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Foreword

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).

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

Version x.y.z
where:
x the first digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall indicates a mandatory requirement to do something
shall not indicates an interdiction (prohibition) to do something

The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in
Technical Reports.

The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided
insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced,
non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a
referenced document.

should indicates a recommendation to do something
should not indicates a recommendation not to do something
may indicates permission to do something

need not indicates permission not to do something

The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions
"might not" or "shall not" are used instead, depending upon the meaning intended.

can indicates that something is possible
cannot indicates that something is impossible
The constructions "can" and "cannot™ are not substitutes for "may" and "need not".

will indicates that something is certain or expected to happen as a result of action taken by an agency
the behaviour of which is outside the scope of the present document

will not indicates that something is certain or expected not to happen as a result of action taken by an
agency the behaviour of which is outside the scope of the present document

might indicates a likelihood that something will happen as a result of action taken by some agency the
behaviour of which is outside the scope of the present document
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might not
In addition:
is

isnot

The constructions "

indicates a likelihood that something will not happen as a result of action taken by some agency
the behaviour of which is outside the scope of the present document

(or any other verb in the indicative mood) indicates a statement of fact

(or any other negative verb in the indicative mood) indicates a statement of fact

is" and "is not" do not indicate requirements.
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1 Scope

The present document establishes the minimum RF characteristics of RF repeater and network controlled repeater. For
network controlled repeater (NCR), requirements for NCR-Fwd and NCR-MT apply. In this version of the specification
mixed type NCR are not considered.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present

document.

- References are either specific (identified by date of publication, edition number, version number, etc.) or

non-specific.

- For a specific reference, subsequent revisions do not apply.

- For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including
a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same
Release as the present document.

[1]
[2]
3]
[4]
[8]
[6]

[7]
(8]
[9]
[10]
[11]
[12]
[13]

[14]

[15]
[16]
[17]
[18]
[19]
[20]

3GPP TR 21.905: "Vocabulary for 3GPP Specifications™.

3GPP TS 38.104: “NR; Base Station (BS) radio transmission and reception”.
3GPP TR 25.942: "RF system scenarios”.

Recommendation ITU-R SM.328: "Spectra and bandwidth of emissions".

ITU-R Recommendation SM.329: "Unwanted emissions in the spurious domain".

ITU-R Recommendation M.1545: “Measurement uncertainty as it applies to test limits for the
terrestrial component of International Mobile Telecommunications — 2000”.

3GPP TS 38.115-1: “NR; Repeater conformance testing - Part 1: Conducted conformance testing”.
3GPP TS 38.115-2: “NR; Repeater conformance testing - Part 2: Radiated conformance testing”.
ERC Recommendation 74-01, "Unwanted emissions in the spurious domain".

"Title 47 of the Code of Federal Regulations (CFR)", Federal Communications Commission.

Void

Void

3GPP TS 38.101-1: “NR User Equipment (UE) radio transmission and reception; Part 1: Range 1
Standalone”.

3GPP TS 38.101-2: “NR User Equipment (UE) radio transmission and reception: Part 2: Range 2
Standalone”.

Void
Void
Void
Void
Void

3GPP TS 36.104: “Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS)
radio transmission and reception”
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[21] Void

[22] 3GPP TS 38.174: "NR; Integrated Access and Backhaul (IAB) radio transmission and reception™.
[23] 3GPP TS 38.331: “NR; Radio Resource Control (RRC); Protocol specification”.

[24] 3GPP TS 38.213: “NR; Physical layer procedures for control”.

[25] 3GPP TS 38.321: “NR; Medium Access Control (MAC) protocol specification”.

[26] 3GPP TS 38.211: “NR; Physical channels and modulation”.

[27] 3GPP TS 38.306: “NR; User Equipment (UE) radio access capabilities”.

[28] 3GPP TS 38.214: "NR; Physical layer procedures for data".

[29] 3GPP TR 38.901: "Study on channel model for frequencies from 0.5 to 100 GHz"

[30] 3GPP TR 38.101-4: " NR; User Equipment (UE) radio transmission and reception; Part 4:

Performance requirements"

[31] Commission Implementing Decision (EU) 2020/590 of 24 April 2020 amending Decision (EU)
2019/784 as regards an update of relevant technical conditions applicable to the 24,25-27,5 GHz
frequency band.

[32] ITU World Radiocommunication Conference 2023 (WRC-23) Final Acts, Resolution 220
3 Definitions 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 same term, if any, in 3GPP TR 21.905 [1].

Antenna connector: connector at the conducted interface of the repeater type 1-C

Beam: beam (of the antenna) is the main lobe of the radiation pattern of an antenna array

Beam centre direction: direction equal to the geometric centre of the half-power contour of the beam
Beam direction pair: data set consisting of the beam centre direction and the related beam peak direction
Beam peak direction: direction where the maximum EIRP is found

Beamwidth: beam which has a half-power contour that is essentially elliptical, the half-power beamwidths in the two
pattern cuts that respectively contain the major and minor axis of the ellipse

directional requirement: requirement which is applied in a specific direction within the OTA coverage range.

Equivalent isotropic radiated power: equivalent power radiated from an isotropic directivity device producing the
same field intensity at a point of observation as the field intensity radiated in the direction of the same point of
observation by the discussed device

Fractional bandwidth: fractional bandwidth FBW is defined as FBW = 200 - _FEWhigh " rewiow o,
FrwhightFFBWlow

gap between passbands:. frequency gap between two consecutive passbands that belong to the same operating band,
where the RF requirements in the gap are based on co-existence for un-coordinated operation

Inter-passband gap: The frequency gap between two supported consecutive passbands that belong to different
operating bands.

M aximum passband output power: mean power level measured per passband at the antenna connector, during the
transmitter ON state in a specified reference condition
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Maximum passband TRP output power: mean power level measured per passband during the transmitter ON state in
a specified reference condition and corresponding to the declared rated passband TRP output power (Prated,p, Trp)

M easur ement bandwidth: RF bandwidth in which an emission level is specified

multi-band connector: Antenna Connector for a Multi-band repeater.

Multi-band repeater: Repeater Type 1-C whose antenna connector is associated with a transmitter and/or receiver that
is characterized by the ability to process two or more passband(s) in common active RF components simultaneously,
where at least one passband is configured at a different operating band than the other passband(s) and where this
different operating band is not a sub-band or superseding-band of another supported operating band

NCR type 1-C: NCR-MT or NCR-Fwd at FR1 with a requirement set consisting only of conducted requirements
defined at individual antenna connectors.

NCR type 1-H: NCR-MT or NCR-Fwd operating at FR1 with a requirement set consisting of conducted requirements
defined at individual TAB connectors and OTA requirements defined at RIB.

NCR type 2-O: NCR-MT or NCR-Fwd operating at FR2 with a requirement set consisting only of OTA requirements
defined at the RIB.

Nominal channel bandwidth: Bandwidth calculated as min(100MHz, BW passbang) in FR1 or min(400MHz, BW passband)
in FR2. If this bandwidth is not defined for BS channel bandwidth for the operating band, nominal channel bandwidth
shall be defined as the widest BS channel bandwidth for the operating band which is narrower than BW passband.

Non-contiguous spectrum: spectrum consisting of two or more passbands separated by inter-passband gap(s).

Operating band: frequency range in which NR operates (paired or unpaired), that is defined with a specific set of
technical requirements

OTA coverage range: acommon range of directions within which OTA requirements that are neither specified in the
OTA peak directions sets nor as TRP requirement are intended to be met

OTA peak directions set: set(s) of beam peak directions within which certain OTA requirements are intended to be
met, where all OTA peak directions set(s) are subsets of the OTA coverage range

Passband: The frequency range in which the repeater operates in with operational configuration, this frequency range
can correspond to one or several consecutive nominal channels, if they are not consecutive each subset of channels shall
be considered as an individual passband, a repeater can have one or several passbands, all channels within the
passband(s) shall belong to a single operator or collaborating operators.

passband edge: Frequency at the edge of the passband

Radiated interface boundary: operating band specific radiated requirements reference where the radiated
requirements apply

Rated beam EIRP: For a declared beam and beam direction pair, the rated beam EIRP level is the maximum power
that the repeater is declared to radiate at the associated beam peak direction during the transmitter ON state

Rated passband output power: mean power level associated with a passband the manufacturer has declared to be
available at the antenna connector, during the transmitter ON state in a specified reference condition

Rated passband TRP output power: mean power level declared by the manufacturer per passband, that the
manufacturer has declared to be available at the RIB during the transmitter ON state

Rated total output power: mean power level associated with a particular operating band the manufacturer has
declared to be available at the antenna connector, during the transmitter ON state in a specified reference condition

Rated total TRP output power: mean power level associated with a particular operating band, that the manufacturer
has declared to be available at the RIB during the transmitter ON state in a specified reference condition

Reference beam direction pair: Beam direction pair in the reference direction declared by the manufacturer.

RF repeater type 1-C (RFR type 1-C): Repeater operating at FR1 with a requirement set consisting only of conducted
requirements defined at individual antenna connectors.
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RF repeater type 2-O (RFR type 2-O): Repeater operating at FR2 with a requirement set consisting only of OTA
requirements defined at the RIB

Requirement set: one of the NR requirements set as defined for repeater

single-band connector: Repeater type 1-C antenna connector supporting operation either in a single operating band
only, or in multiple operating bands but does not meet the conditions for a multi-band connector.

Sub-band: A sub-band of an operating band contains a part of the uplink and downlink frequency range of the
operating band.

sub-block: one contiguous allocated block of spectrum for transmission and reception by the repeater.

Super seding-band: A superseding-band of an operating band includes the whole of the uplink and downlink frequency
range of the operating band.

Total radiated power: is the total power radiated by the antenna

NOTE: The total radiated power is the power radiating in all direction for two orthogonal polarizations. Total
radiated power is defined in both the near-field region and the far-field region

Transmitter OFF state: Time period during which the repeater downlink or uplink is not allowed to transmit in the
corresponding direction.

Transmitter ON state: Time period during which the repeater is transmitting downlink or uplink signals in the
corresponding direction.

Transmitter transient period: Time period during which the repeater is changing from the OFF state to the ON state
or vice versa.

3.2 Symbols

For the purposes of the present document, the following symbols apply:

BWconfig Transmission bandwidth configuration, where BWconfig = Nrg X SCS x 12

BWniominal Nominal channel bandwidth

BWhasshand Passband bandwidth

Af Separation between the passband edge frequency and the nominal -3 dB point of the measuring
filter closest to the carrier frequency

Afmax f_offsetmax minus half of the bandwidth of the measuring filter

Afosue Maximum offset of the operating band unwanted emissions mask from the operating band edge

FoL low The lowest frequency of the downlink operating band

FoL nigh The highest frequency of the downlink operating band

Frewhigh Highest supported frequency within supported operating band, for which fractional bandwidth
support was declared

Frawiow Lowest supported frequency within supported operating band, for which fractional bandwidth
support was declared

Fritter Filter centre frequency

Foffset,nigh Frequency offset from Fc high to the upper passband edge

Foffset low Frequency offset from Fc,ow to the lower passband edge

f_offset Separation between the passband edge frequency and the centre of the measuring

f_offsetmax The offset to the frequency Afosue outside the operating band

Fstep,x Frequency steps for the OTA transmitter spurious emissions (Category B)

Fut low The lowest frequency of the uplink operating band

FuL high The highest frequency of the uplink operating band

Pem,ns0/n75,ind Declared emission level for Band n50/n75; ind = a, b

PeM,ns4,ind Declared emission level for Band n54; ind = a, b, ¢, d, e, f

Pmax.c.ac Maximum carrier output power measured per antenna connector

Prated.c.AC The rated carrier output power per antenna connector

Prated,c,sys The sum of Prawed,c Tasc for all TAB connectors for a single carrier

Prated.c. TABC The rated carrier output power per TAB connector
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Prated p.AC Rated passband output power per antenna connector

Prated p.TABC The rated passband output power per TAB connector

Prated t AC Rated total output power declared per antenna connector

Prated,c TABC The rated total output power declared at TAB connectorPraedp,eire  Rated passband EIRP output

Prated,p,TRP

power
Rated passband TRP output power declared per RIB

Prated,t TRP Rated total TRP output power declared per RIB

Pinp.aC Input power intended to produce the maximum rated output power (Prawed,p,ac) at the antenna
connector

Pinp.TABC Input power intended to produce the maximum rated output power (Prawed,p,Tasc) at the TAB
connector

Pin,p,EIRP Input power intended to produce the maximum rated output power (Pratedp,Tre) at the RIB

Prated,out, FBWhigh

Prated,out, FBWIlow

The rated output EIRP for the higher supported frequency range within supported operating band,
for which fractional bandwidth support was declared
The rated output EIRP for the lower supported frequency range within supported operating band,
for which fractional bandwidth support was declared

Pmax,p.AC Maximum passband output power measured per antenna connector
Pmax,p, TABC The maximum passband output power per TAB connector
Prmax,p,EIRP Maximum passband EIRP output power when repeater is configured at the rated passband TRP
output power (Prated,p, TrRP)
Prmax,p, TRP Maximum passband TRP output power measured per RIB
Woap Inter passband Bandwidth gap size
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].

ACLR Adjacent Channel Leakage Ratio
A0A Angle of Arrival

BFD Beam Failure Detection

BW Bandwidth

BWP Bandwidth Part

CACLR Cumulative ACLR

CBD Candidate Beam Detection
CP-OFDM Cyclic Prefix-OFDM

CSI-RS Channel State Information - Reference Signal
DFT-s-OFDM  Discrete Fourier Transform-spread-OFDM
DL Downlink

DMRS Demodulation Reference Signal
EIRP Effective Isotropic Radiated Power
EEIRP Expected EIRP

EVM Error Vector Magnitude

FBW Fractional Bandwidth

FR Frequency Range

FSS Fixed Satellite Service

ITU-R Radiocommunication Sector of the International Telecommunication Union
LA Local Area

MR Medium Range

NCR Network Controlled Repeater
NCR-MT NCR Mobile Termination

NCR-Fwd NCR Forward

NR New Radio

OBUE Operating Band Unwanted Emissions
0OOB Out-of-band

OTA Over-The-Air

QAM Quadrature Amplitude Modulation
QCL Quasi Co-Location

RF Radio Frequency

RFR RF repeater

RIB Radiated Interface Boundary
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RLM Radio Link Monitoring
RLM-RS Reference Signal for RLM
RMSI Remaining Minimum System Information
RSRP Reference Signal Received Power
RX Receiver
SA Standalone operation mode
SCS Sub-Carrier Spacing
SMTC SSB-based Measurement Timing configurationSS-RSRP  Synchronization Signal based
Reference Signal Received Power
SSB Synchronization Signal Block
SSS Secondary Synchronization Signal
TCI Transmission Configuration Indicator
TRS Tracking Reference Signal
TX Transmitter
TRP Total Radiated Power
UL Uplink
WA Wide Area
4 General

4.1 Relationship between Minimum Requirements and Test
Requirements

Conformance to the present specification is demonstrated by fulfilling the test requirements specified in the
conformance specification TS 38.115-1 [7] or TS 38.115-2 [8].

The minimum requirements given in this specification make no allowance for measurement uncertainty. The test
specifications TS 38.115-1 [7] and TS 38.115-2 [8] define test tolerances. These test tolerances are individually
calculated for each test. The test tolerances are used to relax the minimum requirements in this specification to create
test requirements. For some requirements, including regulatory requirements, the test tolerance is set to zero.

The measurement results returned by the test system are compared - without any modification - against the test
requirements as defined by the shared risk principle.

The shared risk principle is defined in recommendation ITU-R M.1545 [6].

4.2 Conducted and radiated requirement reference points

4.2.1 RF repeater type 1-C

For RF Repeater type 1-C, the requirements are applied at the repeater antenna connector (BS-side connector or UE-
side connector) for downlink or uplink for the configuration in normal operating conditions.
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Figure 4.2.1-1: RF repeater type 1-C downlink and uplink interface

4.2.1A NCR type 1-C

For NCR type 1-C, the NCR-Fwd RF requirements are applied at the NCR antenna connector (BS-side connector or
UE-side connector) for downlink or uplink for the configuration in normal operating conditions.

For NCR type 1-C, the NCR-MT RF requirements are applied at the NCR antenna connector (BS-side connector) for
the configuration in normal operating conditions.

Radio
Transceiver )

[ S T —
Patan— "3k

BS-side Downlink UE-side
antenna antenna
connedor connector

i

Figure 4.2.1-1A: Network controlled Repeater type 1-C downlink and uplink interface

NOTE 1: the NCR-MT and NCR-Fwd may have the same or separate antenna connectors.
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4.2.1B Network controlled Repeater type 1-H

For NCR type 1-H, the requirements are defined for two points of reference, signified by radiated requirements and
conducted requirements.

For NCR type 1-H, the NCR-Fwd conducted RF requirements are applied at the NCR individual or groups of TAB
connectors at the transceiver array boundary (BS-side TAB connector or UE-side TAB connector) for downlink or
uplink for the configuration in normal operating conditions.

For NCR type 1-H, the NCR-MT conducted RF requirements are applied at the NCR individual or groups of TAB
connectors at the transceiver array boundary (BS-side TAB connector) for the configuration in normal operating
conditions.
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I —— ;
| Radio

I : : | : . Transceiver |

1N ¥ | . Unit array '
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| I I ::: TD | | Radio ' Antenna |
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I : H : | ng'\g‘:ﬁ(" || Amay || I
|: | 1 | U o T e B
—T— ' I |
| ! | | I | |
| esntamns Uik ilieintntuiniel
in
| |- S R ——— H
' Composite antenna | Composite antenna :
|
BS-side BS-side UE-side ‘
RIB TABC TABC UE-side

RIB

Figure 4.2.1-1B: Network controlled Repeater type 1-H downlink and uplink interface

NOTE 1: The NCR-MT and NCR-Fwd may have the same or separate TAB connectors.

4.2.2 Repeater type 2-O

For RF repeater type 2-0, the radiated characteristics are defined over the air (OTA), where the operating band specific
radiated interface is referred to as the Radiated Interface Boundary (RIB). Radiated requirements are also referred to as
OTA requirements. The (spatial) characteristics in which the OTA requirements apply are detailed for each
requirement.
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Figure 4.2.2-1: Radiated reference points for RF repeater type 2-O

4.2.2A Network controlled Repeater type 2-O

For NCR type 2-0O, the radiated characteristics for NCR-Fwd and NCR-MT are defined over the air (OTA), where the
operating band specific radiated interface is referred to as the Radiated Interface Boundary (RIB). Radiated
requirements are also referred to as OTA requirements. The (spatial) characteristics in which the OTA requirements
apply are detailed for each requirement.

For NCR type 2-O, the NCR-MT conducted RF requirements are applied at the BS side RIB for the configuration in
normal operating conditions.
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Figure 4.2.2-1A: Radiated reference points for network controlled repeater type 2-O

NOTE 1: the NCR-MT and NCR-Fwd may have the same or separate RIB

4.3 Repeater classes

4.3.1 Repeater class for downlink

The requirements in this specification apply to downlink Wide Area repeaters, downlink Medium Range repeaters and
downlink Local Area repeaters unless otherwise stated. The associated deployment scenarios for each class are exactly
the same for repeater with and without connectors.

For RF repeater type 1-C and type 2-O, repeater downlink classes are defined as indicated below:

- Wide Area repeaters are characterised by requirements derived from Macro Cell scenarios with a repeater to UE
minimum distance along the ground equal to 35 m.

- Medium Range repeaters are characterised by requirements derived from Micro Cell scenarios with a repeater to
UE minimum distance along the ground equal to 5 m.

- Local Area repeaters are characterised by requirements derived from Pico Cell scenarios with a repeater to UE
minimum distance along the ground equal to 2 m or from Femto Cell scenarios.

- Note: The requirements in this specification for LA 1-C repeaters apply to 1-C repeaters with declared output
power less than or equal to LA rated output power limits as in table 6.2.1-1.
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4.3.2 Repeater class for uplink

The requirements in this specification apply to uplink Wide Area repeaters and uplink Local Area repeaters unless
otherwise stated. The associated deployment scenarios for each class are exactly the same for repeater with and without
connectors.

For RF repeater type 1-C and type 2-O, repeater uplink classes are defined as indicated below:
- Wide Area repeaters are characterised by requirements derived from Macro Cell and/or Micro Cell scenarios.

- Local Area repeaters are characterised by requirements derived from Pico Cell and/or Micro Cell scenarios.

4.3A  Network controlled repeater classes

4.3A.1 Network controlled repeater class for downlink

The requirements in this specification apply to downlink Wide Area NCR, downlink Medium Range NCR and
downlink Local Area NCR unless otherwise stated. The associated deployment scenarios for each class are exactly the
same for NCR with and without connectors.

For NCR type 1-C, type 1-H and type 2-O, NCR downlink classes are defined as indicated below:

- Wide Area NCR are characterised by requirements derived from Macro Cell scenarios with a NCR to UE
minimum distance along the ground equal to 35 m.

- Medium Range NCR are characterised by requirements derived from Micro Cell scenarios with a NCR to UE
minimum distance along the ground equal to 5 m.

- Local Area NCR are characterised by requirements derived from Pico Cell scenarios with a NCR to UE
minimum distance along the ground equal to 2 m or from Femto Cell scenarios.

- Note: The requirements in this specification for LA NCR type 1-C apply to NCR type 1-C with declared output
power less than or equal to LA rated output power limits as in table 6.2.1-1.

4.3A.2 Network controlled repeater class for uplink and MT

The requirements in this specification apply to uplink Wide Area NCR and uplink Local Area NCR unless otherwise
stated. The associated deployment scenarios for each class are exactly the same for NCR with and without connectors.

For NCR type 1-C, type 1-H and type 2-O, NCR uplink classes and MT classes are defined as indicated below:
- Wide Area NCR are characterised by requirements derived from Macro Cell and/or Micro Cell scenarios.

- Local Area NCR are characterised by requirements derived from Pico Cell and/or Micro Cell scenarios.

4.4 Regional requirements

Some requirements in the present document may only apply in certain regions either as optional requirements, or as
mandatory requirements set by local and regional regulation. It is normally not stated in the 3GPP specifications under
what exact circumstances the regional requirements apply, since this is defined by local or regional regulation.

Table 4.4-1 lists all requirements in the present specification that may be applied differently in different regions.
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Table 4.4-1: List of regional requirements

Clause Requirement Comments
number
5.2 Operating bands Some NR operating bands may be applied regionally.
6.2 Repeater output power For Band n41 and n90 operation in Japan, additional output
power limits shall be applied.
6.2.4, Repeater output power, These requirements may be applied regionally as additional
7.3.4 OTA repeater output power: repeater output power requirements.
Additional requirements
6.5.2 Adjacent Channel Leakage For Band n41 and n90 operation in Japan, absolute ACLR limits
Power Ratio shall be applied to the sum of the absolute ACLR power over all
antenna connectors for repeater type 1-C.
6.5.3.2, Operating band unwanted Category A or Category B operating band unwanted emissions
7.5.3.2 emission, limits may be applied regionally.
OTA operating band unwanted
emissions
6.5.3.25.1 Operating band unwanted The repeater may have to comply with the additional
emission requirements, when deployed in regions where those limits are
applied, and under the conditions declared by the manufacturer.
6.5.3.2.5.2 Operating band unwanted The repeater operating in Band n20 may have to comply with the
emission additional requirements for protection of DTT, when deployed in
certain regions.
6.5.3.2 Operating band unwanted For Band n41 and n90 operation in Japan, the operating band
emissions unwanted emissions limits shall be applied to the sum of the
emission power over all antenna connectors for repeater type 1-
C.
6.5.4.2.1, Tx spurious emissions, Category A or Category B spurious emission limits, as defined in
7.5.4.2 OTA Tx spurious emissions ITU-R Recommendation SM.329 [5], may apply regionally.
6.5.4.2.2, TX spurious emissions: These requirements may be applied for the protection of system
75423 additional requirements, operating in frequency ranges other than the repeater operating
OTA Tx spurious emissions: band.
additional requirements
6.5.4.2 Transmitter spurious emissions | For Band n41 and n90 operation in Japan, the sum of the
spurious emissions over all antenna connectors for repeater type
1-C shall not exceed the basic limits.
6.5.5.1 Receiver spurious emissions For Band n41 and n90 operation in Japan, the sum of receiver
spurious emissions requirements over all antenna connectors for
repeater type 1-C shall not exceed minimum requirements
defined in clause 6.5.5.2.

6.7.2 Input intermodulation Interfering signal positions that are partially or completely
outside of any downlink operating band of the repeater are not
excluded from the requirement in Japan in Band n77, n78, n79.

6.8 Output intermodulation For Band n41 and n90 operation in Japan, the repeater may
have to comply with the additional requirements, when deployed
in certain regions.

4.5

Applicability of requirements

In Table 4.5-1, the requirement applicability for each requirement set is defined. For each requirement, the applicable
requirement clause in the specification is identified. Requirements not included in a requirement set is marked not

applicable (NA).
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Table 4.5-1: Requirement set applicability

Requirement

Repeater output power
Frequency stability
Out of band gain
Unwanted emissions
Repeater Error Vector Magnitude
Input intermodulation
Output intermodulation
Adjacent Channel Rejection Ratio
(ACRR)

Transmit ON/OFF power

Repeater output power for NCR-MT

Output power dynamics for NCR-MT

Transmit signal quality for NCR-MT

Unwanted emissions for NCR-MT

Transmit intermodulation for NCR-MT

Diversity characteristics for NCR-MT

Reference sensitivity for NCR-MT

Maximum input level for NCR-MT

Adjacent channel selectivity for NCR-MT

Blocking characteristics for NCR-MT

Spurious response for NCR-MT

Receiver intermodulation characteristics
for NCR-MT

Receiver spurious emissions for NCR-MT

Performance requirements for NCR-MT

OTA Repeater output power

OTA frequency stability

OTA out of band gain

OTA unwanted emissions

OTA Repeater Error Vector Magnitude

OTA input intermodulation

OTA Adjacent Channel Rejection Ratio
(ACRR)

OTA transmit ON/OFF power

OTA repeater output power for NCR-MT

OTA output power dynamics for NCR-MT

OTA transmit signal quality for NCR-MT

OTA unwanted emissions for NCR-MT

OTA diversity characteristics for NCR-MT

OTA reference sensitivity for NCR-MT

OTA maximum input level for NCR-MT

OTA adjacent channel selectivity for
NCR-MT

OTA blocking characteristics for NCR-MT

OTA receiver spurious emissions for
NCR-MT

OTA spatial emission

Radiated performance requirements for
NCR-MT
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RFR
RFR type 2-O
type 1-C, NCR-Fwd NCR-MT  NCR-MT VECR_ " NCR-MT
NCR-Fwd type 1-H type 1-C  type 1-H Fwd type 2-O
type 1-C type 2-0
6.2 6.2
6.3 6.3
6.4 6.4
6.5 6.5
6.6 6.6 NA NA NA
6.7 6.7
6.8 6.8
6.9 6.9
6.10 6.10
6.23.2  6.2.32
6.11 6.11
6.12 6.12
6.5 6.5 NA
NA 6.13 6.13
6.15 6.15
6.16 6.16
6.17 6.17
6.18 6.18
6.19 6.19
6.20 6.20
6.21 6.21
6.22 6.22
8 8
7.2 7.2
7.3
74
7.5
NA NA 7.6
7.7
7.8
7.9
NA NA 7.2 7.2
7.10
7.11
75
7.12
NA NA 7.13
7.14
7.15
7.16
7.17
7.18 718 NA
9

Table 4.5-1a: Void

Table 4.5-1b: Void
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4.6 Requirements for contiguous and non-contiguous spectrum

A spectrum allocation where a repeater operates can either be contiguous or non-contiguous. Unless otherwise stated,
the requirements in the present specification apply for repeater configured for both contiguous spectrum operation and
non-contiguous spectrum operation.

For repeater operation in non-contiguous spectrum, some requirements apply at the repeater passband edges. For each
such requirement, it is stated how the limits apply relative to the repeater gap between passbands and the Inter-
passband gap respectively.

For NCR operation in non-contiguous spectrum, some requirements apply at the NCR-Fwd passband edges or NCR-
MT carrier edges. For each such requirement, it is stated how the limits apply relative to the NCR gap between
passbands and the Inter-passband gap respectively.

4.7 Requirements for repeater capable of multi-band operation

For multi-band connector or multi-band RIB, the RF requirements in clauses 6 and 7 apply separately to each supported
operating band unless otherwise stated. For some requirements, it is explicitly stated that specific additions or
exclusions to the requirement apply at multi-band connector(s), and multi-band RIB(s) as detailed in the requirement
clause. For repeater or NCR capable of multi-band operation, various structures in terms of combinations of different
downlink and uplink implementations (multi-band or single band) with mapping to one or more antenna connectors for
repeater type 1-C, NCR type 1-C, type 1-H in different ways are possible. For multi-band connector(s) the exclusions
or provisions for multi-band apply. For single-band connector(s), the following applies:

- Single-band transmitter spurious emissions, operating band unwanted emissions, ACLR, output intermodulation,
ACRR and receiver spurious emissions requirements apply to this connector that is mapped to single-band.

- If the repeater or NCR is configured for single-band operation, single-band requirements shall apply to this
antenna connector configured for single-band operation and no exclusions or provisions for multi-band capable
repeater or NCR are applicable. Single-band requirements are tested separately at the antenna connector
configured for single-band operation, with all other antenna connectors terminated.

5 Operating bands

5.1 General

The channel arrangements presented in this clause are based on the operating bands defined in the present release of
specifications.

NOTE: Other operating bands may be considered in future releases.

Requirements throughout the RF specifications are in many cases defined separately for different frequency ranges
(FR). The frequency ranges in which NR can operate according to the present version of the specification are identified
as described in table 5.1-1.

Table 5.1-1: Definition of frequency ranges

Frequency range designation Corresponding frequency range
FR1 410 MHz — 7125 MHz
FR2 FR2-1 24250 MHz — 52600 MHz
FR2-2 52600 MHz — 71000 MHz

Whenever FR2 is referred, both FR2-1 and FR2-2 frequency sub-ranges shall be applied, unless otherwise stated.
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5.2 Operating bands

Repeater is designed to operate in the operating bands in FR1 and FR2-1 defined in TS 38.104 [2] except the operating
bands n46, n96 and n102.

5.3 Channel arrangement

531 Channel raster

5311 NR-ARFCN and channel raster

For repeater and NCR-Fwd, the NR-ARFCN and channel raster is the same as specified for BS in TS 38.104 [2],
subclause 5.4.2.1.

For NCR-MT, the NR-ARFCN and channel raster is the same as specified for UE in TS 38.101-1 [13] for FR1 in
subclause 5.4.2.1 and in TS 38.101-2 [14] for FR2-1 in subclause 5.4.2.1.
5.3.1.2 Channel raster entries for each operating band

For repeater and NCR-Fwd, the channel raster entries for NR bands for FR1 and FR2-1 defined in TS 38.104 [2] are the
same as specified for BS in TS38.104 [2], clause 5.4.2.3.

For NCR-MT, the channel raster entries for NR bands for FR1 are the same as specified for UE in TS 38.101-1 [13] in
subclause 5.4.2.3 and for NR bands for FR2-1 are the same as specified for UE in TS 38.101-2 [14] in subclause
54.23.

5.3.1.3 Channel raster to resource element mapping
For NCR-MT, the channel raster to resource element mapping is the same as specified for UE in TS 38.101-1 [13] for
FR1 in subclause 5.4.2.2 and in TS 38.101-2 [14] for FR2 in subclause 5.4.2.2.

5.3.2 Synchronization raster

5.3.2.1 Synchronization raster and numbering

For repeater and NCR-Fwd, the synchronization raster and numbering are the same as specified for BS in TS38.104 [2],
clause 5.4.3.1.

For NCR-MT, the synchronization raster and numbering are the same as specified for UE in subclause 5.4.3.1in TS
38.101-1 [13] for FR1 in subclause 5.4.3.1 and in subclause 5.4.3.1in TS 38.101-2 [14] for FR2-1 in subclause 5.4.3.1.
5.3.2.2 Synchronization raster entries for each operating band

For repeater and NCR-Fwd, the synchronization raster entries for NR bands for FR1 and FR2-1 defined in TS38.104 [2]
are the same as specified for BS in TS38.104 [2], clause 5.4.3.3.

For NCR-MT, the synchronization raster entries for NR bands for FR1 in Table 5.2-1 are the same as specified for UE
in TS 38.101-1 [13] in subclause 5.4.3.3 and for NR bands for FR2-1 are the same as specified for UE in TS 38.101-2
[14] in subclause 5.4.3.3.

5.3.2.3 Synchronization raster to synchronization block resource element mapping

For NCR-MT, the synchronization raster to synchronization block resource element mapping is the same as specified
for UE in TS 38.101-1 [13] for FR1 in subclause 5.4.3.2 and in TS 38.101-2 [14] for FR2-1 in subclause 5.4.3.2.
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For NCR-MT, the channel spacing is the same as specified for UE in TS 38.101-1 [13] for FR1 in subclause 5.4.1 and

in TS 38.101-2 [14] for FR2-1 in subclause 5.4.1.

5.3.4

TX-RX frequency separation

The default TX channel (carrier centre frequency) to RX channel (carrier centre frequency) separation for operating

bands is specified in Table 5.3.4-1.

Table 5.3.4-1: NCR-MT TX-RX frequency separation

NR Operating Band TX-RX
carrier centre frequency
separation
nl 190 MHz
n2 80 MHz
n3 95 MHz
n5 45 MHz
n7 120 MHz
n8 45 MHz
nl2 30 MHz
nl3 -31 MHz
nl4 -30 MHz
nl8 45 MHz
n20 -41 MHz
n24 -101.5, -120.5 MHz
n25 80 MHz
n26 45 MHz
n28 55 MHz
n30 45 MHz
n65 190 MHz
n66 400 MHz
n68 55 MHz
n70 300 MHz
n71 -46 MHz
n74 48 MHz
n85 30 MHz
n87 10MHz
n88 10MHz
n9l 570 MHz — 595 MHz
(NOTE 2)
n92 575 MHz — 680 MHz (1 = 0)
580 MHz — 675 MHz (u = 1)
(NOTE 2)
n93 517 MHz — 547 MHz
(NOTE 2)
no4 522 MHz — 632 MHz (u = 0)
527 MHz — 627 MHz (u = 1)
(NOTE 2)
n100 45 MHz
nl1l05 -51 MHz
nl10 42 MHz
NOTE 1: Void
NOTE 2: The range of TX-RX frequency separation given paired
UL and DL channel bandwidths BWuL and BWoL is
given by the respective lower and upper limit FoL_low —
FuL_nigh + 0.5(BWoL + BWuL) and FpL_nigh — FuL_low —
0.5(BWpL + BWuL). The UL and DL channel bandwidth
combinations specified in Clause 5.4 depend on the
subcarrier spacing configuration p [21].
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5.4 NCR-MT channel bandwidth

541 General

The NCR-MT supports a single NR RF carrier per passband in the uplink or downlink in this release. From a BS
perspective, different NCR-MT channel bandwidths may be supported within the same spectrum for transmitting to and
receiving from NCR-MT connected to the BS. Transmission of multiple carriers to different NCR-MT within the BS
channel bandwidth can be supported.

NOTE: 7 MHz channel bandwidth is not supported in the present version of the specification.

From a NCR-MT perspective, the NCR-MT per passband is configured with one carrier and NCR-MT is configured
with one or more BWPs. The NCR-MT does not need to be aware of the BS channel bandwidth or how the BS allocates
bandwidth to different NCR-MT.

The placement of the NCR-MT channel bandwidth is flexible but can only be completely within the BS channel
bandwidth.

The relationship between the NCR-MT channel bandwidth, the guardband and the transmission bandwidth
configuration is shown in Figure 5.4.1-1.

Channel Bandwidth [MHz]

l, |
l . . | l
ransmission bandwl ontiguration Ngrg
| T Bandwidth Configuration Ngs [RB] |
o e >,
= | | Transmission I | g
5 | | Bandwidth [RB]| | s
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____________________ 2 ——— J7
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Guardband, can be asymmetric
Figure 5.4.1-1: Definition of channel bandwidth and transmission bandwidth configuration for one NR

channel

5.4.2 Transmission bandwidth configuration

For NCR-MT, the transmission bandwidth configuration is the same as specified for UE in TS 38.101-1 [13] for FR1 in
subclause 5.3.2 and in TS 38.101-2 [14] for FR2-1 in subclause 5.3.2.

54.3 Minimum guardband and transmission bandwidth configuration

For NCR-MT, the minimum guardband and transmission bandwidth configuration is the same as specified for UE in
TS38.101-1 [13] for FR1 and in TS 38.101-2 [14] for FR2-1 in subclause 5.3.3.

54.4 RB alignment

For NCR-MT, the RB alignment is the same as specified for UE in TS38.101-1 [13] for FR1 in subclause 5.3.4 and in
TS 38.101-2 [14] for FR2-1 in subclause 5.3.4
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5.4.5 NCR-MT channel bandwidth per operating band

For NCR-MT, the channel bandwidth for NR bands for FR1 in Table 5.2-1 is the same as specified for UE in TS38.101-
1[13] in subclause 5.3.5 and is the same as specified for UE in TS38.101-2 [14] in subclause 5.3.5.

6 Conducted characteristics

6.1 General

Clause 6 includes the conducted characteristics for both transmitter and receiver.
For conducted transmitter characteristics:
Unless otherwise stated, the conducted transmitter characteristics are specified at:
- Antenna connector for repeater type 1-C and NCR type 1-C (including Fwd and MT interfaces) configuration,
- TAB connector for NCR type 1-H (including Fwd and MT interfaces) in normal operating conditions.
Requirements apply in both DL and UL unless otherwise stated or declared.

For the DL the antenna connector or the TAB connector on the BS side is the input and the antenna connector or the
TAB connector on the UE side is the output.

For the UL the antenna connector or the TAB connector on the UE side is the input and the antenna connector or the
TAB connector on the BS side is the output.

All requirements are defined for normal conditions, unless otherwise stated.
For conducted receiver characteristics:

Conducted receiver characteristics are specified at antenna connector for NCR type 1-C and TAB connector for NCR
type 1-H, with full complement of transceivers for the configuration in normal operating condition.

Unless otherwise stated, the following arrangements apply for conducted receiver characteristics requirements in
clause 6:

- Requirements apply during the receive period.
- Requirements shall be met for any transmitter setting.

- Throughput requirements defined for the conducted receiver characteristics do not assume HARQ
retransmissions.

- For ACS, blocking and intermodulation characteristics, the negative offsets of the interfering signal apply
relative to the lower passband edge or inter-passband gap, and the positive offsets of the interfering signal apply
relative to the upper passband edge or inter-passband gap.

NOTE: In normal operating condition the NCR-MT in TDD operation is configured to TX OFF power during
receive period.

6.2 Repeater output power

6.2.1 General

The repeater conducted output power requirement is at the antenna connector.
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The rated passband output power of the RF repeater type 1-C and NCR-Fwd type 1-C shall be as specified in table
6.2.1-1 and table 6.2.1-2.

Table 6.2.1-1: RF repeater type 1-C and NCR-FWD type 1-C DL transmission classes rated output
power limits for repeater classes

Repeater class Prated,p,Ac
Wide Area repeater Note 1
Medium Range repeater < 38 dBm + X, Note 2
Local Area repeater <24 dBm + X, Note 2
NOTE 1: There is no upper limit for the Prated p.ac rated passband output power of the Wide Area
repeater
NOTE 2: X =10*log (ceil (passband bandwidth/20MHz))

Table 6.2.1-2: RF repeater type 1-C and NCR-Fwd type 1-C UL transmission classes rated output
power limits for repeater classes

Repeater class Prated,p,Ac
Wide Area repeater Note 1
Local Area repeater < 24 dBm+ X, Note 2
NOTE 1: There is no upper limit for the Prated p.ac rated passband output power of the Wide Area
repeater.
NOTE 2: X =10*log (ceil (passband bandwidth/20MHz))

The rated passband output power of the NCR-Fwd 1-H shall be as specified in table 6.2.1-3 and table 6.2.1-4.

Table 6.2.1-3: NCR-Fwd 1-H DL rated output power limits for NCR classes

Repeater class Prated,c,sys Prated,c,TABC
Wide Area NCR (Note 1) (Note 1)
Medium Range NCR < 38 dBm +10log(N7xu,counted) + X (NOTE <38 dBm+ X
2) (NOTE 2)
Local Area NCR < 24 dBm +10log(NTxu,counted) + X (NOTE <24 dBm+ X
2) (NOTE 2)
NOTE 1: There is no upper limit for the Prated csys OF Prated.c.Tasc Of the Wide Area NCR-Fwd.
NOTE 2: X = 10*log (ceil (passbhand bandwidth/20MHz))

Table 6.2.1-4: NCR-Fwd 1-H UL rated output power limits for NCR classes

Repeater class Prated,c,sys Prated,c,TABC

Wide Area NCR (Note 1) (Note 1)

Local Area NCR < 24 dBm +10log(NTxu,counted) + X (NOTE 2, < 24 dBm+ X
3) (NOTE 2)

NOTE 1: There is no upper limit for the Prated,c sys Or Prated,c.Tasc Of the Wide Area NCR.

NOTE 2: X = 10*og (ceil (passband bandwidth/20MHz))

NOTE 3: For joint transmission of NCR-Fwd and NCR-MT, Prated,csys Shall apply to the total
power of NCR-Fwd and NCR-MT.

6.2.2 Minimum requirement for RF repeater
The requirements shall apply with NR signals in the passband of the repeater at:
The lowest input power (Pinp.ac) that produces the rated passband output power (Prated,p,ac).
Up to:
The lowest input power (Pinp.ac) that produces the rated passband output power (Pratedp.ac), plus 10dB

In normal conditions, the measured output power, Pmaxp.ac Shall remain within +2 dB and -2 dB of the rated passband
output power Praedp.ac, declared by the manufacturer.
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In extreme conditions, the measured output power, Pmaxp.ac Shall remain within +2.5 dB and -2.5 dB of the rated
passhand output power Praedp.ac, declared by the manufacturer.

6.2.3 Minimum requirement for NCR
6.2.3.1 Minimum requirement for NCR-Fwd

6.2.3.1.1 Minimum requirement for NCR-Fwd type 1-C
The requirements shall apply with NR sign