
	7.4.7.14.1 nullLayerInd (null layer indication)

	7.4.7.15 ExtType= 15: Mixed-numerology Info. for ueId-based beamforming
	7.4.7.15.1 frameSturcture (frame structure)
	7.4.7.15.2 freqOffset (frequency offset)
	7.4.7.15.3 cpLength (cyclic prefix length)

	7.4.7.16 ExtType=16: Section description for antenna mapping in UE channel information based UL beamforming
	7.4.7.16.1 antMask

	7.4.7.17 ExtType= 17: Section description for indication of user port group
	7.4.7.17.1 numUeID

	7.4.7.18  ExtType=18: Section description for Uplink Transmission Management
	7.4.7.18.1 transmissionWindowOffset
	7.4.7.18.2 transmissionWindowSize
	7.4.7.18.3 Type of Transmission (toT)
	7.4.7.18.4 Interaction with other Section Extensions

	7.4.7.19 ExtType=19: Section Compact multiple port beamforming information
	7.4.7.19.1  disableBFWs (disable beamforming weights)
	7.4.7.19.2  repetition (repeat port info flag)
	7.4.7.19.3  numPortc
	7.4.7.19.4  priority (priority of section description)
	7.4.7.19.5  symbolMask (resource symbol bitmask)
	7.4.7.19.6  bfwCompHdr
	7.4.7.19.7  portReMask (RE bitmask per port)
	7.4.7.19.8  portSymbolMask (symbol bitmask per port)
	7.4.7.19.9  bfwCompParam (beamforming weight compression parameter)
	7.4.7.19.10  beamId (beam identifier for a port)
	7.4.7.19.11  bfwI (beamforming weight in-phase value)
	7.4.7.19.12  bfwQ (beamforming weight quadrature-phase value)
	7.4.7.19.13  Interaction with Other Section Extensions

	7.4.7.20 ExtType=20: Puncturing Extension
	7.4.7.20.1 numPuncPatterns (number of puncturing pattern)
	7.4.7.20.2 symbolMask (puncturing pattern symbol mask)
	7.4.7.20.3 startPuncPrb (starting PRB to which one puncturing pattern applies)
	7.4.7.20.4 numPuncPrb (number of contiguous PRBs to which one puncturing pattern applies)
	7.4.7.20.5 puncReMask (puncturing pattern RE mask)
	7.4.7.20.6 rb (resource block indicator)
	7.4.7.20.7 rbgIncl (rbg included flag)
	7.4.7.20.8 rbgSize (rbg size)
	7.4.7.20.9 rbgMask (rbg bitmask)
	7.4.7.20.9 Interaction with Other Extensions



	7.5 C-Plane Optimizations
	7.5.1 C-Plane Optimization using Section Extension =6
	7.5.2 C-Plane Optimization using Section Extension =7
	7.5.3 C-Plane Optimization using Section Extension =10
	7.5.4 C-Plane Optimization using Section Extension =11
	7.5.4.1 Interaction between Section Extension =11 and Section Extension =6
	7.5.4.2 Interaction between Section Extension =11 and Section Extension =12
	7.5.4.3 Interaction between Section Extension =11 and Section Extension =13

	7.5.5 C-Plane Optimization using Section Extension =12
	7.5.6 C-Plane Optimization using Section Extension =13
	7.5.7 Coupling via Frequency and Time with Priorities
	7.5.7.1 Coupling via Frequency and Time with Priorities (Optimized)

	7.5.8 U-Plane Operation Without C-Plane
	7.5.9 Modulation Compression with Section Extension 10
	7.5.10   Optimization with Ext Type = 19
	7.5.11 Optimizations with ExtType=20

	7.6 O-RUs per endpoint and per C-Plane message limits
	7.6.1 O-RU per endpoint processing limits
	7.6.2 O-RU C-Plane message limits


	8 U-plane Protocol
	8.1 General
	8.1.1 U-plane Transport
	8.1.2 U-plane Data Compression
	8.1.3 Digital Power Scaling
	8.1.3.1 Definition of IQ Power in dBFS
	8.1.3.2 Definition of Gain over Fronthaul Interface
	8.1.3.2.1 DL Gain Guideline
	8.1.3.2.2 UL Gain Definition

	8.1.3.3 TX Power Budget Guideline for Category A and Category B O-RUs


	8.2 Elementary Procedures
	8.2.1 IQ Data Transfer procedure
	8.2.2 IQ Data Transfer Procedure Without C-Plane

	8.3 Elements for the U-plane Protocol
	8.3.1 General
	8.3.2 DL/UL Data
	8.3.3 UL/DL Data Coding of Information Elements
	8.3.3.1 dataDirection (data direction (gNB Tx/Rx))
	8.3.3.2 payloadVersion (payload version)
	8.3.3.3 filterIndex (filter index)
	8.3.3.4 frameId (frame identifier)
	8.3.3.5 subframeId (subframe identifier)
	8.3.3.6 slotId (slot identifier)
	8.3.3.7 symbolId (symbol identifier)
	8.3.3.8 sectionId (section identifier)
	8.3.3.9 rb (resource block indicator)
	8.3.3.10 symInc (symbol number increment command)
	8.3.3.11 startPrbu (startingPRB of user plane section)
	8.3.3.12 numPrbu (number of PRBs per user plane section)
	8.3.3.13 udCompHdr (user data compression header)
	8.3.3.14 reserved (reserved for future use)
	8.3.3.15 udCompParam (user data compression parameter)
	8.3.3.16 iSample (in-phase sample)
	8.3.3.17 qSample (quadrature sample)
	8.3.3.18 sReSMask (Selective RE Sending Mask)
	8.3.3.19 udCompLen (PRB field length)

	8.3.4 DL Data Precoding
	8.3.5 Data Transfer for Special Cases
	8.3.5.1 Data Message Mapping and Packetization
	8.3.5.2 Uplink Data Transfer
	8.3.5.3 PRACH Data Transfer Without C-Plane
	8.3.5.4 SRS Data Transfer Without C-Plane


	8.4 U-Plane Optimizations
	8.4.1 Coupling via Frequency and Time


	9 Counters and KPIs
	9.1 Counters

	10 Specification Mandatory and Optional Capabilities
	10.1 General

	11 S-Plane Protocol
	11.1 General
	11.1.1 Overview

	11.2 Synchronization Baseline
	11.2.1 List of Reference Documents
	11.2.2 Clock Model and Synchronization Topology
	11.2.2.1 Topology configuration LLS-C1 and LLS-C2 Synchronization
	11.2.2.2 Topology configuration LLS-C3 Synchronization
	11.2.2.3 Topology configuration LLS-C4 Synchronization

	11.2.3 Clock Synchronization
	11.2.4 Profiles
	11.2.4.1 Physical Layer Frequency Signals (PLFS)
	11.2.4.2 PTP
	11.2.4.2.1 Full Timing Support
	11.2.4.2.2 Partial Timing Support


	11.2.5 Synchronization Accuracy
	11.2.5.1 Jitter
	11.2.5.2 Wander
	11.2.5.3 Air interface frequency error
	11.2.5.4 Air interface maximum time error


	11.3 Time and Frequency Synchronization Requirements
	11.3.1 Allowed PTP and PLFS clock types and clock classes
	11.3.2 Frequency and Time Synchronization Requirements across fronthaul network elements
	11.3.2.1  Configurations LLS-C1 and LLS-C2
	11.3.2.2  Configuration LLS-C3
	11.3.2.3 Configuration LLS-C4


	11.4 Node Behavior Guidelines
	11.4.1 Configurations LLS-C1 and LLS-C2
	11.4.1.1 M-Plane disconnected
	11.4.1.2 O-RU in the FREERUN State
	11.4.1.3 O-DU in the FREERUN state
	11.4.1.4 Operation in LOCKED/HOLDOVER state

	11.4.2 Configurations LLS-C3
	11.4.2.1 M-Plane disconnected
	11.4.2.2 O-RU in the FREERUN State
	11.4.2.3 O-DU in the FREERUN state
	11.4.2.4 Operation in SYNCED/HOLDOVER state

	11.4.3 Configurations LLS-C4
	11.4.3.1 M-Plane disconnected
	11.4.3.2 O-RU in the FREERUN State
	11.4.3.3 O-DU in the FREERUN state
	11.4.3.4 Operation in SYNCED/HOLDOVER state


	11.5 S-Plane Handling in Multiple Link Scenarios
	11.6 Announce Messages
	11.7 Elementary Procedures
	11.7.1 PTP Time Synchronization procedure
	11.7.2 System Frame Number Calculation from GPS Time


	12 Beamforming Functionality
	12.1 General
	12.2 Hierarchy of Radiation Structure in O-RU
	12.3 Calibration
	12.4 beamId Use for Various Beamforming Methods
	12.4.1 Predefined-beam Beamforming
	12.4.1.1 Beam Characteristics

	12.4.2 Weight-based dynamic beamforming
	12.4.2.1 Weight-based dynamic frequency-domain or time-domain beamforming (not hybrid)
	12.4.2.2 Weight-based dynamic hybrid beamforming
	12.4.2.2.1 Hybrid beamforming with updatable frequency-domain and time-domain weights
	12.4.2.2.2 Hybrid beamforming with updatable frequency-domain weights and fixed time-domain beams


	12.4.3 Attribute-based dynamic beamforming
	12.4.4 Channel-information-based beamforming

	12.5 O-RU Antenna Model supported by O-RAN
	12.5.1 Coordinate Systems
	12.5.2 O-RU Antenna Model Parameters
	12.5.3 Identification and Ordering of Array Elements
	12.5.4 Relations Between Array Elements
	12.5.5 Model Usage


	13 Support of Shared Cell
	13.1 General
	13.2 Copy and Combine function
	13.2.1 Selective transmission and reception using beamId

	13.3 Delay management for Shared cell
	13.3.1 DL delay management for Shared cell
	13.3.2 UL delay management for Shared cell

	13.4 S-plane for Shared cell
	13.4.1 Node behavior at O-RU in FREERUN state
	13.4.1.1 O-DU
	13.4.1.2 O-RU


	13.5 Cascade-FHM mode
	13.5.1 General
	13.5.2 Copy and Combine function
	13.5.3 Delay management


	Annex A (informative): Compression Methods
	A.1 Block Floating Point Compression
	A.1.1 Block Floating Point Compression Algorithm
	A.1.2 Block Floating Point Decompression Algorithm

	A.2 Block Scaling Compression
	A.2.1 Block Scaling Compression Algorithm
	A.2.2 Block Scaling Decompression Algorithm

	A.3 ?-Law Compression
	A.3.1 ?-Law Compression Algorithm
	A.3.2 ?-Law Decompression Algorithm
	A.3.3 ?-Law udCompParam and IQ data format

	A.4 Beamspace Compression and Decompression
	A.4.1 Beamspace Compression Algorithm
	A.4.2 Beamspace Decompression Algorithm

	A.5 Modulation Compression
	A.6 Selective RE sending Compression

	Annex B (informative): Delay Management Use Cases
	B.1 General
	B.2 Latency categories and sub-categories
	B.3 Example Case: Evaluating O-DU / O-RU Combinations
	B.4 Example Case: Non-ideal transport O-DU/O-RU Categories

	Annex C (informative): M-Plane Impacts
	Annex D (informative): IQ Sample and Exponent Packetization for Different Bitwidths
	D.1 General
	D.2 IQ Sample for Little Endian Byte Order

	Annex E (informative): OFDM Phase Compensation
	Annex F (informative): Beamforming Attributes Frame of Reference
	Annex G (informative): LAA Algorithms and Examples
	Annex H (informative): S-Plane detailed frequency and phase error budget analysis, and future ITU-T clock types and classes ref
	H.1 Reference documents
	H.2 Frequency and time error budget analysis
	H.3 Summary of allowed number of switches:

	Annex I (informative): Precoding and Examples
	I.1 Case 1: Tx Diversity 1-CRS Port Ant0, 1 PRB:
	I.2 Case 2: Tx Diversity 2-CRS Port Ant0, Ant1, and 1 PRB
	I.3 Case 3: Tx Diversity 4-CRS Port Ant0,1,2,3 and 1 PRB
	I.4 Case 4: TM3/TM4 3 Layers, 4 Antenna ports
	I.5 CRS location assignment: reMask Bit position for Layer0, 2 and 4 for all possible vShift cases

	Annex J (informative): Beamforming Methods Description
	Annex K (informative): Layers of Array Elements
	K.1 General
	K.2 Use Case A
	K.3 Use Case B

	Annex L (informative): Considerations when operating in non-ideal transport environments
	L.1 General
	L.2  Deployment Scenarios and Performance Considerations
	L.2.1  Low Impact
	L.2.2 Medium Impact
	L.2.3 High Impact

	L.3 HARQ
	L.3.1 Synchronous HARQ
	L.3.1.1 HARQ Interleaving
	L.3.1.2 Predictive HARQ

	L.3.2 Asynchronous HARQ Considerations

	L.4 RACH Considerations
	L.4.1 Non-Ideal Fronthaul RACH Designs
	L.4.1.1 Option-1: Semi-persistent Resource allocation
	L.4.1.2 Option-2: RACH retransmission estimation


	L.5 Other Latency Related Considerations
	L.6 Bandwidth Limitation Considerations

	Annex M (informative): Use Case of Selective Transmission and Reception
	M.1 General
	M.2 Selective transmission and reception with non beamforming O-RUs and 1-to-1 mapping of global beamId and local beamId
	M.3 Selective transmission and reception with beamforming O-RUs and 1-to-N mapping of global beamId and local beamId

	Change History
	History

