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Foreword

This Technical Specification has been produced by the 3" 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 thefirst 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 isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented when editorial only changes have been incorporated in the document.
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1 Scope

The present document describes the physical channels for evolved UTRA.

2 References

The following documents contain provisions which, through reference in thistext, constitute provisions of the present
document.

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

- For aspecific reference, subsequent revisions do not apply.

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

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

2] 3GPP TS 36.201: "Evolved Universal Terrestrial Radio Access (E-UTRA); LTE physical layer;
General description”.

[3] 3GPP TS 36.212: "Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and
channel coding”.

[4] 3GPP TS 36.213: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer
procedures’.

[5] 3GPP TS 36.214: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer;
Measurements".

[6] 3GPP TS 36.104: "Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS)

radio transmission and reception”.

[7] 3GPP TS 36.101: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
radio transmission and reception”.

[8] 3GPP TS 36.321, "Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access
Control (MAC) protocol specification”.

[9] 3GPP TS 36.331, "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource
Control (RRC) Protocol specification”

[10] 3GPP TS 36.304, "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
proceduresin idle mode"

3 Symbols and abbreviations
3.1 Symbols

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

(k1) Resource element with frequency-domain index k and time-domain index |
alh) Value of resource element (k, 1) [for antennaport p ]
D Matrix for supporting cyclic delay diversity
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Dgra Density of random access opportunities per radio frame

fo Carrier frequency

fra PRACH resource frequency index within the considered time-domain location
oo PRACH frequency hopping offset, expressed as a number of resource blocks

I nPDCCHSE Start symbol in dot 0 for NPDCCH
| NPOSCHSt A Start symbol in ot 0 for NPDSCH

M PSBCH Bandwidth for PSBCH transmission, expressed as a number of subcarriers

M L3BeH Bandwidth for PSBCH transmission, expressed as a number of resource blocks

M PSeeH Bandwidth for PSCCH transmission, expressed as a number of subcarriers

M L5ceH Bandwidth for PSCCH transmission, expressed as a number of resource blocks

M PPeH Bandwidth for PSDCH transmission, expressed as a number of subcarriers

M Pt Bandwidth for PSDCH transmission, expressed as a number of resource blocks

M PSSeH Scheduled bandwidth for PSSCH transmission, expressed as a number of subcarriers

M S5t Scheduled bandwidth for PSSCH transmission, expressed as a number of resource blocks

M PUScH Scheduled bandwidth for uplink transmission, expressed as a number of subcarriers

M f>CH Scheduled bandwidth for uplink transmission, expressed as a number of resource blocks

M rt.'pPUSCH Scheduled number of repetitions of a NPUSCH transmission

M 0 Scheduled number of repetitions of a NPDSCH transmission

M JPuscH Scheduled bandwidth for uplink NPUSCH transmission, expressed as a number of subcarriers

M jascH Number of repetitions of identical slots for NPUSCH

M 1(3?2 Number of coded bitsto transmit on a physical channel [for codeword q ]

M gjznb Number of modulation symbolsto transmit on a physical channel [for codeword q ]

M ;;ymeg Number of modulation symbols to transmit per layer for aphysical channel

M jypmb Number of modulation symbols to transmit per antenna port for a physical channel

N A constant equal to 2048 for Af =15kHz, 4096 for Af =7.5kHz and 8192 for Af =3.75kHz

Ncp) Downlink cyclic prefix length for OFDM symbol | inadot

Ncs Cyclic shift value used for random access preamble generation

NGO Number of cyclic shifts used for PUCCH formats 1/1a/1b in a resource block with a mix of
formats 1/1a/1b and 2/2a/2b

NG Bandwidth available for use by PUCCH formats 2/2a/2b, expressed in multiples of N8

N{S The offset used for PUSCH frequency hopping, expressed in number of resource blocks (set by
higher layers)

N Physical layer cell identity

N ,'\éce" Narrowband physical layer cell identity

N BSIN MBSFN areaidentity

N FDL Physical layer sidelink synchronization identity

NS Positioning reference signal identity

NZ5 Downlink bandwidth configuration, expressed in multiples of NP

N o Pt Smallest downlink bandwidth configuration, expressed in multiples of N2

N . DL Largest downlink bandwidth configuration, expressed in multiplesof N2°

Ngg Uplink bandwidth configuration, expressed in multiples of N28

N i UL Smallest uplink bandwidth configuration, expressed in multiples of N8

N . Ut Largest uplink bandwidth configuration, expressed in multiples of N28
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NRs
NSF

NPSS
Nsymb

PUSCH
N abs

PUSCH
N

ch,UL
NNB

f PUSCH
NB,hop

PUCCH
N abs

PUCCH
N

PRACH
N

N RA
sf
PRACH
N start
NPRACH
Nrep

NPRACH
N period

NPRACH
N scoffset

NPRACH
N o

N NPRACH
sc_cont

NPRACH
N start

NPRACH
N MSG3

N
N

gap, period
gap,duration
N gap, threshold
NRe

Nuws

PDSCH
N abs

PDSCH
N rep

ch,DL
N NB

ch,DL
NNB,hop

Sidelink bandwidth configuration, expressed in multiples of N8
Number of scheduled subframes for NPDSCH transmission

Number of symbols for NPSS in a subframe

Number of symbols for NSSS in a subframe

Number of consecutive subcarriersin an UL resource unit for NB-1oT

Number of reference signal sequences available for the UL resource unit size

Number of scheduled UL resource units for NB-l1oT

Total number of uplink narrowbands

Total number of uplink widebands

Number of subcarriersin the frequency domain for NB-10T

Number of consecutive absolute subframes over which the scrambling sequence stays the same

Total number of absolute subframes a PUSCH with repetition spans, expressed as a number of
absolute subframes
Number of repetititions of a PUSCH transmission

Number of consecutive absolute subframes over which PUCCH or PUSCH stays at the same
narrowband before hopping to another narrowband, expressed as a number of absolute subframes
Narrowband offset between one narrowband and the next narrowband a PUSCH hops to,

expressed as a number of uplink narrowbands

Total number of absolute subframes a PUCCH with repetition spans, expressed as a number of
absolute subframes

Number of repetititions of a PUCCH transmission

Number of PRACH repetitions per preamble transmission attempt

Number of subframes allowed for preamble transmission within a 1024-frame interval
PRACH starting subframe periodicity

Number of NPRACH repetitions per preamble transmission attempt

NPRACH resource periodicity

Freguency location of the first sub-carrier alocated to NPRACH

Number of sub-carriers allocated to NPRACH

Number of starting sub-carriers allocated for UE initiated random access

NPRACH starting subframe

Fraction for starting subcarrier index for UE support for multi-tone msg3 transmission
Periodicity for NPDSCH/NPDCCH gaps

Duration for NPDSCH/NPDCCH gaps

Threshold for applying NPDDCH/NPDCCH gaps
Total number of downlink narrowbands

Total number of downlink widebands

Total number of absolute subframes a PDSCH with repetition spans, expressed as a number of
absol ute subframes
Number of repetititions of a PDSCH transmission

Number of consecutive absolute subframes over which MPDCCH or PDSCH stays at the same
narrowband before hopping to another narrowband, expressed as a number of absolute subframes
Number of narrowbands over which MPDCCH or PDSCH frequency hops
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f DL
NB,hop

SIB1-BR
Nppsch

MPDCCH
N abs

MPDCCH
Nrep

N MPDCCH
abs,ss

N MPDCCH
rep,ss

N MPDCCH
ECCE

DL
N symb

UL
N symb

retune
N symb

UL
stots

NSL

PUCCH
N RS

Nta
NTA offset
Nras
(Lp)
NeceH

(2,p)
NedecH

(3.9
NedceH

NepccH
Nprp
NPrB
NPRB offset
g
Nyre
NRNTI
nip

Narrowband offset between one narrowband and the next narrowband an MPDCCH or PDSCH

hops to, expressed as a number of downlink narrowbands
Number of timesa PDSCH carrying SIB1-BR is transmitted over 8 radio frames

Total number of absolute subframes a MPDCCH with repetition spans, expressed as a number of
absolute subframes
Number of repetitions of aMPDCCH transmission

Total number of absolute subframes a MPDCCH search space with maximum repetition level
spans, expressed as a number of absolute subframes

Maximum repetition level of a MPDCCH search space

Number of ECCEsin a subframe for one MPDCCH

Number of OFDM symbolsin a downlink slot

Number of SC-FDMA symbolsin an uplink slot
Number of symbolsin aguard period for narrowband or wideband retuning

Number of consecutive slotsin an UL resource unit for NB-1oT
Number of SC-FDMA symbolsin asidelink slot

Resource block size in the frequency domain, expressed as a number of subcarriers
Number of sub-bands for PUSCH frequency-hopping with predefined hopping pattern
Size of each sub-band for PUSCH frequency-hopping with predefined hopping pattern, expressed

as anumber of resource blocks
Size of narrow-band random-access resource in number of subcarriers

Number of downlink to uplink switch points within the radio frame

Number of reference symbols per slot for PUCCH

Timing offset between uplink and downlink radio frames at the UE, expressed in units of T
Fixed timing advance offset, expressed in units of T

Timing offset between sidelink and timing reference frames at the UE, expressed in unitsof Tg
Resource index for PUCCH formats 1/1a/1b

Resource index for PUCCH formats 2/2a/2b

Resource index for PUCCH formats 3

Number of PDCCHSs present in a subframe

Physical resource block number

First physical resource block occupied by PRACH resource considered

First physical resource block available for PRACH

Subcarrier occupied by NPRACH resource considered

Virtual resource block number

Radio network temporary identifier

Sidelink group destination identity

System frame number

Slot number within aradio frame

Absol ute subframe number

Index for subframes allowed for preamble transmission

Number of antenna ports used for transmission of a channel
Antenna port number

Codeword number
Index for PRACH versions with same preamble format and PRACH density
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Qm
Si( p) (t)
teR
tiA

2
e

%

Modulation order: 2 for QPSK, 4 for 16QAM, 6 for 64QAM and 8 for 256QAM transmissions
Time-continuous baseband signal for antennaport p and OFDM symbol | inaslot

Radio frame indicator index of PRACH opportunity

Half frame index of PRACH opportunity within the radio frame

Uplink subframe number for start of PRACH opportunity within the half frame

Radio frame duration

Basic time unit

Slot duration

Precoding matrix for downlink spatial multiplexing
Amplitude scaling for PRACH

Amplitude scaling for NPRACH

Amplitude scaling for PUCCH

Amplitude scaling for PUSCH

Amplitude scaling for NPUSCH

Amplitude scaling for sounding reference symbols
Subcarrier spacing

Subcarrier spacing for the random access preamble
Number of transmission layers

3.2 Abbreviations

For the purposes of the present document, the abbreviations given in 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 TR 21.905 [1].

CCE
CDD
CRS
Csl

DCl
DM-RS
ECCE
EPDCCH
EREG
MPDCCH
NCCE
NPBCH
NPDCCH
NPDSCH
NPRACH
NPUSCH
NPRS
NPSS
NSSS
NRS
PCFICH
PDCCH
PDSCH
PHICH
PMCH
PRACH
PRB
PRS
PSBCH
PSCCH

Control Channel Element

Cyclic Delay Diversity

Cell-gpecific Reference Signal

Channel-State Information

Downlink Control Information

Demodulation Reference Signal

Enhanced Control Channel Element

Enhanced Physical Downlink Control CHannel
Enhanced Resource-Element Group

MTC Physical Downlink Control Channel
Narrowband Control Channel Element
Narrowband Physical Broadcast CHannel
Narrowband Physical Downlink Control CHannel
Narrowband Physical Downlink Shared CHannel
Narrowband Physical Random Access CHannel
Narrowband Physical Uplink Shared CHannel
Narrowband Positioning Reference Signal
Narrowband Primary Synchronization Signal
Narrowband Secondary Synchronization Signal
Narrowband Reference Signal PBCH Physical Broadcast CHannel
Physical Control Format Indicator CHannel
Physical Downlink Control CHannel

Physical Downlink Shared CHannel

Physical Hybrid-ARQ Indicator CHannel
Physical Multicast CHannel

Physical Random Access CHannel

Physical Resource Block

Positioning Reference Signal

Physical Sidelink Broadcast CHannel

Physical Sidelink Control CHannel
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PSDCH Physical Sidelink Discovery CHannel
PSSCH Physical Sidelink Shared CHannel
PUCCH Physical Uplink Control CHannel
PUSCH Physical Uplink Shared CHannel
REG Resource-Element Group
SCG Secondary Cell Group
SRS Sounding Reference Signal
VRB Virtual Resource Block

4 Frame structure

Throughout this specification, unless otherwise noted, the size of various fieldsin the time domain is expressed as a
number of time units T =1/(15000x 2048) seconds.

Downlink, uplink and sidelink transmissions are organized into radio frameswith T; = 307200x T, =10ms duration.
Three radio frame structures are supported:

- Typel, applicable to FDD only,

- Type2, applicableto TDD only,

- Type3, applicable to LAA secondary cell operation only.

NOTE: LAA secondary cell operation only applies to frame structure type 3.

Transmissionsin multiple cells can be aggregated where up to 31 secondary cells can be used in addition to the primary
cell. Unless otherwise noted, the description in this specification applies to each of the up to 32 serving cells. In case of
multi-cell aggregation, different frame structures can be used in the different serving cells.

4.1 Frame structure type 1

Frame structure type 1 is applicable to both full duplex and half duplex FDD only. Each radio frameis
T; =307200-T, =10 ms long and consists of 10 subframes of length 30720- T, =1ms, numbered from0to 9.

Subframe i inframe n; has an absolute subframe number ngbs =10r; +i where n; isthe system frame number.

For subframes using Af =7.5kHz or Af =15kHz, subframe i isdefined astwo slots, 2i and 2i +1, of length
Tyt =15360-T, =0.5ms each.

For subframes using Af =1.25kHz, subframe i isdefined asonedot, 2i, of length Ty, =30720- T, =1ms.
For FDD, 10 subframes are available for downlink transmission and 10 subframes are available for uplink transmissions
in each 10 msinterval. Uplink and downlink transmissions are separated in the frequency domain. In half-duplex FDD

operation, the UE cannot transmit and receive at the same time while there are no such restrictions in full-duplex FDD.

One radio frame, 77=3072007,= 10 ms
One slot, T, = 153607,= 0.5 ms
4—»1

#0 #1 #2 #3 ] e #18 #19

One subframe

Figure 4.1-1: Frame structure type 1
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4.2 Frame structure type 2

Frame structure type 2 is applicable to TDD only. Each radio frame of length T; =307200- T, =10 ms consists of two
half-frames of length 153600- T = 5ms each. Each half-frame consists of five subframes of length30720- T, =1ms.
Each subframe i isdefined astwo slots, 2i and 2i +1, of length Ty, =15360-T, = 0.5ms each. Subframe i inframe

ne has an absolute subframe number nd* =10n +i where ry isthe system frame number.

The uplink-downlink configuration in a cell may vary between frames and controls in which subframes uplink or
downlink transmissions may take place in the current frame. The uplink-downlink configuration in the current frameis
obtained according to Clause 13 in [4].

The supported uplink-downlink configurations are listed in Table 4.2-2 where, for each subframein aradio frame, "D"
denotes a downlink subframe reserved for downlink transmissions, "U" denotes an uplink subframe reserved for uplink
transmissionsand "S" denotes a special subframe with the three fields DWPTS, GP and UpPTS. The length of DWPTS
and UpPTS s given by Table 4.2-1 subject to the total length of DWPTS, GP and UpPTS being equal to

30720- T, =1ms where X is the number of additional SC-FDMA symbolsin UpPTS provided by the higher layer
parameter srs-UpPtsAdd if configured otherwise X is equal to 0. The UE is not expected to be configured with 2
additional UpPTS SC-FDMA symbols for special subframe configurations{3, 4, 7, 8} for normal cyclic prefix in
downlink and special subframe configurations{2, 3, 5, 6} for extended cyclic prefix in downlink and 4 additional
UpPTS SC-FDMA symbols for specia subframe configurations{1, 2, 3, 4, 6, 7, 8} for normal cyclic prefix in downlink
and special subframe configurations {1, 2, 3, 5, 6} for extended cyclic prefix in downlink.

Uplink-downlink configurations with both 5 ms and 10 ms downlink-to-uplink switch-point periodicity are supported.
- Incase of 5 ms downlink-to-uplink switch-point periodicity, the special subframe existsin both half-frames.

- Incase of 10 msdownlink-to-uplink switch-point periodicity, the special subframe existsin the first half-frame
only.

Subframes 0 and 5 and DWPTS are always reserved for downlink transmission. UpPTS and the subframe immediately
following the special subframe are always reserved for uplink transmission.

In case multiple cells are aggregated, the UE may assume that the guard period of the special subframe in the cells using
frame structure type 2 have an overlap of at least 1456-T.

In case multiple cells with different uplink-downlink configurations in the current radio frame are aggregated and the
UE is not capable of simultaneous reception and transmission in the aggregated cells, the following constraints apply:

- if the subframein the primary cell is a downlink subframe, the UE shall not transmit any signal or channel on a
secondary cell in the same subframe

- if the subframein the primary cell is an uplink subframe, the UE is not expected to receive any downlink
transmissions on a secondary cell in the same subframe

- if the subframein the primary cell isaspecia subframe and the same subframe in a secondary cell is a downlink
subframe, the UE is not expected to receive PDSCH/EPDCCH/PM CH/PRS transmissions in the secondary cell
in the same subframe, and the UE is not expected to receive any other signals on the secondary cell in OFDM
symbols that overlaps with the guard period or UpPTS in the primary cell.
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One radio frame, 7; = 3072007, = 10 ms

One half-frame, 1536007, =5 ms

One slot,

Te=153607, 307207, ST —
\ T \ \ o \ T \ \ o
Subframe #0 | | Subframe #2 Subframe #3 Subframe #4 Subframe #5 | | Subframe #7 Subframe #8 Subframe #9
Ur\]e i | | | | | | | | | |
subframe, / T \ / T
20720 7; -
pweTs G 7T owets G JPFT

Figure 4.2-1: Frame structure type 2 (for 5 ms switch-point periodicity)

Table 4.2-1: Configuration of special subframe (lengths of DWPTS/GP/UpPTS)

Special Normal cyclic prefix in downlink Extended cyclic prefix in downlink
Sugggie DWPTS _UpPTS _ DWPTS UpPTS
configuratio Norimel pycllc Extended_ el Normal cyclic Extended cyclic
n Bz DS refix in uplink refix in uplink
in uplink in uplink P P P P
0 6592 T 7680-Tg
1 19760- T 20480-T,
(1+X)-2192-T, | (1+X)-2560-T,
2 21952-T, (1+ X)-2192-TS (1+ X)~2560~TS 23040- T,
3 24144-T, 25600-Tg
4 26336 T, 7680-Tg
5 6592-T, 20480-T,
> * 1 (2+X)-2192-T, | (2+X)-2560-T,
6 19760- T, 23040-Tg
7 21952 T | (2+X)-2192-T, | (2+X)-2560-T, | 12800-T,
8 24144-T, - - -
9 13168-T, - - -
10 13168-T, 13152-T, 12800- T, - - -
Table 4.2-2: Uplink-downlink configurations
Uplink-downlink Downlink-to-Uplink Subframe number
configuration Switch-point periodicity 0 1 2 3 4 5 6 7 8 9
0 5ms D|S|U]|U U D|S | U u |l U
1 5 ms D|S|U ]| U D|D|S|U U | D
2 5 ms D|s|U|D|D|DJ|S]|U D | D
3 10 ms D|S|U ]| U U D D|D|D]|D
4 10 ms D|S|U ]| U D | D D|D|D]|D
5 10 ms D|S]| U D| D | D D| D|D]|D
6 5ms D|S|U]|U U D| S| U U | D

4.3 Frame structure type 3

Frame structure type 3 is applicable to LAA secondary cell operation with normal cyclic prefix only. Each radio frame
is T; =307200-T, =10 ms long and consists of 20 dots of length Ty, =15360- T, =0.5ms, numbered from 0 to 19. A

subframe is defined as two consecutive slots where subframe i consists of dots 2i and 2i +1.

The 10 subframes within aradio frame are available for downlink or uplink transmissions. Downlink transmissions
occupy one or more consecutive subframes, starting anywhere within a subframe and ending with the last subframe
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either fully occupied or following one of the DWPTS durationsin Table 4.2-1. Uplink transmisisons occupy one or
more consecutive subframes.
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5 Uplink

51 Overview

The smallest resource unit for uplink transmissions is denoted a resource element and is defined in clause 5.2.2.

51.1 Physical channels

An uplink physical channel correspondsto a set of resource elements carrying information originating from higher
layers and is the interface defined between 3GPP TS 36.212 [3] and the present document 3GPP TS 36.211.
The following uplink physical channels are defined:

- Physical Uplink Shared Channel, PUSCH
- Physical Uplink Control Channel, PUCCH
- Physical Random Access Channel, PRACH

51.2 Physical signals

An uplink physical signal is used by the physical layer but does not carry information originating from higher layers.
The following uplink physical signals are defined:

- Reference signa
5.2 Slot structure and physical resources
5.2.1 Resource grid

The transmitted signal in each slot is described by one or several resource grids of NgsNE® subcarriersand Ngr,, SC-

FDMA symbols. The resource grid isillustrated in Figure 5.2.1-1. The quantity N5 depends on the uplink

transmission bandwidth configured in the cell and shall fulfil
NF U < NgE < NS

where NI =6 and N324Ut =110 are the smallest and largest uplink bandwidths, respectively, supported by the

current version of this specification. The set of allowed valuesfor N5 isgiven by 3GPP TS 36.101[7].

The number of SC-FDMA symbolsin a dot depends on the cyclic prefix length configured by the higher layer
parameter UL-CyclicPrefixLength and isgivenin Table 5.2.3-1.

An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred
from the channel over which another symbol on the same antenna port is conveyed. There is one resource grid per
antenna port. The antenna ports used for transmission of a physical channel or signal depends on the number of antenna
ports configured for the physical channel or signal as shown in Table 5.2.1-1. Theindex p isused throughout clause 5

when a sequential numbering of the antenna ports is necessary.
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One uplink slot Ty
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NgmpSC-FDMA symbols
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Figure 5.2.1-1: Uplink resource grid

Table 5.2.1-1: Antenna ports used for different physical channels and signals

Antenna port number p as afunction of
Physical channel or signal | Index P the number of antenna ports configured
for the respective physical channel/signal
1 2 4
0 10 20 40
1 - 21 41
PUSCH > - . 12
3 - - 43
0 10 20 40
1 - 21 41
SRS > - - 22
3 - - 43
0 100 200 -
PUCCH 1 : 201 -
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5.2.2 Resource elements

Each element in the resource grid is called a resource element and is uniquely defined by the index pair (k, I) inaslot
where k=0,.., Ngs NE® —1 and | =0,..., Ny, —1 are the indicesin the frequency and time domains, respectively.
Resource element (k,|) on antennaport p corresponds to the complex value af? .

When thereis no risk for confusion, or no particular antenna port is specified, the index p may be dropped.

Quantities a,((ﬁ’) corresponding to resource elements not used for transmission of a physical channel or a physical signal
inaslot shall be set to zero.

5.2.3 Resource blocks

A physical resource block is defined as Nslj,,Lnb consecutive SC-FDMA symbolsin the time domain and N 28
consecutive subcarriersin the frequency domain, where N;J/anb and N SFéB are given by Table 5.2.3-1.

A physical resource block in the uplink thus consists of Ny, x N&® resource elements, corresponding to one siot in
the time domain and 180 kHz in the frequency domain.

Table 5.2.3-1: Resource block parameters

Configuration N2B Ng'r‘nb
Normal cyclic prefix 12 7
Extended cyclic prefix 12 6

The relation between the physical resource block number npgg in the frequency domain and resource elements (k,1) in

adot isgiven by
_|_k
nPRB =|—Rg

524 Narrowbands and widebands

A narrowband is defined as six non-overlapping consecutive physical resource blocksin the frequency domain. The
total number of uplink narrowbands in the uplink transmission bandwidth configured in the cell is given by

NUL
|

The narrowbands are numbered nyg = 0,..., Nyg —1 inorder of increasing physical resource-block number where
narrowband nyg is composed of physical resource-block indices

6nyg +ig+i  if Ngg mod2=0
BNy +ig+i if NS5 mod2=1and ngg < N5 /2
BNyg +ig+i+1 if NS5 mod2=1and ngg > NG5 /2

where

i=0L..5

i _{N%J_ewug
°7 2 2

If N,&,’é >4, awideband is defined as four non-overlapping narrowbands in the frequency domain. The total number of
uplink widebands in the uplink transmission bandwidth configured in the cell is given by

ETSI



3GPP TS 36.211 version 14.14.0 Release 14 21 ETSI TS 136 211 V14.14.0 (2020-04)

| s
wB 4

and the widebands are numbered nyg =0,..., NW‘B —1 in order of increasing narrowband number where wideband ny,g
is composed of narrowband indices 4nyz +i where i =01,...,3.

If N,&,’é <4, then N\}’\,"B =1 and the single wideband is composed of the Nk,’BL non-overlapping narrowband(s).

5.2.5  Guard period for narrowband and wideband retuning

For BL/CE UEs, aguard period of at most N;/e‘ng*ge SC-FDMA symbolsis created for Tx-to-Tx frequency retuning

between two consecutive subframes. If the higher layer parameter ce-RetuningSymbolsis set, then N;;*n;*ge equals ce-

RetuningSymbols, otherwise N;f‘n;‘{,‘e = 2. If the higher layer parameter ce-pusch-maxBandwidth-configis set to 5 MHz,
then the rules for guard period creation defined in the remainder of this clause do not apply for retuning between
narrowbands but for retuning between widebands and for transmissions involving multiple widebands.

- If the UE retunes from a first narrowband carrying PUSCH to a second narrowband carrying PUSCH, or if the
UE retunes from a first narrowband carrying PUCCH to a second narrowband carrying PUCCH,
- if N;/e;;*ge =1, aguard period is created by the UE not transmitting the last SC-FDMA symbol in the first
subframe;

- if N;f‘n;‘{,‘e =2, aguard period is created by the UE not transmitting the last SC-FDMA symbol in the first
subframe and the first SC-FDMA symbol in the second subframe.

- If the UE retunes from afirst narrowband carrying PUCCH to a second narrowband carrying PUSCH,

- if the PUCCH uses a shortened PUCCH format and N;;*n;*ge =1, aguard period is created by the UE not
transmitting the last SC-FDMA symbol in the first subframe;

- if the PUCCH uses a shortened PUCCH format and N;/e‘ng*ge =2, aguard period is created by the UE not

transmitting the last SC-FDMA symbol in the first subframe and the first SC-FDMA symbol in the second
subframe;

- if the PUCCH uses anorma PUCCH format, a guard period is created by the UE not transmitting the first

Ngmb. SC-FDMA symbols in the second subframe.

- If the UE retunes from afirst narrowband carrying PUSCH to a second narrowband carrying PUCCH,

- aguard period is created by the UE not transmitting the last N;f‘n;‘{,‘e SC-FDMA symbolsin the first
subframe.

- For CEModeA, if the PUSCH is associated with C-RNTI or SPS C-RNTI and the higher layer parameter ce-
pusch-maxBandwidth-config is set to 5 MHz,

- If the PUSCH resource allocation is within a5 MHz wideband, the center frequency of the transmission
bandwidth is the center frequency of the wideband,;

- If the PUSCH resource allocation spans two 5 MHz widebands, the center frequency of transmission
bandwidth isin the center of PUSCH resource alocation.

Furthermore, for BL/CE UEs configured with the higher layer parameter srs-UpPtsAdd, a guard period of at most

N ;j‘n;*ge SC-FDMA symbolsis created for Tx-to-Tx frequency retuning between afirst special subframe and a second

uplink subframe for frame structure type 2 according to:

- If the UE retunes from afirst narrowband carrying SRS in the last UpPTS symbol to a second narrowband
carrying PUSCH,
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- aguard period is created by the UE not transmitting the first N;/e;;*ge SC-FDMA symbolsin the second

subframe.

- If the UE retunes from afirst narrowband carrying SRS in the last but one UpPTS symbol, but not in the last
UpPTS symboal, to a second narrowband carrying PUSCH,

- if N;/e;;*ge =1, aguard period is created by the UE not transmitting the last UpPTS symbol in the first
subframe;

- if N;f‘n;‘{,‘e =2, aguard period is created by the UE not transmitting the last UpPTS symbol in the first
subframe and the first SC-FDMA symbol in the second subframe.

- If the UE retunes from a first narrowband carrying SRS to a second narrowband carrying PUCCH,

- if N;f‘n;‘{,‘e =1, aguard period is created by the UE not transmitting the last UpPTS symbol in the first
subframe;

- if Ngup® =2, aguard period is created by the UE not transmitting the last UpPTS symbol in the first
subframe and the first SC-FDMA symbol in the second subframe.

N retune

For smb

> 0, and for SRS transmission in a special subframe, a BL/CE UE is not expected to be configured with a

first SRS transmission in symbol | and a second SRS transmission in any of symbols {I +1,..., 1 + N ¢} if the first

SRS transmission and the second SRS transmission use different narrowbands.
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5.3 Physical uplink shared channel
The baseband signal representing the physical uplink shared channel is defined in terms of the following steps:
- scrambling
- modulation of scrambled bits to generate complex-valued symbols
- mapping of the complex-valued modulation symbols onto one or several transmission layers
- transform precoding to generate complex-valued symbols
- precoding of the complex-valued symbols
- mapping of precoded complex-valued symbols to resource elements

- generation of complex-valued time-domain SC-FDMA signal for each antenna port

codewords layers antenna ports

) Modulation ) Transform Resource SC-FDMA
Scrambling }—»‘ mapper }—» \Loder,—> element mapper signal gen.
Layer

Resource SC-FDMA
element mapper signal gen.

mapper
Figure 5.3-1: Overview of uplink physical channel processing

[
Precoding
[

) Modulation Transform
Scrambling o
v mapper precoder

5.3.1 Scrambling

For each codeword q, the block of bits b®(0),...,b{® (M (@ —1) , where M (? isthe number of bits transmitted in
codeword ¢ on the physical uplink shared channel in one subframe, shall be scrambled with a UE-specific scrambling

sequence prior to modulation, resulting in a block of scrambled bits b(@ (O),...,E(q) (M ,g?t) —1) according to the
following pseudo code

Seti=0
while i < M@
if b (i) =x // ACK/NACK or Rank Indication placeholder bits
b@(i)=1
else
if b (i)=y // ACK/NACK or Rank | ndication repetition placeholder bits
b@()=b@ (-1
else // Dataor channel quality coded bits, Rank Indication coded bits or ACK/NACK coded bits
b@ (i) = (b@ (i) +c@ (i) )mod2
end if
end if
i=i+1

end while
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where x and y are tags defined in 3GPP TS 36.212 [3] clause 5.2.2.6 and where the scrambling sequence ¢(@ (i) is
given by clause 7.2. The scrambling sequence generator shall beinitialised with

Cinit = Nenm - 224 +0-22 +|ng/2]-2° + N at the start of each subframe where Ngyp, corresponds to the RNTI
associated with the PUSCH transmission as described in clause 8 in 3GPP TS 36.213 [4].

For BL/CE UEs, the same scrambling sequence is applied per subframe to PUSCH for agiven block of N
subframes. The subframe number of the first subframe in each block of N, consecutive subframes, denoted as N, ,
satisfies Ny ) mod N, = 0. For the i block of N, subframes, the scrambling sequence generator shall be
initialised with

Cinit = NRNTI 2% 4q. 28 +[(jo + j)Nacc mod10]- 2° + Ncheu

where
: g+ N 1|
j =O’1’."’ 07 Yabs T io
Nacc
Jo= Lio/Nach
and i isthe absolute subframe number of the first uplink subframe intended for PUSCH. The PUSCH transmission

spans N;’b‘ésc'* consecutive subframes including subframes that are not BL/CE UL subframes where the UE postpones

the PUSCH transmission. For a BL/CE UE configured in CEModeA, N, =1. For aBL/CE UE configured with
CEModeB, N, =4 for frame structure type 1 and N, =5 for frame structure type 2.

Up to two codewords can be transmitted in one subframe, i.e., qe {0,1}. In the case of single-codeword transmission,
g=0.

532 Modulation

For each codeword q, the block of scrambled bits b(@ (0),...,b @ (M@ —1) shall be modulated as described in

clause 7.1, resulting in ablock of complex-valued symbols d(®(0),...,d@ (M, -1) . Table 5.3.2-1 specifies the
modulation mappings applicable for the physical uplink shared channel.

Table 5.3.2-1: Uplink modulation schemes

Physical channel Modulation schemes
PUSCH QPSK, 16QAM, 64QAM, 256QAM
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5.3.2A Layer mapping

The complex-valued modulation symbols for each of the codewords to be transmitted are mapped onto one or two
layers. Complex-valued modulation symbols d? (0),...,d@ (M, -1 for codeword q shall be mapped onto the

layers x(i) = [x(o’ (i) .. x? (i)]T, i =01..,M>% 1 where v isthe number of layersand M 5 isthe number of

modulation symbols per layer.
5.3.2A.1 Layer mapping for transmission on a single antenna port

For transmission on a single antenna port, asingle layer isused, v =1, and the mapping is defined by
xO i) =d)

| 0
with M =ME) .

5.3.2A.2 Layer mapping for spatial multiplexing

For spatial multiplexing, the layer mapping shall be done according to Table 5.3.2A.2-1. The number of layers v isless
than or equal to the number of antenna ports P used for transmission of the physical uplink shared channel.

The case of a single codeword mapped to multiple layersis only applicable when the number of antenna ports used for
PUSCH isfour.

Table 5.3.2A.2-1: Codeword-to-layer mapping for spatial multiplexing

Codeword-to-layer mapping

Number of layers | Number of codewords : I
Y i=01.,Mgr -1
1 1 xXO)=d@@)  Mgp=M{,
0 iy = 4O (95
) 1 X (i) =d"™ (2) M e _ M (O)b/z

O@)=dO@sy I
0) /: 0) /:

x® (i) = d® @i ym sym sym

xO (i) =d ()

3 2 xW@)=d®@)  Mge=MO, =M, /2

x@(i)=d® (2 +1)

x@ (i) =d@(2)
@ iy = 4O (9

X (i)=d™ (2 +1)

4 2 0 @+ ME MO, 2=ME /2

x@ (i) =d® (2)
x® (i) =d®(2i+1)

ETSI



3GPP TS 36.211 version 14.14.0 Release 14 26 ETSI TS 136 211 V14.14.0 (2020-04)

5.3.3 Transform precoding

For each layer 4=0,1,...,v-1 the block of complex-valued symbols x*)(0),..., x¥ (M &% —1) is divided into

M 'wai’ne{, M SF;USCH sets, each corresponding to one SC-FDMA symbol. Transform precoding shall be applied according

to
PUSCH _q . 27k
1 R . ~ I Pusch
y(ﬂ)(|.M;USCH+k)=m Z X(A)(|,MSF;USCH+I)G M&
\,Msc i=0
k=0,.,MPSH _1
|=0,., M /MEISH -1

resulting in ablock of complex-valued symbols y*(0),..., y* (MY ~1) . The variableM &75 = M ESSH - NZ®

where M E55°H represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil

Mpp>H = 2% .3% .5% < N&§
where «,, a4, 05 isaset of non-negative integers.

5.3.3A Precoding

The precoder takes as input a block of vectors [y(o) (i .. y®? (i)]r ,i=01..,M&% 1 from the transform
precoder and generates a block of vectors [z(o) i .. zY (i)]r ,1=01..,M& —1 to be mapped onto resource
elements.

5.3.3A.1 Precoding for transmission on a single antenna port

For transmission on a single antenna port, precoding is defined by
29(i) =y ()

. |
Where | :0,l..., M;/pmb _11 Mglpmb = MS);ayma’b "

5.3.3A.2 Precoding for spatial multiplexing

Precoding for spatial multiplexing is only used in combination with layer mapping for spatial multiplexing as described
in clause 5.3.2A.2. Spatial multiplexing supports P =2 or P =4 antenna ports where the set of antenna ports used for
spatial multiplexingis pe {20,21} and pe {40,41,42,43}, respectively.

Precoding for spatial multiplexing is defined by
29 (i) y )
: =W :
2090 | |y

where i =0L..,.M& -1, MI =M<

The precoding matrix W of size Pxv isgiven by one of the entriesin Table 5.3.3A.2-1 for P =2 and by Tables
5.3.3A.2-2 through 5.3.3A.2-5 for P =4 where the entriesin each row are ordered from left to right in increasing order
of codebook indices.
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Table 5.3.3A.2-1: Codebook for transmission on antenna ports {20,21}

Codebook index UN:Tber of Ie;)yir;
1|1 111 0
o | Bl oo
11
1 —_— -
i
111
’ ﬁL} '
11
° \FzL} '
111
MENR
110
A

Table 5.3.3A.2-2: Codebook for transmission on antenna ports {40,41,42,43} with v =1

Codebook index Number of layers v =1

(1] 1 (1] (1] 1 1 (1] (1]

0_7 B e L Y O A O O A O
2| 1 2| j 2(-1] | 2|-]j 2|1 2| j 2| -1 | 2|-]

-1 j | 1] = j 1 -] | -1]

1 (1 (1] (1] 1 1 (1] (1]

615 I e R I A A e A A AR I A I LR A
2| 1 2| j 2(-1| | 2|-j|| 2] 1 2| j 2| -1] | 2|-]

| 1] -] -1 L] -] -1 L | 1]

1 [1 1 [ 1] 0 0 0 [ 0]

1]0 1| 0 1|0 1| 0 11 1] 1 11 1] 1

16-23 211] | 2|-1 | 2| | 2|-il| 2lo| | 2|0]| ]| 2]o| | 2| 0
0 | 0 0 | 0 | 1 -1 j —j
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Table 5.3.3A.2-3: Codebook for transmission on antenna ports {40,41,42,43} with v =2

Codebook index Number of layers v =2

1 0 10 1 0 1 0

111 0 1/1 o| | 1|-j of | 1|-j o©

0-3 2l0 1 20 1| | 2|0 1/|2/0 1
0 —j 0 j 0 1 0 -1

1 0 1 0] 1 0 1 0

1/-1 0 1/-1 0 1/j O 1lj O

4= 2/0 1|20 1| 2/0 1 2l0 1
0 —j 0 ] 01 0 -1

[1 0] (1 0] [1 0] (1 0]

110 1 110 1|] 10 1]/ | 1l0 1

§-11 210 2|1 of|| 2/-1 0] 2/-1 0
0 1] 0 -1 0 1] 0 -1

(1 0] (1 0] [1 0] 1 0]

110 1 110 1] 1/0 1|/ | 1/0 1

12-15 200 1 2l0 -1/ | 2|0 1| | 20 -1
10 1 0] -1 0] -1 0]

Table 5.3.3A.2-4: Codebook for transmission on antenna ports {40,41,42,43} with v =3

Codebook index Number of layers v =3
1 0 0 1 00]| 1 00]| [1 0 O
11 0 o] | 1/-1 0 o/ | 1/0 1 0| | 1/0 1 O
0-3 201 0/|2/0 10|21 00/]|2-100
0 0 1] 10 01| [00 1| [0 0O 1
(1 0 0] [1 0 O] [0 1 0] [0 1 O]
10 1 o/ | 1/0 1 0[] 11 00/ |1/1 0O
4-7 2/0 01/ 20 01/|2/1 00/|2/-100
1 00/| |[-100 00 1| [0 0 1
0 1 0/| [0 1 0] 0 1 0/| [0 1 O]
11 o o/ | 1l1 o o||1/0 0 1|| 1/0 0 1
8-11 2001|200 o1/|2/1 00|21 00
1 00]| [-100 1 00]| [-100

Table 5.3.3A.2-5: Codebook for transmission on antenna ports {40,41,42,43} with v = 4

Codebook index | Number of layers v =4
1 000
110 1 0 O
0 20 0 10
0 001
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5.34 Mapping to physical resources

For each antenna port p used for transmission of the PUSCH in a subframe the block of complex-valued symbols
2P (0),..., 2P (M b —1) shall be multiplied with the amplitude scaling factor Bpyscy in order to conform to the
transmit power Ppgoy Specifiedin clause 5.1.1.1 in 3GPP TS 36.213 [4], and mapped in sequence starting with

(P (0) to physical resource blocks on antennaport p and assigned for transmission of PUSCH. The relation between
theindex p and the antenna port number p isgiven by Table 5.2.1-1. The mapping to resource el ements (k, I )
corresponding to the physical resource blocks assigned for transmission and

- not used for transmission of reference signals, and

- not part of the last SC-FDMA symbol in a subframe, if the UE transmits SRS in the same subframe in the same
serving cell, and

- not part of the last SC-FDMA symbol in a subframe configured with cell-specific SRS for non-BL/CE UEs and
BL/CE UEsin CEModeA, if the PUSCH transmission partly or fully overlaps with the cell-specific SRS
bandwidth, and

- not part of an SC-FDMA symbol reserved for possible SRS transmission in a UE-specific aperiodic SRS
subframe in the same serving cell, and

- not part of an SC-FDMA symbol reserved for possible SRS transmission in a UE-specific periodic SRS
subframe in the same serving cell when the UE is configured with multiple TAGs

- not part of thefirst SC-FDMA symbol in a subframe if the associated DCI indicates PUSCH starting position
'01, 10, or '11'

- not part of the last SC-FDMA symbol in a subframe if the associated DCI indicates PUSCH ending symbol "1’

shall beinincreasing order of first theindex k, thentheindex| , starting with the first ot in an uplink subframe. For
the UpPTS, the mapping shall start at symbol | =1 and if dmrsLess-UpPtsis set to true the mapping shall end at symbol
| = symPUSCH_UpPts in the second dlot of aspecial subframe, otherwise, the mapping shall end at symbol

| = symPUSCH_UpPts+1 in the second dot of a special subframe.

For BL/CE UEs, the PUSCH transmission is restricted as follows:

- For CEModeA, if the PUSCH is associated with C-RNTI or SPS C-RNTI and the higher layer parameter ce-
pusch-maxBandwidth-config is set to 5 MHz, the maximum number of allocatable PRBsfor PUSCH is 24 PRBs.
The allocatable PRBs include the PRBs belonging to the narrowbands defined in clause 5.2.4 and the odd PRB at
the center of the uplink system bandwidth in case of odd total number of uplink PRBs. If a resource assignment
or frequency hopping would result in a PUSCH resource allocation outside the allocatable PRBs then the
PUSCH transmission in that subframe is dropped.

- For al other cases, the maximum number of alocatable PRBs for PUSCH is 6 PRBsrestricted to one of the
narrowbands defined in clause 5.2.4.

For BL/CE UEsin CEModeB, resource elementsin the last SC-FDMA symbol in a subframe configured with cell-
specific SRS shall be counted in the PUSCH mapping but not used for transmission of the PUSCH.

For BL/CE UEs, if one or more SC-FDMA symbol(s) are left empty due to guard period for narrowband or wideband
retuning, the affected SC-FDMA symbol(s) shall be counted in the PUSCH mapping but not used for transmission of
the PUSCH.

For a UE configured with SRS carrier switching, if the first symbol in a subframe overlaps with an SRS transmission
(including any interruption due to uplink or downlink RF retuning time) in a carrier without PUSCH/PUCCH, the
resource elementsin the first SC-FDMA symbol shall be counted in the PUSCH mapping but not used for transmission
of PUSCH.

For a UE configured with SRS carrier switching, if the last symbol in a subframe is counted in the PUSCH mapping and
the last symbol in the subframe overlaps with an SRS transmission (including any interruption due to uplink or
downlink RF retuning time) in a carrier without PUSCH/PUCCH, the resource elementsin the last SC-FDMA symbol
shall be counted in the PUSCH mapping but not used for transmission of PUSCH.
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For a UE configured with SRS carrier switching, if the last symbol in a subframe is not counted in the PUSCH mapping
and the second-to-last symbol in the subframe overlaps with an SRS transmission (including any interruption due to
uplink or downlink RF retuning time) in a carrier without PUSCH/PUCCH, the resource elements in the second-to-last
SC-FDMA symbol shall be counted in the PUSCH mapping but not used for transmission of PUSCH.

If uplink frequency-hopping is disabled or the resource blocks allocated for PUSCH transmission are not contiguousin
frequency, the set of physical resource blocks to be used for transmission is given by npgg = Nyrg Where nygg is

obtained from the uplink scheduling grant as described in clause 8.1 in 3GPP TS 36.213 [4].

If uplink frequency-hopping with type 1 PUSCH hopping is enabled, the set of physical resource blocks to be used for
transmission is given by clause 8.4.1in 3GPP TS 36.213 [4].

If uplink frequency-hopping with predefined hopping pattern is enabled, the set of physical resource blocks to be used
for transmissionin slot ng is given by the scheduling grant together with a predefined pattern according to

Nerg (Ns) = nVRB + fhop( i)- NRB + ((NRB 1) 2(ﬁVRB mod Ng)B )) fm(i))mod(Nng ‘Ng)
LnS/ZJ inter — subframe hopping
intra and inter — subframe hopping
Nere (ns) Ng =1
Nprg (Ns) + NFTE?/Z Ng >1

Nprg (Ns) = {

= nVRB Ng =1
VRE Nyrs —~ NRB /2-‘ Ng >1

where nygg isobtained from the scheduling grant as described in clause 8.1 in 3GPP TS 36.213 [4]. The parameter
pusch-HoppingOffset, NRB , isprovided by higher layers. The size N,’;‘g of each sub-band is given by,

NS - NRs Ng =1
RB = L(Ngg ~ NES — NHO mod 2)/NsbJ Ng >1

where the number of sub-bands N, is given by higher layers. The function f,, (i) {01} determines whether mirroring

isused or not. The parameter Hopping-mode provided by higher layers determinesif hopping is "inter-subframe" or
"intra and inter-subframe"

The hopping function f,,,, (i) and the function f, (i) are given by

0 Ng =1
i-10+9 i
(frop =D+ Y c(k)x2 1 V)mod Ny, N, =2
fhop M= k=i-10+1
i-10+9 )
(Frop—=1) +[ Zc(k)ka("m*l)] mod(Ng, —1)+1)mod Ny, Ng >2

k=i-10+1
i mod 2 Ny, =1 andintra and inter — subframe hopping
fn(i)=1CURRENT_TX_NBmod2 Ng =1 andinter —subframe hopping
c(i -10) Ng >1

where fi,,(~1) =0 and the pseudo-random sequence c(i) isgiven by clause 7.2 and CURRENT_TX_NB indicates the
transmission number for the transport block transmitted in slot ng as defined in [8]. The pseudo-random sequence

generator shall beinitialised with C,;; = Nfg' for frame structure type 1 and Gy, = 2° - (ny mod4) + NS for frame
structure type 2 at the start of each frame.
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For BL/CE UEs, the PRB resources for PUSCH transmission in the first subframe are obtained from the DCI as
described in clauses 5.3.3.1.10 and 5.3.3.1.11 in [3]. The PUSCH is transmitted with N5 > 1repetitions. The

PUSCH transmission spans N5 > N2 consecutive subframes, including subframes that are not BL/CE UL

subframes where the UE postpones the PUSCH transmission if NE;SCH > 1. For BL/CE UE in CEModeA, PUSCH

frequency hopping is enabled when the higher-layer parameter pusch-HoppingConfig is set and the frequency hopping
flag in DCI format 6-0A indicates frequency hopping, otherwise frequency hopping is disabled. For BL/CE UE in
CEModeB, PUSCH frequency hopping is enabled when the higher-layer parameter pusch-HoppingConfig is set,
otherwise frequency hopping is disabled. If frequency hopping is not enabled for PUSCH, all PUSCH repetitions are
located at the same PRB resources. If frequency hopping is enabled for PUSCH, PUSCH is transmitted in uplink

subframe i within the N 25" consecutive subframes using the same number of consecutive PRBs asin the previous
subframe starting from the same starting PRB resource within narrowband

_ [l it [i/NSXUC —jo | mod 2 =0
(()+f,fgshg;')modN,ﬁ,’§ if [i/NBY—jo mod 2 =1
jO—L /NChULJ

o <i<ig+NiSCH 1

S me

b

where i isthe absolute subframe number of the first UL subframe intended for carrying the PUSCH and N °h UL and

fm o are cell-specific higher-layer parameters. For the NS consecutive subframes, the UE shall not transmit

PUSCH in subframe i if itisnot aBL/CE UL subframe.

For BL/CE UEs, for PUSCH transmission corresponding to the random access response grant and its retransmission,
frequency hopping of the PUSCH is enabled when higher layer parameter rar-HoppingConfig is set. Further

- if PRACH CE level 0 or 1 is used for the last PRACH attempt, NS5 is set to the higher layer parameter
interval-UlHoppingConfigCommonModeA,

- if PRACH CE level 2 or 3 is used for the last PRACH attempt, NS5U is set to the higher layer parameter
interval-UlHoppingConfigCommonModeB.

For BL/CE UEsin CEModeB, for PUSCH transmission not associated with Temporary C-RNTI, for frame structure
type 1, after atransmission duration of 256- 30720T, time units (which may include subframesthat are not BL/CE UL

subframes), agap of 40-30720T, time units shall be inserted, according to the UE capability ue-CE-NeedULGaps, as
specified in TS 36.331 [9]. BL/CE UL subframes within the gap of 40- 30720T, time units shall be counted for the
PUSCH resource mapping but not used for transmission of the PUSCH.

For BL/CE UEs, for PUSCH transmission associated with Temporary C-RNTI for frame structure type 1, and if
PRACH CE level 2 or 3 isused for the last PRACH attempt, after atransmission duration of 256 - 30720T, time units

(which may include subframes that are not BL/CE UL subframes), agap of 40-30720T, time units shall be inserted.
BL/CE UL subframes within the gap of 40-30720T, time units shall be counted for the PUSCH resource mapping but
not used for transmission of the PUSCH.

For UES configured with PUSCH-EnhancementsConfig, the number of PUSCH subframe repetitions N/ > and the
PRB resources for PUSCH transmission in the first subframe are obtained from the DCI as described in cI ause
5.3.3.1.1Cin[3]. The PUSCH transmission spans N5 > NS consecutive subframes, including DL subframes

where the UE postpones the PUSCH transmission in the case of frame structure type 2. PUSCH frequency hopping is
enabled when the higher-layer parameters pusch-HoppingOffsetPUSCH-Enh and interval-ULHoppingPUSCH-Enh are
set and the frequency hopping flag in DCI format OC indicates frequency hopping, otherwise frequency hopping is
disabled. If frequency hopping is not enabled for PUSCH, the PUSCH repetitions are located at the same PRB resources
asin the first subframe. If frequency hopping is enabled for PUSCH, PUSCH is transmitted in uplink subframe i

within the NS consecutive subframes using the PRB resources starting at PRB index nfi)g
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ng}% if l SUSCH joJ mod2 =0
n(l) _ NpRrB,hop
PRB —
(io) .
(npl}o{B + fPryBS}CIE'p) mod Nppg  if INESS%%I, ]OJ mod 2 =1

. ig . , , PUSCH
jzl—PUSCHJ10S1S10+N -1
0 NpRB hop abs

where iy is the absolute subframe number of the first UL subframe carrying the PUSCH and Nfgsty, isgiven by the

higher-layer parameter interval-ULHoppingPUSCH-Enh and fgeg nep iS Given by the higher-layer parameter pusch-
HoppingOffsetPUSCH-Enh.

54 Physical uplink control channel

The physical uplink control channel, PUCCH, carries uplink control information. Simultaneous transmission of PUCCH
and PUSCH from the same UE is supported if enabled by higher layers. For frame structure type 2, the PUCCH is not
transmitted in the UpPTSfield.

The physical uplink control channel supports multiple formats as shown in Table 5.4-1 with different number of bits per
subframe, where M ;5<“"* represents the bandwidth of the PUCCH format 4 as defined by clause 5.4.2B, and

NSVCH and NfUCCH are defined in Table 5.4.2C-1.

Formats 2a and 2b are supported for normal cyclic prefix only.

Table 5.4-1: Supported PUCCH formats

PUCCH format | Modulation scheme Number of bits per subframe, M ;
1 N/A N/A
la BPSK 1
1b QPSK 2
2 QPSK 20
2a QPSK+BPSK 21
2b QPSK+QPSK 22
3 QPSK 48
4 QPSK M RUCCH4 |\ RB (NS’UCCH + NPUCeH ) 2
5 QPSK NS _(N(I)DUCCH + NlPUCCH)

All PUCCH formats use a cyclic shift, nce” (ng, 1), which varies with the symbol number | and the slot number n,
according to

7 o
n& (ng,1) = Zizoc(SNg,h,b ng+8l +i)- 2

where the pseudo-random sequence c(i) is defined by clause 7.2. The pseudo-random sequence generator shall be

initialized with ¢, = nf, where nf¥ isgiven by clause 5.5.1.5 with N' corresponding to the primary cell, at the
beginning of each radio frame.

The physical resources used for PUCCH depends on two parameters, N@ and N, given by higher layers.
Thevariable N& > 0 denotes the bandwidth in terms of resource blocks that are available for use by PUCCH formats
2/2al2b transmission in each slot. The variable NC(? denotes the number of cyclic shift used for PUCCH formats
1/1a/1b in aresource block used for amix of formats 1/1a/1b and 2/2a/2b. The value of NC(? is an integer multiple of
A withintherange of {0, 1, ..., 7}, where ATS" is provided by higher layers. No mixed resource block is

present if Ng) =0. At most one resource block in each slot supports a mix of formats 1/1a/1b and 2/2a/2b.
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Resources used for transmission of PUCCH formats 1/1a/1b, 2/2a/2b, 3, 4, and 5 are represented by the non-negative

~ (1) ~
_— 1, 5 N 3, 4 5 .
indices NG, N&P, < NENEZ8 {%W(N;’B ~N@-2), n&2.,, nf ey and n8)qy . respectively.

54.1 PUCCH formats 1, 1a and 1b

For PUCCH format 1, information is carried by the presence/absence of transmission of PUCCH from the UE.
In the remainder of this clause, d(0) =1 shall be assumed for PUCCH format 1.

For PUCCH formats 1a and 1b, one or two explicit bits are transmitted, respectively. The block of bits
b(0),...,b(M,;; —1) shall be modulated as described in Table 5.4.1-1, resulting in a complex-valued symbol d(0) .

The modulation schemes for the different PUCCH formats are given by Table 5.4-1.

The complex-valued symbol d(0) shall be multiplied with acyclically shifted length N&;“™ =12 sequence ru(?v’ﬁ’ (n)
for each of the P antenna ports used for PUCCH transmission according to

VP = O T, n=0d. NG

where r%7?) (n) is defined by clause 5.5.1 with M 5S = Ny "' and & = 0. The antenna-port specific cyclic shift o

varies between symbols and slots as defined below.

The block of complex-valued symbols y(® (0),..., y® (NS 1) shall be scrambled by S(ng) and block-wise

spread with the antenna-port specific orthogonal sequence w o (i) according to

2P (m:NEYCeH Noa M +m- NS + n)=s(n,) W (M) y P (n)

where
m=0,..,NF _1
n=0,...,N&“" -1
m=01

and

S(n) = 1 if n5(ns)mod2=0
S el 2 otherwise

with N&YSSH for the two Slotsin a subframe given by Table 5.4.1-1a. The sequence W, (i) isgivenby Table 5.4.1-2
and Table 5.4.1-3 and n(ns) is defined below.

Resources used for transmission of PUCCH format 1, 1laand 1b are identified by aresource index n,%@CH from which

the orthogonal sequence index n((,g)(ns) and the cyclic shift a5(n,!) are determined according to

() /o \_”'5(”5) A%/ N’J for normal cyclic prefix
nOC (nS)_ ’, PUCCH ’ . .
2. Lnﬁ(ns)Ashift /N J for extended cyclic prefix

a5(ng,1)= 27 -n{P (ng,1)/ NS

P ) [n(‘:f"(nS,I)+(an—,(nS)-A2H§CH+(ngf)(ns)modAPSH§CH))modN’] modNE®  for normal cyclic prefix
s s, 1)=

[ngg' (ng,1)+ (n'ﬁ(ns) - APUCCH 4 (D) (ns)/Z)mod N’] mod NZB for extended cyclic prefix
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where
1 : 1p 1 PUCCH
N’ = NG if n§lky <c- NS /AGE
N2®  otherwise

_ |3 normal cyclicprefix
" |2 extended cyclic prefix

The resource indices within the two resource blocks in the two dots of a subframe to which the PUCCH is mapped are
given by

1,p ; 1p 1 PUCCH
M (ng) = {nl(z’ur():)CH if niPoy <o NS /AT
p\'s P 1 PUCCH RB PUCCH .
(n,(,b‘(’:)CH —c-NO /A%C )mod(c- N2 /ATHC ) otherwise

for ngmod2=0 and by
) [c(nfﬁ(nS —1)+1)] mod(ch'EB /ARJeCH +l)—l n&D, >c N /ARCeH
n;(n) =
e Lhﬁ Icl+ (hs mod )N/ ARgSeH otherwise

APU CCl

for nymod2=1, where hg =(n%,(ns —])"‘d)mO(iCN'/ shit H), with d = 2 for normal CPand d = O for extended CP.

The parameter deltaPUCCH-Shift ARUScH  js provided by higher layers.

shift

Table 5.4.1-1: Modulation symbol d(0) for PUCCH formats 1a and 1b

PUCCH format | b(0),...,b(Myit =1 | d(0)
0 1
la 1 )
00 1
01 |
1b -
10 J
11 -1

Table 5.4.1-1a: The quantity NZV°H for PUCCH formats l1a and 1b

NPUCCH
PUCCH format ) =7
first slot | second slot
normal 1/1a/1b 4 4
shortened 1/1a/lb 4 3
Table 5.4.1-2: Orthogonal sequences [W(O) o W(NgEH —1)] for NEUCCH _ 4
Sequence index n{?) (n,) | Orthogonal sequences [W(O) e WNSPCEH —1)]
0 [+1 +1 +1 +1]
1 [+1 -1 +1 -1
2 [+1 -1 -1 +1]

ETSI



3GPP TS 36.211 version 14.14.0 Release 14 35 ETSI TS 136 211 V14.14.0 (2020-04)

Table 5.4.1-3: Orthogonal sequences [W(O) e W(NEPEEH —1)] for Nfuoot — 3
Sequence index n{P(n,) | Orthogonal sequences [W(O) o WNGEH —1)]
0 h 11
1 [1 oi27/3 ej47[/3]
2 [1 Qi47/3 ej27r/3]
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54.2 PUCCH formats 2, 2a and 2b

The block of bits b(0),...,b(19) shall be scrambled with a UE-specific scrambling sequence, resulting in ablock of
scrambled bits b (0),..., b (19) according to

b (i) = (b(i) + c(i))mod 2

where the scrambling sequence c(i) isgiven by clause 7.2. The scrambling sequence generator shall be initialised with
o = (ns/2]+1)- 2N & +1) 2% + npyy, a the start of each subframe where ngyy, is C-RNTI.

The block of scrambled bits b (0),..., b (19) shall be QPSK modulated as described in clause 7.1, resulting in a block of
complex-valued modulation symbols d(0),...,d(9) .

Each complex-valued symbol d(0).....d(9) shall be multiplied with acyclically shifted length Nigg =12 sequence
ru(f,ﬁ'é) (n) for each of the p antenna ports used for PUCCH transmission according to

1 (a5.6)

p PUCCH ; ;

zZP (NS -n+|):\/3d(n)~ruvv (i)
n=01..,9
i=01,..,N2® -1

where 1.%7%) (i) is defined by clause 5.5.1 with M&a> =N and 6=0.

Resources used for transmission of PUCCH formats 2/2a/2b are identified by aresourceindex n@®), fromwhich the
cyclic shift o5 (n,,1) isdetermined according to

ot5(ng.1) =27 i (ny 1)/ NE®

where

n® (1) =&, )+ s () modNE®
and

o [, o e o5, <NENG
np(ns)_ (

n&pl, +NQ +1)mod N2®  otherwise
for nymod 2=0 and by

) < [NZ® (g 1) +2)lmod (NE® +1)-1 it n&y < NN
prE NZ® —2-nBE, )mod NZB otherwise

for nymod2=1.

For PUCCH formats 2a and 2b, supported for normal cyclic prefix only, the bit(s) b(20),...,b(M;; —1) shall be
modulated as described in Table 5.4.2-1 resulting in asingle modulation symbol d(10) used in the generation of the
reference-signal for PUCCH format 2a and 2b as described in clause 5.5.2.2.1.
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Table 5.4.2-1: Modulation symbol d(10) for PUCCH formats 2a and 2b

PUCCH format | b(20),...,b(M; —1) | d(10)
0 1
2a 1 =
00 1
01 -]
2b -
10 J
11 -1

5.4.2A PUCCH format 3

The block of bits b(0),..., b(M ;; —1) shall be scrambled with a UE-specific scrambling sequence, resulting in a block
of scrambled bits b (0),..., b (M ,;, —1) according to

b (i) = (b(i) + c(i))mod 2

where the scrambling sequence c(i) isgiven by clause 7.2. The scrambling sequence generator shall beinitialised with
Gt = (ne/2)+1)- NG +1) 218 4 ngy, @ thestart of each subframe where npyy, isthe C-RNTI.

The block of scrambled bits b (0),..., b (M, —1) shall be QPSK modulated as described in Subclause 7.1, resulting in a

block of complex-valued modulation symbols d(0),.., d(M g, —1) Where Mgm,= Mt/ 2=2N§B.

The complex-valued symbols d (0),..., d(M g, —1) shall be block-wise spread with the orthogonal sequences anf)o (i)
and W ) (1) resulti ngin NSP,%J(?CH NSP,glCCI- setsof N8 values each according to

(B i) = W (71)- gl (/o). d() < NEVSeH
y | oc,0
" W) (n)- eJ”L /o2 d(NRB+I) otherwise

1 = nmod N&§H

n=0,..,NEFH + NGETH -1
i=04,..,N2? -1

PUCCH_ |PUCCH_

where Norg ™ =Ngg 1 =5 for both slots in a subframe usi ng norma PUCCH format 3 and PUCCH =5,

PUCCH =4holds for the first and second slot, respectively, in a subframe using shortened PUCCH format 3. The
orthogonal sequences W) (i) and W ) (1) aregiven by Table 5.4.2A-1. Resources used for transmission of PUCCH

)

formats 3 are identified by aresourceindex n(2),  from which the quantities noc and n( P hc,1 are derived according

to
35 PUCCH
NP = NP ModNg:
@ (3noco)modNPUCCH if NEUSCH _ 5

oot {ngg)o modNEYS™  otherwise

Each set of complex-valued symbols shall be cyclically shifted according to
Y9 ) =y ([ +nZ' (ng,1))mod NE° )

where n®' (n_,1) isgiven by Subclause 5.4, n, isthe slot number within aradio frameand | isthe SC-FDMA symbol
number within aslot.
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The shifted sets of complex-valued symbols shall be transform precoded according to

NRB 1 2711k

Z TP e

ZP(n. NRB+k)
I RB
k=0,...,NRB—1
n= 0 NPUCCH+NP1JCCH 1

where p isthe number of antenna ports used for PUCCH transmission, resulting in a block of complex-valued symbols

27(0)...2P (NG5 NEYEOING® -

Table 5.4.2A-1: The orthogonal sequence w, (i)

Sequence index n, Qe PR e [Wnoc 0 - w, (N§" -1
NI s NG g
0 L1117 [+1 +1 +1 +1]
1 [1 ei2r/s  gidn/s  Li6n/5 ej8;z'/5] [f1 -1 +1 -1
5 [1 pidn/s  gir/s  gi2n/s ejG;z'/S] [+1 +1 -1 —-1]
3 h Qib7/5  gi2r/5  gien/S ej47r/5] [+1 -1 -1 +1]
4 h Ql8r/5  ib7/5  Lij4n/5 ej27r/5] )
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5.4.2B PUCCH format 4

The block of bits b(0),...,b(M ;; —1) shall be scrambled with a UE-specific scrambling sequence, resulting in a block
of scrambled bits b (0),..., b (M, —1) according to

.....

b (i) = (b(i) + c(i))mod 2

where the scrambling sequence c(i) isgiven by clause 7.2. The scrambling sequence generator shall be initialised with
Gt = (ne/2)+1)- NG +1) 218 + ngy, @ thestart of each subframe where npyy, isthe C-RNTI.

The block of scrambled hits b (0),..., b (M ,,;, —1) shall be QPSK modulated as described in Subclause 7.1, resulting in a
block of complex-valued modulation symbols d(0),..., d (M om —1) where M gmb = My /2.

The block of complex-valued symbols d (0)...., d(M g, —1) isdividedinto N§UeH 4 N U sets, each

.....

corresponding to one SC-FDMA symbol. Transform precoding shall be applied according to

MPUCCHA_1 . 27k

1 PUCCHA | i\,. | MPUCCHA
—_ d(-M +i)e V=
[\ PUCCH4 Z (Mg )
sc i=0
k=0,..,M20CCH _1

| =0,..., NSUCCH ¢ NPUCCH 3

Z(ﬁ) (I M sleCCH4 + k) —

where p=0, NfUH and NPUSH  are given by Table 5.4.2C-1 for normal PUCCH format 4 and shortened PUCCH

format 4, resulting in a block of complex-valued symbols 2P (0),---,2(5) (Mgymp—D) . The variable

M PuccHa g PuccHs N RB - where m RYeeH4  represents the bandwidth of the PUCCH format 4 in terms of resource
blocks, shall fulfil

MPUCCHA_ o 3% 5% < UL
where «,, 05,05 iSaset of non-negative integers.

5.4.2C PUCCH format 5

The block of bits b(0),...,b(M; —1) shall be scrambled with a UE-specific scrambling sequence, resulting in ablock
of scrambled bits b (0),..., b(M , —1) according to

.....

b (i) = (b(i) + c(i))mod 2

where the scrambling sequence c(i) isgiven by clause 7.2. The scrambling sequence generator shall be initialised with
o = (ns/2]+1)- 2N & +1) 2% + ngyy, a the start of each subframe where ngyy, isthe C-RNTI.

The block of scrambled hits b (0),..., b (M, —1) shall be QPSK modulated as described in Subclause 7.1, resulting in a
block of complex-valued modulation symbols d(0y,..., d (M omb —1) where M omb = Mt /2.

The complex-valued symbols d(0),..., d(M g, —1) shal bedividedinto N§Ue 4 NUCH  sets, each corresponding

.....

to one SC-FDMA symbol. Block-wise spreading shall be applied according to

yn(i)zwnOc (l)d(| mOdNiB/NgéJCCH +n- NgB/NgéJCCH)
N=0,...,NFUCCH | NPUCCH _q

i=01,...,N3®_1

where NJUCCH — 2, NPUCH and N UM are given by Table 5.4.2C-1 for normal PUCCH format 5 and shortened
PUCCH format 5, and w, (i) isgiven by Table 5.4.2C-2 with n,. provided by higher layers.
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The block-wise spread complex-valued symbols shall be transform precoded according to

= _j 2k
® RB 1) = e N
z%(n-Ng +K)=— ie
(n-Ng )WZM)
s =0
k=0,..,N2? -1

N=0,...,NPUCCH | PUCCH 3
where P =0, resulting in ablock of complex-valued symbols z(P (0)..., z(® (N fUH 4 nfUCCH N8 _q).

Table 5.4.2C-1: The quantities NV and NuecH

PUCCH format type Normal cyclic prefix Extended cyclic prefix
N PUCCH N PUCCH N PUCCH N PUCCH
0 1 0 1
Normal PUCCH 6 6 5 5
format
Shortened PUCCH 6 5 5 4
format

Table 5.4.2C-2: Orthogonal sequences w, (i)

Noc Orthogonal sequences IW%DM(O) W%DM(NSFEB—l)J

0 | [+1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1]
[+1 +1 +1 +1 +1 +1 -1 -1 -1 -1 -1 -1j

5.4.3 Mapping to physical resources

The block of complex-valued symbols z(P (i) shall be multiplied with the amplitude scaling factor fp cqy N order to
conform to the transmit power Py ooy Specified in Subclause 5.1.2.1in 3GPP TS 36.213 [4], and mapped in sequence
starting with z(®(0) to resource elements. PUCCH uses one or more resource block in each of the two slotsin a
subframe. Within the physical resource block(s) used for transmission, the mapping of z(? (i) to resource elements
(k,1) on antenna port |8 and not used for transmission of reference signals shall be in increasing order of first k, then |
and finaly the slot number, starting with the first slot in the subframe. The relation between theindex p and the
antenna port number Eisgiven by Table5.2.1-1.

For non-BL/CE UEs, except for PUCCH format 4, the physical resource blocks to be used for transmission of PUCCH
inglot ng aregiven by

LgJ if (m+ngmod2)mod2=0
Nprp =

Npg —1- LgJ if (m+nymod2)mod2=1

For BL/CE UEs, PUCCH istransmitted with N2 > 1 repetitions. The PUCCH transmission spans

N 5o > NI consecutive subframes, including subframes that are not BL/CE UL subframes where the UE

> 1. The quantity NrF;.@JCC'_ isgiven

postpones the PUCCH transmission if N 2"

- by the higher layer parameter pucch-NumRepetitionCE-Format1 for PUCCH format 1/1a and pucch-
NumRepetitionCE-Format2 for PUCCH format 2/2a/2b, if configured. Otherwise

- by the higher-layer parameter pucch-NumRepetitionCE-Msg4-Level 0-r13, pucch-NumRepetitionCE-Msg4-
Level1-r13, pucch-NumRepetitionCE-Msg4-Level 2-r 13 or pucch-NumRepetitionCE-Msg4-Level 3-r13.
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The physical resource blocks to be used for transmission of PUCCH in subframe | within the N fUccH - consecutive
subframes are given by

er () = { m'(j)/2 if m(j)mod2=0
Nps —1-|m'(j)/2] if m(j)mod2=1
m if jmod2=0

m’(j)={m+1 if jmod2=1and mmod2=0
m-1 if jmod2=1and mmod2=1

. i
J{Nﬁhs‘ULJ

o <i<ig+NJUCCH 1

where i is the absolute subframe number of the first uplink subframe intended for PUCCH.
The variable m depends on the PUCCH format.

- Formats 1, laand 1b:

NE& if niP < c- N /AZuecH

_ (1,p) @ PUCCH @

m=<|n —C- N2 /Ay N .

PUCCH - CSU/CCS:"'“ +N@ +| == | otherwise
c-NZB/A 8

shift

_ |3 normalcyclicprefix
" |2 extendedcyclicprefix

- Formats 2, 2a and 2b:
m= |_n|(>2LJg%H /N;B J

- Format 3:

PUCC
m—\_npucc NSF,O 1
- Format 5 (non-BL/CE UEs only):

m = n%ccn
For non-BL/CE UEs, for PUCCH format 4, the physical resource blocksto be used for transmission of PUCCH in slot
n, aregiven by
N m if ymod2=0
PRETING -1-m  if nymod2=1

) PUCCH4
M=NpjccH » nPUCCH +1... nPUCCH +Mg -1
where m FUCCH4  is obtained from [4].

Mapping of modulation symbols for the physical uplink control channel for PUCCH formats 1 — 3 isillustrated in
Figure 5.4.3-1.

In case of simultaneous transmission of sounding reference signal and PUCCH format 1, 1a, 1b, 3, 4 or 5 when thereis
one serving cell configured, the shortened PUCCH format shall be used where the last SC-FDMA symbol in the second
slot of a subframe shall be left empty.

In case of guard period for narrowband or wideband retuning for BL/CE UEs, if an SC-FDMA symbol isleft empty due
to guard period, the SC-FDMA symbol shall be counted in the PUCCH mapping but not used for transmission of the
PUCCH. The SC-FDMA symbol affected by the guard period can be the first SC-FDMA symbol in the first slot of a
subframe and/or the last SC-FDMA symbol in the second slot of a subframe.
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Nere = Ngg —1 =" M=o
=3

: m=3

Nprg =0 m=0 m=1

-«+——O0One subframe—»

Figure 5.4.3-1: Mapping to physical resource blocks for PUCCH formats 1 — 3 for non-BL/CE UEs.
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5.5 Reference signals

Two types of uplink reference signals are supported:
- Demodulation reference signal, associated with transmission of PUSCH or PUCCH
- Sounding reference signal, not associated with transmission of PUSCH or PUCCH

The same set of base sequencesis used for demodulation and sounding reference signals.

5.5.1 Generation of the reference signal sequence

Reference signal sequence rlﬁf,"é)(n) is defined by a cyclic shift » of abase sequence r, , (n) according to
ja n+6arm0d2
9 n=e [ 2 Jru,v(n), 0<n<M®

where m 5 = mN BB /29 isthelength of the reference signal sequence, 1< m< N U, &z isdefined in subclause

5.5.2.1.2, and the quantity 0=1 when the hi gher-layer parameter ul-DMRS-IFDMA is set and the most recent uplink-
related DCI contains the Cyclic Shift Field mapping table for DMRSbit field which is set to 1 to indicate the use of

Table5.5.2.1.1-3, and =0 otherwise. Multi ple reference signal sequences are defined from a single base sequence
through different values of ¢ .

Base sequences 1, ,(n) aredivided into groups, where ue {0.,...,29} isthe group number and v isthe base sequence
number within the group, such that each group contains one base sequence (V=0) of each length m S=mnZE,

1<m<5 and two base sequences (V=01) of eachlength M RS = mn B8, 6 < m < N ™ Ut . The sequence group
number y and the number v within the group may vary in time as described in clauses 5.5.1.3 and 5.5.1.4, respectively.

_ _ RS
The definition of the base sequence fu,v(o) .t U,V(MSFE;S—]) depends on the sequence length M < -

55.1.1 Base sequences of length sn 7 or larger
Form RS > 3N e |, the base sequence FU,V(O),---TU,V(MSFES—]) is given by

T () =%, (NmodNZD), 0<n<MZ>

wherethe g™ root Zadoff-Chu sequence is defined by

_ . mm(m+1)
RS
xm=e N€ | 0<sm<NE-1

with g given by

q=|g+1/2)+v- (-2
g=Nze (u+1)/31

Thelength N & of the Zadoff-Chu sequence is given by the largest prime number suchthat NBS < m 5.
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5.5.1.2 Base sequences of length less than 3n ?e
For MBS =NRB, M3 —2oNRB, MBS =N /2,and M 3 = 3N 28 /2, the base sequence is given by
Ty(M=e"4 0<nsMES-1

wherethe value of ¢(n) isgiven by Table5.5.1.2-1, Table 5.5.1.2-2, Table 5.5.1.2-3, and Table 5.5.1.2-4 for
MBS =NRE, M3 —oNBB, MBS = NE® /2,and MBS =3NE® /2, respectively. For m 85 = 5N 58 /2, the base

sequence FU’V(O),...J?U’V(M;S—]) is given by

~j m(u) (1) (n+-2)
r.(n=e 3 0<nsMP-1

Table 5.5.1.2-1: Definition of ¢(n) for M2 = N28.

u 9(0)...., p(12)
0 |[-1]1]3]-3] 3] 3[1[1]3][1]-3]3
1 [1]1]3[3[3]1]1]-3]-3]1]-3]|3
2 | 1] 1[-3[-3[-3[-1[-3]-3] 1]-3] 1|1
3 |-1(1|1]1|1|-1|-3|]-3]1|-3| 3]|-1
4 |-1|3|1|-1]1|-1(-3|-1|1|-1|1|3
5| 1|-3| 3|-1|-1| 1| 1|-1|-1| 3|-3| 1
6 |-1] 3|-3]-3]-3] 3| 1]-1] 3| 3|3 1
7 [-3|-1]-1|-1| 1|-3| 3|-1|1|-3| 3|1
8 | 1(-3|3|1|-1|-1|-1]1|1|3|-1]1
9 | 1|-3|-1| 3| 3|-1|-3|1|1|1| 1|1
10 [-1] 3[-1[ 1] 1]-3]-3]-1]-3]-3] 3]-1
11| 3[1]-1[-1]3|3|-3/ 1] 3] 1] 3|3
12 | 1]-3| 1| 1(-3|]1|1]1(-3|]-3|-3|]1
13 3[3[3[3|3]1]1]3[-1]-3]3]3
14 [-3] 1[{-1]-3|-1] 3| 1]3[3]3|-1]1
15| 3|-1| 1|-3|-1|-1| 1| 1| 3| 1|-1|-3
16 | 1| 3| 1|-1| 1| 3| 3| 3|-1|-1| 3|-1
17 [-3[ 1] 1] 3[-3] 3|-3[-3] 3] 1] 3|1
18 [3[ 3] 1| 13| 1|-3[-3[-1]-1] 1]-3
19 (-1 3| 1] 3| 1]|-1|-1] 3(-3|]-1|-3|-1
20 |-1(-3( 11| 1] 1|3]1|-1]1|-3|-1
21 |-1| 3|-1] 1|-3]-3]-3]-3]-3] 1]-1]-3
22 | 1| 1|-3]-3]-3]-3]-1] 3]-3[ 1|-3] 3
23 | 1| 1|-1|-3|-1(-3] 1|-1| 1| 3|-1]| 1
24 | 1|1 3|1| 3| 3|-1]1|-1|-3|-3|1
25 1|3 3| 3| 1]3]3]1]-3]-1]-1]3
26| 1| 3|-3]-3] 3/-3] 1]-1]-1] 3]-1|-3
27 |-3|-1|-3|-1[-3] 3] 1]-1] 1] 3]-3[-3
28 |-1] 3|-3| 3|-1] 3] 3]-3] 3] 3]-1]-1
29 | 3]-3]-3]-1]-1]-3]-1] 3]-3] 3] 1]-1
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=2N&°

RS
s

Table 5.5.1.2-2: Definition of ¢(n) for m

o e i e ) e e R e e B R e e e R R e R R R R e R e e
[ [0 ]ep ]| = === 0] o2 |2 =2 [0 [ ] 2] = R[] ] 2 =]~
K i i i i i i 3 Kl e e R R
i i e ] i i e e e Y R R R e R e e R R R e e R R R e
o[ e[ e[ [ep| 0] t] [ [ [0 0| 2| @ @[ [ =2 |0 | | o[ 0 0[] 2| [0
o i i i it i il e e e e e e R R R R R R
o i i K it i i i e Kl el R el R R R e
o[ 4[] [0 | ] o[ [ ea[ep 0] ep| ] o[ [ 0 [ep | ] 0] t] o o0 [ ] ep ] |
o[ [ e[ep[e0] ep ep [ e[ e [ | | 0] A 4 = 0| 0] ep | ] o[ 0 [ A | ep | [ e
=2 [ep ||| o] o] [ 2 [ 2|0 o] ] | 2 0 [0 | 0] 0] ] 3 [ 2 0] 0] ep| 0] ] e
<[ [ ee] =[] |2 [F[ [ e2] 2| = [ [2 [ 7] |~ =
[0 [ e[ [ep| o] wt] 3 [ e en ep] | t] A e[ [ e0 | | | ep A 0] [0 ] 0 0] |
o[ [ ep [ 1| | ] oo [ A =0 o0 st 0 0 [ 0| ] 0] ep o = [ 7 | | o2 0] =
o e e i e i i s 2 e Kl e e R e e
S e R R R I R S RN MEE S e S SIS MR

=N2® /)2

RS
s

Table 5.5.1.2-3: Definition of ¢(n) for m
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3NZE /2

RS _
B

Table 5.5.1.2-4: Definition of ¢(n) for m

| [T D[ F| [P A || AP0 D[ F|F T ||| || D] =[P |
TR Ao | P 0| | A 00| D) A Q|| A || T D] 00 D oo | | T Q| |
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Ploo| PR A | T || P oo | DD | oo | | 00| Q| Q| e |
T A A AR T[T DQRA|D || D A ||| T ||| ||| [P
T A P[]0 AR oo | RN Do | Q| T A| D | T A 00| T | D D A
QAT D AR A[ T D] A| | TR AT | AT | P[D| | P M
\_W_)1..8131..1633813131..8631..381__11__316311
ﬂ333413143314343141331433433334
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5.5.1.3 Group hopping

The sequence-group number y in slot ng is defined by a group hopping pattern fgn (M) and a sequence-shift pattern
f according to

u=(fg (ng) + f Jmod 30

There are 17 different hopping patterns and 30 different sequence-shift patterns. Sequence-group hopping can be
enabled or disabled by means of the cell-specific parameter Group-hopping-enabled provided by higher layers.
Sequence-group hopping for PUSCH can be disabled for a certain UE through the higher-layer parameter Disable-
sequence-group-hopping despite being enabled on a cell basis unless the PUSCH transmission corresponds to a
Random Access Response Grant or a retransmission of the same transport block as part of the contention based random
access procedure.

The group-hopping pattern ¢ o (ng) May be different for PUSCH, PUCCH and SRS and is given by

0 if group hopping is disabled
fon (ns) = (27:00(8n5+i)v2ijmod 30 if group hopping is enabled

where the pseudo-random sequence c(i) isdefined by clause 7.2. The pseudo-random seguence generator shall be
RS
n
initialized with = {%J at the beginning of each radio frame where n &S is given by clause 5.5.1.5.

ID

The sequence-shift pattern f definition differs between PUCCH, PUSCH and SRS.

For PUCCH, the sequence-shift pattern ¢ 2UcH  isgivenby ¢fUH — n® mod 30 where n ¥ isgiven by clause
55.15.

For PUSCH, the sequence-shift pattern  PUs isgivenby s _ (N&' + A )mod 30 , where Ag € {0.1,...,29} is
configured by higher layers, if no value for nSc"  is provided by higher layers or if the PUSCH transmission

corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the
contention based random access procedure, otherwiseitisgiven by fPUSCH — nRS mod 30 with n ¥ given by clause

55.15.

For SRS, the sequence-shift pattern 375 isgiven by £ = n¥¥ mod 30 where n ¥ isgiven by clause 5.5.1.5.
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5.5.1.4 Sequence hopping

Sequence hopping only applies for reference-signals of length m 2° > 6N E8 .

For reference-signals of length m 85 < 6N 28 , the base sequence number v within the base sequence group is given by
v=0.

For reference-signals of length m BS > 6N 28 , the base sequence number v within the base sequence group inslot ng
is defined by

Ve c(ng) if group hopping isdisabled and sequence hopping is enabled
o otherwise

where the pseudo-random sequence c(i) isgiven by clause 7.2. The parameter Sequence-hopping-enabled provided by

higher layers determines if sequence hopping is enabled or not. Sequence hopping for PUSCH can be disabled for a
certain UE through the higher-layer parameter Disable-sequence-group-hopping despite being enabled on a cell basis
unless the PUSCH transmission corresponds to a Random Access Response Grant or a retransmission of the same
transport block as part of the contention based random access procedure.

For PUSCH or PUCCH format 4 transmission with > 6 RBs, the pseudo-random segquence generator shall be initialized
RS
n
with G = {%J 254 f;USCH at the beginning of each radio frame where n 35 isgiven by clause 5.5.1.5.

RS
n
For SRS, the pseudo-random sequence generator shall be initialized with G, = {%J 2%+ (n,Ff:,S + Ass)modBO at the

beginning of each radio frame where n 5 isgiven by clause 5.5.1.5 and A isgiven by clause 5.5.1.3.

5.5.1.5 Determining virtual cell identity for sequence generation

The definition of n XS depends on the type of transmission.

Transmissions associated with PUSCH:

- ¥ =N ifnovaluefor n Vs is configured by higher layers or if the PUSCH transmission corresponds to

a Random Access Response Grant or aretransmission of the same transport block as part of the contention based
random access procedure,

- nf¥ =S otherwise.

Transmissions associated with PUCCH:
- n¥ =N ifnovaluefor n Yt isconfigured by higher layers,
- nf¥ =nYoH otherwise.

Sounding reference signals:

- RS _ py cell
np =Np -
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5.5.2 Demodulation reference signal

55.2.1 Demodulation reference signal for PUSCH
55.21.1 Reference signal sequence

The PUSCH demodulation reference signal sequence )., () associated with layer Ae {04,...,v—1} isdefined by

PUSCH
s MES+n) = W (mr &9 (n)
where

|0 for special subframe
|01 otherwise

n=0,.,M3-1

and M 38 = m 2useH /5 if the higher-layer parameter ul-DMRS-IFDMA is set and the most recent uplink-related DCI

contains the Cyclic Shift Field mapping table for DMRSbit field which is set to 1 to indicate the use of Table 5.5.2.1.1-
3and M35 = m 2USH otherwise.

Subclause 5.5.1 defines the sequence nff,’"é) ©),... ,rlfz"é) (M25-1) where, for PUSCH demodulation reference signal

sequence, 0=1 when the higher-layer parameter ul-DMRS-IFDMA is set and the most recent uplink-related DCI
contains the Cyclic Shift Field mapping table for DMRSbit field which is set to 1 to indicate the use of Table 5.5.2.1.1-

3,and 0 =0 otherwise. The orthogonal sequence w*) (m) is given by [V\/l(O) M(D] z[l 1] for DCI format O if

the higher-layer parameter Activate-DMRS-with OCC is not set or if the temporary C-RNTI was used to transmit the
most recent uplink-related DCI for the transport block associated with the corresponding PUSCH transmission.
Otherwise,

- if higher-layer parameter ul-DMRSIFDMA is not set, w*) (m) isgiven by Table 5.5.2.1.1-1 using the cyclic
shift field in the most recent uplink-related DCI [3],

- if higher-layer parameter ul-DMRS-IFDMA is set and the Cyclic Shift Field mapping table for DMRSbit field is
not present in the most recent uplink-related DCI, w*) (m) isgiven by Table 5.5.2.1.1-1 using the cyclic shift

field in the most recent uplink-related DCI,

- if higher-layer parameter ul-DMRSIFDMA is set and the Cyclic Shift Field mapping table for DMRShit field is
present in the most recent uplink-related DCI, w* (m) isgiven by Table 5.5.2.1.1-1 using the cyclic shift field

in the most recent uplink-related DCI when the Cyclic Shift Field mapping table for DMRSbit field is set to O,
and

- if higher-layer parameter ul-DMRSIFDMA is set and the Cyclic Shift Field mapping table for DMRShit field is
present in the most recent uplink-related DCI, w* (m) isgiven by Table 5.5.2.1.1-3 using the cyclic shift field
in the most recent uplink-related DCI when the Cyclic Shift Field mapping table for DMRSbit field is set to 1.

Thecyclic shift o, inasot ng isgivenas ¢ =0if the ul-V-SPS-RNTI-r14 was used to transmit the most recent

uplink-related DCI for the transport block associated with the corresponding PUSCH transmission. Otherwise, the
cyclic shift o; inaslot ng isgivenas a,; = 2an , /12 with

Nesp = (ng%\/l rst Mo rsy T+ 0)Ney (ns))mod].Z

wherethe value of n@®, .

isgiven by Table 5.5.2.1.1-2 according to the parameter cyclicShift provided by higher

layers. For non-BL/CE UEs n(Dzle Rsz IS given using the most recent uplink-related DCI 3GPP TS 36.212 [3] for the
transport block associated with the corresponding PUSCH transmission as follows:
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- if the higher-layer parameter ul-DMRS-IFDMA is not set, I‘IE)ZRA Ry isgiven by Table 5.5.2.1.1-1 using the cyclic
shift field in the most recent uplink-related DCI,

- if higher-layer parameter ul-DMRSIFDMA is set and the Cyclic Shift Field mapping table for DMRShit field is
not present in the most recent uplink-related DCI, I‘IE)ZRA Rs isgiven by Table 5.5.2.1.1-1 using the cyclic shift
field in the most recent uplink-related DCI,

- if higher-layer parameter ul-DMRSIFDMA is set and the Cyclic Shift Field mapping table for DMRShit field is

present in the most recent uplink-related DCI, I‘IE)ZRA Ry isgiven by Table 5.5.2.1.1-1 using the cyclic shift field

in the most recent uplink-related DCI when the Cyclic $hift Field mapping table for DMRS bit field is set to 0O,
and

- if higher-layer parameter ul-DMRSIFDMA is set and the Cyclic Shift Field mapping table for DMRShit field is
present in the most recent uplink-related DCI, I‘IE)ZRA Ry isgiven by Table 5.5.2.1.1-3 using the cyclic shift field
in the most recent uplink-related DCI when the Cyclic $hift Field mapping table for DMRS bit field is set to 1.

For BL/CE UES, acyclic shift field of ‘000" shall be assumed when determining Nyrs from Table 5.5.2.1.1-1.

Thefirst row of Table 5.5.2.1.1-1 shall be used to obtain n,‘f@,,RSO and w (m) if thereis no uplink-related DCI for the
same transport block associated with the corresponding PUSCH transmission, and

- if theinitial PUSCH for the same transport block is semi-persistently scheduled, or
- if theinitial PUSCH for the same transport block is scheduled by the random access response grant.

The quantity npy (ng) isgiven by

7 . .
Moy (Ng) = ) C(BNgrp N +i)- 2!

where the pseudo-random sequence c(i) isdefined by clause 7.2. The application of c(i) iscell-specific. The pseudo-
random sequence generator shall beinitialized with c;;; at the beginning of each radio frame. The quantity c;;; is

N cell
givenby G, = {%J 2° +((N|°De" +Ass)mod30) if no valuefor N &hOMRs s configured by higher layers for

PUSCH/PUCCH format 4/PUCCH format 5 or the PUSCH transmission corresponds to a Random Access Response
Grant or aretransmission of the same transport block as part of the contention based random access procedure,
csh_DMRS

otherwiseit isgiven by Gy = {IDTJ 2%+ (N csh DMRS mod30).

The vector of reference signals shall be precoded according to

7(0) (©)

fpUscH IPuscH
: =W|

~(P-1) (v-1)

PUSCH I'puscH

where P isthe number of antenna ports used for PUSCH transmission.
For PUSCH transmission using asingle antennaport, P=1, W=1 and v=1.

For spatial multiplexing, P=2 or P=4 and the precoding matrix W shall be identical to the precoding matrix used
in clause 5.3.3A.2 for precoding of the PUSCH in the same subframe.
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Table 5.5.2.1.1-1: Mapping of Cyclic Shift Field in uplink-related DCI format to nE)ZRARSﬂ and

WP wh)

Cyclic Shift Field in e [vv“) 0 w? (J)]
uplink-related DCI format [3] 1=0|4=1] 2=2| 1=3 1=0 =1 1=2 1=3

000 o |6 | 3 | o |y | g L9 |Q -1
001 6 | o | 9 | 3 -] |ph-1| g | Qi1
010 I e
011 4 10 7 1 L1 L1 1 1
100 2 8 5 1 | 11 1 L1 L1

101 s |2 | u | s b= b1 p-) -
110 I R A R I
111 o | 3 | o |6 | 1g |1 -1} -1

Table 5.5.2.1.1-2: Mapping of cyclicShiftto n® . values

DMRS

cyclicShift | n®rs

~N|o|o|s|w|Nv|k|o
Blo|o|lo|~|w|nv|jo
o

Table 5.5.2.1.1-3: Mapping of Cyclic Shift Field in uplink-related DCI format to n[(jzleRsﬂ, @ ,and

WP wh)

Cyclic Shift Field in @ iy [vv“)(O) M(J)]
uplink-related DCI format [3] 1=0 | 2211 122 | 21=3 1=0 1=1 1=2 1=3
000 1 0 6 3 9 Lo | Ra [ -af | -1
001 1 6 0 9 3 |- || R | [
010 1 3 9 6 o |- |- | R | [
011 0 4 10 7 1 Laf | o | B | [
100 0 2 8 5 11 | k] | bk | R | [
101 0 8 2 11 5 TR
110 o | 10 4 1 Lo [ -1 | -1 | -1
111 1 9 3 0 Laf | o [ -2 | R -1
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55.2.1.2 Mapping to physical resources

For each antenna port used for transmission of the PUSCH, the sequence 7P, () shall be multiplied with the

"PUSCH

amplitude scaling factor v 14 0 By 5o and mapped in sequence starting with 7.(B).. (0) to the resource blocks. =1

when the higher-layer parameter ul-DMRS-IFDMA is set and the most recent uplink-related DCI contains the Cyclic

Shift Field mapping table for DMRS bit field which is set to 1 to indicate the use of Table 5.5.2.1.1-3, and 0=0
otherwise.

If higher-layer parameter ul-DMRS-IFDMA is set and the most recent uplink-related DCI contains the Cyclic Shift Field
mapping table for DMRS bit field which is set to 1 to indicate the use of Table 5.5.2.1.1-3, the mapping to resource

elements (k,1), with | =3 for normal cyclic prefix and | =2 for extended cyclic prefix, in the subframe shall bein

increasing order of first K for all values of K satisfying kmod2=a@ , then the slot number. The quantity z isgiven by
Table5.5.2.1.1-3 using the cyclic shift field in the most recent uplink-related DCI.

For all other cases, the set of physical resource blocks used in the mapping process and the relation between the index p
and the antenna port number [ shall beidentical to the corresponding PUSCH transmission as defined in clause 5.3.4.

The mapping to resource elements (k, 1), with | =3 for normal cyclic prefix and | =2 for extended cyclic prefix, in the

subframe shall be in increasing order of firstk, then the slot number. No DM-RS shall be transmitted in UpPTS if
dmrsLess-UpPtsis set to true.

5.5.2.2 Demodulation reference signal for PUCCH

55.2.2.1 Reference signal sequence

The PUCCH demodulation reference signal sequence r (%), (-) for PUCCH formats 1, 1a, 1b, 2, 23, 2b, and 3 is
defined by

rFhors (M NESCH M S 4 miv 55+ )= %W(ﬁ) (mz(m)r5>? (n)
where
m=0,...,Nge“" -1
n=0,..,M&-1
m=01

and p isthe number of antenna ports used for PUCCH transmission. For PUCCH formats 2a and 2b, z(m) equals
d(10) for m=1, where d(10) isdefined in clause 5.4.2. For all other cases, z(m)=1.

The sequence réf,’ﬁ) (n)isgiven by clause 5.5.1 with v 7 - 12 and 0 =0 where the expression for the cydlic shift g
is determined by the PUCCH format.

For PUCCH formats 1, 1aand 1b, & (n,1) isgiven by
—(B) L , PUCCH 'J
Noc’ (Ns)=[N5(Ns) - Agrist /N
arp(ne )= 27 A (ng 1)/ NE?

AP (ne ) [ngg'(ns,l)Jr(n%(ns)-AﬁgCH +(ﬁc(,f)(ns) mod ATSCH ))mod N'] mod NZB  for normal cyclicprefix
s [ng_f" (ng,1)+ (n',~J (ng)- ARSCH L /(P (ns))mod N’] mod NZ? for extended cyclic prefix

where n (n,) , N’, aPccH and n® (n,,1) aredefined by clause 5.4.1. The number of reference symbols per slot

N foecH - and the sequence w(n) are given by Table 5.5.2.2.1-1 and 5.5.2.2.1-2, respectively.
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For PUCCH formats 2, 2aand 2b, agz(ng,l) is defined by clause 5.4.2. The number of reference symbols per slot
N RYeH  and the sequence w (P (n) are given by Table 5.5.2.2.1-1 and 5.5.2.2.1-3, respectively.

For PUCCH format 3, o (n,,1) isgiven by
a5 (ng,1) = 20 (ng, 1)/ NG
n® (ng,1) = (n2 (ng, 1) + 5 (ng) Jmod NEB
where n%(n,) isgiven by Table5.5.2.2.1-4 and néff}) and néff?l for the first and second slot in a subframe, respectively,

are obtained from clause 5.4.2A. The number of reference symbols per slot N FYeH  and the sequence w(n) are given
by Table 5.5.2.2.1-1 and 5.5.2.2.1-3, respectively.

Table 5.5.2.2.1-1: Number of PUCCH demodulation reference symbols per slot N 2ycH

PUCCH format | Normal cyclic prefix | Extended cyclic prefix
1,1a, 1b 3 2
2,3 2 1
2a, 2b 2 N/A
Table 5.5.2.2.1-2: Orthogonal sequences [V_V(ﬁ)(O) v_v(ﬁ)(NElS"CCH—l)] for PUCCH formats 1, 1a and
1b
Sequence index n{P (n,) | Normal cyclic prefix | Extended cyclic prefix
0 11 L1
1 b e g4 b -1
> [1 Ql47/3 ej27r/3] N/A
Table 5.5.2.2.1-3: Orthogonal sequences [V_V(ﬁ)(O) v_v(ﬁ)(NElS"CCH—l)] for PUCCH formats 2, 2a, 2b
and 3.

Normal cyclic prefix | Extended cyclic prefix

1 1]

Table 5.5.2.2.1-4: Relation between n(P and n%(n,) for PUCCH format 3.

(p) 5 (ns)
"o’ "Ng,=5 | Ng,=4
0 0 0
1 3 3
2 6 6
3 8 9
4 10 N/A

The PUCCH demodulation reference signal sequence r {P)

PUCCH

() for PUCCH formats 4 and 5 is defined by

ré@cct—(m' M+ n) =1 (n)
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n=0,.,M2 -1

and

MRS M 2ICCH - for PUCCH format 4
O NEE for PUCCH format5

Subclause 5.5.1 defines the sequence rlffl,"é) (0),---,rl§f,("é) (M35-1) where =0,

Thecyclic shift «r; inaslot ng isgivenas o, = 27m , /12 With

MNesp :(ng)MRé‘ irst nPN(ns))mOdZ

where the valuesof n), ..

and npy (ng) aregiven by Subclause 5.5.2.1.1 and

0 PUCCH format 4
n@ s =10 PUCCH format 5with n,, =0
6 PUCCH format 5with n,, =1

with n,, obtained as described in clause 5.4.2C.

5.5.2.2.2 Mapping to physical resources

The sequence r(P),, () shal be multiplied with the amplitude scaling factor fpycoy and mapped in sequence
starting with r (P}, (0) to resource elements(k,|) on antennaport [C. The mapping shall be in increasing order of first
k, then | and finally the slot number. The set of values for kK and the relation between the index p and the antenna port
number [ shall beidentical to the values used for the corresponding PUCCH transmission. The values of the symbol

index | inasdot are given by Table 5.5.2.2.2-1.

Table 5.5.2.2.2-1: Demodulation reference signal location for different PUCCH formats.

PUCCH format Set of values for |

Normal cyclic prefix | Extended cyclic prefix
1,1a,1b 2,3,4 2,3
2,3 1,5 3
2a, 2b 1,5 N/A
4,5 3 2
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5.5.3  Sounding reference signal
5531 Sequence generation

The sounding reference signal sequence rS(E? n) = réf,[ﬁ’d)(n) is defined by clause 5.5.1, where y isthe sequence-group
number defined in clause 5.5.1.3, v isthe base sequence number defined in clause 5.5.1.4, and 0 = 0. The cyclic shift
ag of the sounding reference signal is given as

nSsP
2r—RS_
CS,max

o= =
p
Ners

_ NS 15
ngR =| NSg +—22 mod nGe™
Nap

Pe{0L..,Ny-1

where ng& = {o, 1,..., n&re _1} is configured separately for periodic and each configuration of aperiodic sounding by the

higher-layer parameters cyclicShift and cyclicShift-ap, respectively, for esch UE and N, isthe number of antenna
ports used for sounding reference signal transmission. The parameter n&™™ =g if K. =2, otherwise n$I* =12 .
The parameter K, isgiven by the higher layer parameter transmissionCombNum if configured, otherwise K- =2.

5.5.3.2 Mapping to physical resources

The sequence shall be multiplied with the amplitude scaling factor fSszg in order to conform to the transmit power Pz
specified in clause 5.1.3.1in 3GPP TS 36.213 [4], and mapped in sequence starting with r{F) (o) to resource elements
(k,1) on antenna port [ according to

1 B) (10 . RS
2P _ \/N—ﬂ%réss)(k) k'=01..,M& -1
Krck+k§P 1 a

0 otherwise

where N ® is the number of antenna ports used for sounding reference signal transmission and the relation between the

index p and the antennaport [isgiven by Table5.2.1-1. The set of antenna ports used for sounding reference signal
transmission is configured independently for periodic and each configuration of aperiodic sounding. The quantity k ()

is the frequency-domain starting position of the sounding reference signal and for b= B¢ and M SFé,Sb isthe length of
the sounding reference signal sequence defined as

RS RB
Mscb = rrbRSszc /KTC
where mgg ,, is given by Table 5.5.3.2-1 through Table 5.5.3.2-4 for each uplink bandwidth N g . The cell-specific
parameter srs-BandwidthConfig, Cqzse{01,2,34,56,7} and the UE-specific parameter srs-Bandwidth, Bpe{0123 are

given by higher layers. For UpPTS, mg , shall be reconfigured to @%0 = maXECSRS{ITﬁRSO}S (NFL;,; —6NRA)
if this reconfiguration is enabled by the cell-specific parameter srsMaxUpPts given by higher layers, otherwise if the
reconfiguration is disabled TT'E%,E Myrs ,where ¢ isa SRS BW configuration and Cgg is the set of SRS BW

configurations from the Tables 5.5.3.2-1 to 5.5.3.2-4 for each uplink bandwidth N Y , Nga isthe number of format 4
PRACH in the addressed UpPTS and derived from Table 5.7.1-4.

The frequency-domain starting position k() is defined by

Bxs
i . RS
ke? =ks? + z KrcMgpny
b=0
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where for normal uplink subframes k(P) is defined by

P = (NS5 2l M /INGE -+ K2
and for UpPTS by

reo) = | (Nes — M, NE® +K{® i ((ry mod2)- (2 Nep) + iy Jmod2=0
kP otherwise

The quantity k{? e {03,..., Kc -1} iSgiven by

kP — 1- lzTC if ngs € {4:5:6,7}and pe {L3}and N, =4
ke otherwise

where the relation between theindex p and the antennaport Fisgivenby Table5.2.1-1, k.. € {0,1,....K,. -1} iS

given by the UE-specific parameter transmissionComb or transmissionComb-ap for periodic and each configuration of
aperiodic transmission, respectively, provided by higher layers for the UE, and n, isfrequency position index. The

variable n,; isequal to O for UpPTSin thefirst half frame and equal to 1 for UpPTS in the second half frame of aradio
frame.

The frequency hopping of the sounding reference signal is configured by the parameter brep € {0,1,2,3} provided by
higher-layer parameter srs-HoppingBandwidth. Frequency hopping is not supported for aperiodic transmission. If
frequency hopping of the sounding reference signal is not enabled (i.e., Brop = Bers ), the frequency position index ny,
remains constant (unless re-configured) and is defined by ny =|4nggec /rnSRS,meOd N, where the parameter nggc isgiven

by higher-layer parameters freqDomainPosition and freqDomainPosition-ap for periodic and each configuration of
aperiodic transmission, respectively. If frequency hopping of the sounding reference signal is enabled (i.e.,

brep < Bsrs ), the frequency positionindexes n,, are defined by

ho- L4nRRC /Msgs, meOd Np b < by
b {Fb(nSRS) + L4nRRC /mSRS'bJ}mod N, otherwise

where N, isgiven by Table 5.5.3.2-1 through Table 5.5.3.2-4 for each uplink bandwidth n Y%

RB ?

Neps Mod TR, N, Neps Mod T2 N,
(Ny/2) SRS i b=, b | | NS i R N, even
Fo(Nsrs) = b=y, Nb 2 pp, Ny

[Ny IZJ\_nSRS /HE-’J% Ny if N, odd

where N by, =1 regardless of the N, value on Table 5.5.3.2-1 through Table 5.5.3.2-4, and

2Ngon +2(Ngp —1)[EJ | Toftsat . for2msSRSperiodicily of framestructuretype2
10 Toffset_max

| (0 x10+| N/ 2 )/ Trs ), otherwise

Neps =

counts the number of UE-specific SRS transmissions, where T iS UE-specific periodicity of SRS transmission
defined in clause 8.2 of 3GPP TS 36.213 [4], Ty 1S SRS subframe offset defined in Table 8.2-2 of
3GPPTS36.213 [4] and Ty v, ISthemaximum value of T for acertain configuration of SRS subframe

offset.
The sounding reference signal shall be transmitted in the last symbol of the uplink subframe.

ETSI



3GPP TS 36.211 version 14.14.0 Release 14

57

ETSI TS 136 211 V14.14.0 (2020-04)

Table 5.5.3.2-1: mggq, and N,, b=0123, values for the uplink bandwidth of 6< N& <40

SRS-Bandwidth | SRS-Bandwidth | SRS-Bandwidth | SRS-Bandwidth
SRS bandwidth configuration Bsrs =0 Bgrs =1 Bsrs =2 Bsrs =3

Csrs Mgrs o No Mggs, 1 Ny Mgrs, 2 N, Mars 3 N
0 36 1 12 3 4 3 4 1
1 32 1 16 2 8 2 4 2
2 24 1 4 6 4 1 4 1
3 20 1 4 5 4 1 4 1
4 16 1 4 4 4 1 4 1
5 12 1 4 3 4 1 4 1
6 8 1 4 2 4 1 4 1
7 4 1 4 1 4 1 4 1

Table 5.5.3.2-2: mgg,, and Ny, b=0123, values for the uplink bandwidth of 40 < N <60

SRS bandwidth G i SRS-Bandwidth | SRS-Bandwidth | SRS-Bandwidth | SRS-Bandwidth
andwi configuration
C e Bxs=0 s=1 Bgs=2 Bsrs =3
SRS
Msgs, 0 No Megs, 1 N Mags, 2 N, Mers 3 Nj

0 48 1 24 2 12 2 4 3
1 48 1 16 3 8 2 4 2
2 40 1 20 2 4 5 4 1
3 36 1 12 3 4 3 4 1
4 32 1 16 2 8 2 4 2
5 24 1 4 6 4 1 4 1
6 20 1 4 5 4 1 4 1
7 16 1 4 4 4 1 4 1

Table 5.5.3.2-3: mgg, and N,, b=0123, values for the uplink bandwidth of 60 < N % <80

SRS bandwidth SRS-Bandwidth SRS-Bandwidth SRS-Bandwidth SRS-Bandwidth
configuration Bsrs =0 Bgrs =1 Bsrs =2 Bsrs =3
CSRS Mers, 0 No Mgrs 1 N 1 Mgrs, 2 N2 Mgrs 3 N3
0 72 1 24 3 12 2 4 3
1 64 1 32 2 16 2 4 4
2 60 1 20 3 4 5 4 1
3 48 1 24 2 12 2 4 3
4 48 1 16 3 8 2 4 2
5 40 1 20 2 4 5 4 1
6 36 1 12 3 4 3 4 1
7 32 1 16 2 8 2 4 2

Table 5.5.3.2-4: mgg,and N,, b=0123, values for the uplink bandwidth of 8o < N3 <110

SRS-Bandwidth | SRS-Bandwidth | SRS-Bandwidth | SRS-Bandwidth
SRS bandwidth configuration Bsrs =0 Bers =1 Bsrs =2 Brs =3
Cs Msrs, 0 No Msrs, 1 N; Mars, 2 N, Mgrs, 3 N
0 96 1 48 2 24 2 4 6
1 96 1 32 3 16 2 4 4
2 80 1 40 2 20 2 4 5
3 72 1 24 3 12 2 4 3
4 64 1 32 2 16 2 4 4
5 60 1 20 3 4 5 4 1
6 48 1 24 2 12 2 4 3
7 48 1 16 3 8 2 4 2
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5.5.3.3 Sounding reference signal subframe configuration

The cell-specific subframe configuration period Tg- and the cell-specific subframe offset A for the transmission of

sounding reference signals are listed in Tables 5.5.3.3-1 and 5.5.3.3-2, for frame structures type 1 and 2 respectively,
where the parameter srs-SubframeConfig is provided by higher layers. Sounding reference signal subframes are the
subframes satisfying |_nS / 2J mod Tgc € Ag .- For frame structure type 2, a sounding reference signal is transmitted

only in uplink subframes or UpPTS.

Table 5.5.3.3-1: Frame structure type 1 sounding reference signal subframe configuration

) ) Configuration Period | Transmission offset

srs-SubframeConfig | Binary Tec (subframes) Agc (subframes)

0 0000 1 {0}

1 0001 2 {0}

2 0010 2 {1}

3 0011 5 {0}

4 0100 5 {1}

5 0101 5 {2}

6 0110 5 {3}

7 0111 5 {0,1}

8 1000 5 {2,3}

9 1001 10 {0}

10 1010 10 {1}

11 1011 10 {2}

12 1100 10 {3}

13 1101 10 {0,1,2,3,4,6,8}

14 1110 10 {0,1,2,3,4,5,6,8}

15 1111 reserved reserved

Table 5.5.3.3-2: Frame structure type 2 sounding reference signal subframe configuration

. ) Configuration Period | Transmission offset

srs-SubframeConfig | Binary Tec (subframes) Agc (subframes)

0 0000 5 {1}

1 0001 5 {1, 2}

2 0010 5 {1, 3}

3 0011 5 {1, 4}

4 0100 5 {1, 2,3}

5 0101 5 {1, 2, 4}

6 0110 5 {1, 3,4}

7 0111 5 {1,2,3,4}

8 1000 10 {1, 2, 6}

9 1001 10 {1, 3, 6}

10 1010 10 {1,6,7}

11 1011 10 {1,2,6,8}

12 1100 10 {1, 3, 6, 9}

13 1101 10 {1,4,6,7}

14 1110 reserved reserved

15 1111 reserved reserved
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5.6 SC-FDMA baseband signal generation

This clause appliesto all uplink physical signals and uplink physical channels except the physical random access
channel.

(P

The time-continuous signal § (t) for antenna port 2in SC-FDMA symbol | inan uplink dot is defined by

NRENZB /2| -1
S(p) (t)= ( " Z —| (p) j27(k+1/2)AF (t-Nepy T, )

ENETIS

foro<t<(Nep; + N)xT, where k) = k+ [N% N2 /2 |, N=204¢ Af =15kHz and aﬁﬁ’ is the content of

resource element (k,1) on antenna port [.

For frame structure type 3, if the associated DCI indicates PUSCH starting position other than '00', ﬁ(p) (t),| =0is given
by

—sP (t - NCP,OTS) NégiTs St< (Ncp,o + N)Ts

where

768 if theassociated DCI indicates PUSCH starting position '01'
N =2768+N,, if theassociated DCI indicates PUSCH starting position '10'
Nepo+ N if theassociated DCI indicates PUSCH starting position '11'

and Ny, isgiven by clause 8.1. The UE behaviour if N§§r?> Nepo+ N isundefined.

The SC-FDMA symbolsin aslot shall be transmitted in increasing order of |, starting with 1 =0, where SC-FDMA
symbol | >Ostarts at time Z:jo(NCPJ' +N)T, withintheslot.

Table 5.6-1 liststhe valuesof N | that shall be used.

Table 5.6-1: SC-FDMA parameters

Configuration Cyclic prefix length N |
160 for | =0

144 for 1 =1,2,....6
Extended cyclic prefix | 512 for  =01,...5

Normal cyclic prefix
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5.7 Physical random access channel

5.7.1 Time and frequency structure

The physical layer random access preamble, illustrated in Figure 5.7.1-1, consists of a cyclic prefix of length T, and a
sequence part of length T, . The parameter values are listed in Table 5.7.1-1 and depend on the frame structure and the
random access configuration. Higher layers control the preamble format.

CP Sequence

Ter Tseq

Figure 5.7.1-1: Random access preamble format

Table 5.7.1-1: Random access preamble parameters

Preamble format Tep Teeq

0 3168 T, 24576 - T

1 21024 - T, 24576 - T,

2 6240 T, 2-24576-Tg

3 21024 - T, 2-24576-T,

4 (see Note) 448 T, 4096 - T,

NOTE:  Frame structure type 2 and special subframe configurations with UpPTS lengths 4384 -T,and 5120- T, only

assuming that the number of additional SC-FDMA symbols in UpPTS X in Table 4.2-1 is 0.

The transmission of arandom access preamble, if triggered by the MAC layer, isrestricted to certain time and
frequency resources. These resources are enumerated in increasing order of the subframe number within the radio frame
and the physical resource blocks in the frequency domain such that index O correspond to the lowest numbered physical
resource block and subframe within the radio frame. PRACH resources within the radio frame are indicated by a
PRACH configuration index, where the indexing isin the order of appearancein Table 5.7.1-2 and Table 5.7.1-4.

For non-BL/CE UEs there are up to two PRACH configurationsin acell. The first PRACH configuration is configured
by higher layers with a PRACH configuration index (prach-Configurationlndex) and a PRACH frequency offset
Ny g (Prach-FregquencyOffset). The second PRACH configuration (if any) is configured by higher layers with a

PRACH configuration index (prach-Configurationl ndexHighSpeed) and a PRACH frequency offset n, . (prach-
FrequencyOffsetHighSpeed).

For BL/CE UEs, for each PRACH coverage enhancement level, thereisa PRACH configuration configured by higher
layers with a PRACH configuration index (prach-Configurationindex), a PRACH frequency offset a4, ..., (prach-

FrequencyOffset), a number of PRACH repetitions per attempt N;EAG (numRepetitionPer Preambl eAttempt) and
optionally a PRACH starting subframe periodicity N PRacH  (prach-SartingSubframe). PRACH of preamble format 0-3

start
PRACH
Nrep

istransmitted =1 times, whereas PRACH of preamble format 4 is transmitted one time only.

For BL/CE UEs and for each PRACH coverage enhancement level, if frequency hopping is enabled for a PRACH
configuration by the higher-layer parameter prach-HoppingConfig, the value of the parameter nR, ., dependson

the SFN and the PRACH configuration index and is given by

- In casethe PRACH configuration index is such that a PRACH resource occursin every radio frame when
calculated as below from Table 5.7.1-2 or Table 5.7.1-4,

nRA PiPRS offet if n; mod2=0
PRBoffset = | (=RA PRACH uL _
(nPRBoffset + fPRB,hop)mOd Ngg if nf mod2=1
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- otherwise

_ | ne mod 4
MBS offset if L_f > JZO

RA
NPRB offset =
ARA PRACH UL | Ngmod4|
(nPRB offset T fPRB,hop)mOd NRB if LT =1

where n; isthe system frame number corresponding to the first subframe for each PRACH repetition, fpiBéAh%';

corresponds to a cell-specific higher-layer parameter prach-HoppingOffset. If frequency hopping is not enabled for the
PRACH configurationthen n2, o = TR e -

For frame structure type 1 with preamble format 0-3, for each of the PRACH configurations there is at most one random
access resource per subframe.

Table 5.7.1-2 lists the preambl e formats according to Table 5.7.1-1 and the subframes in which random access preamble
transmission is alowed for a given configuration in frame structure type 1. The start of the random access preamble
shall be aligned with the start of the corresponding uplink subframe at the UE assuming N, =0, where N, is
defined in clause 8.1. For PRACH configurations 0, 1, 2, 15, 16, 17, 18, 31, 32, 33, 34, 47, 48, 49, 50 and 63 the UE
may for handover purposes assume an absol ute value of the relative time difference between radio frame i in the
current cell and the target cell of less than 153600- T .

Thefirst physical resource block nk%, allocated to the PRACH opportunity considered for preamble formats 0, 1, 2 and

PRB
3isdefinedas nRy, = nRy e -

Table 5.7.1-2: Frame structure type 1 random access configuration for preamble formats 0-3

Colr?fFi{g;l\J(r:al:t'ion Preamble S;‘yr/asrts(ran Subframe Colr?fFi{g;l\J(r:al:t'ion Preamble S;‘yr/asrts(ran Subframe
Format number Format number
Index number Index number
0 0 Even 1 32 2 Even 1
1 0 Even 4 33 2 Even 4
2 0 Even 7 34 2 Even 7
3 0 Any 1 35 2 Any 1
4 0 Any 4 36 2 Any 4
5 0 Any 7 37 2 Any 7
6 0 Any 1,6 38 2 Any 1,6
7 0 Any 2,7 39 2 Any 2.7
8 0 Any 3,8 40 2 Any 3,8
9 0 Any 1,4,7 41 2 Any 1,4,7
10 0 Any 2,5,8 42 2 Any 2,5,8
11 0 Any 3,6,9 43 2 Any 3,6,9
12 0 Any 0,2,4,6,8 44 2 Any 0,2,4,6,8
13 0 Any 1,3,57,9 45 2 Any 1,3,57,9
0,1, 23,4,

14 0 Any 567809 46 N/A N/A N/A
15 0 Even 9 47 2 Even 9
16 1 Even 1 48 3 Even 1
17 1 Even 4 49 3 Even 4
18 1 Even 7 50 3 Even 7
19 1 Any 1 51 3 Any 1
20 1 Any 4 52 3 Any 4
21 1 Any 7 53 3 Any 7
22 1 Any 1,6 54 3 Any 1,6
23 1 Any 2.7 55 3 Any 2.7
24 1 Any 3,8 56 3 Any 3,8
25 1 Any 1,4,7 57 3 Any 1,4,7
26 1 Any 2,5,8 58 3 Any 2,5,8
27 1 Any 3,6,9 59 3 Any 3,6,9
28 1 Any 0,2,4,6,8 60 N/A N/A /
29 1 Any 1,3,5 7,9 61 N/A N/A N/A
30 N/A N/A / 62 N/A N/A N/A
31 1 Even 9 63 3 Even 9
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For frame structure type 2 with preamble formats 0-4, for each of the PRACH configurations there might be multiple
random access resources in an UL subframe (or UpPTS for preamble format 4) depending on the UL/DL configuration
[seetable 4.2-2]. Table 5.7.1-3 lists PRACH configurations allowed for frame structure type 2 where the configuration

index corresponds to a certain combination of preamble format, PRACH density value, D, and versionindex, rg,.

For frame structure type 2 with PRACH configuration indices 0, 1, 2, 20, 21, 22, 30, 31, 32, 40, 41, 42, 48, 49, 50, or
with PRACH configuration indices 51, 53, 54, 55, 56, 57 in UL/DL configuration 3, 4, 5, the UE may for handover

purposes assume an absolute value of the relative time difference between radio frame i in the current cell and the

target cell isless than 153600-T;.

Table 5.7.1-3: Frame structure type 2 random access configurations for preamble formats 0-4

PRACH Density - PRACH Density .
configuration P'r:eamble Per 10 ms Verr3|on configuration Plr:eamb:e Per 10 ms Verr3|on
Index orma Dgra R Index orma Dga RA
0 0 0.5 0 32 2 0.5 2
1 0 0.5 1 33 2 1 0
2 0 0.5 2 34 2 1 1
3 0 1 0 35 2 2 0
4 0 1 1 36 2 3 0
5 0 1 2 37 2 4 0
6 0 2 0 38 2 5 0
7 0 2 1 39 2 6 0
8 0 2 2 40 3 0.5 0
9 0 3 0 41 3 0.5 1
10 0 3 1 42 3 0.5 2
11 0 3 2 43 3 1 0
12 0 4 0 44 3 1 1
13 0 4 1 45 3 2 0
14 0 4 2 46 3 3 0
15 0 5 0 47 3 4 0
16 0 5 1 48 4 0.5 0
17 0 5 2 49 4 0.5 1
18 0 6 0 50 4 0.5 2
19 0 6 1 51 4 1 0
20 1 0.5 0 52 4 1 1
21 1 0.5 1 53 4 2 0
22 1 0.5 2 54 4 3 0
23 1 1 0 55 4 4 0
24 1 1 1 56 4 5 0
25 1 2 0 57 4 6 0
26 1 3 0 58 N/A N/A N/A
27 1 4 0 59 N/A N/A N/A
28 1 5 0 60 N/A N/A N/A
29 1 6 0 61 N/A N/A N/A
30 2 0.5 0 62 N/A N/A N/A
31 2 0.5 1 63 N/A N/A N/A

Table 5.7.1-4 lists the mapping to physical resources for the different random access opportunities needed for a certain
PRACH density value, D, . Each quadruple of the format (f., ,t(Q,t& ,t(2) indicates the location of a specific

random access resource, where f, isafrequency resource index within the considered time instance, t(Q) = 0,1,2

indicates whether the resource is reoccurring in al radio frames, in even radio frames, or in odd radio frames,
respectively, t$) = 0,1 indicates whether the random access resource is located in first half frame or in second half

frame, respectively, and where t@2 isthe uplink subframe number where the preamble starts, counting from O at the first

uplink subframe between 2 consecutive downlink-to-uplink switch points, with the exception of preamble format 4
where @ isdenoted as (*). The start of the random access preamble formats 0-3 shall be aligned with the start of the

corresponding uplink subframe at the UE assuming N1, =0 and the random access preamble format 4 shall start
4832 - T, before the end of the UpPTS at the UE, where the UpPTS is referenced to the UE's uplink frame timing
assuming N, =0.
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The random access opportunities for each PRACH configuration shall be allocated in time first and then in frequency if
and only if time multiplexing is not sufficient to hold all opportunities of a PRACH configuration needed for a certain
density value Dg, without overlap in time. For preamble format 0-3, the frequency multiplexing shall be done

according to

NBRB offset +6L%AJ, if framod2=0
RA  _
Npre = ¢
Nag — 6— N offsst — GL%J otherwise

where N Yt isthe number of uplink resource blocks, nR, isthe first physical resource block allocated to the PRACH
opportunity considered and where n28, ., isthefirst physical resource block available for PRACH.

For preamble format 4, the frequency multiplexing shall be done according to

ea _[6fr, if ((ny mod2)x (2— Nep) +t&, Jmod2=0
R INSL —6(fg +1), otherwise

where n; isthe system frame number and where N o is the number of DL to UL switch points within the radio frame.

For BL/CE UEs, only a subset of the subframes allowed for preamble transmission are allowed as starting subframes for
the N PRACH repetitions. The alowed starting subframes for a PRACH configuration are determined as follows:

- Enumerate the subframes that are allowed for preamble transmission for the PRACH configuration as
n =0, .N¥ -1 where n2* =0 and n%* = N} -1 correspond to the two subframes allowed for preamble

ab
transmission with the smallest and the largest absolute subframe number Ny ® , respectively.

- If aPRACH starting subframe periodicity N P*Ac" isnot provided by higher layers, the periodicity of the

Start

alowed starting subframes in terms of subframes allowed for preamble transmissionis PacH The allowed

starting subframes defined over n8 =o,.. N5 -1 aregiven by erZﬁACH where j=0,1,2,...

- If aPRACH starting subframe periodicity nS¥H  is provided by higher layers, it indicates the periodicity of
the allowed starting subframes in terms of subframes allowed for preamble transmission. The allowed starting
subframes defined over n? =0, N2 _1 aregivenby | FRACH, NrF;R;ACI- where j=0,1,2,...

- No starting subframe defined over n® - o, N _1 suchthat NG > NSFf{A—NerRACHisaIIowed.

Each random access preamble occupies a bandwidth corresponding to 6 consecutive resource blocks for both frame
structures.
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Table 5.7.1-4: Frame structure type 2 random access preamble mapping in time and frequency
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PRACH UL/DL configuration (See Table 4.2-2)
configuration Index
(See Table 5.7.1-3) v 1 2 ‘ “ e &

0 0.1,02) | 01,00 | 0,5,00) | 05,02 | (0,L0,1) | (0,1,0,0) | (0.1,0.2)
1 (0.20.2) | (0.20.1) | (0.2.0.0) | (0.2.0.2) | (0.2.0.1) | (0.2.0,0) | (0.2.0.2)
2 (0.1.1.2) | (0..1.1) | (0110 | 0.1.01) | (0.1.00) | NA | (0.LL1)
3 (0.00.2) | (0.00.) | (0.0.0.0) | (0.0,0.2) | (0.0.0.1) | (0,0,0,0) | (0.0.0.2)
4 (0.01.2) | (0.01.1) | (0.0..0) | (0.0,0.0) | (00.00) | NA | (0.011)
5 (0,00.) | (0,000 | NA | (00,00 | NA NA | (0,0,0,0)
. (0.00.2) | (0.00.) | 0,0,00) | (0.0,0.1) | (0,0,0,0) | (0,0,0,0) | (0.0.0.2)
0,012 | 0.011) | 0010 | 0.0,02) | (0001 | (1.0.0,0 | (0.0.1.1)

(0.0.0.1) | (0.0.0.0) (0.0.0.0) (0.0.0.1)

7 ©011) | ©o10 | VA | (0002 | NA NA~ | (001.0)
(0,0,0,0) (0.0,0,0) (0,0,0,0)

8 ovey | a NA | 00D | Na va | B8
(0.00.1) | 0,000 | 0.0,00) | (0.0,0.0) | (0,0,0,0) | (0,0,0,0) | (0.0.0.1)

9 (0.002) | (0,00.1) | (00.1.0) | (0.0,01) | (0.00.1) | (1.0.0.0) | (0.0.0,2)
0.01.2) | 0.011) | (1000) | 00,02 | (10.01) | (2.00,0) | (0.0.1.1)

(0,000 | (0,001 | (0,0,0,0) (0.0,0.0) (0,0,0.0)

10 (0,0.1,0) | (0,010 | 0010 | NA | (0001 | NA | (0002
0011 | (0011 | (1010 (1.0.0.0) (0.0.1.0)

(0,0,0,0) (0,0,0,1)

11 NA | (0001) | NA N/A N/A NA | (00,1,0)
(0,0,1,0) (0.0.1.1)

0.00.0) | (0,0.0.0) | (0.0,0,0) | (0.0,0,0) | (0,0,0,0) | (0.0,0,0) | (0,0.0,1)

i (0.002) | (0,00.1) | (00.1.0) | (0.0,01) | (0.00.1) | (1.0.0.0) | (0.0.0,2)
0.011) | (0,010 | (1.000) | 0.0,02) | (1.0.00) | (2,0.0,0) | (0.0.1.0)

0.012) | (0011) | (10.1.0) | (1.0,02) | (10.0.1) | (3.00.0) | (00.1.1)

(0.0.0.0) (0.0.0.0) (0.0.0.0)

(0.0.0.2) (0.0.0.1) (0.0.0.1)

13 oot | A vA | B0z | e va | 003
(0.0.1.2) (1.0.0.1) (0.0.1.1)

(0.0.0.0) (0.0.0.0) (0.0.0.0)

(0.0.0.1) (0.0.0.1) (0.0.0.2)

14 OoTe | a NA | 0003 | A va | G
(0.0.1.1) (1.0.0.0) (0.0.1.1)

(0,0,0,0) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0)
0,0,0,1) | (0,0,01) | (0,0,1,0) | (0,0,0,1) | (0,0,0,1) | (1,0,0,0) | (0,0,0,1)
15 (0,0,02) | (0,0,1,0) | (1,0,00) | (0,0,0,2) | (1,0,0,0) | (2,0,0,0) | (0,0,0,2)
(0,0,1,1) | (0,0,1,1) | (1,0,1,0) | (1,0,0,1) | (1,0,0,1) | (3,0,0,0) | (0,0,1,0)
0,012 | (1,0,01) | (20,00 | (1,0,02) | (20,01 | (40,00) | (0,0,1,1)
(0,0,0,1) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0)
(0,0,0,2) | (0,0,0,1) | (0,0,1,0) | (0,0,0,1) | (0,0,0,1)
16 (0,0,1,0) | (0,0,1,0) | (1,0,00) | (0,0,0,2) | (10,00) | NA N/A
(0,0,1,1) | (0,0,1,1) | (1,0,1,0) | (1,0,0,0) | (1,0,0,1)
0,012 | (10,41 | (2,0,1,0) | (1,0,0,2) | (2,0,0,0)

(0,0,0,0) | (0,0,0,0) (0,0,0,0)
(0,0,0,1) | (0,0,0,1) (0,0,0,1)
17 (0,0,0,2) | (0,0,1,0) N/A (0,0,0,2) N/A N/A N/A
(0,0,1,0) | (0,0,1,1) (1,0,0,0)
0,0,1,2) | (1,0,0,0) (1,0,0,1)

(0,0,0,0) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0)
(0,00,1) | (0,0,0,1) | (0,0,1,0) | (0,0,0,1) | (0,0,0,1) | (1,0,0,0) | (0,0,0,1)
0,00,2) | (0,0,1,0) | (1,0,0,0) | (0,0,0,2) | (1,0,0,0) | (2,0,0,0) | (0,0,0,2)

18 0,010) | 0011 | (1010) | (1.0,00) | (1.0.0.1) | (300,0) | (0.0.1.0)
©0.011) | (10,01) | (2000) | (1.0.01) | (2:00.0) | (400,0) | (0.0.1.2)

0.012) | 10.11) | 2010 | (10.02) | 2.001) | 5.00,0) | (1.0.02)

(0.0.0,0) (0.0.0,0)

(0.0.0,1) (0.0.0,1)

(0.0.1,0) (0.0.0.2)

19 va | SOTD | e N/A N/A nA | 6003
(1,0.0,0) (0.0.1.1)

(1.0.1.0) (1.0.1.1)

20730 0104 | 0100 | NA [ (0400 | 04,00 | NA | (010D
21/31 (0.201) [ (0200 | NA [ (0201 | (0200 ] NA | (0201
22132 (0.111) [ 0110 | NA N/A N/A NA | (0.4.10)
23733 (0,001) | (00,00 | NA | (0000 | 0,000 | NA | (0001
24134 (0.01.1) | (0.01.0 | NA N/A N/A NA | (00.1.0)
(0,0.0.1) | (0.0,0.0) ©.00,1) | (0,0,0,0) (0.0.0.1)

25135 0011 | 0010 | VA | @oo1) | o000 | VA | (0010
(0,0.0.1) | (0.0,0.0) (0.0.0.1) | (0.0.0.0) (0.0.0,1)

26136 00L1) | 0010 | \ya | @001 | @000 [ n | ©0L10)
(1.00.1) | (1.0.0.0) (2.001) | (2.0,00) (1.0.0.1)
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(0,0,0,1) | (0,0,0,0) (0,0,0,1) | (0,0,0,0) (0,0,0,1)

07 /37 0,0,1,1) | (0,0,1,0) (1,0,0,1) | (1,0,0,0) (0,0,1,0)

(1,0,0,1) | (1,0,0,0) N/A (20,0,1) | (20,00 | NA | (1,00.1)

(1,0,1,1) | (1,0,1,0) (3,0,0,1) | (3,0,0,0) (1,0,1,0)

(0,0,0,1) | (0,0,0,0) (0,0,0,1) | (0,0,0,0) (0,0,0,1)

0,0,1,1) | (0,0,1,0) (1,0,0,1) | (1,0,0,0) (0,0,1,0)

28/38 (1,0,0,1) | (1,0,0,0) (2,0,0,1) | (2,0,0,0) (1,0,0,1)

(1,0,1,1) | (1,0,1,0) N/A (30,01) | (30,00) | NA | (1,0,1,0)

(2,0,0,1) | (2,0,0,0) (4,0,0,1) | (4,0,0,0) (2,0,0,1)

(0,0,0,1) | (0,0,0,0) (0,0,0,1) | (0,0,0,0) (0,0,0,1)

0,0,1,1) | (0,0,1,0) (1,0,0,1) | (1,0,0,0) (0,0,1,0)

29 139 (1,0,0,1) | (1,0,0,0) (2,0,0,1) | (2,0,0,0) (1,0,0,1)

(1,0,1,1) | (1,0,1,0) N/A (3001 | (3000) |\ | 10LO)

(2,0,0,1) | (2,0,0,0) (4,0,0,1) | (4,0,0,0) (2,0,0,1)

(2,0,1,1) | (2,0,1,0) (5,0,0,1) | (5,0,0,0) (2,0,1,0)

40 (0,1,0,0) N/A N/A (0,1,0,0) N/A N/A__ | (0,1,0,0)

41 (0,2,0,0) N/A N/A (0,2,0,0) N/A N/A__ | (0,2,0,0)
42 (0,1,1,0) N/A N/A N/A N/A N/A N/A

43 (0,0,0,0) N/A N/A (0,0,0,0) N/A N/A__ | (0,0,0,0)
44 (0,0,1,0) N/A N/A N/A N/A N/A N/A

(0,0,0,0) (0,0,0,0) (0,0,0,0)

45 0.0.10) N/A N/A (1.0,0.0) N/A NA | (L000)

(0,0,0,0) (0,0,0,0) (0,0,0,0)

46 (0,0,1,0) (1,0,0,0) (1,0,0,0)

(1.0,0.0) N/A N/A 20.00) N/A NA | 2000)

(0,0,0,0) (0,0,0,0) (0,0,0,0)

47 (0,0,1,0) (1,0,0,0) (1,0,0,0)

(1,0,0,0) N/A N/A (2,0,0,0) N/A N/A | (2,0,0,0)

(1,0,1,0) (3,0,0,0) (3,0,0,0)

48 0,109 | (0,1,0 | (0,1,0% | (0,1,0 | (0,109 | (0,109 | (0,1,0,%)

49 02,05 | (0,209 | (0,209 [ (0,209 | (0,204 | (0,205 | (0,2,0,%)

50 0119 [ 0119 [ (011" N/A N/A N/A 0,1,1,9

51 (0,00, | (0,0,0% | (0,0,0% | (0,00 | (0,00 | (0,009 | (0,0,0,")

52 0,019 [ (0,0,1% [ (0,0,1% N/A N/A N/A (0,0,1,%

3 (0,005 | (0,0,0% | (0,0,0% | (0,009 | (0,004 | (0,00 | (0,0,0,%)

0,015 | (0019 | (0019 | (1,004 | (1,004 | (1,004 | (0,0,1,%
(0,009 | (0,0,0% | (0,0,0% | (0,0,0% | (0,0,0% | (0,005 | (0,00,
54 0,015 | (0,0,1% | (001% | (1,004 | (1,004 | (1,004 | (0,0,1,%
(1,009 | (1,0,04 | (10,09 | (2,009 | (2,004 | (2,004 | (1,0,0,
0,005 | (0,0,0% | (0,0,0% | (0,00% | (0,004 | (0,00 | (0,0,0,%
0,015 | (0,01% | (001% | (1,0,0% | (1,004 | (1,004 | (0,0,1,%
(1,004 | (1,0,0% | (1,004 | 200% | (20,0 | (200 | (1,00%
(1,019 | (1,019 | (1,019 | (3,009 | (3,004 | (3,004 | (1,0,1,%
(0,005 | (0,0,0% | (0,0,0% | (0,009 | (0,00% | (0,00 | (0,0,0,%
0,015 | (0,01% | (001% | (1,0,0% | (1,0,0% | (1,004 | (0,0,1,%
56 (1,005 | (1,0,0% | (1.0,0% | (2004 | (20,04 | (2,004 | (1,0,0,%
(1,019 | (1,0,1% | (1.0,1% | (30,04 | (30,04 | (3,004 | (1,0,1,%
(2,009 | (2004 | (2009 | (4,009 | (4009 | (4,004 | (2,0,0%
(0,005 | (0,0,0% | (0,0,0% | (0,00% | (0,004 | (0,00 | (0,0,0,%
0,015 | (0,014 | (001% | (1,00% | (1,0,0% | (1,004 | (0,0,1,%
(1,009 | (1,0,0% | (10,04 | (2004 | (20,04 | (2,004 | (1,0,0,%

55

57 (L1014 | (1019 | (1019 | (30,09 | (300 | (30,04 | (10,1
2009 | (2004 | (2004 | (4009 | 4004 | (400% | (2.0.0%
2014 | 2019 | 2019 | (5009 | (5004 | (5002 | (2.0.1%
58 N/A N/A N/A N/A N/A N/A N/A
59 N/A N/A N/A N/A N/A N/A N/A
60 N/A N/A N/A N/A N/A N/A N/A
61 N/A N/A N/A N/A N/A N/A N/A
62 N/A N/A N/A N/A N/A N/A N/A
63 N/A N/A N/A N/A N/A N/A N/A

NOTE: * UpPTS
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5.7.2 Preamble sequence generation

The random access preambles are generated from Zadoff-Chu sequences with zero correlation zone, generated from one
or several root Zadoff-Chu sequences. The network configures the set of preamble sequences the UE is allowed to use.

There are up to two sets of 64 preambles available in a cell where Set 1 corresponds to higher layer PRACH
configuration using prach-Configurationlndex and prach-FrequencyOffset and Set 2, if configured, corresponds to
higher layer PRACH configuration using prach-Configurationl ndexHighSpeed and prach-FrequencyOffsetHighSpeed.
The set of 64 preamble sequencesin acell isfound by including first, in the order of increasing cyclic shift, al the
available cyclic shifts of aroot Zadoff-Chu sequence with the logical index rootSequencelndexHighSpeed (for Set 2, if
configured) or with the logical index RACH_ROOT_SEQUENCE (for Set 1), where both

rootSequencel ndexHighSpeed (if configured) and RACH_ROOT_SEQUENCE are broadcasted as part of the System
Information. Additional preamble sequences, in case 64 preambles cannot be generated from a single root Zadoff-Chu
sequence, are obtained from the root sequences with the consecutive logical indexes until all the 64 sequences are
found.

Thelogical root sequence order is cyclic: thelogical index O is consecutive to 837. The relation between alogical root
sequence index and physical root sequence index v isgiven by Tables5.7.2-4 and 5.7.2-5 for preamble formats 0 — 3
and 4, respectively.

The u' root Zadoff-Chu sequence is defined by

. aun(n+1)
-
x,(n)=e M | 0<n<Ny,-1

where the length N, of the Zadoff-Chu sequence is given by Table 5.7.2-1. Fromthe u™ root Zadoff-Chu sequence,
random access preambles with zero correlation zones of length N g —1are defined by cyclic shifts according to

Xu,v(n) =Xy ((n+cv) mod NZC)

where the cyclic shift is given by

WNgq v=0,1,..,[N,c/Nes |1 Ng 20 for unrestricted sets
0 Nes =0 for unrestricted sets
C,= 1 dym \_v/n;ﬁtj-k (vmodnf, Nee  v=041,..,w—1 for restricted setstype A and B
(13” +(V—W)Ng V=W,..,W+ s -1 for restricted setstype B
o + (V= W= N V=WHRA . WAL + i —1 for restricted setstype B

__ _RA _RA —RA
w= nmift ngroup + nmift

and Ng isgiven by Tables5.7.2-2 and 5.7.2-3 for preamble formats 0-3 and 4, respectively, where the higher-layer
parameters zeroCorrelationZoneConfig and zeroCorrelationZoneConfigHighSpeed shall be used for PRACH preamble

Set 1 and Set 2 (if configured), respectively. Restricted set type B shall be used for PRACH preamble Set 2 (if
configured), and the parameter High-speed-flag provided by higher layers determines if unrestricted set or restricted set
type A shall be used for PRACH preamble Set 1.
Thevariable d, isthe cyclic shift corresponding to a Doppler shift of magnitude 1/Tg, andisgiven by
d < p 0< p<Ny/2
" IN,c—p otherwise

where [ isthe smallest non-negative integer that fulfils (pu)mod N, =1. The parameters for restricted sets of cyclic
shiftsdependon d,, .

For restricted set type A and Nqg < d,, < N, /3, the parameters are given by
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n;ﬁt = Ldu/NCSJ
dstart =2d, + niﬁt Nes

group LNZC/dstartJ
nshift = maxdﬂ“zc - 2c|u g:ﬁupdstart)/NCSJO)

For restricted set type A and N, /3<d, < (Nzc— Ncg)/2, the parameters are given by

niﬁt = |_(Nzc - 2du)/NCSJ
dstart =Nz -2d, + ns'ﬁf}t Nes

group Ld / daartJ
nshift = mm max(L“’u - n;ﬁupdstart)/NCSJO)' nstiAf\t)
For restricted set type B and N < d, < N, /5, the parameters are given by
néii = du/Nes
dstart = 4d, +ngfi Nes
group LNZC/ dstartJ

nshift = maX(L(Nzc _4du - n;ﬁupdstart)/NCSJO)

For restricted set type B and N, /5<d, < (N, — Ngg)/4, the parameters are given by

”;ﬁt = L(Nzc —4d, )/NCSJ
daart =Nzc—4d, + nsF;rﬁt Ncs

group |_d / dstartJ

nshift = mm mwﬁ(du - ng:ﬁupdaart)/NCSJO)' n;ﬁt)

For restricted set type B and (N + Ncg)/4 < d, < 2N, /7, the parameters are given by

nster)iar:t = |_(4du - Nzc)/Nch
gat =4d, —Nzc + néﬁﬁt Ncs

e

o

start — NZC 3d + ngroupdstart + nshlft NCS

o

start — NZC 2d + ngroupdstart + nshm NCS
ngroup = Ldu /dstartJ

ﬁshRﬁt = max Q(N zC _3d - n;éupdswt )/NCSJO)
ﬁsﬁlArt = Lmin(d groupdstart l4du - NZC _ﬁsmt NCS)/NCSJ
i = (0 minfu g e, — nfpdaa b+ minfL A fad, - Nzc R Nes )/ Nes |-

For restricted set type B and 2N, /7 < d, < (Nzc — Ngg)/3, the parameters are given by
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n?hli/_}t = L(Nzc _Sdu)/NCSJ

RA
dgat = Nzc —3dy + Ngyist Nes
I _ RA —RA
daan - du + ngroupdaan + Nahitt NCS
dgo =0

ngr\;ﬁup = |_du/d$anJ
i = mex( (40, ~ Nzc - 3 )/ Nes J0)
Ngpige = MaX 4du NZC ngroupdstart / NCS 0
A =[min{d, ~ A0t Nzc - 30, -1 Nes/Nes
=RA
0

Nghife =

For restricted set type B and (N ¢ + Ng)/3< d, < 2N, /5, the parameters are given by

”mt = |_(3du - Nzc)/Nch
Ogat =3d, — Nz + n;ﬁt Nes

astart =0
astart =0
n;ﬁup = Ldu/dslartJ

ﬁ;’ff\t = maX(L(NZC _Zdu - n;ﬁupdﬂart )/NCSJ;O)

AR =0
ﬁmm =0

For restricted set type B and 2N, /5<d, < (N —Ngg)/2, the parameters are given by

n;/i-\ft = |_(Nzc - 2du)/NCSJ
Agat = 2(Nzc —2d,) + nsi"qﬁt Nes

astart =0

Agar =0
nsl;réUD = L(NZC - du)/dstartJ
ﬁdeli?t = I’ma)((L(":”‘du - NZC - n;éupdstart )/NCSJO)

ﬁshift =0
ﬁshift =0

For all other values of d,,, there are no cyclic shiftsin the restricted set.

Table 5.7.2-1: Random access preamble sequence length

Preamble format | N

0-3 839
4 139
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Table 5.7.2-2: Ng for preamble generation (preamble formats 0-3)

zeroCorrelationZoneConfig, N g value
zeroCorrelationZoneConfigHighSpeed | yUnrestricted set | Restricted set type A | Restricted set type B
0 0 15 15
1 13 18 18
2 15 22 22
3 18 26 26
4 22 32 32
5 26 38 38
6 32 46 46
7 38 55 55
8 46 68 68
9 59 82 82
10 76 100 100
11 93 128 118
12 119 158 137
13 167 202 -
14 279 237 -
15 419 - -

Table 5.7.2-3: Ng for preamble generation (preamble format 4)

zeroCorrelationZoneConfig | Ng value

0 2

1 4
2 6
3 8
4 10
5 12
6 15
7 N/A
8 N/A
9 N/A
10 N/A
11 N/A
12 N/A
13 N/A
14 N/A
15 N/A
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Table 5.7.2-4: Root Zadoff-Chu sequence order for preamble formats 0 — 3

Logical root Physical root sequence number u
sequence - . . .
ATTRET (in increasing order of the corresponding logical sequence number)
129, 710, 140, 699, 120, 719, 210, 629, 168, 671, 84, 755, 105, 734, 93, 746, 70, 769, 60, 779
0-23
2,837,1, 838
24-29 56, 783, 112, 727, 148, 691
30-35 80, 759, 42, 797, 40, 799
36-41 35, 804, 73, 766, 146, 693
42-51 31, 808, 28, 811, 30, 809, 27, 812, 29, 810
52-63 24, 815, 48, 791, 68, 771, 74, 765, 178, 661, 136, 703
64-75 86, 753, 78, 761, 43, 796, 39, 800, 20, 819, 21, 818
76-89 95, 744, 202, 637, 190, 649, 181, 658, 137, 702, 125, 714, 151, 688
217,622,128, 711, 142, 697, 122, 717, 203, 636, 118, 721, 110, 729, 89, 750, 103, 736, 61, 778, 55, 784, 15
90-115 824, 14, 825
116-135 12, 827, 23, 816, 34, 805, 37, 802, 46, 793, 207, 632, 179, 660, 145, 694, 130, 709, 223, 616
136-167 228, 611, 227, 612, 132, 707, 133, 706, 143, 696, 135, 704, 161, 678, 201, 638, 173, 666, 106, 733, 83, 756, 91,
748, 66, 773, 53, 786, 10, 829, 9, 830
168-203 7,832, 8, 831, 16, 823, 47, 792, 64, 775, 57, 782, 104, 735, 101, 738, 108, 731, 208, 631, 184, 655, 197, 642,

191, 648, 121, 718, 141, 698, 149, 690, 216, 623, 218, 621

152, 687, 144, 695, 134, 705, 138, 701, 199, 640, 162, 677, 176, 663, 119, 720, 158, 681, 164, 675, 174, 665
204-263 171, 668, 170, 669, 87, 752, 169, 670, 88, 751, 107, 732, 81, 758, 82, 757, 100, 739, 98, 741, 71, 768, 59, 780
65, 774, 50, 789, 49, 790, 26, 813, 17, 822, 13, 826, 6, 833

5, 834, 33, 806, 51, 788, 75, 764, 99, 740, 96, 743, 97, 742, 166, 673, 172, 667, 175, 664, 187, 652, 163, 676,
264-327 185, 654, 200, 639, 114, 725, 189, 650, 115, 724, 194, 645, 195, 644, 192, 647, 182, 657, 157, 682, 156, 683
211, 628, 154, 685, 123, 716, 139, 700, 212, 627, 153, 686, 213, 626, 215, 624, 150, 689

225, 614, 224, 615, 221, 618, 220, 619, 127, 712, 147, 692, 124, 715, 193, 646, 205, 634, 206, 633, 116, 723
328-383 160, 679, 186, 653, 167, 672, 79, 760, 85, 754, 77, 762, 92, 747, 58, 781, 62, 777, 69, 770, 54, 785, 36, 803, 32
807, 25, 814, 18, 821, 11, 828, 4, 835

3, 836, 19, 820, 22, 817, 41, 798, 38, 801, 44, 795, 52, 787, 45, 794, 63, 776, 67, 772, 72

767,76, 763, 94, 745, 102, 737, 90, 749, 109, 730, 165, 674, 111, 728, 209, 630, 204, 635, 117, 722, 188, 651
159, 680, 198, 641, 113, 726, 183, 656, 180, 659, 177, 662, 196, 643, 155, 684, 214, 625, 126, 713, 131, 708
219, 620, 222, 617, 226, 613

230, 609, 232, 607, 262, 577, 252, 587, 418, 421, 416, 423, 413, 426, 411, 428, 376, 463, 395, 444, 283, 556
456-513 285, 554, 379, 460, 390, 449, 363, 476, 384, 455, 388, 451, 386, 453, 361, 478, 387, 452, 360, 479, 310, 529
354, 485, 328, 511, 315, 524, 337, 502, 349, 490, 335, 504, 324, 515

323, 516, 320, 519, 334, 505, 359, 480, 295, 544, 385, 454, 292, 547, 291, 548, 381, 458, 399, 440, 380, 459
514-561 397, 442, 369, 470, 377, 462, 410, 429, 407, 432, 281, 558, 414, 425, 247, 592, 277, 562, 271, 568, 272, 567
264, 575, 259, 580

237, 602, 239, 600, 244, 595, 243, 596, 275, 564, 278, 561, 250, 589, 246, 593, 417, 422, 248, 591, 394, 445
393, 446, 370, 469, 365, 474, 300, 539, 299, 540, 364, 475, 362, 477, 298, 541, 312, 527, 313, 526, 314, 525

384-455

562-629 353, 486, 352, 487, 343, 496, 327, 512, 350, 489, 326, 513, 319, 520, 332, 507, 333, 506, 348, 491, 347, 492
322, 517

630659 330, 509, 338, 501, 341, 498, 340, 499, 342, 497, 301, 538, 366, 473, 401, 438, 371, 468, 408, 431, 375, 464
249, 590, 269, 570, 238, 601, 234, 605
257, 582, 273, 566, 255, 584, 254, 585, 245, 594, 251, 588, 412, 427, 372, 467, 282, 557, 403, 436, 396, 443

660-707 392, 447, 391, 448, 382, 457, 389, 450, 294, 545, 297. 542, 311, 528, 344, 495, 345, 494, 318, 521, 331, 508
325, 514, 321, 518

708-729 346, 493, 339, 500, 351, 488, 306, 533, 289, 550, 400, 439, 378, 461, 374, 465, 415, 424, 270, 569, 241, 598

730-751 231, 608, 260, 579, 268, 571, 276, 563, 409, 430, 398, 441, 290, 549, 304, 535, 308, 531, 358, 481, 316, 523

752-765 293, 546, 288, 551, 284, 555, 368, 471, 253, 586, 256, 583, 263, 576

766-777 242, 597, 274, 565, 402, 437, 383, 456, 357, 482, 329, 510

778-789 317, 522, 307, 532, 286, 553, 287, 552, 266, 573, 261, 578

790-795 236, 603, 303, 536, 356, 483

796-803 355, 484, 405, 434, 404, 435, 406, 433

804-809 235, 604, 267, 572, 302, 537

810-815 309, 530, 265, 574, 233, 606

816-819 367, 472, 296, 543

820-837 336, 503, 305, 534, 373, 466, 280, 559, 279, 560, 419, 420, 240, 599, 258, 581, 229, 610
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Table 5.7.2-5: Root Zadoff-Chu sequence order for preamble format 4

Logical root Physical root sequence number y
sequence number (in increasing order of the corresponding logical sequence number)

0-19 1(138| 2137 | 3|136| 4|135| 5[134| 6[133| 7132 | 8]131| 9|130|10| 129
20-39 11128 |12 | 127 |13 | 126 |14 | 125 |15[124 |16 | 123 |17 | 122 |18 121 |19 |120 | 20 | 119
40 - 59 211118 22| 117 |23 |116 |24 |115|25|114 |26 (113 |27 |112 |28 | 111 |29 |110 30109
60-79 31|108 |32 |107 | 33[106|34|105|35|104 |36 103 |37|102|38|101 |39 100 40| 99
80 — 99 41| 98 (42| 97 |43 | 96|44 | 95|45| 94|46 93|47 | 92|48 | 91[49| 90|50 | 89

100 -119 51| 88 |52| 87 |53| 86|54| 85|55| 84 |56| 83 |57| 82|58| 81|59| 80|60| 79

120 — 137 61| 78|62| 77|63 | 76|64| 75|65| 74|66 73|67| 72|68| 71[(69| 70| - -

138 — 837 N/A

5.7.3 Baseband signal generation

The time-continuous random access signal s(t) isdefined by

Nzc—1Nzc-1 —j 2mk
S(t)=ﬂPRACH Z Z X, ,(n)-e Nzc ,elz’f(kﬂﬂ*K(ko*}é))AfRA(t‘Tcp)
u,v
k=0 n=0

where0 <t <Tgzg +Tep» Bpracn I1Sa@N amplitude scaling factor in order to conform to the transmit power Pogacy
specified in clause 6.1 in 3GPP TS 36.213 [4], and k, = n¥; N2® — N % N 28 /2. Thelocation in the frequency domain
is controlled by the parameter ngs, isderived from clause 5.7.1. Thefactor K = Af /Afg, accounts for the difference
in subcarrier spacing between the random access preamble and uplink data transmission. The variable Afg, , the
subcarrier spacing for the random access preamble, and the variable ¢, afixed offset determining the frequency-domain
location of the random access preamble within the physical resource blocks, are both given by Table 5.7.3-1.

Table 5.7.3-1: Random access baseband parameters

Preamble format Afga q

0-3 1250 Hz | 7
4 7500Hz | 2
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5.8 Modulation and upconversion

ETSI TS 136 211 V14.14.0 (2020-04)

Modulation and upconversion to the carrier frequency of the complex-valued SC-FDMA baseband signal for each
antenna port or the complex-valued PRACH baseband signal is shown in Figure 5.8-1. Thefiltering required prior to
transmission is defined by the requirementsin 3GPP TS 36.101 [7].
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Figure 5.8-1: Uplink modulation
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6 Downlink

6.1 Overview

The smallest time-frequency unit for downlink transmission is denoted a resource element and is defined in
clause 6.2.2.

A subset of the downlink subframes in aradio frame can be configured as MBSFN subframes by higher layers. Each
MBSFN subframe is divided into a non-MBSFN region and an MBSFN region.

- For subframesusing Af =15kHz, the non-MBSFN region spans the first one or two OFDM symbolsin an
MBSFN subframe where the length of the non-MBSFN region is given according to Subclause 6.7.

- For subframesusing Af =7.5kHz or Af =1.25kHz, the non-MBSFN regionis of zero size.

- The MBSFN region in an MBSFN subframe is defined as the OFDM symbols not used for the non-MBSFN
region.

For an MBM S-dedicated cell, subframes where PSS/SSS/PBCH or PDSCH carrying system information are transmitted
with Af =15kHz are non-MBSFN subframes.

For frame structure type 3, MBSFN configuration shall not be applied to downlink subframesin which at least one
OFDM symbol is not occupied or discovery signal is transmitted.

Unless otherwise specified, transmission in each downlink subframe shall use the same cyclic prefix length as used for
downlink subframe #0.

6.1.1 Physical channels

A downlink physical channel correspondsto a set of resource elements carrying information originating from higher
layers and is the interface defined between 3GPP TS 36.212 [3] and the present document 3GPP TS 36.211.
The following downlink physical channels are defined:

- Physical Downlink Shared Channel, PDSCH

- Physical Broadcast Channel, PBCH

- Physical Multicast Channel, PMCH

- Physical Control Format Indicator Channel, PCFICH

- Physical Downlink Control Channel, PDCCH

- Physical Hybrid ARQ Indicator Channel, PHICH

- Enhanced Physical Downlink Control Channel, EPDCCH
- MTC Physical Downlink Control Channel, MPDCCH

6.1.2 Physical signals

A downlink physical signal correspondsto a set of resource elements used by the physical layer but does not carry
information originating from higher layers. The following downlink physical signals are defined:

- Reference signa
- Synchronization signal

- Discovery signal
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6.2 Slot structure and physical resource elements

6.2.1 Resource grid

The transmitted signal in each slot is described by one or several resource grids of Ngg NG subcarriersand Ny,

OFDM symbols. The resource grid structure isillustrated in Figure 6.2.2-1. The quantity N%‘ depends on the
downlink transmission bandwidth configured in the cell and shall fulfil

min,DL DL max,DL
NRB < NRB = NRB
min,DL max,DL

where Ngg~~ =6 and Ngg '~ =110 arethe smallest and largest downlink bandwidths, respectively, supported by
the current version of this specification.

The set of allowed valuesfor N5 isgiven by 3GPP TS 36.104 [6]. The number of OFDM symbolsin a slot depends
on the cyclic prefix length and subcarrier spacing configured and isgivenin Table 6.2.3-1.

An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred
from the channel over which another symbol on the same antenna port is conveyed. For MBSFN reference signals,
positioning reference signals, UE-specific reference signals associated with PDSCH and demodulation reference signals
associated with EPDCCH, there are limits given below within which the channel can be inferred from one symbol to
another symbol on the same antenna port. There is one resource grid per antenna port. The set of antenna ports
supported depends on the reference signal configuration in the cell:

- Cdl-specific reference signal's support a configuration of one, two, or four antenna ports and are transmitted on
antennaports p=0, pe {01}, and pe {0,1,2,3}, respectively.

- MBSFN reference signals are transmitted on antenna port p= 4. The channel over which a symbol on antenna
port p=4is conveyed can be inferred from the channel over which another symbol on the same antenna port is
conveyed only if the two symbols correspond to subframes of the same MBSFN area.

- UE-specific reference signals associated with PDSCH intended for non-BL/CE UE are transmitted on antenna
port(s) p=5, p=7, p=8, or oneor severa of pe {7,891011121314}. The channel over which a symbol

on one of these antenna ports is conveyed can be inferred from the channel over which another symbol on the
same antenna port is conveyed only if the two symbols are within the same subframe and in the same PRG when
PRB bundling is used or in the same PRB pair when PRB bundling is not used.

- - UE-specific reference signals associated with PDSCH intended for BL/CE UE are transmitted on one or

several of antennaport(s) pe {7,8,9,10,1L12,13,14}. The channel over which a symbol on one of these antenna
portsis conveyed can be inferred from the channel over which another symbol on the same antenna port is
conveyed only if the two symbols are in the same set of N ,f,'gDL consecutive subframes and have the sasme PRB

index.

- Demodulation reference signals associated with EPDCCH are transmitted on one or several of
pe {107,108,109,110}. The channel over which a symbol on one of these antenna portsis conveyed can be

inferred from the channel over which another symbol on the same antenna port is conveyed only if the two
symbols arein the same PRB pair.

- - Demodulation reference signals associated with MPDCCH are transmitted on one or several of
pe {107,108,109,110}. The channel over which a symbol on one of these antenna portsis conveyed can be
inferred from the channel over which another symbol on the same antenna port is conveyed only if the two

symbols arein the same set of N ﬁ,hB'D" consecutive subframes and have the same PRB index.

- Positioning reference signals are transmitted on antenna port p =6 . The channel over which a symbol on
antennaport p==6 isconveyed can be inferred from the channel over which another symbol on the same
antenna port is conveyed only within one positioning reference signal occasion consisting of Npgg consecutive
downlink subframes, where Npgg is configured by higher layers.
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- CSl reference signal's support a configuration of 1, 2, 4, 8, 12, 16, 20, 24, 28, or 32 antenna ports and are
transmitted on antennaports p=15, p=1516, p=15...18, p=15,...,22, p=15,....26, p=15,....30,

p=15,...34, p=15...38, p=15...42 and p=15,...46, respectively.
Two antenna ports are said to be quasi co-located if the large-scale properties of the channel over which a symbol on

one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is

conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain,
and average delay.

6.2.2 Resource elements

Each element in the resource grid for antenna port p iscalled aresource element and is uniquely identified by the

index pair (k,1) inaslot where k=0,...,NggN&® ~1 and | =0...., N9, —1 are theindices n the frequency and time
domains, respectively. Resource element (k,l) on antenna port p corresponds to the complex value af(ﬁ) .

When thereis no risk for confusion, or no particular antenna port is specified, theindex p may be dropped.

One downlink slot Ty
-

Nm» OFDM symbols

- -
-t -

1 k=NRENE® -1
Resource
H&Ckx NRB resource
N ymb =L elements
S
2
c |3
8 |t
S 18
» a9 Resource (1)
Byl @@ element ’
=z E 2
X pzd
Py}
= “
\J
| k=0
DL
=0 I=NOh,—1

Figure 6.2.2-1: Downlink resource grid
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6.2.3 Resource blocks

Resource blocks are used to describe the mapping of certain physical channels to resource elements. Physical and
virtual resource blocks are defined.

A physical resource block is defined as Nganb consecutive OFDM symbols in the time domain and NSFéB consecutive
subcarriersin the frequency domain, where Nganb and NSFéB are given by Table 6.2.3-1. A physical resource block thus

consists of Ngpy, x N&° resource elements, corresponding to one slot in the time domain and 180 kHz in the frequency
domain.

Physical resource blocks are numbered from 0 to N% —1 in the frequency domain. The relation between the physical
resource block number npgg in the frequency domain and resource elements (k,I) inadot isgiven by

| k

Table 6.2.3-1: Physical resource blocks parameters

Configuration NZB | Ngmp
Normal cyclic prefix Af =15kHz " 7
Af =15kHz 6
Extended cyclic prefix | Af =7.5kHz 24 3
Af =1.25kHz | 144 1

Except for subcarrier spacing Af = 1.25 kHz, aphysical resource-block pair is defined as the two physical resource
blocks in one subframe having the same physical resource-block number npgg .

A virtual resource block is of the same size as a physical resource block. Two types of virtual resource blocks are
defined:

- Virtual resource blocks of localized type
- Virtual resource blocks of distributed type

For each type of virtual resource blocks, a pair of virtual resource blocks over two slotsin a subframeis assigned
together by asingle virtual resource block number, Nygg .

6.2.3.1 Virtual resource blocks of localized type

Virtual resource blocks of localized type are mapped directly to physical resource blocks such that virtual resource
block nyrg corresponds to physical resource block npgg = Nyrg - Virtual resource blocks are numbered from O to

DL DL DL
NVRB _l, Whel’e NVRB = NRgrp -

6.2.3.2 Virtual resource blocks of distributed type

Virtual resource blocks of distributed type are mapped to physical resource blocks as described below.
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Table 6.2.3.2-1: RB gap values

Gap (Ngp)
SRR NRB ) 1 Gap ( Ngap,l) 2nd Gap ( Ngap,z)

6-10 (N RB /2-‘ N/A
11 4 N/A
12-19 8 N/A
20-26 12 N/A
27-44 18 N/A
45-49 27 N/A

50-63 27 9
64-79 32 16
80-110 48 16

The parameter Ny, isgiven by Table 6.2.3.2-1. For 6 < Noy <49, only one gap value N, ; isdefined and
Ngap = Nggp1- FOr 50< NE; <110, two gap values Ngg,; and Ngg o are defined. Whether Ny = Ngan 4 OF
Ngap = Ngap2is signaled as part of the downlink scheduling assignment as described in 3GPP TS 36.212 [3].

Virtual resource blocks of distributed type are numbered from 0 toN%, —1, where

N\I/DIIiB N\I/DIIiBgapl_z' min(Ngap' NRI?IIB_ - Ngap) for Ngap = Ngap,l and N\IIDI;B = N\?II'\:Bga;)Z \_ RDBL /2N J 2Ngap for
Noap = Noapz-
Consecutive N5, VRB numbers compose a unit of VRB number interleaving, where N2&, = N5, for Ngg = Ny

and N%B =2N,, for Ngg = Ngap 2 - Interleaving of VRB numbers of each interleaving unit is performed Wlth 4
columnsand N, rows, where N,,, =( Nyrs /(4P)-‘ P,and P isRBG size asdescribed in 3GPP TS 36.213 [4]. VRB
numbers are written row by row in the rectangular matrix, and read out column by column. N, nullsareinserted in

thelast N, /2 rows of the 2@ and 4" column, where N, = 4N,,,, — NOk; . Nulls are ignored when reading out. The
VRB numbers mapping to PRB numbers including interleaving is derived as follows:

For even slot number ng;

=’ =~ N DL =~
nPRB — Nrow Nnu” * O and nVRB > NVRB - Nnu” and nVRB m0d2 :1

ﬁPRB (ng) = ﬁ';RB - Nrow +Np 12, N,y #0 and ﬁVRB 2 N\?I%B —Npu and ﬁVRB mod2=0
S = _~ ~ ~ !
Nerg — Nt /2 Ny #0 and fAygg < NOkg — N,y and  Aygg mod4>2

~r
Npre , otherwise

where Npgg = 2N, ’(HVRB m0d2 LHVRB /2J+ NSEB ’\ﬁVRB / N\?F%Bja
and Nggg = Ny - (nVRB m0d4 +LnVRB /4J+ NVRB LnVRB / NVRBJ

where nygg = Nygg Mod NVRB and nyg isobtained from the downlink scheduling assignment as described in
3GPP TS 36.213 [4].

For odd slot number ng;

Npra (Ns) = (ﬁPRB (=1 + NVRB / 2)mod NVRB + N\I?IFEB : \_nVRB / N\?IFEBJ

Then, for all ng;

Noge (o) = Nprg (Ns), Nprg (Ns) < N\?IIiB 12
PRET Nprg (Ns) + Ngap — NvRs /2. fiprg (Ns) NVRB 12"
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Virtual resource blocks of distributed type are not applicable to BL/CE UEs.

6.2.4 Resource-element groups
Resource-element groups are used for defining the mapping of control channels to resource elements.

A resource-element group is represented by the index pair (k,1") of the resource element with the lowest index k in

the group with all resource elementsin the group having the same value of | . The set of resource elements (k,l) ina
resource-element group depends on the number of cell-specific reference signals configured as described below with

Ko=Nere - Ng , 0<Nprg < Npgg -

- Inthefirst OFDM symbol of the first slot in a subframe the two resource-element groups in physical resource
block nprg consist of resource elements (k,l = 0) with k=ky; +0,k, +1,...,ky +5 and

k=Kky+6,ky+7,..., Ky +11, respectively.

- Inthe second OFDM symbol of the first slot in a subframe in case of one or two cell-specific reference signals
configured, the three resource-element groups in physical resource block npgzg consist of resource elements
(k,1 =2) with k=ky+0,ky+1....,ky+3, k=ky+4,ky+5,...,ky+7 and k =k, +8,ky+9,...,ky +11,
respectively.

- Inthe second OFDM symbol of the first slot in a subframe in case of four cell-specific reference signals
configured, the two resource-element groups in physical resource block npzg consist of resource elements

(k,1 =2) with k=ky+0,ky+1,...,ky+5 and k=K, +6,ky+7,..., Ky +11, respectively.

- Inthethird OFDM symbol of the first dot in a subframe, the three resource-element groups in physical resource
block nprg consist of resource elements (k,| =2) with k=ky+0,Ky +1,..., kg +3, k=kg+4,ky +5,...,Ky +7

and k=Kky+8,ky+9,..., ky +11, respectively.

- Inthe fourth OFDM symbol of the first ot in a subframe in case of normal cyclic prefix, the three resource-
element groups in physical resource block npgg consist of resource elements (k,l = 3) with

k=Kky+0,ky+1....ky+3, k=Kky+4,ky+5,.... kg +7 and k=K, +8,ky +9,..., kg +11, respectively.

- Inthefourth OFDM symbol of the first slot in a subframe in case of extended cyclic prefix, the two resource-
element groups in physical resource block npgg consist of resource elements (k,| =3) with

k=K, +0,ky+1,....,ky+5 and k=ky +6,Ky +7,..., kg +11, respectively.

Mapping of a symbol-quadruplet (z(i), z(i+1),z(i +2), z(i + 3)) onto a resource-element group represented by resource-
element (k’,1") isdefined such that elements z(i) are mapped to resource elements (k,|) of the resource-element

group not used for cell-specific reference signalsin increasing order of i and k . In case asingle cell-specific reference
signal is configured, cell-specific reference signals shall be assumed to be present on antenna ports 0 and 1 for the
purpose of mapping a symbol-quadruplet to a resource-element group, otherwise the number of cell-specific reference
signals shall be assumed equal to the actual number of antenna ports used for cell-specific reference signals. The UE
shall not make any assumptions about resource elements assumed to be reserved for reference signals but not used for
transmission of areference signal.

For frame structure type 3, if the higher layer parameter subframeStartPosition indicates 'sO7' and the downlink
transmission starts in the second slot of a subframe, the above definition appliesto the second slot of that subframe
instead of the first dlot.

6.2.4A Enhanced Resource-Element Groups (EREGS)

EREGs are used for defining the mapping of enhanced control channels to resource elements.

There are 16 EREGs, numbered from 0 to 15, per physical resource block pair. Number all resource elements, except
resource elements carrying DM-RS for antenna ports p = {107,108,109,110} for normal cyclic prefix or p = {107,108}
for extended cyclic prefix, in a physical resource-block pair cyclically from 0to 15 in an increasing order of first
frequency, then time. All resource elements with number i in that physical resource-block pair constitutes EREG
number i .
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For frame structure type 3, if the higher layer parameter subframeStartPosition indicates 'sO7' and the downlink
transmission starts in the second slot of a subframe, the above definition applies to the second slot of that subframe
instead of the first dot.

6.2.5 Guard period for half-duplex FDD operation
For type A half-duplex FDD operation, a guard period is created by the UE by
- not receiving the last part of adownlink subframe immediately preceding an uplink subframe from the same UE.

For type B half-duplex FDD operation, guard periods, each referred to as a half-duplex guard subframe, are created by
the UE by

- not receiving adownlink subframe immediately preceding an uplink subframe from the same UE, and

- not receiving adownlink subframe immediately following an uplink subframe from the same UE.

6.2.6 Guard Period for TDD Operation

For frame structure type 2, the GP field in Figure 4.2-1 serves as a guard period.

6.2.7 Narrowbands and widebands

A narrowband is defined as six non-overlapping consecutive physical resource blocksin the frequency domain. The
total number of downlink narrowbands in the downlink transmission bandwidth configured in the cell is given by

NDL
i

The narrowbands are numbered nyg = 0,...,NNg —1 in order of increasing physical resource-block number where
narrowband nyg is composed of physical resource-block indices

6nyg +ip+i if NRg mod2=0
BNyg +ip+i  if N5 mod2=1and nyg < N3 /2
BNyg +ig+i+1 if N5 mod2=1and nyg = NR5 /2

where

i=01..5

i _{N%|_6NS§
o7 2 2

If Nﬁg >4, awideband is defined as four non-overlapping narrowbands in the frequency domain. The total number of
downlink widebands in the downlink transmission bandwidth configured in the cell is given by

o | nes
WwB 4

and the widebands are numbered nyg =0,..., N\',':’,'é —1 in order of increasing narrowband number where wideband ny,g
is composed of narrowband indices 4nyz +i where i =01,...,3.

If Ngg <4, then NJ& =1 and the single wideband is composed of the N5 non-overlapping narrowband(s).
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6.2.8 Guard period for narrowband and wideband retuning

For BL/CE UEs, aguard period of at most Ngf‘,;‘{)‘e OFDM symbolsis created for Rx-to-Rx and Tx-to-Rx frequency

retuning between two consecutive subframes. If the higher layer parameter ce-RetuningSymbolsis set, then N ;‘;Qe

equals ce-RetuningSymbols, otherwise Ngﬂ,‘e = 2. If the higher layer parameter ce-pdsch-maxBandwidth-config is set
to 5 MHz, then the rules for guard period creation defined in the remainder of this clause apply not for retuning between
narrowbands but for retuning between widebands and for transmissions involving multiple widebands.

- |If the UE retunes from a first downlink narrowband to a second downlink narrowband with a different center

frequency, a guard period is created by the UE not receiving at most Nsrye‘n‘j{,‘e OFDM symbolsin the second

narrowband.

- If the UE retunes from afirst uplink narrowband to a second downlink narrowband with a different center

frequency for frame structure type 2, aguard period is created by the UE not receiving at most Ngf‘,;‘{)‘e OFDM

symbolsin the second narrowband.

Furthermore, for BL/CE UEs configured with the higher layer parameter srs-UpPtsAdd, a guard period of at most

N;j:gge OFDM or SC-FDMA symbolsis created for Rx-to-Tx frequency retuning within a special subframe for frame

structure type 2. Primarily, the TDD guard period (GP) specified in clause 4.2 serves as the guard period for
narrowband retuning, and if GP is not sufficient then additional guard period is created by the UE according to:

- If SRSisconfigured to be transmitted in the first UpPTS symbol, the additional guard period is created by the

UE not receiving at most Ny DWPTS symbolsin the first narrowband.

- If SRSis configured to be transmitted in the second UpPTS symbol but not in the first UpPTS symbol, the
additional guard period is created by the UE primarily by not transmitting the first UpPTS symbol and (if

Ngmb° = 2) secondarily by not receiving the last DWPTS symbol.

6.3 General structure for downlink physical channels

This clause describes a general structure, applicable to more than one physical channel.
The baseband signal representing a downlink physical channel is defined in terms of the following steps:
- scrambling of coded bitsin each of the codewords to be transmitted on a physical channel
- modulation of scrambled bits to generate complex-valued modulation symbols
- mapping of the complex-valued modulation symbols onto one or several transmission layers
- precoding of the complex-valued modulation symbols on each layer for transmission on the antenna ports
- mapping of complex-valued modulation symbols for each antenna port to resource elements

- generation of complex-valued time-domain OFDM signal for each antenna port

antenna

layers
codewords y ports
) Modulation \ Resource OFDM signal
Scrambling mapper element mapper generation
Layer Precoding
mapper
) _| Modulation .| Resource OFDM signal
Scrambling mapper ! element mapper generation

Figure 6.3-1: Overview of physical channel processing
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6.3.1 Scrambling

For each codeword q, the block of bits b@ (0),...,b™ (M (¥ —1) , where M@ isthe number of bitsin codeword q
transmitted on the physical channel in one subframe, shall be scrambled prior to modulation, resulting in a block of
scrambled bits b (0),....b @ (M ® —1) according to

@ (i) =@ (i) +c@ (i) /mod2

where the scrambling sequence ¢(@ (i) is given by clause 7.2. The scrambling sequence generator shall be initialised at
the start of each subframe, where theinitialisation value of c;,; depends on the transport channel type according to

¢ _{nRNT, 2% 4q-28+|n/2]- 2° + N for PDSCH
init —

[ng/2-2° + NJABS™ for PMCH

where ngyp, corresponds to the RNTI associated with the PDSCH transmission as described in clause 7.1
3GPP TS 36.213 [4].

For BL/CE UEs, the same scrambling sequence is applied per subframe to PDSCH for a given block of N

subframes. The subframe number of the first subframe in each block of N, consecutive subframes, denoted as N, ,

satisfies (nabs’1 +i, ) mod N, = 0. For the ] ™ block of N, subframes, the scrambling sequence generator shall be
initialised with

Cinit = NrNTI '214+Q'213+[(jo + j)Nacc mole]-29 + N|C§”

where

. g+ NSO i, —1 |
j =01:L---;\‘ 0 abs A J_ jo
N
Jo =[(ig+is)/Nec: ]
- 0, for framestructuretypel or N, =1
A7 |N.—2 forframestructuretype2 and N, =10

acc

and i, is the absolute subframe number of the first downlink subframe intended for PDSCH. The PDSCH transmission

spans N;"bDSSCH consecutive subframes including subframes that are not BL/CE DL subframes where the PDSCH

transmission is postponed.
For BL/CE UEs,
- if the PDSCH iscarrying SIB1-BR

Ny =1

- €eseif the PDSCH iscarrying SI message (except for SIB1-BR) or if the PDSCH transmission is associated with
P-RNTI or SC-RNTI:

- N, =4 for frame structuretype 1 and N, =10 for frame structure type 2
- otherwise

N, =1for UEs assuming CEModeA (according to the definition in Clause 12 of [4]) or configured with
CEModeA

- N =4 for frame structure type 1 and N, =10 for frame structure type 2 for UEs assuming CEM odeB
(according to the definition in Clause 12 of [4]) or configured with CEModeB
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Up to two codewords can be transmitted in one subframe, i.e., qe {0,1}. In the case of single codeword transmission, q
isequal to zero.

6.3.2 Modulation

For each codeword q, the block of scrambled bits b (@ (0),...,b @ (M @ —1) shall be modulated as described in

clause 7.1 using one of the modulation schemesin Table 6.3.2-1, resulting in a block of complex-valued modulation
symbols d@(0),...d MO -1).

Table 6.3.2-1: Modulation schemes

Physical channel Modulation schemes

PDSCH QPSK, 16QAM, 64QAM, 256QAM

PMCH QPSK, 16QAM, 64QAM, 256QAM
6.3.3 Layer mapping

The complex-valued modulation symbols for each of the codewords to be transmitted are mapped onto one or severa
|layers. Complex-valued modulation symbols d? (0),...,d@ (M) ~1) for codeword q shall be mapped onto the

XD (i)]r ,i=01..,M&% 1 where v isthe number of layersand MY isthe number of

modulation symbols per layer, unless v = 2 and "MUST interference presence and power ratio (MUSTIdx)" signalled in

a®x® (i)]r , Where

layers x(i) =[x i)

the associated DCI is'00' for only one codeword in which case x(i) = [a(o)x(o) 0]

o) =

@ for thelayer j for which MUSTIdx is'00', and ol = /ﬁ for thelayer | for which MUSTIdx is

not '00". The value of S is determined from Table 6.3.3-1 using MUSTIdx and the modulation order of the codeword for
which MUSTIdx is not '00'".

Table 6.3.3-1: Values for

MUSTIdx Modulation order
QPSK 16QAM | 64QAM
01 8/10 32/42 128/170
10 50/58 144.5/167 | 40.5/51
11 264.5/289 | 128/138 | 288/330

6.3.3.1

For transmission on a single antenna port, asingle layer isused, v =1, and the mapping is defined by

with MPS =ME) .

6.3.3.2

For spatial multiplexing, the layer mapping shall be done according to Table 6.3.3.2-1. The number of layers v isless
than or equal to the number of antenna ports P used for transmission of the physical channel. The case of asingle

X(O)(i) =d© (i)

Layer mapping for spatial multiplexing
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codeword mapped to multiple layersis only applicable when the number of cell-specific reference signalsis four or
when the number of UE-specific reference signalsistwo or larger.

Table 6.3.3.2-1: Codeword-to-layer mapping for spatial multiplexing
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Codeword-to-layer mapping

Number of layers | Number of codewords . I
Y i=01., MO -1
' ! X0M=d0) Mg =M
) iy = 4O (9
X (i) =d™ (2) | 0
2 1 M&e =MD, /2

xP (i) =d@(2i+1)
O iy = 4O
) 9 X (i) =d™ (i) M'ae M@ @
)((1) (|) _ d(l) (l) symb symb symb
x@ () =dO(3)
3 1 XVi)=d0@+) Mg =M, /3
x?2(@i)=d© 3 +2)
xO (i) =d© (i)
3 2 xO(i)=d®@) Mg =MGy =M, /2
x@ (i) =d® (2i +2)
x@ (i) = d @ (4i)
x® (i) =d@4i+1) M e
x@(@)=dQ@i+2) Y™
x® () =dO4i+3
xO (i) =d©(2i)
W3y = g (o
X7(i)=d™ (2 +1 |
MmO o=mMO /2
4 2 @ (i) = 4 i) symb wmb/ %/mb/
x®(@i)=d® 2 +1)
xO (i) =d©(2)
xP (i) =d@(2i+1)
5 2 x® (i) =d®(3) Mgrs = MG, [2=M O, /3
x®(i)=d® (3 +1)
x@()=d®@E+2)
x@ () =d3i)
x® () =d@(3i+1)
x@({)=d© @ +2)

=M, /4

mi

layer _ np (0) _M@
6 2 X(3)(i)=d(l)(3i) '\/Iwmb_'\/Iwmb/:a_'\/lwmb/3
x@ (i) =d®Ei+1)
x®(i)=d® @i +2)
x9 (i) =d©(3i)
x® (i) =d @3 +2)
x?(@()=d© 3 +2)
7 2 @ () = dD (40) M&e =MD, [3=M$, /4
x@ (i) =d® (4i +1)
x® (i) =d®(4i +2)
x© (i) =d®4i+3)
x@ (i) = d @ (4i)
@ iy = O (i
8 5 X ([i)=d™(4i+1) M e — g © /4=M§an/4

xP()=d@@i+2) Y™ Y™
x93 (1) =d©4i+3)
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X9 (i) = dD (4i)

x® (i) =d® (4i +1)
x© (i) =d® (4i +2)
xD (i) =d® (4 +3)

6.3.3.3 Layer mapping for transmit diversity

For transmit diversity, the layer mapping shall be done according to Table 6.3.3.3-1. Thereis only one codeword and
the number of layers v isequal to the number of antennaports P used for transmission of the physical channel.

Table 6.3.3.3-1: Codeword-to-layer mapping for transmit diversity

Number Number of Codeword-to—layler mapping
of layers | codewords i=0L., Mg -1
x@ (i) = d©@(2i)
2 1 D iy 4O (o Mae =M /2
X()(I)Zd()(2I+1) symb mb
© iy = 4O (4
Xl(-l) do(.l) e | M&w/4 it MGy, mod4=0
xV()=dO@i+y | Tom (M(O)b+2)4 if M, mod4 =0
4 1 2 iy — 4O (g
x2()=d4i+2) | m O mod4# 0 twonull symbols shall be
® (i) = 4O (4i
X1 =d T (4i+3) appended to d(o)(Mé%b—l)

6.3.4 Precoding

The precoder takes as input a block of vectors x(i) = [x(o) (i) .. x®? (i)]r ,i1=01..,M& 1 from the layer
mapping and generates a block of vectorsy(i) = [ yP (i) ]T i=0L.,M2Z omb —1 t0 be mapped onto resources on
each of the antenna ports, where y( P) (i) representsthe signal for antennaport p.
6.34.1 Precoding for transmission on a single antenna port
For transmission on a single antenna port, precoding is defined by

yP 0 =x26)
where pe {O 4,5,7,8,11,13,107,108,109, 110} is the number of the single antenna port used for transmission of the

physical channel and i =01,...,M&, -1, M3 =M 2.

6.3.4.2 Precoding for spatial multiplexing using antenna ports with cell-specific
reference signals

Precoding for spatial multiplexing using antenna ports with cell-specific reference signalsis only used in combination
with layer mapping for spatial multiplexing as described in clause 6.3.3.2. Spatial multiplexing supports two or four
antenna ports and the set of antenna ports used is pe {01} or pe {0,1,2,3}, respectively.

6.3.4.2.1 Precoding without CDD
Without Cyclic Delay Diversity (CDD), precoding for spatial multiplexing is defined by
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vy ) X9 )
: =W(i)
yE2 ) X (i)

where the precoding matrix W(i) isof size Pxv and i =01,.,M&, -1, M3 =M 2.

For spatial multiplexing, the values of W (i) shall be selected among the precoder elements in the codebook configured

in the eNodeB and the UE. The eNodeB can further confine the precoder selection in the UE to a subset of the elements
in the codebook using codebook subset restrictions. The configured codebook shall be selected from Table 6.3.4.2.3-1
or 6.3.4.2.3-2.

6.3.4.2.2 Precoding for large delay CDD
For large-delay CDD, precoding for spatial multiplexing is defined by

yO ) x (i)
=W(i)D(i)U
y*F2 ) Xt i)
where the precoding matrix W i) isof size Pxv and i =01,...,M&, -1, M& =M &% The diagona size- vxv
matrix D(i) supporting cyclic delay diversity and the size-vxv matrix U are both given by Table 6.3.4.2.2-1 for
different numbers of layers v .

The values of the precoding matrix W (i) shall be selected among the precoder elements in the codebook configured in

the eNodeB and the UE. The eNodeB can further confine the precoder selection in the UE to a subset of the elementsin
the codebook using codebook subset restriction. The configured codebook shall be selected from Table 6.3.4.2.3-1 or
6.3.4.2.3-2.

For 2 antenna ports, the precoder is selected according to W (i) = C; where C; denotes the precoding matrix
corresponding to precoder index 0 in Table 6.3.4.2.3-1.

For 4 antenna ports, the UE may assume that the eNodeB cyclically assigns different precoders to different vectors

[x(o)(i) x(z”l)(i)]r on the physical downlink shared channel as follows. A different precoder is used every v
vectors, where v denotes the number of transmission layersin the case of spatial multiplexing. In particular, the

precoder is selected according to W (i) = C, , where k isthe precoder index given by k = &'—J mod 4) +1e {1,2,3,4}
(%

and C;,C,,C;,C, denote precoder matrices corresponding to precoder indices 12,13,14 and 15, respectively, in Table
6.3.4.2.3-2.
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Table 6.3.4.2.2-1: Large-delay cyclic delay diversity

Number of layers v U D(i)
1|1 1
2 E 1 e i2m2 ~ JZM/Z
1 1 1 1 0
3 i 1 e 273 gmi4n3 0 e JZ/zl/3
1 1 1 1 1 0 0 0
1 1 e*]'272'/4 e*j472'/4 e*]672'/4 0 eszm/‘l O 0
4 Sl1 el gisma goiteala 0 0 o i4i/4 0
1 ef]'677.'/4 e7112ﬂ/4 e*jlgﬂ'/‘l 0 O O e*jG/Zi/4

6.3.4.2.3

Codebook for precoding and CSI reporting

For transmission on two antenna ports, pe {0,1} , and for the purpose of CSI reporting based on two antenna ports
pe {01} or pe {1516}, the precoding matrix W(i) shall be selected from Table 6.3.4.2.3-1 or a subset thereof. For the

closed-loop spatial multiplexing transmission mode defined in 3GPP TS 36.213 [4], the codebook index 0 is not used
when the number of layersis v =2.

Table 6.3.4.2.3-1: Codebook for transmission on antenna ports {0,1} and for CSl reporting based on
antenna ports {01} or {1516}

Codebook Number of layers v
index 1 2
11 1/1 0
° ﬁM E{o J
1)1 111 1
S R
11 111 1
’ Eu EL —J}
11
’ ﬁu '

For transmission on four antenna ports, pe {O,LZ,S}, the precoding matrix W shall be selected from Table 6.3.4.2.3-2
or a subset thereof. For the purpose of CSI reporting based on four antenna ports pe {0,L2,3} or pe {15,16,17,18}, the
precoding matrix W shall be selected from Table 6.3.4.2.3-2 or a subset thereof except for
alternativeCodeBookEnabledFor4TX -r12 =TRUE in which case the precoding matrix W shall be selected from Tables
7.2.4-0A, 7.2.4-0B, 7.2.4-0C, 7.2.4-0D in [4] or a subset thereof, and except for advancedCodebookEnabled = TRUE in

which case the precoding matrix W shall be selected from Table XX in [4] or asubset thereof. The quantity Wr{,S}

denotes the matrix defined by the columns given by the set {s} from the expression W, = I —2u,uf /ufiu, where | is
the 4x4 identity matrix and the vector u,, isgiven by Table 6.3.4.2.3-2.

ETSI



3GPP TS 36.211 version 14.14.0 Release 14 89 ETSI TS 136 211 V14.14.0 (2020-04)

Table 6.3.4.2.3-2: Codebook for transmission on antenna ports {0,12,3} and for CSl reporting based on
antenna ports {01,2,3} or {1516,17,18}

Codebook index uy, - 2Number of Iaéers v ;
0 b=t -1 -1 1] W | W V2 | WG | WA f2
1 u1=[1 -j 1 j]T \M{J} Wl{12}/\/5 Wl{lzs}/@ V\é{1234}/2
2 u2=[1 1 -1 1]T Wf} W2{12} / J2 W2{123} / ﬁ W§3214} /2
3 u =1 j 1 -l W | Wi V2 | Wi /| w2
: u=l -2 -i aopNa] | WP w2 wER e | w2
5 w=f -z § -z | W w2 | W s | Wi
6 U=l @+ D/VZ - N2 | W W2 | Wi /B | w2
7 w = car Nz i arpiz] | W w2 [ wE /e | wi )
8 = -1 1 1 W [ w2 /2 | w5 | w2
9 U=l -j -1 -jf W | Wi V2 | w3 | w2
10 uo=[ 1 1 -1 B Wi /2 | wi e | w2 o
- w=f i -1 il W | WS | W /B | Wi
12 u12_[1 -1 -1 1]T {21} {12}/\/_ {123}/\/‘ \/\4{1234}/2
s ug=ft -1 1 -1f W | Wi /2 | Wi 3 | w2
14 = 1 -1 -1 W | Wi V2 | Wi Ve | w2
15 ws=ft 11 1] W | Wi V2 | wiEB /e W, {1234} /2

For the purpose of CSI reporting for 8, 12, 16, 20, 24, 28, and 32 CSI reference signals the codebooks are given in
clause 7.2.4 of 3GPP TS 36.213 [4].

6.3.4.3 Precoding for transmit diversity

Precoding for transmit diversity isonly used in combination with layer mapping for transmit diversity as described in
clause 6.3.3.3. The precoding operation for transmit diversity is defined for two and four antenna ports.

For transmission on two antenna ports, pe {01}, the output y(i) = [y(o)(l) y® (|)Ir i=01...M&, —1 of the
precoding operation is defined by

VO (2i) 1 0 j OfRex?()

y9@) |_ 1[0 -1 0 j| Relx®()

yvO@i+)| v2/0 1 0 jlimx@)

y® (2i +1) 1 0 —j Of imx®)
fori =01,..,M 2% ~1 with M3, =2M 2% .

If the higher-layer parameter semiOpenLoop is set, for rank=1 transmission on two antenna ports, pe {7,8}, the output

y(i) = [(7)(|) y(S)(|)]T i=01..,MZ  —1 of the precoding operation is defined by
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v (2i) 1 j 0 OfRdx?())
y®*o@) | [0 0 -1 j[im(x®())
yP@i+1) | |0 0 1 j|Rex®())
v i+ | |1 —-j O o Im(x®(i))

where p=7.

For transmission on four antenna ports, pe {0,1,2,3}, the output y(i) = [y(o)(i) yO@) y@ai) y® (i)r ,
i=01..,. M2 omb —1 of the precoding operation is defined by

oy @) | 1 0 0 0 j 0 0 O]
y® (4i) 0000 OO0 OO
v (40) 0-10 0 0 j 0O
y® (4i) 0000 0O OO
vy (4i+1) 0100 0 j 0 OfRex@c]
y® (4 +12) 0 000 0 0 0 OfRelx®i)
y@ (4i +1) 10 0 0 —j 0 0 OfRex@)
y@@i+| 10 0 0 0 0 0 0 OfRex®()
yO@i+2)| 42/0 0 0 0 0 0 0 0fimx©g)
yO (i +2) 001 0 0 0 j Ofimx®q
y@ (4i+2) 000 0 0 0 0 0ofImMx®q
y©® (4i+2) 0 00-10 0 0 jlimx®q
yO4i+3) 0000 OO0 O Of )
y® (4i +3) 0001 00 0 |
y? (4i +3) 0000 O0OOOQO
vy (4i +3) 0 01 0 0 0 —j 0
AL LT o et
symb symb
6.3.4.4 Precoding for spatial multiplexing using antenna ports with UE-specific

reference signals

Precoding for spatial multiplexing using antenna ports with UE-specific reference signalsis only used in combination
with layer mapping for spatial multiplexing as described in clause 6.3.3.2. Spatial multiplexing using antenna ports with
UE-specific reference signals supports up to eight antenna ports.

If the higher-layer parameter dnrs-tableAlt is set to 1 and the set of antennaports p ={11,13} isused for two layers
transmission, the precoding operation for transmission on the two antenna portsis defined by

y™ Gy | [ x@G)
y®@ 0] [ x@)

If the higher-layer parameter semiOpenLoop is set to 1 and the set of antenna ports p = 7,8 isused for rank=2
transmission, the precoding operation for transmission on the two antenna ports is defined by

where i=01..,.MJ, -1, M3 =M.

ETSI



3GPP TS 36.211 version 14.14.0 Release 14 91 ETSI TS 136 211 V14.14.0 (2020-04)

{y“”(i)} 1[1 i1 j}'m X (i)
2

y(T)+1) (I ) ejgn jejgn _eJ 6, _ jejgn

where p=7 and 6, = z(imod 2)/2.

Otherwise, the set of antenna portsused is p=7,8,...,0+ 6 and the precoding operation for transmission on v antenna
portsis defined by

ya) || X920
y@a) |_| xX¥0)

y(6+'v) (I) X(v—'l) (I)

. |
where i=01..,.M® -1, M2 =M2e.

6.3.5 Mapping to resource elements

For each of the antenna ports used for transmission of the physical channel, the block of complex-valued symbols

y®(0),..., yP(MZ 1) shall conform to the downlink power allocation specified in clause 5.2 in

3GPP TS 36.213 [4] and be mapped in sequence starting with y( P (0) to resource elements (k,1) which meet al of the
following criteriain the current subframe:

- they areinthe physical resource blocks corresponding to the virtual resource blocks assigned for transmission,
and

- they are not used for transmission of the core part of PBCH, synchronization signals, and

- they are assumed by the UE not to be used for cell-specific reference signals, where the positions of the cell-
specific reference signals are given by clause 6.10.1.2 with the number of antenna ports for and the frequency
shift of cell-specific reference signals derived as described in clause 6.10.1.2 4, and

The mapping to resource elements (k, I ) on antennaport p not reserved for other purposes shall be in increasing order

of first theindex k over the assigned physical resource blocks and then theindex| , starting with the first lot in a
subframe.

6.4 Physical downlink shared channel

The physical downlink shared channel shall be processed and mapped to resource elements as described in clause 6.3
with the following additions and exceptions:

- Inresource blocks in which UE-specific reference signals are not transmitted, the PDSCH shall be transmitted on
the same set of antenna ports as the PBCH, which isone of {0}, {01}, or {0,1,2,3}.

- Inresource blocks in which UE-specific reference signals are transmitted, the PDSCH shall be transmitted on
antennaport(s) 5}, {7}.{8}, {11}, {13}, {1113 or pe {78....,v+6}, where v isthe number of layers used for
transmission of the PDSCH.

- If PDSCH istransmitted in MBSFN subframes as defined in 3GPP TS 36.213 [4], the PDSCH shall be
transmitted on one or several of antenna port(s) pe {7,8,...,v+ 6}, where v isthe number of layers used for

transmission of the PDSCH.

- PDSCH is not mapped to resource elements used for UE-specific reference signal's associated with PDSCH
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- In mapping to resource elements, the positions of the cell-specific reference signals are given by clause 6.10.1.2
with the number of antenna ports and the frequency shift of the cell-specific reference signals derived as
described in clause 6.10.1.2, unless other values for these parameters are provided by clause 7.1.9in
3GPP TS 36.213 [4], in which case these values are used in the resource blocks indicated by the relevant DCI.

- If the DCI associated with the PDSCH uses the C-RNTI or semi-persistent C-RNTI, the PDSCH is not mapped
to resource elements assumed by the UE to be used for transmission of:

- zero-power CSI reference signals, where the positions of the CSI reference signals are given by clause
6.10.5.2. The configuration for zero power CSI reference signalsis

- obtained as described in clause 6.10.5.2, unless other values for these parameters are provided by clause
7.1.9in 3GPP TS 36.213 [4], in which case these values are used for the corresponding PDSCH in the
resource blocks indicated by the corresponding DCI scheduling the PDSCH, and

- obtained by higher-layer configuration of up to five reserved CSI-RS resources as part of the discovery
signal configuration following the procedure for zero-power CSI-RSin clause 6.10.5.2.

- non-zero-power CSI reference signals for CSI reporting except for non-zero power CSl reference signals
configured by csi-RS-ConfigNZP-ApList, where the positions of the non-zero-power CSl reference signals for
CSl reporting are given by clause 6.10.5.2. The configuration for non-zero power CSl reference signalsis
obtained as described in clause 6.10.5.2.

- PDSCH is not mapped to any physical resource-block pair(s) carrying an EPDCCH associated with the PDSCH.

- PDSCH on antennaport 7, 8, 9, 10, 11, 12, 13 or 14 is not mapped to any physical resource-block pair(s)
carrying PBCH or synchronization signals.

- Frame structure type 1, PDSCH on antenna port 5 is not mapped to any physical resource-block pair(s) carrying
PBCH or synchronization signals.

- Frame structure type 2, PDSCH on antenna port 5 is not mapped to any physical resource-block pair(s) carrying
PBCH.

- For frame structure type 1 and 2, the index | in the first slot in asubframe fulfils | 215450t Where |pgasiart 1S
given by clause 7.1.6.4 of 3GPP TS 36.213 [4].

- For frame structure type 3,

- if the higher layer parameter subframeStartPosition indicates 'sO7' and the downlink transmission startsin the
second dot of asubframe

- theindex | inthe second sot in asubframe fulfils | 21 .t Where lp aqar 1S given by clause 7.1.6.4
of 3GPP TS 36.213 [4],

- otherwise

- theindex | inthefirst ot in asubframe fulfils | 21 g0t Where g gt 1S diven by clause 7.6.1.4 of
3GPP TS 36.213[4],

- In mapping to resource elements, if the DCI associated with the PDSCH uses the C-RNTI or semi-persistent C-
RNTI, and transmit diversity according to clause 6.3.4.3 is used, and if the higher-layer parameter
semiOpenLoop is not set, resource elements in an OFDM symbol assumed by the UE to contain CSI-RS shall be
used in the mapping if and only if al of the following criteria are fulfilled:

- thereisan even number of resource elements for the OFDM symbol in each resource block assigned for
transmission, and

- the complex-valued symbols yP (i) and y'P (i +1), where i isan even number, can be mapped to resource
elements (k,I) and (k+n,l) in the same OFDM symbol with n< 3.

- In mapping to resource elements, if the DCI associated with the PDSCH uses C-RNTI or semi-persistent C-
RNTI and if the higher-layer parameter semiOpenlLoop is set, a pair of resource elements (k',1), (k'+n,!) shall
be used in the mapping if and only if
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- the complex-valued symbols y(P (i) and yP (i +1) can be mapped to resource elements (k',1) and (k+n,I)

in the same OFDM symbol and the same PRB with n< 3, where i isan even number and k” startsfrom 0O
at the lowest subcarrier of the PRB.

6.4.1 Physical downlink shared channel for BL/CE UEs

For BL/CE UEs, the following additions and exceptions hold in addition to those in clause 6.4:
- The maximum number of allocatable PRBs for PDSCH isrestricted as follows:

- If the PDSCH isassociated with C-RNTI or SPS C-RNTI and the higher layer parameter ce-pdsch-
maxBandwidth-config is set,

- if the higher layer parameter ce-pdsch-maxBandwidth-config is set to 20 MHz, the maximum number of
allocatable PRBs for PDSCH is 96 PRBs restricted to the narrowbands defined in clause 6.2.7;

- if the higher layer parameter ce-pdsch-maxBandwidth-config is set to 5 MHz, the maximum number of
dlocatable PRBs for PDSCH is 24 PRBs restricted to no more than four of the narrowbands defined in
clause 6.2.7.

- If the PDSCH isassociated with G-RNTI and the higher layer parameter pdsch-MaxBandwidth-SC-MTCH is
set to 24 PRBs, the maximum number of allocatable PRBs for PDSCH is 24 PRBs restricted to no more than
four of the narrowbands defined in clause 6.2.7.

- For all other cases, the maximum number of allocatable PRBs for PDSCH is 6 PRBs restricted to one of the
narrowbands defined in clause 6.2.7.

- Resource elements occupied by CSI reference signals shall be counted in the PDSCH mapping but not used for
transmission of the PDSCH.

- Resource elements belonging to synchronization signals, the core part of PBCH, PBCH repetitions, or resource
elements reserved for reference signals in the mapping operation of PBCH but not used for transmission of
reference signals, shall be counted in the PDSCH mapping but not used for transmission of the PDSCH.

- For BL/CE UEsin CEModeB configured in transmission mode 9, in MBSFN subframe(s), resource elements
that correspond to the positions of cell-specific reference signals as in subframe #0 shall not be counted in the
PDSCH mapping and not used for transmission of the PDSCH.

- Resource elements belonging to PRBs in which PRS is transmitted (including PRS muted subframes) shall be
counted in the PDSCH mapping but not used for transmission of the PDSCH.

For BL/CE UEs, if the PDSCH is not carrying SIB1-BR the PRB resources for PDSCH transmission in the first
subframe are obtained from the DCI as described in clauses 5.3.3.1.12, 5.3.3.1.13, and 5.5.1.3.14 in [ 3], or provided by

higher layers. The PDSCH is transmitted with N> > 1 repetitions, spanning N525 > NS consecutive

subframes, including subframes that are not BL/CE DL subframes where the the PDSCH transmission is postponed.

- If frequency hopping is not enabled for PDSCH, all PDSCH repetitions are located at the same PRB resources,
and

- if frequency hopping is enabled for PDSCH, the PDSCH shall be transmitted in subframe i within the Nsb[;sc“

consecutive downlink subframes using the same PRB resources within each narrowband
i [ i +i . h,DL DL DL
NB
o :\_io+iA)/NﬂEDLJ
g <i<ig+NRH 1

P 0} for frame structure typel
A7 NP —2, for framestructure type 2

ETSI



3GPP TS 36.211 version 14.14.0 Release 14 94 ETSI TS 136 211 V14.14.0 (2020-04)

where i, isthe absolute subframe number of the first downlink subframe intended for PDSCH and NSP- |

NK s ad f 8 1o are cell-specific higher-layer parameters. For PDSCH carrying S| other than SIB1-BR and
for PDSCH associated with P-RNT], if interval-DIHoppingConfigCommonModeB issignalled in SIB1-BR, then

the frequency hopping granularity N,f,héDL is set to interval-DIHoppingConfigCommonModeB; otherwise,

N ,f,héDL is set to interval -DIHoppingConfigCommonModeA signalled in SIB1-BR.

For BL/CE UE in CEModeA, frequency hopping of PDSCH associated with C-RNTI or SPS C-RNTI is enabled when
higher layer parameter mpdcch-pdsch-HoppingConfig is set and the frequency hopping flag in DCI format 6-1A
indicates frequency hopping, otherwise, frequency hopping of is not enabled. For BL/CE UE in CEModeB, frequency
hopping of PDSCH associated with C-RNTI or SPS-RNTI is enabled when higher layer parameter mpdcch-pdsch-
HoppingConfig is set, otherwise, frequency hopping of is not enabled.

The UE shall not expect PDSCH in subframe i if it isnot a BL/CE DL subframe.

For BL/CE UEs, if the PDSCH carries SIB1-BR, the PDSCH transmission is repeated periodically in every period of 8
radio frames, where a period starts with aradio frame with n; mod8=0 where n; isthe system frame number. The

PDSCH is transmitted N3 timesin each period of 8 frames, Let {s; | be the set of narrowbands, excluding
narrowbands overlapping with the 72 center subcarriers for NF";’E'; >15, and ordered in increasing order of narrowband

index. The PDSCH transmission cycles through the set {s, } of narrowbands in increasing order of i, starting with i =0
for the first subframe, according to

Nyg = S;
j=(N|°§” mod NﬁB+i-LN§B/mJ)mod NSs
i=01..,m-1
1 NR§<12
m=4{2 12<NRt <50
4 50<NR§

where Ny isthe number of narrowbands in the set {Sj }
The set of frames and subframes used for SIB1-BR transmission in each period are given by Tables 6.4.1-1 and 6.4.1-2.

Table 6.4.1-1: The set of frames and subframes for SIB1-BR for NRg <15.

Frame structure type 1 Frame structure type 2
e NS'mod2 | n; mod2 ng ny mod 2 Ng
4 0 0 4 1 5
1 1 4 1 5

Table 6.4.1-2: The set of frames and subframes for SIB1-BR for NRg >15.

Frame structure type 1 Frame structure type 2
Nooscr: NZ' mod2 n; mod 2 Ny n; mod 2 Ng

4 0 0 4 1 5

1 1 4 1 0
8 0 0,1 4 0,1 5

1 0,1 9 0,1 0
16 0 0,1 4,9 0,1 0,5

1 0,1 0,9 0,1 0,5

BL/CE UEs may assume the same precoding matrix being used for a PRB across ablock of N E,'E;DL consecutive
subframes when UE-specific reference signals are transmitted together with the PDSCH, where the subframe number of
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the first subframe in each block of NF:® consecutive subframes, denoted as N, , satisfies

(nab&1+iA)mod NEPE = 0.
For PDSCH transmission associated with SI-RNTI or P-RNTI to BL/CE UEs, frequency hopping of the PDSCH is
enabled when higher layer parameter si-HoppingConfigCommon is set.

For PDSCH transmission associated with RA-RNTI or temporary C-RNTI to BL/CE UEs, frequency hopping of the
PDSCH is enabled when higher layer parameter rar-HoppingConfig is set. Further

- if PRACH CE level O or 1 is used for the last PRACH attempt, NPt is set to the higher layer parameter
interval-DIHoppingConfigCommonModeA,

- if PRACH CE level 2 or 3 is used for the last PRACH attempt, N&°t is set to the higher layer parameter
interval-DIHoppingConfigCommonModeB.

For PDSCH transmission associated with SC-RNTI to BL/CE UEs, frequency hopping of the PDSCH is enabled when
higher layer parameter mpdcch-pdsch-HoppingConfig-SC-MCCH is set. Further

hDL . .
- if mpdcch-pdsch-HoppingConfig-SC-MCCH is set to CEModeA, N ,(\:JB is set to the higher layer parameter
interval-DIHoppingConfigCommonModeA,

- if mpdcch-pdsch-HoppingConfig-SC-MCCH is set to CEModeB, N ,SPE;DL is set to the higher layer parameter
interval-DIHoppingConfigCommonModeB.
For PDSCH transmission associated with G-RNTI to BL/CE UEs,
- if the higher layer parameter mpdcch-pdsch-CEmodeConfig-SC-MTCH is set to CEModeA,
- if the higher layer parameter mpdcch-pdsch-HoppingConfig-SC-MTCH is set and the frequency hopping flag

in DCI format 6-1A indicates frequency hopping, then frequency hopping of the PDSCH is enabled and
NSLPL is set to the higher layer parameter interval-DIHoppingConfigCommonModeA, otherwise frequency

hopping is not enabled;
- if the higher layer parameter mpdcch-pdsch-CEmodeConfig-SC-MTCH is set to CEModeB,

- if the higher layer parameter mpdcch-pdsch-HoppingConfig-SC-MTCH is set, then frequency hopping of the
PDSCH isenabled and NPt is set to the higher layer parameter interval-
DIHoppingConfigCommonModeB, otherwise frequency hopping is not enabled.

6.5 Physical multicast channel

The physical multicast channel shall be processed and mapped to resource elements as described in clause 6.3 with the
following exceptions:

- No transmit diversity schemeis specified.

- Layer mapping and precoding shall be done assuming a single antenna port and the transmission shall use
antenna port 4.

- The PMCH can only be transmitted in the MBSFN region of an MBSFN subframe. Theindex | in the first slot

in the MBSFN subframe fulfils | = |pMCHSta, where |pMC,_|Stan is equal to the value given by the higher layer
parameter non-MBSFNregionLength [9].

- The PMCH shall use extended cyclic prefix.

- The PMCH is not mapped to resource elements used for transmission of MBSFN reference signals.

6.6 Physical broadcast channel

The PBCH is not transmitted for frame structure type 3.

ETSI



3GPP TS 36.211 version 14.14.0 Release 14 96 ETSI TS 136 211 V14.14.0 (2020-04)

6.6.1 Scrambling

The block of bitsb(0),..., b(M ; —1) , where M, , the number of bits transmitted on the physical broadcast channel,

equals 1920 for normal cyclic prefix and 1728 for extended cyclic prefix, shall be scrambled with a cell-specific
sequence prior to modulation, resulting in ablock of scrambled bits b (0),..., b (M ,;, —1) according to

b (i) = (b(i) + c(i))mod 2

where the scrambling sequence c(i) isgiven by clause 7.2. The scrambling sequence shall be initialised with
¢ = N2 ineach radio frame fulfilling n; mod 4 = 0. For an MBM S-dedicated cell, the scrambling sequence shall
beinitialised with ¢, = 2%+ N%' ineach radio frame fulfilling n; mod16=0.

6.6.2 Modulation

The block of scrambled bits b (0),..., b (M, —1) shall be modulated as described in clause 7.1, resulting in a block of
complex-valued modulation symbolsd (0),..., d(M gmo —1) - Table 6.6.2-1 specifies the modulation mappings applicable
for the physical broadcast channel.

Table 6.6.2-1: PBCH modulation schemes.

Physical channel | Modulation schemes
PBCH QPSK

6.6.3 Layer mapping and precoding

The block of modulation symbols ¢ (0),..., d (M om — 1) shall be mapped to layers according to one of clauses 6.3.3.1 or

6.3.3.3 with Mé%ﬁ Msymb and precoded according to one of clauses 6.3.4.1 or 6.3.4.3, resulting in a block of vectors

p=0,...,P—1 and the number of antenna ports for cell-specific reference signals Pe {1,2,4}.
6.6.4 Mapping to resource elements

The block of complex-valued symbols Y” (0),....yt” (Mgymb—) for each antenna port shall

- for an MBMS-dedicated cell, be transmitted during 4 consecutive radio frames fulfilling n; mod 4 = 0, starting
in each radio frame fulfilling n; mod16 =0, and

- otherwise, be transmitted during 4 consecutive radio frames, starting in each radio frame fulfilling n; mod 4 =0

The block of complex-valued symbols shall be mapped in sequence starting with y(0) to resource elements (k, 1)
constituting the core set of PBCH resource elements. The mapping to resource elements (k,1) not reserved for
transmission of reference signals shall be in increasing order of first theindex K, then theindex | in slot 1 in subframe
0 and finally the radio frame number. The resource-element indices are given by

DL n|RB
MBS g6 emon
1=01...,3

where resource elements reserved for reference signals shall be excluded. The mapping operation shall assume cell-
specific reference signals for antenna ports 0-3 being present irrespective of the actual configuration. The UE shall
assume that the resource elements assumed to be reserved for reference signals in the mapping operation above but not
used for transmission of reference signal are not available for PDSCH or MPDCCH transmission. The UE shall not
make any other assumptions about these resource elements.
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If acell is configured with repetition of the physical broadcast channel

- symbols mapped to core resource element (k,I) in slot 1 in subframe O within aradio frame n, according to the
mapping operation above, and

- cell-specific reference signalsin OFDM symbols | in dot 1 in subframe O within aradio frame n; with |
according to the mapping operation above

shall additionally be mapped to resource elements (k,I’) in Slot number n/ within radio frame n, —i unless resource

element (k,I") isused by CSl reference signals.

For frame structuretype 1, I, n’ , and I are given by Table 6.6.4-1.
For frame structure type 2,
- if N& 15,1 and n} aregivenby Table 6.6.4-2and 1 =0;

- if 7< N2 <15, 1" and n} aregiven by Table 6.6.4-2 and | =0, except that repetitionswith n} = 10 and
ng =11 arenot applied.

For both frame structure type 1 and frame structure type 2, repetition of the physical broadcast channel is not applicable
if NQL =6.

Resource elements already reserved or used for transmission of cell-specific reference signals in absence of repetition
shall not be used for additional mapping of cell-specific reference signals.

Table 6.6.4-1: Frame offset, slot and symbol number triplets for repetition of PBCH for frame
structure type 1.

Frame offset, slot and symbol number triplets (i,n;,l')

Normal cyclic prefix Extended cyclic prefix
(1,18,3), (1,19,0), (1,19,4), (0,0,4) | (1,18,3), (1,19,0), (1,19,5)
(1,18,4), (1,19,1). (1,19,5), (0,1,4) | (1,18,4), (1,19,1). (0,0,3)
(1,18,5), (1,19,2), (1,19,6), (0,1,5) | (1,18,5), (1,19,2), (0,1,4)
(1,18,6), (1,19,3), (0,0,3), (0,1,6) | (1,19,3), (1,19,4), (0,1,5)

WIN | |O

Table 6.6.4-2: Slot and symbol number pairs for repetition of PBCH for frame structure type 2.

Slot and symbol number pairs (n,1")
Normal cyclic prefix Extended cyclic prefix

0 | (0,3), (1L4), (10,3), (11,0), (11,4) | _ (0,3), (10,3), (11,0)
1 [ (0,4), (1,5), (10,4), (11,1), (11,5) | _ (0,4), (10,4), (11,1)
2 (0,5), (10,5), (11.2) (0,5), (10,5), (11.2)
3 (0,6), (10,6), (11.3) (1,4), (11,3), (11.4)

6.7 Physical control format indicator channel

The physical control format indicator channel carriesinformation about the number of OFDM symbols used for
transmission of PDCCHSs in a subframe. The set of OFDM symbols possible to use for PDCCH in a subframeis given
by Table 6.7-1.
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Table 6.7-1: Number of OFDM symbols used for PDCCH
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Subframe

Number of OFDM
symbols for PDCCH
when N £t >10

Number of OFDM
symbols for PDCCH
when N £y <10

Subframe 1 and 6 for frame structure type 2 or a subframe
for frame structure type 3 with the same duration as the 1,2 2
DwPTS duration of a special subframe configuration
MBSFN subframes with Af =15kHz and configured with 1
or 2 cell-specific antenna ports

MBSFN subframes with Af =15kHz and configured with 4
cell-specific antenna ports

MBSFN subframes with Af =7.5kHz or Af =1.25kHz 0 0
Non-MBSFN subframes (except subframe 6 for frame

structure type 2) configured with positioning reference signals
All other cases

1,2 2

2 2

1,23 2,3
1,2,3 2,3,4

The UE may assume the PCFICH is transmitted when the number of OFDM symbols for PDCCH is greater than zero
unless stated otherwise in [4, clause 12].

6.7.1

The block of bits b(0),..., b(31) transmitted in one subframe shall be scrambled with a cell-specific sequence prior to
modulation, resulting in ablock of scrambled bitsp (0),..., b (31) according to

Scrambling

b (i) = (b(i) + c(i))mod 2

where the scrambling sequence c(i) isgiven by clause 7.2. The scrambling sequence generator shall be initialised with
e = (ng/2]+1)- N +1)2°+ N at the start of each subframe.

6.7.2

The block of scrambled bitsp (0),..., b (31) shall be modulated as described in clause 7.1, resulting in a block of
complex-valued modulation symbolsd(0),..., d(15) . Table 6.7.2-1 specifies the modul ation mappings applicable for the
physical control format indicator channel.

Modulation

Table 6.7.2-1: PCFICH modulation schemes

Modulation schemes
QPSK

Physical channel
PCFICH

6.7.3

The block of modulation symbols d(0),...,d(15) shall be mapped to layers according to one of clauses 6.3.3.1 or 6.3.3.3

withM S(S?nb =16 and precoded according to one of clauses 6.3.4.1 or 6.3.4.3, resulting in a block of vectors

Layer mapping and precoding

y(i)= [y(o) @ .. y(P_l) (i)r, i =0,..15, where y (P (i) representsthe signa for antennaport [ and where
p=0,...,P—1and the number of antenna ports for cell-specific reference signals Pe {1,2,4} . The PCFICH shall be
transmitted on the same set of antenna ports as the PBCH.

6.7.4

The mapping to resource elements is defined in terms of quadruplets of complex-valued symbols. Let
2P (i) = <y( P (40), yP (4i +2), yP (4i +2), yP (4i + 3)> denote symbol quadruplet i for antenna port [. For each of

Mapping to resource elements

the antenna ports, symbol quadruplets shall be mapped in increasing order of I to the four resource-element groupsin
the first OFDM symbol in a downlink subframe or DWPTS with the representative resource-element as defined in
clause 6.2.4 given by
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z(P(0) ismapped to the resource - element group represented by

k
IZ L DL/ZJ. B8 />
s+ [angs /2] NER /2

K+ [angs /2) N2 /2

z(P) (2) ismapped to the resource - element group represented by

k
z(P) (D ismapped to the resource - element group represented by k
k
k

z(P(3) ismapped to the resource - element group represented by

where the additionsare modulo N 35 N 28
K=(N2/2) (N& mod 2N 2L )

and N&' isthe physical-layer cell identity as given by clause 6.11.
6.8 Physical downlink control channel
6.8.1 PDCCH formats

The physical downlink control channel carries scheduling assignments and other control information. A physical control
channel is transmitted on an aggregation of one or several consecutive control channel elements (CCEs), where a
control channel element corresponds to 9 resource element groups. The number of resource-element groups not
assigned to PCFICH or PHICH is N ges . The CCEs available in the system are numbered from 0 to Nz —1, where

Nece =| Nreg /9. The PDCCH supports multiple formats as listed in Table 6.8.1-1. A PDCCH consisting of n
consecutive CCEs may only start on a CCE fulfillingi modn =0, where i isthe CCE number.

Multiple PDCCHSs can be transmitted in a subframe.

Table 6.8.1-1: Supported PDCCH formats

PDCCH format | Number of CCEs | Number of resource-element groups | Number of PDCCH bits
0 1 9 72
1 2 18 144
2 4 36 288
3 8 72 576

6.8.2 PDCCH multiplexing and scrambling

The block of bits B (0),...0" (M 1) on each of the control channelsto be transmitted in a subframe, where M) is

the number of bitsin one subframe to be transmitted on physical downlink control channel number i , shall be
multiplexed, resulting in a block of bits

p©@ ).... b(O) (M t(a?t) _:Dab(l) ©),... ,b(l) (M t(3|1t) -, ... ’b(nPDCCH’l) ),... ’b(nPDCCH’l) (MS;:DDCCHD -1), where Nepooy  iSthe
number of PDCCHs transmitted in the subframe.

The block of bits p©@ ).... b(O) (M t(a?t) _:Dab(l) ©),... ,b(l) (M t(3|1t) -, ... ’b(nPDCCH’l) ©),... ’b(nPDCCH’l) (MS;:DDCCHD ~1) shall
be scrambled with a cell-specific sequence prior to modulation, resulting in a block of scrambled bits
b (0)...., b (M, —1) according to

b (i) = (b(i)+c(i))mod 2

where the scrambling sequence c(i) isgiven by clause 7.2. The scrambling sequence generator shall be initialised with
Cit =|Ns/2 2% + N at the start of each subframe.

CCE number n corresponds to bits b(72n),b(72n+1),...,b(72n+71) . If necessary, <NIL> elements shall be inserted in
the block of bits prior to scrambling to ensure that the PDCCHs starts at the CCE positions as described in

3GPP TS 36.213 [4] and to ensure that the length M, = 8Ngeg > ZI“PZ M) of the scrambled block of bits

matches the amount of resource-element groups not assigned to PCFICH or PHICH.
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6.8.3 Modulation

The block of scrambled bits (0,..., b (M, —1) shall be modulated as described in clause 7.1, resulting in a block of
complex-valued modulation symbolsd (0).,..., d(m gm — 1) - Table 6.8.3-1 specifies the modulation mappings applicable

for the physical downlink control channel.

Table 6.8.3-1: PDCCH modulation schemes

Physical channel | Modulation schemes
PDCCH QPSK

6.8.4 Layer mapping and precoding

The block of modulation symbols ¢ (0),..., d (M om — 1) shall be mapped to layers according to one of clauses 6.3.3.1 or

6.3.3.3 with Msznf Msymb and precoded according to one of clauses 6.3.4.1 or 6.3.4.3, resulting in ablock of vectors

transmission, where y (P (i) represents the signal for antenna port . The PDCCH shall be transmitted on the same set
of antenna ports as the PBCH.

6.8.5 Mapping to resource elements

The mapping to resource elements is defined by operations on quadruplets of complex-valued symbols. Let
2P (i) = <y( P (40), yP (4i +2), yP (4i +2), yP (4i + 3)> denote symbol quadruplet i for antenna port F.

The block of quadruplets 2P (0),---,Z(p)(|\/|quad—1) , Where oy /4 » Shall be permuted resulting in

quad =M

WP (0),... P (Mguag—Y) . The permutation shall be according to the sub-block interleaver in clause 5.1.4.2.1 of
3GPP TS 36.212 [3] with the following exceptions:

- theinput and output to the interleaver is defined by symbol quadruplets instead of bits

- interleaving is performed on symbol quadrupletsinstead of bits by substituting the terms "bit", "bits" and "bit
sequence” in clause 5.1.4.2.1 of 3GPP TS 36.212 [3] by "symbol quadruplet”, "symbol quadruplets' and
"symbol-quadruplet sequence”, respectively

<NULL> elements at the output of the interleaver in 3GPP TS 36.212 [3] shall be removed when forming

WP (0),... P (Mquag—D) . Note that the removal of <NULL> elements does not affect any <NIL> elementsinserted in
clause 6.8.2.

The block of quadruplets WP (0),... WP (Mquag—1) shall be cyclically shifted, resulting in
WP (0),.. WP (Mgaq—1) where WP (i) = WP -+ NS) modM ).
Mapping of the block of quadruplets wP(0),...wP (Mguag—1) is defined in terms of resource-element groups,
specified in clause 6.2.4, according to steps 1-10 below:
1) Initiadlize M =0 (resource-element group number)
2) Initialize k=0
3) Initialize I'=0

4) If the resource element (k1) represents a resource-element group and the resource-element group is not
assigned to PCFICH or PHICH then perform step 5 and 6, else go to step 7
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5) Map symbol-quadruplet %™ (m") to the resource-element group represented by (k’,1”) for each
antennaport [
6) Increase M by 1
7) Increase I by 1

8) Repeat from step 4 if I'< L, where L corresponds to the number of OFDM symbols used for PDCCH
transmission as indicated by the sequence transmitted on the PCFICH

9) Increase k' by 1
10) Repeat fromstep 3if k'< N35 - NE®

PDCCHs shdll not be transmitted in MBSFN subframes with zero-size non-MBSFN region.

6.8A  Enhanced physical downlink control channel

For frame structure type 3, for a subframe with the same duration as the DwPTS duration of a specia subframe
configuration, the enhanced physical downlink control channel is defined the same as that for the corresponding special
subframe configuration.

6.8A.1 EPDCCH formats

The enhanced physical downlink control channel (EPDCCH) carries scheduling assignments. An enhanced physical
downlink control channel is transmitted using an aggregation of one or several consecutive enhanced control channel
elements (ECCEs) where each ECCE consists of multiple enhanced resource element groups (EREGS), defined in
clause 6.2.4A. The number of ECCEs used for one EPDCCH depends on the EPDCCH format as given by Table
6.8A.1-2 and the number of EREGs per ECCE is given by Table 6.8A.1-1. Both localized and distributed transmission
is supported.

An EPDCCH can use either localized or distributed transmission, differing in the mapping of ECCEs to EREGs and
PRB pairs.

A UE shall monitor multiple EPDCCHSs as defined in 3GPP TS 36.213 [4]. One or two sets of physical resource-block
pairs which a UE shall monitor for EPDCCH transmissions can be configured. All EPDCCH candidatesin EPDCCH

set X m Use either only localized or only distributed transmission as configured by higher layers. Within EPDCCH set
X insubframe i , the ECCEs available for transmission of EPDCCHs are numbered from 00 N goce mi—1and
ECCE number n corresponds to
RB H N RB . . / NRB . .
- EREGs numbered \NMOANECce)+ jNgcce in PRB index | N/ NEccg| for localized mapping, and
Xm | inyRB . L : Xm [ nyECCE X .
- EREGs numbered |_n/ Ngg J+ JNEgcce in PRB indices (n+ ] ma>(l Ngg / NEREG))mOdNRB for distributed
mapping,

. ECCE ECCE RB ECCE
where ] =01,...,.Nggeg—1, Nggec isthe number of EREGs per ECCE, and NECCE=16/ Ngreg isthe number of
ECCEs per resource-block pair. The physical resource-block pairs constituting EPDCCH set X m arein this paragraph

assumed to be numbered in ascending order from 0 to NF)Q(E -1
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ECCE
Table 6.8A.1-1: Number of EREGs per ECCE, NEREC

Normal cyclic prefix Extended cyclic prefix
Normal Special subframe, Conﬁpﬁ(ﬁ;tilosnu?frzarge% 9 Normal Special subframe,
subframe configuration 3, 4, 8 9 10 o subframe configuration 1, 2, 3,5, 6
4 8

Table 6.8A.1-2: Supported EPDCCH formats

EPDCCH
Number of ECCEs for one EPDCCH, NECCE
EPDCCH format Case A Case B
Localized Distributed Localized Distributed
transmission transmission transmission transmission
0 2 2 1 1
1 4 4 2 2
2 8 8 4 4
3 16 16 8 8
4 - 32 - 16

Case A in Table 6.8A.1-2 is used when the conditions corresponding to case 1 in clause 9.1.4 of 3GPP TS 36.213 [4]
are satisfied, otherwise case B is used. The quantity ngppcqy fOr aparticular UE and referenced in 3GPP TS 36.213 [4]

is defined as the number of downlink resource elements (k,|) available for EPDCCH transmission in a physical

resource-block pair configured for possible EPDCCH transmission of EPDCCH set Xo and fulfilling al of the
following criteria:

- they are part of any one of the 16 EREGs in the physical resource-block pair, and

- they are assumed by the UE not to be used for cell-specific reference signals, where the positions of the cell-
specific reference signals are given by clause 6.10.1.2 with the number of antenna ports for and the frequency
shift of cell-specific reference signals derived as described in clause 6.10.1.2 unless other values for these
parameters are provided by clause 9.1.4.3 in 3GPP TS 36.213 [4], and-

- they are assumed by the UE not to be used for transmission of CSl reference signals, where the positions of the
CSl reference signals are given by clause 6.10.5.2 with the configuration for zero power CS| reference signals
obtained as described in clause 6.10.5.2 unless other values are provided by clause9.1.4.3in
3GPP TS 36.213 [4], and with the configuration for non-zero power CSI reference signals obtained as described
in clause 6.10.5.2, and

- for frame structure type 1 and 2, theindex | inthefirst slot in a subframe fulfils | > | gppocpygat Where
| eppochsa ¢ 1S 0iven by clause 9.1.4.1 of 3GPP TS 36.213 [4], and

- for frame structure type 3,

- if the higher layer parameter subframeStartPosition indicates 'sO7' and if the downlink transmission startsin
the second dlot of a subframe

- theindex | inthe second slot in the subframe fulfils | > | cppocpgar Where |EpDCCHsm isgiven by clause
9.1.4.1 of 3GPP TS 36.213 [4],

- otherwise

- theindex | inthefirst ot in the subframe fulfils | > lgppccnga Where lEPDCCHStal isgiven by clause
9.1.4.1 of 3GPP TS 36.213 [4].
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6.8A.2 Scrambling

The block of bits B(0),....0(M;; —1) to be transmitted on an EPDCCH in a subframe shall be scrambled, resultingin a

block of scrambled bits b (0),..., b (M, —1) according to

.....

b (i) = (b(i)+c(i))mod 2

where the UE-specific scrambling sequence c(i) isgiven by clause 7.2. The scrambling sequence generator shall be

initialized with Gy = 1y/2)- 22 +Nam " where  isthe EPDCCH set number.

6.8A.3 Modulation

The block of scrambled bits b (0),..., b (M, —1) shall be modulated as described in clause 7.1, resulting in a block of
complex-valued modulation symbols d(0),..., d (M om —1) - Table 6.8A.3-1 specifies the modulation mappings

.....

applicable for the enhanced physical downlink control channel.

Table 6.8A.3-1;: EPDCCH modulation schemes

Physical channel | Modulation schemes
EPDCCH QPSK

6.8A.4 Layer mapping and precoding
The block of complex-valued modulation symbols shall be mapped to asingle layer and precoded according to 6.3.4.1
asfor y(i)=d(),i=o,., M gmp —1-

6.8A.5 Mapping to resource elements

The block of complex-valued symbols y(0),..., y(M g, —1) shall be mapped in sequence starting with y(0) to

resource elements (k, ) on the associated antenna port which meet all of the following criteria:

- they are part of the EREGs assigned for the EPDCCH transmission, and

- they are assumed by the UE not to be used for cell-specific reference signals, where the positions of the cell-
specific reference signals are given by clause 6.10.1.2 with the number of antenna ports for and the frequency
shift of cell-specific reference signals derived as described in clause 6.10.1.2 unless other values for these
parameters are provided by clause 9.1.4.3 in 3GPP TS 36.213 [4], and

- they are assumed by the UE not to be used for transmission of:

- zero-power CSl reference signals, where the positions of the CSI reference signals are given by clause
6.10.5.2. The configuration for zero power CSl reference signalsis

- obtained as described in clause 6.10.5.2 unless other values are provided by clause 9.1.4.3in
3GPP TS 36.213 [4], and

- obtained by higher-layer configuration of up to five reserved CSI-RS resources as part of the discovery
signal configuration following the procedure for zero-power CSI-RSin clause 6.10.5.2.

- non-zero-power CSl reference signals for CSI reporting except for non-zero power CSI reference signals
configured by csi-RS-ConfigNZP-ApList, with the configuration for non-zero power CS| reference signals for
CSl reporting obtained as described in clause 6.10.5.2, and

- for frame structure type 1 and 2, theindex | inthefirst slot in a subframe fulfils | > | gppocpygat Where
| eppochsa ¢ 1S 9iven by clause 9.1.4.1 of 3GPP TS 36.213 [4], and

- for frame structure type 3,
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- if the higher layer parameter subframeStartPosition indicates 'sO7' and if the downlink transmission startsin
the second dlot of a subframe

- theindex | inthe second slot in the subframe fulfils | > | cppocpgar Where |EpDCCHsm isgiven by clause
9.1.4.1 of 3GPP TS 36.213 [4],
- otherwise
- theindex | inthefirst ot in the subframe fulfils | >l ppccngar Where |EpDCCHSta, isgiven by clause

9.1.4.1 of 3GPP TS 36.213 [4].

The mapping to resource elements (k,|) on antennaport [ meeting the criteria above shall be in increasing order of
first theindex K and then theindex| , starting with the first slot and ending with the second slot in a subframe.

For localized transmission, the single antenna port [3to useis given by Table 6.8A.5-1 with

. RB . EPDCCH , RB
N'= Necopow MOANECee + Mgy MOAMIN(NEcce —  Necer)

Where ngece o0 1S the lowest ECCE index used by this EPDCCH transmission in the EPDCCH set, ngyy, equalsthe

EPDCCH
C-RNTI,and Ngccg ~ isthe number of ECCEs used for this EPDCCH.

Table 6.8A.5-1: Antenna port to use for localized EPDCCH transmission

Normal cyclic prefix Extended cyclic prefix
n Normal subframes,
Special subframes, Special subframes, Any subframe
configurations 3, 4, 8 | configurations 1, 2,6, 7, 9, 10

0 107 107 107

1 108 109 108

2 109 - -

3 110 - -

For distributed transmission, each resource element in an EREG is associated with one out of two antenna portsin an
alternating manner, starting with antenna port 107, where pe {107,109} for normal cyclic prefix and pe {107,108} for

extended cyclic prefix.
6.8B  MTC physical downlink control channel
6.8B.1 MPDCCH formats

The MPDCCH formats are defined asin Clause 6.8A.1 with the following exceptions:
- Theterm EPDCCH isreplaced by MPDCCH.

- The MTC physical downlink control channel carries downlink control information and is transmitted across

NPQPPDCCH21 consecutive BL/CE DL subframes. Within each of the Nr'\élpPDCCH BL/CE DL subframes an
MPDCCH is transmitted using an aggregation of one or several consecutive enhanced control channel elements
(ECCEs) where each ECCE consists of multiple enhanced resource element groups (EREGS), defined in clause
6.2.4A.

- For frame structure type 2,

- If repetition is not configured for the MPDCCH, the number of EREGs per ECCE is given by Table 6.8A.1-
1. If repetition is configured for the MPDCCH, the number of EREGs per ECCE is given by Table 6.8B.1-1.

- For those special subframes where the MPDCCH is not supported, these special subframes are considered
BL/CE DL subframes for both MPDCCH and PDSCH transmission, only if they are indicated as BL/CE DL
subframe by higher layer signalling.
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- For an MPDCCH associated with 2 or 4 PRBs, if repetition is not configured for the MPDCCH, the supported
MPDCCH formats are given by Table 6.8A.1-2. Otherwise, the supported MPDCCH formats are given by Table
6.8B.1-2. However, for MPDCCH format 5, the equation defining the relation between ECCE index and EREG
index does not apply and the number of ECCEs refers to the MPDCCH mapping to the REs of the 2+4 PRB set
as defined in Subclause 6.8B.5.

ECCE
Table 6.8B.1-1: Number of EREGs per ECCE, Neggc, for frame structure type 2.

Extended cyclic prefix
Special subframe,

Spe_ual sl_berame, Normal subframe configuration 1, 2, 3, 5,
configuration 3, 4, 8 6

Normal cyclic prefix

Normal subframe

Table 6.8B.1-2: Supported MPDCCH formats

Number of ECCEs in a subframe for one MPDCCH, N MfoecH
ECCE ECCE
MlerDrﬁ ;H Negec=4 Negec=8
Localized Distributed Localized Distributed
transmission transmission transmission transmission

0 2 2 1 1

1 4 4 2 2

2 8 8 4 4

3 16 16 8 8

4 - - - -

5 24 24 12 12

6.8B.2 Scrambling

Scrambling shall be perfomed according to Clause 6.8A.2 with EPDCCH replaced by MPDCCH except that the same
scrambling sequence is applied per subframe to MPDCCH for agiven block of N, subframesand m isthe

MPDCCH set number. For an MPDCCH associated with a 2+4 PRB set as defined in [4], M=0 is used to generate the
scrambling sequence for mapping to REsin 6 PRBsaswell as2 PRBs and 4 PRBs.

The subframe number of the first subframe in each block of NaCC consecutive subframes, denoted as N, 5, satisfies

(nab&l + iA) mod N, =0. For the j* block of N subframes, the scrambling sequence generator shall be initialised

with
o 9, \edl
o - [(jo+ j)Ng mod10]-2° + N for Typel - Common, Type2 - common
™ (jo + i)N e mod 10]- 2° + n}PRH  otherwise

where

. g+ NJPPCCH L 1|

j=01.., -Jo

NHJC

jo= L(io +iA)/Nach
, {0, for frame structure typel or N, =1
i) =

N -2,

for frame structure type 2 and N, =10
and iy is the absol ute subframe number of the first downlink subframe intended for the MPDCCH. The MPDCCH
transmission spans N 1P consecutive subframes, including subframes that are not BL/CE DL subframes where the
MPDCCH transmission is postponed.

For BL/CE UEs,
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if the MPDCCH transmission is associated with P-RNTI or SC-RNTI:

- Ny =4 for framestructuretype 1 and N, =10 for frame structure type 2

otherwise

- N, =1for UEsassuming CEModeA (according to the definition in Clause 12 of [4]) or configured with
CEModeA:

- Ny =4 for framestructuretype 1 and N, =10 for frame structure type 2 for UES assuming CEModeB
(according to the definition in Clause 12 of [4]) or configured with CEModeB.

6.8B.3 Modulation

Modulation shall be performed according to 6.8A.3 with EPDCCH replaced by MPDCCH.

6.8B.4 Layer mapping and precoding

Layer mapping and precoding shall be done according to Clause 6.8A.4 with EPDCCH replaced by MPDCCH.

6.8B.5 Mapping to resource elements

Mapping to resource elements shall be done according to Clause 6.8A .5with the following exceptions:

The term EPDCCH shall be replaced by MPDCCH.

The mapping shall be repeated across each of the NPQpPDCCF BL/CE DL subframes.
. . . . MPDCCF
N MPoceH s the number of ECCES used for this MPDCCH in the first of the Nrgp subframes.

For an MPDCCH associated with a 2+4 PRB set as defined in [4], the mapping to resource elements (k,|) on

antennaport [ shall beinincreasing order of first theindex Kk and then theindex | over the 6 PRBsfor
MPDCCH format 5 and over the 2 or 4 PRBs for the other MPDCCH formats.

For localized transmission and MPDCCH format 5, the single antenna port [ to useisgiven by Table 6.8A.5-1
with

. RB
N'= N MONEce
where ngr, equalsthe C-RNTI.

Resource elements occupied by CSI reference signals shall be counted in the MPDCCH mapping but not used
for transmission of the MPDCCH.

Resource elements belonging to PRBsin which PRS is transmitted (including PRS muted subframes) shall be
counted in the MPDCCH mapping but not used for transmission of the MPDCCH.

A BL/CE UE not configured with higher layer parameter ce-pdsch-maxBandwidth-config may assumethereis
no MPDCCH transmission which uses overlapping sets of subframes as PDSCH transmissions to that UE, where
the MPDCCH islocated at a different narrowband than the PDSCH.

A BL/CE UE configured with higher layer parameter ce-pdsch-maxBandwidth-config may assume that thereis
no MPDCCH transmission which uses overlapping sets of subframes as PDSCH transmissions to that UE, where
the MPDCCH transmission and PDSCH transmission in any of the overlapping subframes span a PRB region
larger than X contiguous PRBs where X=25 if ce-pdsch-maxBandwidth-config is set to 5 MHz and X=100 if ce-
pdsch-maxBandwidth-config is set to 20 MHz.

For BL/CE UEsin CEModeB, in MBSFN subframe(s), resource elements that correspond to the positions of
cell-specific reference signals as in subframe #0 shall not be counted in the MPDCCH mapping and not used for
transmission of the MPDCCH.
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- Resource elements belonging to synchronization signals, the core part of PBCH, PBCH repetitions, or resource
elements reserved for reference signals in the mapping operation of PBCH but not used for transmission of
reference signals, shall be counted in the MPDCCH mapping but not used for transmission of the MPDCCH.

- Inthe subframes where an MPDCCH or its associated PDSCH is transmitted in response to a physical random
access transmission initiated by a PDCCH order, the UE shall receive the MPDCCH or its associated PDSCH,
and assume no other UE-specific reception is needed.

- For MPDCCH transmission associated with C-RNTI or TPC-PUCCH-RNTI or TPC-PUSCH-RNTI or SPS C-
RNTI that are not configured to use the Type2-MPDCCH common search space, frequency hopping of the
MPDCCH is enabled when higher layer parameter mpdcch-pdsch-HoppingConfig is set.

- For MPDCCH transmission associated with Type2-MPDCCH common search space, frequency hopping of the
MPDCCH is enabled when higher layer parameter rar-HoppingConfig is set. Further

- if PRACH CE level 0 or 1isused for the last PRACH attempt, N is set to the higher layer parameter
interval-DIHoppingConfigCommonModeA,

- if PRACH CE level 2 or 3isused for the last PRACH attempt, NGB is set to the higher layer parameter
interval-DIHoppingConfigCommonModeB.

- For MPDCCH transmission associated with SC-RNTI, frequency hopping of the MPDCCH is enabled when
higher layer parameter mpdcch-pdsch-HoppingConfig-SC-MCCH is set. Further

- if mpdcch-pdsch-HoppingConfig-SC-MCCH is set to CEModeA, NiPt is set to the higher layer parameter
interval-DIHoppingConfigCommonModeA,

- if mpdcch-pdsch-HoppingConfig-SC-MCCH is set to CEModeB, NPt isset to the higher layer parameter
interval-DIHoppingConfigCommonModeB.

- For MPDCCH transmission associated with G-RNTI, frequency hopping of the MPDCCH is enabled when
higher layer parameter mpdcch-pdsch-HoppingConfig-SC-MTCH is set. Further

- if mpdcch-pdsch-CEmodeConfig-SC-MTCH is set to CEModeA, NPt is set to the higher layer parameter
interval-DIHoppingConfigCommonModeA,

- if mpdcch-pdsch-CEmodeConfig-SC-MTCH is set to CEModeB, NgxP- is set to the higher layer parameter
interval-DIHoppi ngConfigCommonModeB.
(io.s)

- Thenarrowband Nyg~" for MPDCCH transmission in the first subframe of MPDCCH search space is provided

by higher layers. Starting subframe configuration of a search space where UE monitors an MPDCCH isaso
provided by higher layers. The MPDCCH search space uses N:\gpF:CCHZJ. subframes, spanning
MPDCCH MPDCCH
Nab5$ 2 Nrepss
MPDCCH transmission is postponed.

consecutive subframes, including subframes that are not BL/CE DL subframes where the

- If frequency hopping is not enabled for MPDCCH, the repetitions of an MPDCCH candidate are located at

the same PRB resources in the same narrowband nﬁ;’E’f) , and

- if frequency hopping is enabled for MPDCCH, an MPDCCH candidate shall be transmitted in absolute
(i)

subframe 1 using the same PRB resources within each narrowband Ny
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i 0. I +1i . ,
=l o | | moa 2 | 12 e
NB

jo = L(io,s + iA)/Nr(\:Ra'DLJ

g ST<ige+ Noeo o' —1

0,ss — abs,ss
. 0, for framestructure typel
AT INSPL _ 2 for framestructure type 2

where i07 ss isthe absolute subframe number of the first downlink subframe of MPDCCH search space, and

Nﬁhéatp, NPt and f,\?BL, hop are cell-specific higher-layer parameters. The UE shall not expect MPDCCH

transmission in absolute subframe 1 if it is not a BL/CE DL subframe.

- The UE may assume the same precoding matrix being used for a PRB across a block of n&PL consecutive
subframes for MPDCCH, where the subframe number of the first subframe in each block of N ;P consecutive

subframes, denoted as N, satisfies (nabsl+iA) mod NP = 0.

The UE may assume that an MPDCCH associated with the P-RNTI is transmitted on the set {s; | of narrowbands
where {sj } isdefined in Subclause 6.4.1. For a UE monitoring an MPDCCH associated with the P-RNTI, the first

MPDCCH narrowband is given by s, where m = (N2 + N&' Jmod NS5 » Nfs € 0.1, NE; -1} isthe Paging
Narrowband (PN) obtained according to [10], and N[, isthe higher-layer parameter paging-narrowBands.

- If the higher-layer parameter si-HoppingConfigCommon disables frequency hopping for an MPDCCH associated
with P-RNTI, each MPDCCH candidate shall be located in the same PRB in narrowband s, where

m= (I\T,E,B +N& )mod NSs -

- If the higher-layer parameter si-HoppingConfigCommon enables frequency hopping for an MPDCCH with P-
RNTI, an MPDCCH candidate shall be located in narrowband s J. in absolute subframe 1 using the same PRB
resources within each narrowband s J. where

_ ~ I +i . o
j=| (Ngs + NIOS”)+QNTDAL— jOJ mod Nioe, | fihe [MOd NS,

NB

Jo= I_(io,ss +iA) NﬁgDLJ

H H MPDCCH
loss STSIp e+ Npees —1

.0, for framestructuretypel
AT INSPL_ 2 for framestructuretype2

where i07 ss isthe absolute subframe number of the first downlink subframe of MPDCCH search space

ch,DL

according to locations of paging opportunity subframes, and NNB,hop, NPt and f,\?é'hop are cell-specific

higher-layer parameters. For MPDCCH associated with P-RNTI, if interval-DIHoppingConfigCommonModeB is
signalled in SIB1-BR, then the frequency hopping granularity NPt is set to interval-

DIHoppingConfigCommonModeB; otherwise, NPt is set to interval-DIHoppingConfigCommonModeA
signalled in SIB1-BR.
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The UE shall not expect MPDCCH transmission in absolute subframe 1 if it is not a BL/CE DL subframe.

6.9 Physical hybrid ARQ indicator channel

The PHICH carries the hybrid-ARQ ACK/NACK. Multiple PHICHs mapped to the same set of resource elements
congtitute a PHICH group, where PHICHs within the same PHICH group are separated through different orthogonal
sequences. A PHICH resource is identified by the index pair (g2 ), where ngo®,  isthe PHICH group

PHICH  NPricH PHICH
number and n®3,, isthe orthogonal sequence index within the group.

For frame structure type 1 and type 3, the number of PHICH groups N g%, isconstant in all subframes and given by

NECT (NQ(N% /Sﬂ for normalcyclicprefix

PHICH = 2-’_N9(NF?§ /3)-‘ for extendedcyclicprefix

where N, e {i/6,1/2 1,2} isprovided by higher layers. Theindex ngg&, rangesfrom Oto ngow, 1.

For frame structure type 2, the number of PHICH groups may vary between subframes and isgiven by m, . N 3o,

where N g, isgiven by the expression above and m; isgiven by Table 6.9-1 with the uplink-downlink

configuration provided by the higher-layer parameter subframeAssignment. The index ng%%, in asubframe with non-

zero PHICH resourcesranges from Oto m, - N g2, —1.

Table 6.9-1: The factor m; for frame structure type 2

Uplink-downlink Subframe number |

configuration ol1l21374a]s5]6[7[8709
0 2/11|/0|0|0|2]|1|0|0]|O0
1 0O|1(0]|O0|1]|0|1]|]0]|0]1
2 o|O0O|O|1|0|O|O|0O|1]0O
3 1/(0|0|0]|0O|O]0O]0O|1]1
4 0|0|0O]|JO|O|O|O|0O]|1]1
5 o|j|O0O|0O|JO|O|O|O|O]|1]O
6 1(1|]0|0|0|1]1]|]0|0]1

6.9.1 Modulation

The block of bits b(0),..., b(M ;; —1) transmitted on one PHICH in one subframe shall be modulated as described in
clause 7.1, resulting in a block of complex-valued modulation symbols z(0),..., z(M ¢ —1) , where M, =M, . Table
6.9.1-1 specifies the modul ation mappings applicable for the physical hybrid ARQ indicator channel.

Table 6.9.1-1: PHICH modulation schemes.

Physical channel | Modulation schemes
PHICH BPSK

The block of modulation symbols z(0),..., z(M¢—1) shall be symbol-wise multiplied with an orthogonal sequence and
scrambled, resulting in a sequence of modulation symbols d(0),..., d(M g, —1) according to

d(i) = wlimod NE'™ ). @-2¢(i))-2(i/NE"H )

where
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_ g PHICH
Msymb = NSF ’Ms

NPHICH _ 4 normal cyclic prefix
= 2 extended cyclic prefix

and c(i) isacell-specific scrambling sequence generated according to clause 7.2. The scrambling sequence generator
shall beinitialised with ¢, = (n,/2 ]+1)- 2N &' +1).2° + N&' at the Start of each subframe.

The sequence [W(O) .. MNSE'CH —1)] isgiven by Table 6.9.1-2 where the sequence index n%4 ., corresponds to
the PHICH number within the PHICH group.

Table 6.9.1-2: Orthogonal sequences [W(O) MNSE'CH—l)] for PHICH

Sequence index Orthogonal sequence
- Normal cyclic prefix | Extended cyclic prefix
NpHicH NgFHwH -4 NgFHwH -9
0 [+1 +1 +1 +1] [+1 +1
1 [+1 -1 +1 -1] [+1 -1
2 [+1 +1 -1 -1] +i +ijl
3 [+1 -1 -1 +1] +i -il
4 i+ +i +] :
5 ki - +j -1 -
6 i +i i - -
7 ki -1 —j +]] -

6.9.2 Resource group alignment, layer mapping and precoding

The block of symbols d(0),..., d(M g, —1) should befirst aligned with resource element group size, resulting in a

block of symbols d© (0),---,d(o) (c Msymb_j) , where C=1 for normal cyclic prefix; and C=2 for extended cyclic
prefix.

For normal cyclic prefix, d© (i) = d(i) , for i = 0,.., Mgy, -1-
For extended cyclic prefix,

d(2) d2i+1) 0 0| nZ%% mod2=0
PHICH

0@@) dO@i+y dOu@+2) OI(0)(4"+‘°’)]T={[o 0 d(@) d@+[' ngis, mod2=1
PHICH -

p=0,...,P—1and the number of cell-specific reference signals Pe {1,2,4}. The layer mapping and precoding operation

depends on the cyclic prefix length and the number of antenna ports used for transmission of the PHICH. The PHICH
shall be transmitted on the same set of antenna ports as the PBCH.
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For transmission on a single antenna port, P=1, layer mapping and precoding are defined by clauses 6.3.3.1 and

6.3.4.1, respectively, with ML =C-Mg,ye

For transmission on two antenna ports, P=2, layer mapping and precoding are defined by clauses 6.3.3.3 and 6.3.4.3,

respectively, with M{hy=C- Mgy,

For transmission on four antenna ports, P =4 layer mapping is defined by clause 6.3.3.3 with Mg,),)nb= C Mg/t and

precoding by
[ yO i) ] 1 0 00 j 0 0 O
y® (4i) 0000 0O0TO0OTO
y? (4i) 0-100 0 j 0O
v (4) 0000 0O0TO0OTO
vy (4i+1) 0100 0 j 0 0fRxOp]
y® (4i+1) 0 000 0 0 0 OfRelx®(q
vy (4i +1) 1 0 00 —j 0 0 OfRex®)
y@@i+| 10 0 0 0 0 0 0 OfRex®q)
yO@i+2)| J2/0 0 1 0 0 0 j Oofimx?qd)
yO (4i +2) 0 000 0 0 0 Ofimx®g)
y@ (4i+2) 0 0 0-10 0 0 jlimx®g
yO® (4i+2) 0 00 0 0 0 0 OfImx®)
y© (4i +3) 0001 00 0 j| )
y® (41 +3) 0000 0O0O0TO
y? (4i +3) 0010 0O0--joO
yO (4i +3) 0 000 0 0 0 O

if (i+nZ%2, ymod 2 =0 for normal cyclic prefix, or (i +[ng%®, /2 jmod 2 = 0 for extended cyclic prefix, where

ngow  jsthe PHICH group number and i =0,1,2, and by

PHICH

y©(4i) | 0000 OO0 OO
y(l)(4i) 10 0 0 j 0 0O
v (4i) 0000 0O OO
v (4) 0-100 0 j 0 O
v (4i+1) 0000 0 0 0 OfRxOp]
y® (4i +1) 01 00 0 j 0 OfRex®(q
y@ (4i +1) 0 00 0 0 0 0 O0fRdx?()
y@@i+n| 1|1 0 0 0 -j 0 0 OfRex®)
yOQ@i+2)| J2|0 0 0 0 0 0 0 Ofimx?qd)
v (4i +2) 0 01 0 0 0 j Ofimx®g)
vy (4i +2) 000 0 0 0 0 0fImMx®g
y@(4i+2) 0 0 0-10 0 0 j|imx®q
y© (4i +3) 0000 0O O Of )
vy (4i +3) 0 001 0 0 0 |j
y? (4i +3) 0000 O0OOO
vy (4i +3) 0 01 0 0 0 -j 0]

otherwisefor i =01,2.
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6.9.3 Mapping to resource elements

The sequence )_/(p) (0),---S/(p) (Mg,)%qb—]) for each of the PHICH groups is defined by

YR =>yPm)

where the sum is over all PHICHs in the PHICH group and y(P) (n) represents the symbol sequence from the i :th
PHICH in the PHICH group.

PHICH groups are mapped to PHICH mapping units.
For normal cyclic prefix, the mapping of PHICH group m to PHICH mapping unit M is defined by
P (n) = 7P (n)

where

m'=m=[ 01..,NZ% -1 forframe structure type 1 and type 3’
0,1..m-N3id, -1 for frame structure type 2

and where m; isgiven by Table 6.9-1.

For extended cyclic prefix, the mapping of PHICH group m and Mt1 to PHICH mapping unit M is defined by
P (n) = 75 (n)+ 7L (n)
where
m=m/2

me) 02 Na&y—2  forframestructuretypel
0,2,...m -NZ3&, —2 forframestructuretype2

and where m; isgiven by Table 6.9-1.

Let ;o) = (37 (4i), 5 (4i +1), T (41 + 2), TP (41 + 3) ) i =0.1,2 denote symbol quadruplet i for antenna port F.
Mapping to resource elements is defined in terms of symbol quadruplets according to steps 1-10 below:

1) For eachvaueof I

2) Let n, denote the number of resource element groups not assigned to PCFICH in OFDM symbol I

3) Number the resource-element groups not assigned to PCFICH in OFDM symbol I' fromOton, — 1, starting
from the resource-element group with the lowest frequency-domain index.

4) Initialize nf=0 (PHICH mapping unit number)

5) For eachvalueof i =012

6) Symbol-quadruplet 2 (iy from PHICH mapping unit N is mapped to the resource-element group
represented by (k’,1"); asdefined in clause 6.2.4 wheretheindices k; and I are given by steps 7 and 8
below:

7) Thetime-domainindex I isgiven by
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0 normal PHICH duration, all subframes

(m’/2]+i+1)mod2 extended PHICH duration, MBSFN subframes
’ , . extended PHICH duration, subframe 1and 6in frame structure type 2
I/ =1 (m’/2]+i+1)mod 2

(

| m'/2]+i+1)mod 2 extended PHICH duration,

subframe with the same duration as the DwWPTS duration of a specifial subframe configuration in frame structure type 3
i otherwise

8) Set the frequency-domainindex k; to the resource-element group assigned the number i, instep 3
above, where n; isgivenby
G_N el n,i,/nlj+ m')mod ny i=0
= q_N el ~n,|//nlj+ m'+Ln|lf /3J)mod n, i=1

G_N Y -n.;/nlj+ m‘+L2 n,;/SJ)mod n, i=2

in case of extended PHICH duration in MBSFN subframes, or extended PHICH duration in subframes 1
and 6 for frame structure type 2, or extended PHICH duration in subframe with the same duration as the
DwPT S duration of a special subframe configuration in frame structure type 3 and by

q_N cal n||r/noj+ m')mod ny i=0
m= G_NfDe” ~n||f/noj+ m'+Ln|lf/3J)mod n, i=1
G_N ol ~n||f/noj+ m'+L2 n,;/SJ)mod n, i=2
otherwise.
9) Increase M by 1.
10) Repeat from step 5 until al PHICH mapping units have been assigned.
The PHICH duration is configurable by higher layers according to Table 6.9.3-1.

The PHICH shall not be transmitted in MBSFN subframes with zero-size non-MBSFN region.

Table 6.9.3-1: PHICH duration in MBSFN and non-MBSFN subframes

Non-MBSFN subframes
Subframe with the same
duration as the DwWPTS MBSFN
duration of a specifial All other cases subframes
subframe configuration in
case of frame structure type

PHICH Subframes 1 and 6
duration in case of frame
structure type 2

3
Normal 1 1 1 1
Extended 2 2 3 2

6.10 Reference signals
Six types of downlink reference signals are defined:
- Céll-specific Reference Signal (CRS)
-  MBSFN reference signal
- UE-specific Reference Signal (DM-RS) associated with PDSCH
- DeModulation Reference Signal (DM-RS) associated with EPDCCH or MPDCCH
- Positioning Reference Signal (PRS)
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- CSl Reference Signal (CSI-RS)

Thereis one reference signal transmitted per downlink antenna port.

6.10.1 Cell-specific Reference Signal (CRS)

The UE may assume cell-specific reference signals are, unless otherwise stated in [4, clause 12], transmitted in
- al downlink subframes for frame structure type 1,
- al downlink subframes and DwPT S for frame structure type 2,
- non-empty subframes for frame structure type 3

in acell supporting PDSCH transmission.

If special subframe configuration 10 is configured by the higher layer signalling ssp10-CRS LessDWPTS, the UE cannot
assume that cell specific reference signals are transmitted in the 5" OFDM symbol of the special subframe.

Cell-specific reference signal s are transmitted on one or several of antenna ports 0 to 3.

Cell-specific reference signals are transmitted in subframes where Af =15kHz only.

6.10.1.1 Sequence generation
The reference-signal sequence .o, (M) is defined by

1 E

rI,nS (m) =$ \/E

where ng isthe slot number within aradio frameand | isthe OFDM symbol number within the slot. The pseudo-
random sequence c(i) isdefined in clause 7.2. The pseudo-random sequence generator shall beinitialised with
Gt =2° (7 (N} +1)+1+1)-(2.NZ +1)+ 2. N& + N, at the start of each OFDM symbol where

(L-2-c2m)+ j—=(@-2-c(2m+1), m=0L..2NJ*P" —1

o 10 ny/10 |+ ngmod2  for framestructure type 3when the CRSis part of a DRS
*|ng otherwise

1 for normal CP
Nep =
0 for extended CP

6.10.1.2 Mapping to resource elements
The reference signal sequence M n, (M) shall be mapped to complex-valued modulation symbols aﬁff’ used as

reference symbols for antenna port Linsdot ng according to

al(g[l)) =1 g (m)
where

k = 6m-+ (V+ Vg, )Mmod6
. {o, NOL, -3 if pe {01}

1 if pe {23}
m=04,..2-NR§ -1
m = m+ NRE“P- — NR§

Thevariables v and vg,;, define the position in the frequency domain for the different reference signals where v is
given by
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0 if p=0andl=0
3 if p=0andl %0
v 3 if p=1andl =0
0 if p=1andl #0
3(ngmod 2) if p=2
3+3(ngmod2) if p=3

The cell-specific frequency shiftisgivenby v, = N& mod 6 .

Resource elements (k, 1) used for transmission of cell-specific reference signals on any of the antenna portsin aslot
shall not be used for any transmission on any other antenna port in the same slot and set to zero.

In an MBSFN subframe, cell-specific reference signals shall only be transmitted in the non-MBSFN region of the
MBSFN subframe.

Figures 6.10.1.2-1 and 6.10.1.2-2 illustrate the resource elements used for reference signal transmission according to the
above definition. The notation r o is used to denote a resource element used for reference signal transmission on

antenna port [.

Ro Ro
=
&
g
E Ro Ro
El
g
2
2
e R R
Ro
1=0 1=61=0 1=6
Resouree clement (4,7)
~
Ro Ro R’ R
z
&
s
5 R R i . Not used for transmission on this antenna port
g
R R © © symbols on this antenna port
Ro R
1=0 1=61=0 1=6 1=0 1=61=0 1=6
Ro Ro R R R Ry
£
&
I
g Ro Ro R Ry R Ry
|
g
= Ro Ro R R R, Ry
Ro R R R Ry
I=0 I1=61=0 1=6 I=0 | I=61=0 | I=6 1=0 | I=61=0 | I=6 1=0 | I=61=0 | 1=6
slots _ odd slots v slots id slots v slots id slots v 1slots id slots
Antenna port 0 Antenna port 1 Antenna port 2 Antenna port 3

Figure 6.10.1.2-1. Mapping of downlink reference signals (normal cyclic prefix)
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Ro Ro
2
g
£ Ro Ro
oS
Ro Ro
R
=0 I1=51=0 1=5
Resource element (k,/)
4
Ro Ro & R K3
&
g
5 R Ro R R Not used for transmission on this antenna port
<
Ro Ro R & A Ref symbols on this antenna port
R Ry
1=0 1=51=0 =5 1=0 I1=51=0 1=5
Ro Ro R R Ry i
=
: ® R R R R, Ry
E
= Ro Ro R R R Ry
Ro R R Ry Ryl
1=0 1=51=0 | [ 1=0 1=51=0 1=5 1=0 1=51=0 =5 =0 1=51=0 =5

even-numbered slots odd-numbered slots even-numbered slots odd-numbered slots even-numbered slots odd-numbered slots even-numbered slots _odd-numbered slots

Antenna port 0 Antenna port 1 Antenna port 2 Antenna port 3

Figure 6.10.1.2-2. Mapping of downlink reference signals (extended cyclic prefix)

6.10.2 MBSFN reference signals

MBSFN reference signals shall be transmitted in the MBSFN region of MBSFN subframes only when the PMCH is
transmitted. MBSFN reference signal s are transmitted on antenna port 4.

MBSFN reference signals are defined for extended cyclic prefix only.

6.10.2.1 Sequence generation

6.10.2.1.1 Sequence generation for 15 kHz and 7.5 kHz subcarrier spacing
The MBSFN reference-signal sequence M .n, (M) is defined by

(-2 c@m)+ |~ (-2-cm+D), m=01. 6N -1

rI,nS (m) = \/E \/E

where ng isthe slot number within aradio frameand | isthe OFDM symbol number within the slot. The pseudo-
random sequence c(i) isdefined in clause 7.2. The pseudo-random sequence generator shall beinitialised with
Cinit = 29 . (7 . (ns + 1)+ | + l) (2 - N I'\SBSFN + l)+ N I'\SBSFN a the start of each OFDM S}/mbol

6.10.2.1.2 Sequence generation for 1.25 kHz subcarrier spacing

The MBSFN reference-signal sequence .0, (M) is defined by

M p, (M) = %(1— 2-c(2m))+ | %(1— 2.c(2m+1)), m=04,..,24N5P _1
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where ng isthe subframe number within aradio frameand | isthe OFDM symbol number within the subframe. The
pseudo-random sequence c(i) isdefined in clause 7.2. The pseudo-random sequence generator shall beinitialised with
C = 2% (7-(ng +1)+1 +1).(2. N MBSFN +1)+ N MBS™N gt the start of each OFDM symbol.

6.10.2.2 Mapping to resource elements
6.10.2.2.1 Mapping to resource elements for 15 kHz and 7.5 kHz subcarrier spacing
The reference-signal sequence .0, (M) in OFDM symbol | shall be mapped to complex-val ued modulation symbols

aﬁﬁ’ with p =4 according to

ai(<,F|)) =lin (m)
where

2m if | #0and Af =15kHz
2m+1 if | =0and Af =15kHz
4am if | #0and Af =7.5kHz
Am+2 if | =0and Af =7.5kHz

2 if nymod2=0and Af =15kHz
0,4 if nymod2=1and Af =15kHz

1 if ngmod2=0andAf =7.5kHz
0,2 if nymod2=21andAf =7.5kHz
m=04,...6N35 —1

= m+ ANZEC" - NG )

Figure 6.10.2.2-1 illustrates the resource elements used for MBSFN reference signal transmission in case of
Af =15kHz. Incase of Af =7.5kHz , the MBSFN reference signal shall be mapped to resource elements according to

Figure 6.10.2.2-3. The notation R o is used to denote a resource element used for reference signal transmission on
antenna port L.

R,

Ry Ry
R,

Ry Ry
R,

Ry Ry
R,

Ry Ry
R,

Ry Ry
R,

Ry Ry
1=0 1=51=0 1-5
even-numbered slots odd-numbered slots
Antenna port 4

Figure 6.10.2.2-1: Mapping of MBSFN reference signals (extended cyclic prefix, Af =15kHz)
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‘ Ry

Ry Ry
Ry

Ry Ry
Ry

Ry Ry
Ry

Ry Ry
Ry

Ry Ry
Ry

Ry Ry

=0 1=21=0 |=2
even- odd-
numbered numbered

-slots—p--a—slotsh-
Antenna port 4

Figure 6.10.2.2-3: Mapping of MBSFN reference signals (extended cyclic prefix, Af =7.5kHz)

6.10.2.2.2 Mapping to resource elements for 1.25 kHz
The reference-signal sequence 1, (M) in OFDM symbol | shall be mapped to complex-valued modulation symbols
aﬁﬁ’ with p =4 according to

&Y =1, (M)

where

K= 6m if ng mod2=0
 |6m+3 if ng mod2=1
=0

m=04,..,24N3%5 -1

' = m+3(NEEC- - NEE)

6.10.3 UE-specific reference signals associated with PDSCH

UE-specific reference signals associated with PDSCH
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- aretransmitted on antennaport(s) p=5, p=7, p=8, p=11, p=13, p={1L,13 or p=78...,0+6,
where y isthe number of layers used for transmission of the PDSCH,;

- arepresent and are avalid reference for PDSCH demodulation only if the PDSCH transmission is associated
with the corresponding antenna port according to clause 7.1 of 3GPP TS 36.213 [4];

- aretransmitted only on the physical resource blocks upon which the corresponding PDSCH is mapped.

A UE-specific reference signal associated with PDSCH is not transmitted in resource elements (k, 1) in which one of

the physical channels or physical signals other than the UE-specific reference signals defined in 6.1 are transmitted
using resource elements with the same index pair (k,1) regardless of their antennaport F.

For frame structure type 3, for PDSCH in a subframe with the same duration as the DwPTS duration of a special
subframe configuration, the UE-specific reference signals are defined the same as that for the corresponding special
subframe configuration.

6.10.3.1 Sequence generation

For antenna port 5, the UE-specific reference-signal sequence r, (m) is defined by

T a-2-c@m)+ j=(-2.c@m+D)  m=01..12NFS" -1

I, (m)=
ns ( ) \/E \/E
where N FoSCH - denotes the assigned bandwidth in resource blocks of the corresponding PDSCH transmission. The
pseudo-random sequence c(i) isdefined in clause 7.2. The pseudo-random sequence generator shall be initialised with
ot = (ne/2]+1)- 2N &' + 1). 2% 4 ngy, @ the start of each subframe where npyr, isasdescribedin clause 7.1
3GPP TS 36.213 [4].

For any of the antenna ports pe{78,...14 , the reference-signal sequence r(m) is defined by

r(m) =i(1—2-c(2m))+ ji

V2 V2

The pseudo-random sequence c(i) isdefined in clause 7.2. The pseudo-random sequence generator shall be initialised
with

maxDL H H
(l—2-c(2m+1)), m:{O;L,...;LZNRB 1 normalcyclicprefix

01,...16NT2*PL _1  extendedcyclicprefix

Qnit:(\_nslzj"'l)‘(znl(lrabm) +1)'216+nSCID
at the start of each subframe.

For BL/CE UEs, the same scrambling sequence is applied per subframe to the UE-specific reference-signal sequence

for agiven block of N, subframes. The subframe number of the first subframe in each block of N,.consecutive

subframes, denoted as I, satisfies (nabsl +iy ) mod N, =0. For the j* block of N, subframes, the scrambling
sequence generator shall beinitialised with

Cint = (i + )N mod 10]+ 1)~(2N el +;|_).216 + Negp

where

: i+ NS i —1
J :0,1,,\‘ o dJN A J_JO
jo= |_(i0 +iA)/Nach
P 0, for framestructuretypel or N =1
"IN, —2 forframestructuretype2 and N =10

acc
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and i is the absol ute subframe number of the first downlink subframe intended for PDSCH. The PDSCH transmissions
span N £PSH - consecutive subframes, including subframes that are not BL/CE DL subframes where the PDSCH
transmission is postponed. For a BL/CE UE configured in CEModeA, N, =1. For aBL/CE UE configured with
CEModeB, N, =4 for frame structuretype 1 and N, =10 for frame structure type 2.

The quantities nf), i = 0,1, are given by

- nl) = NZ ifnovaluefor nQVRS T isprovided by higher layersor if DCI format 1A, 2B or 2C is used for the
DCI associated with the PDSCH transmission

- n{) = n2VRS i otherwise

Thevalue of ngp is zero unless specified otherwise. For a PDSCH transmission on ports 7 or 8, ngyp iSgiven by the

DCI format 2B, 2C, 2D or 6-1A in 3GPP TS 36.212 [ 3] associated with the PDSCH transmission.
In the case of DCI format 2B, ngp isindicated by the scrambling identity field according to Table 6.10.3.1-1. In the

case of DCI format 2C or 2D, nyp isgiven by Table 5.3.3.1.5C-1, Table 5.3.3.1.5C-2 or Table 5.3.3.1.5C-6 in
3GPP TS 36.212[3]. For aPDSCH transmission on ports 11 or 13, ngyp isgiven by the DCI format 2C or 2D in
3GPP TS 36.212 [3] associated with the PDSCH transmission where ng, isgiven by Table 5.3.3.1.5C-2 in
3GPP TS 36.212[3].

Table 6.10.3.1-1: Mapping of scrambling identity field in DCI format 2B to ngpvalues for antenna
ports 7 and 8

Scrambling identity field in
DCI format 2B N
(3GPP TS 36.212 [3)])
0 0
1 1
6.10.3.2 Mapping to resource elements

For antenna port 5, in a physical resource block with frequency-domain index n_., assigned for the corresponding
PDSCH transmission, the reference signal sequence r, (m) shall be mapped to complex-valued modulation symbols

a&ﬁ) with p=5 in a subframe according to:
Normal cyclic prefix:
s NjPDSCH
& =1, (31" NEg*"+ )

k=(K)mod NZ® + NZB - npeg

k'—{ Am'+Vgig, if le {2,3}
Am'+(2+ Vg, ) mod 4 if | € {5,6}
3 I'=0

|16 I"=1
2 I'=2
5 1'=3

, |01 ifngmod2=0

_{2,3 if ngmod2=1

m'=0.1...3Nga>" -1

Extended cyclic prefix:

al) =r, (41" Ngg>+m)

ETSI



3GPP TS 36.211 version 14.14.0 Release 14 121 ETSI TS 136 211 V14.14.0 (2020-04)

k=(k)modNZB + N2® - npeg

, 3M+Vgii if1=4
={3m'+(2+v5hm)mod3 if1=1
| _{4 I’e{0,2
1 I'=1

, |0 ifngmod2=0
|12 if nymod2=1
m=0L.. 4N -1

where M is the counter of UE-specific reference signal resource elements within a respective OFDM symbol of the
PDSCH transmission.

The cell-specific frequency shiftisgivenby vy, = N&' mod 3.

The mapping shall be in increasing order of the frequency-domain index n,, of the physical resource blocks assigned

for the corresponding PDSCH transmission. The quantity N oS denotes the assigned bandwidth in resource blocks
of the corresponding PDSCH transmission.

Figure 6.10.3.2-1 illustrates the resource elements used for UE-specific reference signals for normal cyclic prefix for
antenna port 5.

Figure 6.10.3.2-2 illustrates the resource elements used for UE-specific reference signals for extended cyclic prefix for
antenna port 5.

Thenotation R, is used to denote a resource element used for reference signal transmission on antenna port .

R R
R R
R Rs
R Rs
Rs R
Re R
=0 1=61=0 =6
even-numbered slots odd-numbered slots

Antenna port 5

Figure 6.10.3.2-1: Mapping of UE-specific reference signals, antenna port 5 (normal cyclic prefix)
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R5
Rs Rs
R5
Rs Rs
R5
Rs Rs
Rs
Rs Rs
=0 |=51=0 I=5
m odd-numbered slots

Antenna port 5
Figure 6.10.3.2-2: Mapping of UE-specific reference signals, antenna port 5 (extended cyclic prefix)

For antennaports p=7, p=8 p=11 p=13 p={11,13} or p=748,...,v+6, inaphysica resource block with
frequency-domain index n,, assigned for the corresponding PDSCH transmission, a part of the reference signal

sequence r(m) shall be mapped to complex-valued modulation symbols a;((ﬁ) in a subframe according to

Normal cyclic prefix:
Al =wy (1) 13 1"NETP" +3 g +)
where

L w, (i) (M4+Nprg) mod2 =0
oW =@ (3-1) (M) mod2 =1
K = 5mM+N Pnges +K'

oo b Pe {7.81113}
10 pe{9101214}

['mod2+ 2 if inagpecial subframe with configuration 3,4, 8,9 or 10 (see Table4.2-1)
| ={I'mod2+2+31'/2] if inaspecial subframewith configuration1, 2,6, or 7 (see Table 4.2-1)
'mod2+5 if notinaspecia subframe

02,3 if nmod2 = 0andinaspecial subframe with configurationl, 2,6, or 7 (see Table4.2-1)
I'=401 if n,mod2 = 0and not in special subframe with configurationl, 2,6, or 7 (see Table 4.2-1)
2,3 if n,mod2 =1and notinspecial subframe with configurationl, 2,6, or 7 (see Table 4.2-1)
m'=012

The sequence W, (i) isgiven by Table 6.10.3.2-1.
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Table 6.10.3.2-1: The sequence w (i) for normal cyclic prefix

Antenna port P [v_vp(O) W) W,(2 V_Vp(3)]
[+1 +1 +1 +1]
[+1 -1 +1 -1]
[+1 +1 +1 +1]

10 [+1 -1 +1 -1
11 [+1 +1 -1 -1]
12 1 -1 +1 +1]
13 [+1 -1 -1 +1]
14 -1 +1 +1 -1

Extended cyclic prefix:
al® = wy(I'mod 2) -1 (4-1"NFE* " + 4. npeg +1m’)

where

. w, (i) m'mod2 =0
w,(i)=17_ . ,
W,(1-i) mmod2=1
k=3m+Nn ., +K'
._[1 if n,mod2=0and pe {78}
|2 ifnymod2=1and pe {7,8}
I =1"mod2+4

01 if nymod2 = 0andinaspecial subframewithconfigurationl,2,3,50r 6(seeTable4.2-1)
'=J01 if n,mod2 = 0and notinaspecial subframe

2,3 if n,mod2 =1and not inaspecia subframe
m=0123

The sequence W, (i) isgiven by Table 6.10.3.2-2.

Table 6.10.3.2-2: The sequence W(i) for extended cyclic prefix

Antenna port p [v_vp(O) v_vp(l)]
[+1 +1]
-1 +1]

For extended cyclic prefix, UE-specific reference signals are not supported on antenna ports 9 to 14.

Resource elements (k, I ) used for transmission of UE-specific reference signals to one UE on any of the antenna ports
intheset S, where S=1{7,81113} or S={9,101214} shall

- not be used for transmission of PDSCH on any antenna port in the same slot, and

- not be used for UE-specific reference signals to the same UE on any antenna port other than thosein S in the
same dot.

Figure 6.10.3.2-3 illustrates the resource elements used for UE-specific reference signals for normal cyclic prefix for
antenna ports 7, 8, 9 and 10. Figure 6.10.3.2-4 illustrates the resource elements used for UE-specific reference signals
for extended cyclic prefix for antenna ports 7, 8.
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5 RIR] [RIR, RIR] [R[R [
< RIR|_[R[R] | R [RiR:
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.g RiRy| |R|Ry Re|Re| |Re|Rs
8 Ro[Ro| |Ro[Ry [ | [RoRo |RqRu
3
&
5
@
% RrlRl [Rr|Ry ReRs| | Re| Ry
& Ro[Ro| |Ro[Ry RigRio| | RigRu
I=0 I=61=0 I=6 1=0 1=61=0 =6 1=0 1=61=0 1=6 1=0 1=61=0 1=6
B
5 RIR; RiR; Ro[Rs RRs [ ]
2 RI[R R[R T IRdRd RiR
<
o
§
g RIR RIR R RIR
é Ro| Ry Ro| Ry [ | [RgRig iR
g
£
a RlR, R R, R[Re RRe
g Ro| R Ro| Rl RigRuol RidRu
& I=0 1=61=0 I=6 I=0 1=61=0 1=6 =0 I=61=0 =6 =0 1=61=0 1=6
RIR RIR: RilRs Rl [ ]
Ro| R Ro|Re RigR RiqRig
8
&
B
3
£ RIF] RIR: R[R: R
% Ro| R Ro[Ro RioRy RigRio
]
z
S
< Ri[R R[R] Ro[Re Ro[Rs
] RR RlR RaRd RdRd
=0 1=61=0 1=6 =0 1=61=0 1=6 =0 1=61=0 1=6 =0 1=61=0 1=6
even-numbered slots _ odd-numbered slots even-numbered slots _ odd-numbered slots even-numbered slots _ odd-numbered slots even-numbered slots _ odd-numbered slots
Antenna port 7 Antenna port 8 Antenna port 9 Antenna port 10

Figure 6.10.3.2-3: Mapping of UE-specific reference signals, antenna ports 7, 8, 9 and 10 (normal
cyclic prefix)

0
o5
o Ri|R: RiR:
<
S
g
3 Ri|R, Ro| Re
Eo
85
g
£ R/|R; Re|Rs
5
3
8 R R, Ry Rs
g
@D
=0 1=51=0 I=5 I=0 1=51=0 1=5
Rr|Ry Rs| Re
2 RIR RolRo
£
g
5 Ri[R, RIR
@ RR, Ro| R
£
S
E R R[R
T Re| Ry Rs|Rs
E
5
z Rr|Rr Rs| R
R |Ry Rs| Rl
=0 1=51=0 1=5 1=0 | I=51=0 I=5
even-numbered odd-numbered even-numbered odd-numbered
lots
Antenna port 7 Antenna port 8

Figure 6.10.3.2-4: Mapping of UE-specific reference signals, antenna ports 7 and 8 (extended cyclic
prefix)
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6.10.3A Demodulation reference signals associated with EPDCCH or
MPDCCH

The demodulation reference signal associated with EPDCCH/MPDCCH

- istransmitted on the same antenna port pe {107,108,109,110} as the associated EPDCCH/MPDCCH physical
resource;

- ispresent and isavalid reference for EPDCCH/MPDCCH demodulation only if the EPDCCH/MPDCCH
transmission is associated with the corresponding antenna port;

- istransmitted only on the physical resource blocks upon which the corresponding EPDCCH/MPDCCH is
mapped.

A demodulation reference signal associated with EPDCCH/MPDCCH is not transmitted in resource elements (k, 1) in

which one of the physical channels or physical signals other than the demodulation reference signals defined in 6.1 are
transmitted using resource elements with the same index pair (k,|) regardiess of their antenna port p.

6.10.3A.1  Sequence generation

For any of the antenna ports pe {107,108,109,110}, the reference-signal sequence r(m) is defined by

r(m)=i(1—2-c(2m))+ ji

7z 7z

For non-BL/CE UEs, the pseudo-random sequence c¢(n) isdefined in clause 7.2. The pseudo-random sequence
generator shall be initialised with

max,DL ; ;
(1—2~c(2m+1)), m={0,1,...,12NRB 1 normal cyclic prefix

01,...16NTPL _1  extended cyclicprefix

Gt = (ns/2]+2)- (an}:’CCH + 1)- 216 4 nSEDCcH

at the start of each subframe where NS =2 and nig P is configured by higher layers. The EPDCCH set to

which the EPDCCH associated with the demodul ation reference signal belong is denoted i € {0,1}.

For BL/CE UEs, the same scrambling sequence is applied per subframe to the demodulation reference signal associated
with MPDCCH for agiven block of N, subframes. The subframe number of the first subframe in each block of N
consecutive subframes, denoted as N, , satisfies (nab&l +i, ) mod N,.. =0. For the j™ block of N, subframes, the
scrambling sequence generator shall be initialised with

o - {([(J0 + )N, mod10]+1)- (2nPoCCH 1.1). 21 4 nUPCCH  otherwise where

7 + )N 0101 41) (2N +1)- 2%+ SR for Typed- Comrmonand Type2-Common

j =O,L...,V° S
NECC
jo = |_(i0 + iA)/Nach
P = {0, for framestructuretypel or N, =1
4 |IN —2, forframestructuretype2 and N, =10

and i isthe absolute subframe number of the first downlink subframe intended for MPDCCH. The MPDCCH
transmissions span Na“gSF’DCCH consecutive subframes, including subframes that are not BL/CE DL subframes where the
MPDCCH transmission is postponed.

For BL/CE UEs,

- if the MPDCCH transmission is associated with P-RNT| or SC-RNTI:
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N =4 for frame structure type 1 and N, =10 for frame structure type 2

- otherwise

N =1for UEs assuming CEModeA (according to the definition in Clause 12 of [4]) or configured with
CEModeA.

N, =4 for frame structuretype 1 and N, =10 for frame structure type 2 for UEs assuming CEModeB
(according to the definition in Clause 12 of [4]) or configured with CEModeB.

The quantities n&o ' =2 and np;°°“" are configured by higher layers. The MPDCCH set to which the MPDCCH

associated with the demodulation reference signal belong is denoted i e {0,1}. For an MPDCCH associated with a 2+4

PRB set asdefined in [4], i =0 isused to generate the scrambling sequence for the 6 PRBs as well as for the 2 PRBs
and 4 PRBs.

6.10.3A.2  Mapping to resource elements

For the antennaport pe {107,108,109,110} in aphysical resource block nprg assigned for the associated
EPDCCH/MPDCCH, a part of the reference signal sequence r(m) shall be mapped to complex-valued modulation
symbols a} in asubframe according to

Normal cyclic prefix:
aly =w, (1) r(31"NEE“P" +3: npgg +m)
where
) w, (i) (M'+ngez)mod2=0
W, (1) = {wp(s— i) (M-+ne)mod2 =1

k =5m+N2Pn., + k'

e 1 pe {107,108}
10 pe {109,110}

I'mod2 + 2 if inaspecial subframewith configuration3, 4, 8,9 or10(seeTable4.2-1)
| ={I'mod2+2+31'/2] if inaspecial subframewith configuration1, 2,6, or 7 (see Table 4.2-1)
'mod2+5 if notinaspecial subframe

0,2,3 if n,mod2 = Oandinaspecial subframewithconfigurationl, 2,6, or 7 (seeTable4.2-1)
I'=<01 if n,mod2 = 0and notin special subframewith configuration1, 2,6, or 7 (seeTable4.2-1)
2,3 if n,mod2 = 1and not in special subframewith configuration1, 2,6, or 7 (seeTable4.2-1)
m'=012

The sequence W, (i) isgiven by Table 6.10.3A.2-1.

Table 6.10.3A.2-1: The sequence W, (i) for normal cyclic prefix

Antenna port p [v_vp(O) w,() w,(2 v_vp(3)]
107 [+1 +1 +1 +1]
108 [+1 -1 +1 -1
109 [+1 +1 +1 +1]
110 [+1 -1 +1 -1

Extended cyclic prefix:
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a&ﬁ) =w,(I'mod2)- r(4-1"NEg*P" +4-npgg +1m7)

where

. [W,()  mmod2=0
Wol) =15 a-i) mmod2=1
Wp(1-i) m'mod2=
k= 3m+N2npgg +K'
._J1 if nymod2=0and pe {107,108}
" |2 if nymod2=1and pe {107,108}
I =1"'mod2+4

01 if ngmod2=0andinaspecia subframewith configuration1, 2, 3,50r 6 (see Table4.2-1)
I'=101 if ngmod2=0and notin aspecial subframe

2,3 if ngmod2=1and not in aspecial subframe
m=0123

The sequence W, (i) isgiven by Table 6.10.3A.2-2.

Table 6.10.3A.2-2: The sequence W, (i) for extended cyclic prefix

Antenna port p [v_vp(O) v_vp(l)]

107 [+1 +1]
108 -1 +1]

For extended cyclic prefix, demodulation reference signals are not supported on antenna ports 109 to 110.

Resource elements (k, I ) used for transmission of demodulation reference signalsto one UE on any of the antenna ports
intheset S, where S={107,108} or S={109,110} shall

- not be used for transmission of EPDCCH/MPDCCH on any antenna port in the same slot, and

- not be used for demodulation reference signals to the same UE on any antenna port other than thosein S inthe
same slot.

Replacing antenna port numbers 7 — 10 by 107 — 110 in Figure 6.10.3.2-3 provides an illustration of the resource
elements used for demodul ation reference signal's associated with EPDCCH/MPDCCH for normal cyclic prefix.
Replacing antenna port numbers 7 — 8 by 107 — 108 in Figure 6.10.3.2-4 provides an illustration of the resource
elements used for demodul ation reference signals associated with EPDCCH/MPDCCH for extended cyclic prefix.

For frame structure type 3, for EPDCCH in a subframe with the same duration as the DWPTS duration of a special
subframe configuration, the mapping of the demodulation reference signals to the resource elementsis the same as that
for the corresponding specia subframe configuration.

6.10.4 Positioning reference signals

Positioning reference signals shall only be transmitted in resource blocks in downlink subframes configured for
positioning reference signal transmission. If both normal and MBSFN subframes are configured as positioning
subframes within a cell, the OFDM symbolsin a MBSFN subframe configured for positioning reference signal
transmission shall use the same cyclic prefix as used for subframe #0. If only MBSFN subframes are configured as
positioning subframes within a cell, the OFDM symbols configured for positioning reference signalsin the MBSFN
region of these subframes shall use extended cyclic prefix length. In a subframe configured for positioning reference
signal transmission, the starting positions of the OFDM symbols configured for positioning reference signal
transmission shall beidentical to those in a subframe in which all OFDM symbols have the same cyclic prefix length as
the OFDM symbols configured for positioning reference signal transmission.

Positioning reference signals are transmitted on antenna port 6.

The positioning reference signals shall not be mapped to resource elements (k, I ) alocated to the core part of the
PBCH, PSS or SSS regardless of their antennaport p.
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Positioning reference signals are defined for Af =15kHz only.

6.104.1 Sequence generation

The reference-signal sequence I (m) isdefined by

-2-c(2m)+ = (1-2-c(2m+D), m=04...2NEEP" ~1

Mo (ms=

T2 V2
where ng isthe slot number within aradio frame, | isthe OFDM symbol number within the slot. The pseudo-random
sequence c(i) isdefined in clause 7.2. The pseudo-random sequence generator shall beinitialised with
Gt = 22| NPRS /512)+ 210 (7. (ng +1) +1 +1)- (2. (N[RS mod512)+ 1)+ 2: (NFRS mod512)+ N at the start of each
OFDM symbol where N/FSe {04,...,4095} equals N unless configured by higher layers and where

1 for normal CP
Nep =
0 for extended CP

6.10.4.2 Mapping to resource elements

If PRS frequency hopping is not configured by higher layers, the reference signal sequence I, , (M) shall be mapped to

complex-valued modulation symbols a,((ﬁ’) used as reference signal for antennaport p=6 inslot n, according to
algﬁ) =N n, (m')

where

Normal cyclic prefix:

k= 6(m+ Ngs - NSES)+(6—I + Vg, JMOd6
35,6 if nymod2=0
| =41,2,35,6 if nymod2=1and (Lor 2 PBCH antenna ports)
2356 if njmod2=1and (4 PBCH antenna ports)
m=01,....2-Ns> -1

’ _ max,DL PRS
M =m+ Ngg —Ngs

Extended cyclic prefix:

k= 6(m+ NRs — NESS)+ (5—1 + Vg, )Jmod6
45 if nymod2=0

| =41,2,45 if nymod2=1and (Lor 2 PBCH antenna ports)
2,45  if nymod2=1and (4 PBCHantenna ports)

m=01....2-Nfs> -1

m’ = m+ NfePh — NERS
The bandwidth for positioning reference signals NEES is configured by higher layers and the cell-specific frequency
shift is given by Ve = Nj>mod6 where N/&° = N if no value for N/ is configured by higher layers.

If PRS frequency hopping is configured by higher layers, a PRS frequency hopping configuration provided by higher
layers contains the following:

- Thelength of the PRS occasion group, LE%%UP
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- Number of PRS frequency hopping bands, NBPE‘:]D
n"® defined as twice the starting PRB index of PRS frequency hopping band i where
- nB=NRS-NERSifi=o0,

- n®=2-N" where N"® istheindex of the first PRB in the PRS frequency hopping narrowband

configured by higher layersif ie {L NERRD —1}

If PRS frequency hopping is configured by higher layers, the reference signal sequence r,,ns(m) inthe PRS occasion |,

j=0....,Lgxoup—1, in the PRS occasion group shall be mapped to complex-valued modulation symbols a(? used as
reference signal for antennaport p=6 inslot n, according to

algﬁ) =N n, (m’)
where

- for normal cyclic prefix

i = j mod NEEﬁD

k= 6(m+ n"® )+ (6—1 +Vgr, )Mm0Od 6
35,6 if nymod2=0

| =41,2356 if nmod2=1and (Lor 2 PBCH antenna ports)
2356 if nymod2=1and (4 PBCHantenna ports)

m=01,...,2- Nfs> —1

m =m+n"® + NRE*P- — NR§
- for extended cyclic prefix
i = jmod NER o

k= 6(m+ nee )+ (5—1 +Vg,s; )Jmod6
45 if nmod2=0

| =41,2,45 if nymod2=1and (Lor 2 PBCH antenna ports)
2,45 if ngmod2=1and (4 PBCH antenna ports)

m=01...,2-Nga° -1

, RB max,DL DL
M =m+n" +Ngg —Ngs
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Figure 6.10.4.2-1: Mapping of positioning reference signals (normal cyclic prefix)
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Figure 6.10.4.2-2: Mapping of positioning reference signals (extended cyclic prefix)

6.10.4.3 Positioning reference signal subframe configuration

The subframe configuration period Tpgg and the subframe offset Apgg for the transmission of positioning reference
signals are listed in Table 6.10.4.3-1. The PRS configuration index | iSconfigured by higher layers. Positioning

reference signals are transmitted only in configured DL subframes. Positioning reference signals shall not be
transmitted in DWPTS. Positioning reference signals shall be transmitted in Npgg consecutive downlink subframes,

where Npgg isconfigured by higher layers.

The positioning reference signal instances, for the first subframe of the Npgg downlink subframes, shall satisfy
(10xng +|ng/ 2| - Aprg)ModTprs = 0.
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Table 6.10.4.3-1: Positioning reference signal subframe configuration

PRS configuration Index | s PRS periodicity Tprg | PRS subframe offset Apzg
(subframes) (subframes)
0-159 160 I prs
160 — 479 320 | prg —160
480 - 1119 640 | prs —480
1120 — 2399 1280 I prs —1120
2400 — 2404 5 I prs — 2400
2405 - 2414 10 I prg — 2405
2415 — 2434 20 | prs — 2415
2435 — 2474 40 I prg — 2435
2475 — 2554 80 | prg — 2475
2555-4095 Reserved

6.10.5 CSI reference signals

CSl reference signals are transmitted on 1, 2, 4, 8, 12, 16, 20, 24, 28, or 32 antennaportsusing p=15, p=1516,
p=15,..18, p=15...22, p=15,...,26, p=15,...30, p=15,....34, p=15,...38, p=15,...42 and p=15,...46,
respectively.

For CSl reference signals using more than eight antenna ports, N,if' >1 CSI-RS configurations in the same subframe,

numbered from O to N,if' —1, where value 0 corresponds to the configured resourceConfig-r11 or resourceConfig-r10

and value k (k>0) corresponds to the configured k-th entry of NZP-ResourceConfig-r13 from an aggregated list
consisting of nzp-resourceConfigList-r13 followed by nzp-resourceConfigListExt-r14 (if configured), are aggregated to

obtain Nf.j' Ngosr{s antenna portsin total. Each CSI-RS configuration in such an aggregation corresponds to

NES e {4,8} antenna ports and one of the configurations in the range 0-19 in Table 6.10.5.2-1 for normal cyclic prefix,

ports
and one of the configurationsin the range 0-15 in Table 6.10.5.2-2 for extended cyclic prefix. The supported
configurations of aggregated CSI-RS configurations are shown in Table 6.10.5-1. If the higher layer parameter NZP-

TransmissionComb is not configured, Nr%f' unique CSI-RS configurations from Table 6.10.5.2-1 for normal cyclic

prefix and from Table 6.10.5.2-2 for extended cyclic prefix are aggregated to form 12, 16, 20, 24, 28, or 32 antenna
ports.

For CSl reference signal's using more than sixteen antenna ports, when higher layer parameter NZP-TransmissionComb
is configured, the number of unique CSI-RS configurations from Table 6.10.5.2-1 for normal cyclic prefix and from

Table 6.10.5.2-2 for extended cyclic prefix that are aggregated to form 20, 24, 28, or 32 antenna ports can be less than

or equal to Nf.j' . The number of antenna ports within each such unique CSI-RS resource configuration is an integer

Csl

multiple of N .

CSl reference signals are defined for Af =15kHz only.

Table 6.10.5-1: Aggregation of CSI-RS configurations.

Total number of Number of antenna ports Number of CSI-RS
antenna ports per CSI-RS configuration configurations
Ccsl pCsl csl csl
Nres Nports Nports Nres
12 4 3
16 8 2
20 4 5
24 8 3
28 4 7
32 8 4
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6.10.5.1 Sequence generation

The reference-signal sequence r,'ns(m) is defined by

(1-2-c(2m))+ j i(1—2~c(2m+1)), m=04,...,N5P- —1

V2
where ng isthe slot number within aradio frameand | isthe OFDM symbol number within the slot. The pseudo-
random sequence c(i) isdefined in clause 7.2. The pseudo-random sequence generator shall be initialised with

Gt = 20 (7- (N, +2)+ +1)~(2~ NS +1)+2~ N, + Ngp at the start of each OFDM symbol where

rI,nS (m) = %

" 10 n,/10 [+ ngmod2  for framestructure type3when the CSI - RSis part of aDRS
* |ng otherwise

1 fornorma CP
Nep =
0 for extended CP

The quantity N=' equals N unless configured by higher layers.
6.10.5.2 Mapping to resource elements

In subframes configured for CSI reference signal transmission, the reference signal sequence 1 , (m) shall be mapped

to complex-valued modulation symbols a,((ﬁ’) used as reference symbols on antenna port p . The mapping depends on
the higher-layer parameter CDMType.

For the case of CDMType is not configured or is configured to CDM2:
) = w. M n, (M)
where

—0 for p’e {1516}, normal cyclic prefix
—6 for p’e {17,18}, normal cyclic prefix
—1 for p’e {19,20}, normal cyclic prefix
—7 for p’e {21,22}, normal cyclic prefix
—-0 for p’e {1516}, extended cyclic prefix
—3 for p’e {1718}, extended cyclic prefix
—6 for p’e {19,20}, extended cyclic prefix
-9 for p’e {21,22}, extended cyclic prefix
I"  CSl referencesignal configurations0-19, normal cyclic prefix
I =1'+s21" CSl referencesignal configurations 20- 31, normal cyclic prefix
I"  CSl referencesignal configurations0- 27, extended cyclic prefix
= { 1 pef151719.21}
") p'ef1618,20,22}
"=01

max,DL _ pyDL
m.:mJ{NRB > NRBJ

k =k'+12m+

For the case of CDMType equal to CDM4:

a&ﬁl) = Wp'(i)' M n, (M)
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where

k" for p’e {1516,19,20}, normal cyclic prefix, NS, =8

k=k+12m-<k"+6 for p’e {17,18,21,22}, normal cyclic prefix, N5y, =8
6k for p’e {1516,17,18}, normal cyclic prefix, NSy = 4

Lo I'""  CSl referencesignal configurations 0-19, normal cyclic prefix
B 21" CSl referencesignal configurations 20- 31, normal cyclic prefix

"=01
k"=01
i=2K"+"
mex,DL _ DL
m.:mJ{NRB . NRBJ

and where W, (i) isgiven by Table 6.10.5.2-0.

Table 6.10.5.2-0: The sequence W (i) for CDM4.

NG, = 4 | Nes g | O W@ W@ w0
15 15,17 11 1]
16 16,18 L -11 -1
17 19,21 h1-1 -1
18 20,22 h -1 -1 1]

If neither of the higher-layer parameters NZP-FrequencyDensity and NZP-TransmissionComb are configured,
m=04,...,Ngg —1.

If the UE is configured with one or more of the parameters NZP-FrequencyDensity and NZP-TransmissionComb,
- if either NZP-FrequencyDensity equals 1, m=01,...,Ng5 -1

- if NZP-FrequencyDensity equals 1/2 and NZP-TransmissionComb equals 0,
m=02,...,N2 —1— (N2 ~1)mod2)

- if NZP-FrequencyDensity equals 1/2 and NZP-TransmissionComb equals 1,
m=13..,N2 -1 ((N* - 2)mod2)

- if NZP-FregquencyDensity equals 1/3 and NZP-TransmissionComb equals 0,
m=03,...,N25 1 (N2 —1)mod3]

- if NZP-FreguencyDensity equals 1/3 and NZP-TransmissionComb equals 1,
m=14,...,N8 —1— (N2 - 2)mods)

- if NZP-FreguencyDensity equals 1/3 and NZP-TransmissionComb equals 2,
m=25,...,N25 —1— ((N2% —3)mod3)

The quantity (k',1") and the necessary conditionson ng are given by Tables 6.10.5.2-1 and 6.10.5.2-2 for normal and
extended cyclic prefix, respectively.
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The relation between the antenna port number p and the quantity p” depends on the number of CSI-RS antenna ports:
- for CSl reference signals using up to eight antenna ports, p= p’

- for CSl reference signals using more than eight antenna ports when the higher-layer parameter CDMType equals
CDM2

Csl
p-+P_2°”$i’ for p'e {15,---,15+ N,%Sr{s/z_l}
p= csl
P+ N 1) for pie 15+ NSk /2...15+ NSt -1}

where i’e {O,J,..., NS —l} isthe CSI-RS resource number.

- for CSl reference signals using more than eight antenna ports when the higher-layer parameter CDMType equals
CDM4, antenna port number p=i'N$S + p' where p'e {15,16,..,15+ NES —1} for CSI-RS resource number

ports ports
e {oa,..NS -1,
For the case of CDMType equal to CDM8 and the number of CSI-RS antenna ports equal to 32:
al) =w, (i) o (M)
where

—0 for p’e {1516}, normal cyclicprefix

-6 for p’e {17,18}, normal cyclic prefix

—1 for p’e 19,20}, normal cyclic prefix

—7 for p’e {21,22}, normal cyclic prefix

—0 for p’e {1516}, extended cyclic prefix

—3 for p’e {17,18}, extended cyclic prefix

-6 for p’e 19,20}, extended cyclic prefix

-9 for p’e {21,22}, extended cyclic prefix
I"  CSl referencesignal configurations 0-19, normal cyclic prefix

[ =1'+: 21" CSl referencesignal configurations 20- 31, normal cyclic prefix
I"  CSl referencesignal configurations 0- 27, extended cyclic prefix

k =k'+12m+

"=01
0 if k—k'-12m= -0, normal cyclic prefix
1 if k—k'-12m=-6,normal cyclic prefix
2 if k=k'-12m= -1, normal cyclic prefix
3 if k—k—=12m=-7,normal cyclic prefix
9= 0 if k—k'-12m= -0, extended cyclic prefix
1 if k—k'-12m= -3, extended cyclic prefix
2 if k—k'-12m= -6, extended cyclic prefix
3 if k—k'-12m= -9, extended cyclic prefix
m= m{—Nggx,D;_ Nes J

m=01,...,Ngg -1
The resource elements for the g™ CDM8 pattern, where G = 0.1,2,3, are determined by aggregating pairs of resource

elements (k,l) satisfying q=0q fromthe Nf,j' aggregated CSI-RS configurations, where at most one pair of resource
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elementsis drawn from each of the Nr%? aggregated CSI-RS configurations. For the case of CDMType equal to CDM8
and the number of CSI-RS antenna ports equal to 32, the aggregated CSI-RS configurations from Table 6.10.5.2-1 for
normal cyclic prefix and from Table 6.10.5.2-2 for extended cyclic prefix are restricted to one of {0,1,2,3}, {0,2,3.4}, or

{1.2,34}. Antennaport number p=i'NS3 + p' where p'e {15,16,..,15+ N Sots —1} for CSI-RS resource number

i'e {O,L...,Nr%f —l}. The sequence W, (i) isgiven by Table 6.10.5.2-0A, where i = 2" +1".

Table 6.10.5.2-0A: The sequence W, (i) for CDM8 with 32 CSI-RS antenna ports.

p Wp(0) W) Wp(D) wo(3) wy(4) wp(5) wy(6) wy(7)]

15,17, 19, 21 l1111111

16, 18, 20, 22 L -11-11-11 -1]
23, 25, 27, 29 h1-1-111-1-1
24, 26, 28, 30 h -1 111 -1 -11]
31, 33, 35, 37 L1121 -1-1-1-1]
32, 34, 36, 38 L -11-1-11 -1 1]
39, 41, 43, 45 hL1-1-1-1-111]
40, 42, 44, 46 h -1 -11-111 -7

For the case of CDMType equal to CDM8 and the number of CSI-RS antenna ports equal to 24:
a =wp (i) 1, o, (M)
where

k" for p’e {1516,19,20}, normal cyclic prefix, Nopts =8

k =k'+12m- i ) ) csi
k'+6 for p’e {17,18,21,22}, normal cyclicprefix, Ny =8

- q.{ I"  CSl referencesignal configurations0-19, normal cyclic prefix
2" CSl referencesignal configurations 20 - 31, normal cyclic prefix
"=01
k'"=01
3 0 if k—k'-12m+k'"'= 0, normal cyclic prefix,
B {1 if k—k'—12m+k''=—6, normal cyclic prefix

Nmax,DL_NDL
m:mJ{ RB RB

2
m=04,.,N35 -1

For the case of CDMType equal to CDM8 and the number of CSI-RS antenna ports equal to 24, the aggregated CSI-RS
configurations from Table 6.10.5.2-1 for normal cyclic prefix are restricted to {1,2,3} in that order. Resource elements

for CDM8 patterns are determined as follows:

- Aggregating resource element quadruplet (k,l) satisfying =0 from CSI-RS configuration 1 with resource
element quadruplet (k,l) satisfying q=0 from CSI-RS configuration 2

- Aggregating resource element quadruplet (k,1) satisfying =0 from CSI-RS configuration 3 with resource
element quadruplet (k,l) satisfying q=1 from CSI-RS configuration 1
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- Aggregating resource element quadruplet (k,1) satisfying q=1 from CSI-RS configuration 2 with resource
element quadruplet (k,l) satisfying q=1 from CSI-RS configuration 3
Antenna port number p =i'NSJ + p' Where p'e {15,16,..,15+ NSt —1} for CSI-RS resource number
i'e {O,L..., Nr%f' —l}. The sequence W, (i) isgiven by Table 6.10.5.2-0B. The sequence index i is determined as
follows:
- For resource element quadruplet (k,l) satisfying q=0 from CSI-RS configuration 1, resource element

quadruplet (k,1) satisfying g=1 from CSI-RS configuration 2, or resource element quadruplet (k,l) satisfying
q=0 from CSI-RS configuration 3, i = 2k"+I".

- For resource element quadruplet (k,l) satisfying =1 from CSI-RS configuration 1, resource element
quadruplet (k,l) satisfying q=0 from CSI-RS configuration 2, or resource element quadruplet (k,l) satisfying
g=1 from CSI-RS configuration 3, i = 2k'+I''+4 .

Table 6.10.5.2-0B: The sequence W, (i) for CDM8 with 24 CSI-RS antenna ports.

p Wo (@) WD) Wp(2) Wp(3) wy(4) w,(5) w,(6) w,(7)]

15, 25, 31 h1111111

16, 26, 32 L -11-11-11 -]
19, 29, 35 L1-1-111-1-1]
20, 30, 36 L -1 -111-1-11]
17, 23, 33 L1121 -1-1-1-1]
18, 24, 34 L -11-1-11-11]
21, 27, 37 h1-1-1-1-111
22, 28, 38 L -1 -11-111 -1

Multiple CSl reference signal configurations can be used in a given cell. A UE can be configured with multiple sets of
CSl reference signals,

- oneor more configurations for CSI reporting for which the UE shall assume non-zero transmission power for the
CSI-RS, and

- zero or more configurations for which the UE shall assume zero transmission power, and

- zero or more configurations valid across the system downlink bandwidth as part of the discovery signals for
which the UE shall assume non-zero transmission power for the CSI-RS.

The CSI-RS configurations for which the UE shall assume non-zero transmission power are provided by higher layers.

The CSI-RS configurations for which the UE shall assume zero transmission power in a subframe are given by a bitmap
derived according to clause 7.2.7 in 3GPP TS 36.213 [4]. For each bit set to one in the 16-bit bitmap, the UE shall
assume zero transmission power for the resource elements corresponding to the four CSI reference signal column in
Tables 6.10.5.2-1 and 6.10.5.2-2 for normal and extended cyclic prefix, respectively, except for resource elements that
overlap with those for which the UE shall assume non-zero transmission power CSI-RS as configured by higher layers.
The most significant bit correspondsto the lowest CSl reference signal configuration index and subsequent bitsin the
bitmap correspond to configurations with indices in increasing order.

CSl reference signals not corresponding to higher layer configured parameters csi-RS ConfigNZP-ApList or csi-RS
ConfigZP-ApList can only occur in
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- downlink slots where n,mod 2 fulfils the condition in Tables 6.10.5.2-1 and 6.10.5.2-2 for normal and extended
cyclic prefix, respectively, and

- where the subframe number fulfils the conditions in clause 6.10.5.3.

CSl reference signal's corresponding to either higher layer configured parameter csi-RS-ConfigNZP-ApList or csi-RS
ConfigZP-ApList can only occur in

- downlink slots where ngmod 2 fulfils the condition in Tables 6.10.5.2-1 and 6.10.5.2-2 for normal and extended
cyclic prefix, respectively.

The UE shall assume that CSl reference signals are not transmitted

- inthe DwPTS for special subframe configuration 0, 5, 9 and 10 for normal cyclic prefix and special subframe
configuration 0, 4 and 7 for extended cyclic prefix, in case of frame structure type 2,

- inthe DWPTS for normal CP for the case of CDMType equal to CDM8 and the number of CSI-RS antenna ports
equal to 24,

- in subframes where PDSCH/EPDCCH transmission starts in the second slot of a subframe for frame structure
type 3,

- in subframes where PDSCH/EPDCCH transmission ends prior to the end of a subframe for frame structure type
31

- inan empty subframe where there is no PDSCH or discovery signal transmission for frame structure type 3,
- insubframes where transmission of a CSI-RS would collide with Systeml nformationBlockTypel messages,

- inthe primary cell in subframes configured for transmission of paging messagesin the primary cell for any UE
with the cell-specific paging configuration.

For special subframe configuration {1, 2, 6, or 7}, a UE does not expect to be configured with one of CSI-RS
configurations{1, 2, 3,4, 6, 7,8, 9, 12, 13, 14, 15, 16, 17} in DWPTS for normal CP.

The UE shall assume that none of the CSl reference signals corresponding to a CSl reference signal configuration are
transmitted in subframes where transmission of any of those CSI reference signals would collide with transmission of
synchronization signals or the core part of PBCH.

Resource elements (k, I) used for transmission of CSl reference signals on any of the antenna portsinthe set S, where
S=1{15}, s={1516}, S={17,18}, S={19,20}, S={2122}, S={23 24}, S={2526}, S={27,28}, S={29,30} ,
S={31,32%, S={3334, S={3536}, S={37,38, S={39,40}, S={4142} , S={4344} or S={4546} shal not

be used for transmission of PDSCH on any antenna port in the same dot if higher layer parameter CDMType is not
configured, or is configured to CDM2.

Resource elements (k, I ) used for transmission of CSl reference signals on any of the antenna portsintheset S, where
- S={15161718}, S={19,20,21,22} or S={23,24,25,26} for CSl reference signals on 12 ports, or

- S={151619,20}, S=1{17,1821,22}, S={2324,27,28} or S={25,26,29,30} for CSl reference signalson 16
ports, or

- S={15161718}, S={19,20,21,22}, S={2324,2526}, S=1{27,28,29,30} or S=1{31,32,33,34} for CSI
reference signals on 20 ports, or

- S={151619,20}, S=1{17,18,21,22}, S={2324,27,28}, S=1{25,26,29,30}, S=1{31,32,3536} or
S=1{33,34,37,38} for CSl reference signals on 24 ports, or

- S={15161718}, S={19,20,21,22}, S={2324,2526}, S=1{27,28,29,30}, S=1{31,32,3334}, S={35,36,37,38}
or S=1{39,40,41,42} for CSl reference signals on 28 ports, or
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- S={151619,20}, S=1{17,1821,22}, S=1{2324,27,28}, S={25,26,29,30}, S=1{31,32,35,36},
S=1{3334,37,38}, S={39,40,43 44} or S={41,42,4546} for CSl reference signals on 32 ports

shall not be used for transmission of PDSCH on any antenna port in the same dot if higher layer parameter CDOMTypeis
configured to CDMA4.

Resource elements (k, I ) used for transmission of CSl reference signals on any of the antenna portsinthe set S, where

- S={1516,19,20,23,24,27,28}, S=1{17,18,21,22,31,32,35,36} or S={25,26,29,30,33,34,37,38} for CSl reference
signals on 24 ports, or

- S={1516,23,24,31,32,39,40}, S=1{17,18,25,26,33,34,41,42}, S={19,20,27,28,35,36,43,44} or
S={21,22,29,30,37,38,45,46} for CSl reference signals on 32 ports

shall not be used for transmission of PDSCH on any antenna port in the same slot if higher layer parameter CDMTypeis
configured to CDM8.

The mapping for CSl reference signal configuration O isillustrated in Figures 6.10.5.2-1 and 6.10.5.2-2.

Table 6.10.5.2-1: Mapping from CSI reference signal configuration to (k',I') for normal cyclic prefix

CSI-RS Number of CSI reference signals configured

config. lor2 4
Normal Special Normal Special Normal Special
subframe subframe subframe subframe subframe subframe
(kl) | mg] (k) [ g (k) | g ] (k1) | ng | (k) g | (k1) ] ng

0 (9,5) 0 (9,5) 0 (9,5) 0 (9,5) 0 (9,5) 0 (9,5) 0

1 (11,2) | 1| @215 | o | @12 | 1] @15 | 0| @212 | 1] @115 | 0O

2 (9,2 1 (9,2 1 (9,2) 1 9,2 1 9,2 1 (9,2) 1

3 (7,2) 1 (7,5) 0 (7,2) 1 (7,5 0 (7,2) 1 (7,5) 0

4 (9,5) 1 (9,5) 1 (9,5) 1

5 (8,5) 0 (8,5) 0 (8,5) 0 (8,5) 0

6 (10,2) 1 (10,5) 0 (10,2) 1 (10,5) 0

7 (8,2) 1 (8,2) 1 (8,2) 1 (8,2) 1

8 (6,2) 1 (6,5) 0 (6,2) 1 (6,5) 0

9 (8,5) 1 (8,5) 1

10 (3,5) 0 (3,5) 0

11 (2,5 0 (2,5) 0

12 (5,2) 1 (5,5) 0

13 (4,2 1 (4,5) 0

14 (3,2 1 (3,2 1

15 (2,2) 1 (2,2 1

16 (1,2) 1 (1,5) 0

17 (0,2) 1 (0,5) 0

18 (3,5 1

19 (2,5) 1

20 (11,1 | 1 (11,1 | 1 (11,1 | 1

21 (9,1) 1 (9,1 1 (9,1) 1

22 (7.1) 1 (7.1) 1 (7,1) 1

23 (101) [ 1 (101) | 1

24 (8,1) 1 (8,1) 1

25 (6,1) 1 (6,1) 1

26 (5,1 1

27 (4,1) 1

28 (3,1 1

29 (2,2) 1

30 (1,1) 1

31 0,1) 1

Note: n; =ngmod2 . Configurations 0 — 19 for normal subframes are available for frame structure types 1, 2

and 3. Configurations 20 — 31 and configurations for special subframes are available for frame structure
type 2 only.
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Table 6.10.5.2-2: Mapping from CSl reference signal configuration to (k',lI') for extended cyclic prefix.

CSI-RS Number of CSI reference signals configured
config. lor2 4 8
Normal Special Normal Special Normal Special
subframe subframe subframe subframe Subframe subframe
(k1) [ ng] (k1) | ng | (k) g | (kGP) ] ng | (k) | g | (K)o
0 as (o] @14 (o] 119 o |@14s o] 114 | 0] 114 [0
1 94 |0 9,9 0 9,9 0] (949 | 0 9,9 0 9,9 0
2 (104 | 1 (10,4) 1 (10,4) 1
3 94 |1 9,4 1 9,4 1
4 54 |0 (5,4) 0 (5,4) 0| 654 | O
5 B34 |0 (3,9 0 (3,9 0] B4 | O
6 4,9 |1 (4,4) 1
7 B4 [1 (3,4) 1
8 B84 |0 (8,4 0
9 64 |0 (6,4) 0
10 24 |0 2,9 0
11 04 |0 (0,4 0
12 74 |1
13 64 |1
14 @14 |1
15 04 |1
16 ) | 1| a1 | 1] @211 |1 @y | 1| a1y | 1| a1 |1
17 0) 1] @0 [ 1] @0 |2 @[ 1] o) [ 2] o) [ 1
18 on [1 [ ©1 1 (9,1 1] 9 [1 (9,1) 1 (9,1) 1
19 G2 [ 1] (52 1 (5,1) 1] 61 |1
20 41 1] @42 1 (4,1) 1] (41 [
21 (31 |1 (3,1) 1 (3,1) 1| 31 |1
22 6L [ 1] 81 1
23 7y [1] @ 1
24 61 | 1] (6 1
25 21 [ 1] 21 1
26 (11 | 1 (1,1) 1
27 on [1] (01 1
Note: n; =ngmod2 . Configurations 0 — 15 for normal subframes are available for both frame structure type 1
and type 2. Configurations 16 — 27 and configurations for special subframes are available for frame
structure type 2 only.
Rus| Ry Ris R
Ri7Ri7] RigRis|
1=0 1=61=0 1=6 1=0 I=61=0 1=6 =0 I=61=0 1=6 =0 I=61=0 1=6
RigRi RagRa
R,|R, Ro2Rz)
=0 | 1=61=0 1=6 =0 | 1=61=0 1=6 =0 I=61=0 1=6 I=0 I=61=0 1=6

even-numbered
lots

odd-numbered
lots

even-numbered
lots

odd-numbered

even-numbered

odd-numbered
lots

even-numbered
Jlots

odd-numbered
lots

Figure 6.10.5.2-1: Mapping of CSl reference signals (CSI configuration 0, normal cyclic prefix)
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RiRi] RiJRd

R, RilRs

Rigffg Roo oo

Roi|Ra [Roo o)

1=0 1=51=0 1=5 1=0 1=51=0 1=5 1=0 1=51=0 1=5 1=0 1=51=0 1=5

even-numbered slots odd-numbered slots even-numbered slots odd-numbered slots even-numbered slots odd-numbered slots even-numbered slots odd-numbered slots

Figure 6.10.5.2-2: Mapping of CSl reference signals (CSI configuration 0, extended cyclic prefix)

6.10.5.3 CSlI reference signal subframe configuration

The subframe configuration period T-q_gs and the subframe offset Ag.grs for the occurence of CSI reference signals
arelisted in Table 6.10.5.3-1. The parameter |~q_grg Can be configured separately for CSl reference signals for which

the UE shall assume non-zero and zero transmission power. Subframes containing CSl reference signals that do not
correspond to either higher layer configured parameter csi-RS-ConfigNZP-ApList or csi-RS-ConfigZP-ApList shall

Table 6.10.5.3-1: CSl reference signal subframe configuration

CSI-RS-SubframeConfig | cg_ps CSI-RS periodicity Teg.gs | CSI-RS subframe offset Aqq.rs
(subframes) (subframes)
0-4 S lcsi-rs
5-14 10 lcg-rs—5
15-34 20 lcg_rs—15
35-74 40 lcg_rs—35
75-154 80 | cs—rs — 75

6.11  Synchronization signals

There are 504 unique physical-layer cell identities. The physical-layer cell identities are grouped into 168 unique
physical-layer cell-identity groups, each group containing three unique identities. The grouping is such that each
physical-layer cell identity is part of one and only one physical-layer cell-identity group. A physical-layer cell identity
N|°,§” = 3N|%) + N,%) isthus uniquely defined by a number N|%) in the range of 0 to 167, representing the physical-layer
cell-identity group, and a number N,%) in the range of 0 to 2, representing the physical-layer identity within the
physical-layer cell-identity group.

6.11.1 Primary synchronization signal (PSS)

6.11.1.1 Sequence generation

The sequence d(n) used for the primary synchronization signal is generated from a frequency-domain Zadoff-Chu
sequence according to
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_ . aun(n+1)
e 6 n=0%L...,30
dU (n) = - au(n+1)(n+2)
e 63 n=23132,...61

where the Zadoff-Chu root sequenceindex u isgiven by Table6.11.1.1-1.

Table 6.11.1.1-1: Root indices for the primary synchronization signal

N@ Root index u
0 25
1 29
2 34
6.11.1.2 Mapping to resource elements

The mapping of the sequence to resource elements depends on the frame structure. The UE shall not assume that the
primary synchronization signal is transmitted on the same antenna port as any of the downlink reference signals. The
UE shall not assume that any transmission instance of the primary synchronization signal is transmitted on the same

antenna port, or ports, used for any other transmission instance of the primary synchronization signal.

The sequence d(n) shall be mapped to the resource elements according to

a, =d(n), n=0,..,61

DL \RB
k= n—31+M

For frame structure type 1, the primary synchronization signal shall be mapped to the last OFDM symbol in slots 0 and
10.

For frame structure type 2, the primary synchronization signal shall be mapped to the third OFDM symbol in subframes
1 and 6. Resource elements (k,|) inthe OFDM symbols used for transmission of the primary synchronization signal

where

DL \RB
k= n_31+M

n=-5-4,..-162,63,...66
are reserved and not used for transmission of the primary synchronization signal.

For frame structure type 3, the primary synchronization signal shall be mapped according to frame structure type 1 with
the following exceptions:

- the primary synchronization signal shall be transmitted only if the corresponding subframe is non-empty and at
least 12 OFDM symbols are transmitted,

- aprimary synchronization signal being part of a discovery signal shall be transmitted in the last OFDM symbol
of the first slot of adiscovery signal occasion.

For an MBM S-dedicated cell, the primary synchronization signal shall be mapped according to frame structure type 1
with following exception:

- the primary synchronization signal shall be transmitted in slot 0 in subframes fulfilling n, mod4 =0 only,
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6.11.2 Secondary synchronization signal (SSS)

6.11.2.1 Sequence generation

The sequence d(0),...,d(61) used for the second synchronization signal is an interleaved concatenation of two length-31

binary sequences. The concatenated sequence is scrambled with a scrambling sequence given by the primary
synchronization signal.

The combination of two length-31 sequences defining the secondary synchronization signal differs between subframes
according to

d(2n) = si™ (n)co(n) insubframes0,1,2,3,4
s{™) (n)cy(n)  in subframess, 6,7,8,9
(my) (my
8™ (n)c,(n)z{™(n) in subframes0,1, 2,3, 4
den+d _{Sénb)(n)q(n)zl(ml’( ) insubframes5, 6,7,8,9

where 0<n<30. Theindices m, and m; are derived from the physical-layer cell-identity group N|%) according to

my, = m' mod31
my, = (M +| m’/31]+1)mod 31

(1)
=N® +a(@+1/2, q= { +q3§)q +1)/2J q'=|N /0]

where the output of the above expressionislisted in Table 6.11.2.1-1.

The two sequences s () (n) and s (m) (n) are defined as two different cyclic shifts of the m-sequence S(n) according
to

™) (n) = 3((n+ my) mod31)
(™) (n) = $((n+m,) mod31)

wheres(i) =1-2x(i), 0<i <30, isdefined by
X(i +5) = (X(T +2) + x(7) )mod 2, 0<i <25

with initial conditionsx(0) =0, x(1)=0, x(2)=0, x(3)=0, x(4)=1.

The two scrambling sequences c,(n) and c;(n) depend on the primary synchronization signal and are defined by two
different cyclic shifts of the m-sequence ¢(n) according to

co(n) =C((n+N?)mod31)
¢, (n) =¢((n+ N2 +3)mod31)

where N{? e {0,,2} isthe physical-layer identity within the physical-layer cell identity group N and
S(i)=1-2x(i), 0<i <30, isdefined by

X(i +5) = (x( +3)+ x(7))mod 2, 0<i<25

with initial conditions x(0)=0, x() =0, x(2)=0, x(3)=0, x(4)=1.
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The scrambling sequences z{”b)(n) and zl(ml) (n) are defined by acyclic shift of the m-sequence Z(n) according to
2™ (n) = Z((n+ (M, mod8)) mod31)
Z™) (n) = Z((n+ (m, mod8)) mod31)
where m, and m; are obtained from Table 6.11.2.1-1 and Z(i) =1-2x(i), 0<i <30, isdefined by
X(0 +5) = (X( +4) + X(0 +2)+x( +1) +x(7))mod 2, 0<i<25

with initial conditions x(0)=0, x(@) =0, x(2)=0, x(3)=0, x(4)=1.

Table 6.11.2.1-1: Mapping between physical-layer cell-identity group Nl%) and the indices my and m;

NS | mo | m | N [ mo | m | N | mo | m | N | mo | m | N§ | m | m
0 0 1 34 4 6 68 9 12 | 102 | 15 | 19 | 136 | 22 | 27
1 1 2 35 5 7 69 10 | 13 [ 103 [ 16 | 20 | 137 | 23 [ 28
2 2 3 36 6 8 70 11 | 14 | 104 | 17 | 21 | 138 | 24 | 29
3 3 4 37 7 9 71 12 | 15 | 105 | 18 | 22 | 139 | 25 | 30
4 4 5 38 8 10 72 13 | 16 [ 106 | 19 | 23 | 140 0 6
5 5 6 39 9 11 73 14 | 17 [ 107 | 20 | 24 | 141 1 7
6 6 7 40 10 [ 12 74 15 | 18 [ 108 | 21 | 25 | 142 2 8
7 7 8 41 11 | 13 75 16 | 19 | 109 | 22 | 26 | 143 3 9
8 8 9 42 12 | 14 76 17 | 20 | 110 | 23 | 27 | 144 4 10
9 9 10 43 13 [ 15 77 18 | 21 [ 111 | 24 | 28 | 145 5 11
10 10 | 11 44 14 | 16 78 19 | 22 [ 112 | 25 | 29 | 146 6 12
11 11 | 12 45 15 [ 17 79 20 | 23 | 113 [ 26 | 30 | 147 7 13
12 12 | 13 46 16 | 18 80 21 | 24 | 114 0 5 148 8 14
13 13 | 14 47 17 | 19 81 22 | 25 | 115 1 6 149 9 15
14 14 | 15 48 18 | 20 82 23 | 26 | 116 2 7 150 | 10 | 16
15 15 | 16 49 19 [ 21 83 24 | 27 | 117 3 8 151 | 11 | 17
16 16 | 17 50 20 | 22 84 25 | 28 | 118 4 9 152 | 12 | 18
17 17 | 18 51 21 | 23 85 26 | 29 | 119 5 10 | 153 [ 13 [ 19
18 18 | 19 52 22 | 24 86 27 | 30 | 120 6 11 | 154 [ 14 [ 20
19 19 | 20 53 23 [ 25 87 0 4 121 7 12 | 155 | 15 | 21
20 20 | 21 54 24 | 26 88 1 5 122 8 13 | 156 | 16 | 22
21 21 | 22 55 25 | 27 89 2 6 123 9 14 | 157 | 17 [ 23
22 22 | 23 56 26 | 28 90 3 7 124 | 10 | 15 | 158 | 18 | 24
23 23 | 24 57 27 | 29 91 4 8 125 [ 11 [ 16 | 159 [ 19 [ 25
24 24 | 25 58 28 | 30 92 5 9 126 | 12 | 17 | 160 | 20 | 26
25 25 | 26 59 0 3 93 6 10 | 127 [ 13 | 18 | 161 | 21 [ 27
26 26 | 27 60 1 4 94 7 11 | 128 | 14 [ 19 | 162 | 22 | 28
27 27 | 28 61 2 5 95 8 12 | 129 [ 15 [ 20 | 163 | 23 [ 29
28 28 | 29 62 3 6 96 9 13 | 130 [ 16 [ 21 | 164 | 24 [ 30
29 29 | 30 63 4 7 97 10 | 14 [ 131 | 17 | 22 | 165 0 7
30 0 2 64 5 8 98 11 | 15 [ 132 | 18 | 23 | 166 1 8
31 1 3 65 6 9 99 12 | 16 | 133 | 19 | 24 | 167 2 9
32 2 4 66 7 10 | 100 [ 13 [ 17 [ 134 [ 20 | 25 - - -
33 3 5 67 8 11 | 101 [ 14 [ 18 [ 135 [ 21 [ 26 - - -

6.11.2.2 Mapping to resource elements

The mapping of the sequence to resource elements depends on the frame structure. In a subframe for frame structure
type 1 and 3 and in a half-frame for frame structure type 2, the same antenna port as for the primary synchronization
signal shall be used for the secondary synchronization signal.

The sequence d(n) shall be mapped to resource elements according to
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a,, =d(n) n=0,..61

DL \(RB
k=n-31+ NrgNg™
Ngmp —2 inslotsOand10 for frame structure typelexcept for an MBMS- dedicated cell
Ngmp—1 inslotsland1l for frame structure type 2

Ngmp —2 inslotswhere the PSSistransmitted  for framestructure type3
Ngmp —2 inslotswhere the PSSistransmitted ~ for an MBMS- dedicated cell

Resource elements (k,l) where

DL \jRB
k=n—31+ VR8N
Nomp—2 inslotsOand10 for framestructure typelexcept for an MBMS- dedicated cell
Ngmp—1 inslotsland1l for framestructuretype 2

Nomp—2 inslotswherethe PSSistransmitted  for framestructuretype3
Nomp—2 inslotswherethe PSSistransmitted  for an MBMS- dedicated cell

n=-5-4,..,-162,63,...66

are reserved and not used for transmission of the secondary synchronization signal.

6.11A Discovery signal
A discovery signal occasion for a cell consists of a period with a duration of
- oneto five consecutive subframes for frame structure type 1
- two to five consecutive subframes for frame structure type 2
- 12 OFDM symbols within one non-empty subframe for frame structure type 3
where the UE in the downlink subframes may assume presence of a discovery signal consisting of

- cell-specific reference signals on antenna port 0 in al downlink subframes and in DWPTS of all special
subframesin the period for frame structure type 1 and 2

- cell specific reference signals on antenna port 0 when higher layer parameters indicate only one configured
antenna port for cell specific reference signals for a serving cell using frame structure type 3

- cell specific reference signals on antenna port 0 and antenna port 1 when higher layer parameters indicate at least
two configured antenna ports for cell specific reference signals for a serving cell using frame structure type 3

- cell specific reference signals on antenna port 0 and antenna port 1 when higher layer configured parameter
presenceAntennaPortl is signalled to be 1, for a neighbour cell when using frame structure type 3

- primary synchronization signal in the first subframe of the period for frame structure types 1 and 3 or the second
subframe of the period for frame structure type 2,

- secondary synchronization signal in the first subframe of the period, and

- non-zero-power CSI reference signalsin zero or more subframesin the period. The configuration of non-zero-
power CSl reference signals part of the discovery signal is obtained as described in clause 6.10.5.2

For frame structures 1 and 2 the UE may assume a discovery signal occasion once every dmtc-Periodicity.

For frame structure type 3, the UE may assume a discovery signal occasion may occur in any subframe within the
discovery signals measurement timing configuration in clause 5.5.2.10 of [9].

For frame structure type 3, simultaneous transmission of a discovery signal and PDSCH/PDCCH/EPDCCH may occur
in subframes 0 and 5 only.
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For frame structure type 3, the UE may assume that a discovery signal occasion occurs in the first subframe containing
aprimary synchronization signal, secondary synchronization signal and cell-specific reference signals within the
discovery measurement timing configuration in clause 5.5.2.10 of [9].

6.12 OFDM baseband signal generation

The time-continuous signal q( P) (t) on antennaport p in OFDM symbol | inadownlink slot is defined by

< j 27Af (t=Ngp, ) gz 2| j 27KAf (t=Ngp, Ty
(P) (+) — (p) j t—Nep) Ts (p) J t=Ncp Ts
S (t)= 0, € + “, €
k_LN%\lgB /zjak ! ; A

for 0<t < (Ngpy +N)xT, where k) =k+[ NS5 NEB /2] and k) = k+[NBSNEB /2)-1. The variable N equals 2048
for Af =15kHz subcarrier spacing, 4096 for Af =7.5kHz subcarrier spacing, and 24576 for Af =1.25kHz

subcarrier spacing.

The OFDM symbolsin adlot shall be transmitted in increasing order of |, starting with | =0, where OFDM symbol

-1
| > 0starts at time Zr—o(NCPJ' + N)T, within the slot. In case the first OFDM symbol(s) in aslot use normal cyclic

prefix and the remaining OFDM symbols use extended cyclic prefix, the starting position the OFDM symbols with
extended cyclic prefix shall beidentical to those in a slot where all OFDM symbols use extended cyclic prefix. Thus
there will be a part of the time slot between the two cyclic prefix regions where the transmitted signal is not specified.
For Af =1.25kHz, thereis one OFDM symbol per slot and one slot per subframe.

Table 6.12-1 liststhe value of Ncp that shall be used. Note that different OFDM symbols within aslot in some cases
have different cyclic prefix lengths.

In case NB-l0T is supported, the OFDM baseband signal generation is defined in subclause 10.2.8.

Table 6.12-1: OFDM parameters

Configuration Cyclic prefix length Nep
160 for 1 =0

144 for 1 =1,2,...,.6

Af =15kHz 512 for 1 =01,...5
Extended cyclic prefix | Af =7.5kHz 1024 for | =01,2

Af =1.25kHz | 6144 for | =0

Normal cyclic prefix Af =15kHz

6.13  Modulation and upconversion
Modulation and upconversion to the carrier frequency of the complex-valued OFDM baseband signal for each antenna

port is shown in Figure 6.13-1. The filtering required prior to transmission is defined by the requirementsin
3GPP TS 36.104 [6].
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Figure 6.13-1: Downlink modulation
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7 Generic functions

7.1 Modulation mapper

The modulation mapper takes binary digits, 0 or 1, asinput and produces complex-valued modulation symbols, x as
output.

7.1.1 BPSK

In case of BPSK modulation, asingle bit, b(i) , is mapped to a complex-valued modulation symbol x=1+jQ according to
Table7.1.1-1.

Table 7.1.1-1: BPSK modulation mapping

b(i) I Q
o |y | 4
1| -2 | —1/42

7.1.2 QPSK

In case of QPSK modulation, pairs of hits, b(i),b(i +1) , are mapped to complex-valued modulation symbols x according
to Table 7.1.2-1 where x=1 + jQ unless "MUST interference presence and power ratio (MUSTIdX)" is signalled in the

associated DCI and is not '00' in which case x=e!%"¢(l —d)+e/»"27¢(Q—d) where ¢ and d are determined from
MUSTIdx using Table 7.1.2-2, and each ¢,,¢, € {01} is selected by eNB independently of b(i),b(i +1).

Table 7.1.2-1: QPSK modulation mapping

b().bi+]) | | Q
00 YJ2 | Y2
01 YV2 | -2
10 ~YV2 | V2
11 -2 | -2

Table 7.1.2-2: Values for € and d for QPSK

MUSTIdx C d
01 J1/5 J2

10 21y29 | 5/2V2)
11 | 7ss | 28/(742)

7.1.3  16QAM

In case of 16QAM modulation, quadruplets of bits, b(i),b(i +1),b(i + 2),b(i + 3) , are mapped to complex-val ued
modulation symbols x according to Table 7.1.3-1 where X=1+ jQ unless"MUST interference presence and power
ratio (MUSTIdx)" is signalled in the associated DCI and isnot '00' in which case x=e!%"¢(l —d)+e/@*27¢(Q—-d)
where ¢ and d are determined from MUSTIdx using Table 7.1.3-2, and each ¢y, ¢, € {01} is selected by eNB
independently of b(i),b(i +1),b(i +2),b(i +3) .
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Table 7.1.3-1: 16QAM modulation mapping

b(i),b(i +1),b( + 2),b(i + 3) | Q
0000 1/y10 | 1/410
0001 110 | 3/+10
0010 3/¥10 | 1410
0011 3/¥10 | 3/410
0100 1/y10 | -1/y10
0101 1/y10 | -3/410
0110 3/¥10 | -yY+10
0111 3/¥10 | -3/410
1000 -1/v10 | 1/J10
1001 ~1/¥10 | 310
1010 -3/y10 | 1/4V10
1011 -3/y10 | 3/\10
1100 -1/V10 | -1/\h0
1101 -1/y10 | -3/J10
1110 -3/\10 | -1/410
1111 -3/410 | -3/\10

Table 7.1.3-2: Values for € and d for 16QAM

MUSTIdx c d
01 Jsi21 | 2J2/5
10 | 3/5/33 | 17/(3/10)
11 J5/69 4215

7.1.4  64QAM

In case of 64QAM modulation, hextuplets of bits, b(i),b(i +1),b(i + 2),b(i + 3),b(i + 4),b(i +5) , are mapped to complex-
valued modulation symbols x according to Table 7.1.4-1 where X=1+ jQ unless "MUST interference presence and
power ratio (MUSTIdX)" is signalled in the associated DCI and is not '00" in which case

x=e%"c(l —d)+el@27¢(Q—d) where ¢ and d are determined from MUSTIdx using Table 7.1.4-2, and each
0.0, € {01} is selected by eNB independently of b(i),b(i +1),b(i +2),b(i +3),b(i +4),b(i +5) .
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Table 7.1.4-1: 64QAM modulation mapping

b(i), b(i +1),b(i +2),b(i + 3),b(i + 4),b(i +5) | Q b(i), b(i +1),b(i + 2),b(i + 3),b(i + 4),b(i +5) | Q
000000 342 | 342 100000 —3/Ja2 | 3/\a2
000001 Va2 | 142 100001 —3/Ja2 | 1/Ja2
000010 Va2 | 3/Ja2 100010 ~Ja2 | 342
000011 N4z | 1/Ja2 100011 ~1Ja2 | 142
000100 342 | 5/Ja2 100100 -3/Ja2 | 5/Ja2
000101 Va2 | 7/Va2 100101 ~3/Ja2 | 7/Va2
000110 14z | s/az 100110 ~YNa2 | 5/a2
000111 a2 | 7/42 100111 ~1/Va2 | 7/Ja2
001000 5/\42 | 3/Va2 101000 -5/Va2 | 342
001001 5/\42 | 142 101001 -5/Va2 | 142
001010 7/J42 | 3/Ja2 101010 —7/J42 | 342
001011 7/Va2 | 142 101011 —7/Ja2 | 1/Ja2
001100 5/Va2 | 5/y42 101100 -5/Ja2 | 5/\J4a2
001101 5/\42 | 7/V42 101101 -5/\4a2 | 7/V42
001110 7/N42 | 5/Va2 101110 ~7/N42 | 5/Va2
001111 7/Na2 | 7/Ja2 101111 ~7/Na2 | 7/V42
010000 3/Va2 | -3/Ja2 110000 ~3/Ja2 | —3/Ja2
010001 342 | -1/Ja2 110001 ~3/Ja2 | -1/Ja2
010010 Va2 | -3/a2 110010 ~Ya2 | -3/Ja2
010011 142 | -1/Ja2 110011 ~V4a2 | -yJa2
010100 3/Ja2 | —-5/J42 110100 ~3/J4a2 | -5/Ja2
010101 Va2 | -7/\42 110101 —3/Vaz | —7/Jaz
010110 14z | -5/42 110110 ~Ya2 | -5/Ja2
010111 Va2 | -7/Ja2 110111 ~Na2 | -7/\a2
011000 5/\42 | -3/Va2 111000 -5/J42 | -3/J42
011001 5/V42 | —1/\42 111001 —s/Jaz | -1/Ja2
011010 7/Va2 | -3/Ja2 111010 ~7/42 | -3/Jaz
011011 7/\N4a2 | -4z 111011 ~7/Na2 | —yVa2
011100 5/Ja2 | —5/\/42 111100 —5/\a2 | —5/Ja2
011101 5/\a2 | —7/Ja2 111101 —5/\az2 | —7/Jaz
011110 7/V42 | —5/J42 111110 ~7/Jaz | -s/Ja2
011111 7/V4a2 | —7/\42 111111 ~7/Jaz | -7/Ja2
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Table 7.1.4-2: Values for € and d for 64QAM

MUSTIdx (o d

01 421/85 | 4V2/21
10 V7134 | 3/3/14
11 J7155 | 24617

7.15  256QAM

In case of 256QAM modulation, octuplets of bits, b(i),b(i +1),b(i + 2),b(i + 3),b(i + 4),b(i +5),b(i + 6),b(i +7) , are
mapped to complex-valued modulation symbols x = (I + jQ)/+170 according to Table 7.1.5-1.
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Table 7.1.5-1: 256QAM modulation mapping
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()b +7) | | | Q | b@wb(+7) [ I | Q | b@wb(+7) | | | Q | b@)wb(+7) | | Q
00000000 5 5 01000000 5 -5 10000000 -5 5 11000000 -5 -5
00000001 5 7 01000001 5 -7 10000001 -5 7 11000001 -5 -7
00000010 7 5 01000010 7 -5 10000010 -7 5 11000010 -7 -5
00000011 7 7 01000011 7 -7 10000011 -7 7 11000011 -7 -7
00000100 5 3 01000100 5 -3 10000100 -5 3 11000100 -5 -3
00000101 5 1 01000101 5 -1 10000101 -5 1 11000101 -5 -1
00000110 7 3 01000110 7 -3 10000110 -7 3 11000110 -7 -3
00000111 7 1 01000111 7 -1 10000111 -7 1 11000111 -7 -1
00001000 3 5 01001000 3 -5 10001000 -3 5 11001000 -3 -5
00001001 3 7 01001001 3 -7 10001001 -3 7 11001001 -3 -7
00001010 1 5 01001010 1 -5 10001010 -1 5 11001010 -1 -5
00001011 1 7 01001011 1 -7 10001011 -1 7 11001011 -1 -7
00001100 3 3 01001100 3 -3 10001100 -3 3 11001100 -3 -3
00001101 3 1 01001101 3 -1 10001101 -3 1 11001101 -3 -1
00001110 1 3 01001110 1 -3 10001110 -1 3 11001110 -1 -3
00001111 1 1 01001111 1 -1 10001111 -1 1 11001111 -1 -1
00010000 5 | 11 | 01010000 5 | -11 10010000 -5 |11 11010000 -5 | -11
00010001 5 9 01010001 5 -9 10010001 -5 9 11010001 -5 -9
00010010 7 | 11 01010010 7 | -11 10010010 -7 | 11 11010010 -7 | -11
00010011 7 9 01010011 7 -9 10010011 -7 9 11010011 -7 -9
00010100 5 | 13 | 01010100 5 | -13 | 10010100 -5 | 13 | 11010100 -5 | -13
00010101 5 | 15| 01010101 5 | -15 10010101 -5 | 15 11010101 -5 | -15
00010110 7 | 13 | 01010110 7 | -13 10010110 -7 | 13 11010110 -7 | -13
00010111 7 | 15| 01010111 7 | -15 10010111 -7 | 15 11010111 -7 | -15
00011000 3 | 11| 01011000 3 |-11 10011000 -3 | 11 11011000 -3 | -11
00011001 3 9 01011001 3 -9 10011001 -3 9 11011001 -3 -9
00011010 1|11 01011010 1 |-11 10011010 -1 |11 11011010 -1 | -11
00011011 1 9 01011011 1 -9 10011011 -1 9 11011011 -1 -9
00011100 3 | 13| 01011100 3 | -13 | 10011100 -3 | 13 | 11011100 -3 | -13
00011101 3 | 15| 01011101 3 | -15 10011101 -3 | 15 11011101 -3 | -15
00011110 1 |13 01011110 1 |-13 10011110 -1 | 13 11011110 -1 | -13
00011111 1 |15 | 01011111 1 |-15 10011111 -1 | 15 11011111 -1 | -15
00100000 | 11| 5 01100000 | 11| -5 10100000 | -11 | 5 11100000 | -11 | -5
00100001 11| 7 01100001 11 | -7 10100001 | -11 | 7 11100001 | -11 | -7
00100010 9 5 01100010 9 -5 10100010 -9 5 11100010 -9 -5
00100011 9 7 01100011 9 -7 10100011 -9 7 11100011 -9 -7
00100100 | 11| 3 01100100 | 11| -3 10100100 | -11 | 3 11100100 | -11 | -3
00100101 11| 1 01100101 11 | -1 10100101 | -11 | 1 11100101 | -11 | -1
00100110 9 3 01100110 9 -3 10100110 -9 3 11100110 -9 -3
00100111 9 1 01100111 9 -1 10100111 -9 1 11100111 -9 -1
00101000 | 13 | 5 01101000 | 13| -5 10101000 | -13 | 5 11101000 | -13 | -5
00101001 13| 7 01101001 13 | -7 10101001 | -13 | 7 11101001 | -13 | -7
00101010 15| 5 01101010 15| -5 10101010 | -15| 5 11101010 | -15| -5
00101011 15| 7 01101011 15| -7 10101011 | -15| 7 11101011 | -15 | -7
00101100 | 13 | 3 01101100 | 13| -3 10101100 | -13 | 3 11101100 | -13 | -3
00101101 13| 1 01101101 13| -1 10101101 | -13 | 1 11101101 | -13 | -1
00101110 15| 3 01101110 15| -3 10101110 | -15| 3 11101110 | -15 | -3
00101111 15| 1 01101111 15| -1 10101111 | -15| 1 11101111 | -15 | -1
00110000 11 | 11 01110000 11 | -11 10110000 | -11 | 11 11110000 | -11 | -11
00110001 11| 9 01110001 11| -9 10110001 | -11 | 9 11110001 | -11 | -9
00110010 9 |11 01110010 9 | -11 10110010 -9 | 11 11110010 -9 | -11
00110011 9 9 01110011 9 -9 10110011 -9 9 11110011 -9 -9
00110100 11 | 13 | 01110100 11 | -13 10110100 | -11 | 13 11110100 | -11 | -13
00110101 11 | 15| 01110101 11 | -15 10110101 | -11 | 15 11110101 | -11 | -15
00110110 9 | 13 01110110 9 | -13 10110110 -9 | 13 11110110 -9 | -13
00110111 9 |15 | 01110111 9 | -15 10110111 -9 | 15 11110111 -9 | -15
00111000 13 | 11 01111000 13 | -11 10111000 | -13 | 11 11111000 | -13 | -11
00111001 13| 9 01111001 13| -9 10111001 | -13 | 9 11111001 | -13 | -9
00111010 15 | 11 01111010 15 | -11 10111010 | -15 | 11 11111010 | -15 | -11
00111011 15| 9 01111011 15| -9 10111011 | -15| 9 11111011 | -15 | -9
00111100 13 | 13 | 01111100 13 | -13 10111100 | -13 | 13 11111100 | -13 | -13
00111101 13 | 15| 01111101 13 | -15 10111101 | -13 | 15 11111101 | -13 | -15
00111110 15 | 13 | 01111110 15 | -13 10111110 | -15| 13 11111110 | -15 | -13
00111111 15| 15| 01111111 15 | -15 10111111 | -15 | 15 11111111 | -15 | -15
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7.2 Pseudo-random sequence generation

Pseudo-random sequences are defined by alength-31 Gold segquence. The output sequence c(n) of length M gy , where
n=01...,Mp —1, isdefined by

c(n) = (%, (N+ Ng) + X, (n+ N, ))mod2

X (N+31) = (x, (n+3) + X (n)) mod2
X, (N+31) = (X, (N+3) + X, (N+2) + X, (N+1) + X, (n))mod2

where N =1600 and the first m-sequence shall be initialized with x; (0) =1,%,(n) =0,n=12,...,.30. The initidlization

of the second m-sequence is denoted by ;i = 2,3?0 X (i) - 2" with the value depending on the application of the

i=
sequence.

8 Timing
8.1 Uplink-downlink frame timing

Transmission of the uplink radio frame number i from the UE shall start (Nta + Nv1a ofiset ) X T SeCONdS before the start
of the corresponding downlink radio frame at the UE, where 0 < N, < 4096 if the UE is configured with a SCG and
0< Nta <20512 otherwise. For frame structure type 1 N1a i = 0 and for frame structure type 2 Nqp e = 624

unless stated otherwise in [4]. Note that not al slotsin aradio frame may be transmitted. One example hereof is TDD,
where only a subset of the dotsin aradio frameis transmitted.

Downlink radio frame 7

Uplink radio frame /

(NTA + N1a offset )'Ts seconds
> |-

Figure 8.1-1: Uplink-downlink timing relation
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9 Sidelink

9.1 Overview

A sidelink is used for ProSe direct communication and ProSe direct discovery between UES.

9.1.1 Physical channels

A sidelink physical channel correspondsto a set of resource elements carrying information originating from higher
layers and is the interface defined between 3GPP TS 36.212 [3] and the present document 3GPP TS 36.211. The
following sidelink physical channels are defined:

- Physical Sidelink Shared Channel, PSSCH

- Physical Sidelink Control Channel, PSCCH

- Physical Sidelink Discovery Channel, PSDCH
- Physical Sidelink Broadcast Channel, PSBCH

Generation of the baseband signal representing the different physical sidelink channelsisillustrated in Figrue 5.3-1.

9.1.2 Physical signals

A sidelink physical signal is used by the physical layer but does not carry information originating from higher layers.
The following sidelink physical signals are defined:

- Demodulation reference signal

- Synchronization signa

9.1.3 Handling of simultaneous sidelink and uplink/downlink transmissions

For a given frequency, on an uplink subframe included in discTxGapConfig [9], a UE shall not transmit an uplink
transmission that is not a PRACH transmission and that is partly or completely overlapping in time with a PSDCH
transmission or a SLSS transmission for PSDCH by the same UE. Else, for a given carrier frequency and sidelink
transmission mode 1 or 2 or sidelink discovery, a UE shall not transmit a sidelink signal or channel overlapping partly
or completely in time with an uplink transmission from the same UE.

For a given carrier frequency, no PSDCH, PSCCH, or PSSCH transmission shall occur from a UE in asidelink
subframe configured for synchronization purposes by the higher-layer parameters

- syncOffsetindicator1 or syncOffsetindicator2 in [9] if the UE has no serving cell fulfilling the S criterion
according to [10, clause 5.2.3.2], or

- syncOffsetIndicator in commSyncConfig or discSyncConfig which includes txParametersin [9] if the UE hasa
serving cell fulfilling the S criterion according to [10, clause 5.2.3.2]. The UE may assume the same
configuration in commSyncConfig and discSyncConfig.

For a given carrier frequency, with the exception of PSSCH transmissions with transmission mode 1 and same sidelink
cyclic prefix as PUSCH, no sidelink transmissions shall occur in sidelink subframe n from a UE if uplink SRSis
transmitted from the same UE in uplink subframe n.

In case of a UE capable of transmission on multiple carriers, sidelink transmission may only occur on asingle carrier
frequency at agiventime.

A UE with limited transmission capabilities, on an uplink subframe included in discTxGapConfig [9], shall first
prioritize a PSDCH transmission or a SLSS transmission for PSDCH over an uplink transmission that is not a PRACH
transmission. Else, a UE with limited transmission capabilities shall at a given time first prioritize uplink transmissions,
followed by sidelink transmission mode 1 or 2 or sidelink discovery.
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A UE with limited transmission capabilities shall at a given time prioritize sidelink communication transmissions
(PSSS, SSSS, PSBCH, PSSCH, PSCCH) over sidelink discovery transmissions (PSDCH).

A UE with limited reception capabilities, on a downlink subframe included in discRxGapConfig [9], shall first prioritize
reception of PSDCH or reception of SLSS for PSDCH over downlink reception. Else, a UE with limited reception
capabilities shall at a given time first prioritize downlink reception over sidelink reception.

A UE with limited reception capabilities shall at a given timefirst prioritize sidelink communication reception, sidelink
discovery reception on carriers configured by the eNodeB, and last sidelink discovery reception on carriers not
configured by the eNodeB.

9.2 Slot structure and physical resources

Sidelink transmissions are organized into radio frames with aduration of T; , each consisting of 20 slots of duration
Tyot - A sidelink subframe consists of two consecutive sots, starting with an even-numbered slot.

9.2.1 Resource grid

A transmitted physical channel or signal in aslot is described by aresource grid of N3gN&® subcarriersand Ny, SC-

FDMA symbols. The sidelink bandwidth NS5 = Ngg if the S criterion according to [10, clause 5.2.3.2] is fulfilled for a
serving cell having the same uplink carrier frequency as the sidelink, otherwise a preconfigured value is used [9].

The sidelink cyclic prefix is configured independently for type 1 discovery, type 2B discovery, sidelink transmission
mode 1, sidelink transmission mode 2, control signalling, and PSBCH and synchronization signals. Configuration is per
resource pool for discovery, sidelink transmission mode 2, and control signalling. The PSBCH and synchronization
signals always use the same cyclic prefix.

Only normal cyclic prefix is supported for PSSCH, PSCCH, PSBCH, and synchronization signals for a sidelink
configured with transmission mode 3 or 4.

The resource grid isillustrated in Figure 5.2.1-1.

An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred
from the channel over which another symbol on the same antenna port is conveyed. There is one resource grid per
antenna port. The antenna ports used for transmission of a physical channel or signal are shown in Table 9.2.1-1.

Table 9.2.1-1: Antenna ports used for different physical channels and signals

Physical channel or signal | Antenna port number
PSSCH 1000
PSCCH 1000
PSDCH 1000
PSBCH 1010
Synchronization signals 1020

9.2.2 Resource elements

Each element in the resource grid is called aresource element and is uniquely defined by the index pair (k,l) inasglot
where k=0...,NggNG® ~1 and | =0,...,N§, —1 are the indices in the frequency and time domains, respectively.
Resource element (k, I) on antennaport p corresponds to the complex value af(ﬁ) . When there is no risk for confusion,
or no particular antenna port is specified, theindex p may be dropped.

Quantities a,((ﬁ’) corresponding to resource elements not used for transmission of a physical channel or a physical signal
inaslot shall be set to zero.
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9.2.3 Resource blocks

A physical resource block is defined as N§,Lmb consecutive SC-FDMA symbolsin the time domain and NSFéB consecutive
subcarriersin the frequency domain, where N§,Lmb and NSFéB are given by Table 9.2.3-1. A physical resource block in
the sidelink thus consists of Ng-, x N&® resource elements, corresponding to one slot in the time domain and 180 kHz

in the frequency domain.

Table 9.2.3-1: Resource block parameters

Configuration NSFéB Ng‘,"mb
Normal cyclic prefix 12 7
Extended cyclic prefix 12 6

The relation between the physical resource block number npgg in the frequency domain and resource elements (k,1) in

adotisgiven by
| k
nPRB - NS;(Q:B

The subframe pools and resource block pools are defined in [4].

9.2.4 Resource pool

For PSSCH, the number of the current slot in the subframe pool nZ>CH = 2n2S

" +i, where i e {01} isthe number of
the current slot within the current sidelink subframe n>C" = j mod10 with j equal to the subscript of | PSS
defined in clauses 14.1.4 and 14.2.3 of [4] for sidelink transmission modes 1 and 2, respectively; and where i € {01} is
the number of the current ot within the current sidelink subframe n;fSSCH =kmod10 with k equal to the subscript of

tf" , defined in clauses 14.1.1.5 of [4] for sidelink transmission modes 3 and 4.

9.25 Guard period

Thelast SC-FDMA symbol in asidelink subframe serves as a guard period and shall not be used for sidelink
transmission.

9.3 Physical Sidelink Shared Channel
9.3.1 Scrambling

The block of bits b(0),....o(M;; —1) , where M, isthe number of bits transmitted on the physical sidelink shared
channel in one subframe shall be scrambled according to clause 5.3.1.

The scrambling sequence generator shall be initialised with ¢, ;, =nis - 2 +n5>C" - 2° + 510 at the start of every
PSSCH subframe where

- for sidelink transmission modes 1 and 2, n,>,<D = nls,§ is destination identity obtained from the sidelink control
channel, and

L-1 :
- for sidelink transmission modes 3 and 4, n, = Zi_o p-2-" with p and L given by clause5.1.1in[3]
equals the decimal representation of CRC on the PSCCH transmitted in the same subframe as the PSSCH.
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9.3.2 Modulation

Modulation shall be done according to clause 5.3.2. Table 9.3.2-1 specifies the modulation mappings applicable for the
physical sidelink shared channel.

Table 9.3.2-1: PSSCH modulation schemes

Physical channel | Modulation schemes
PSSCH QPSK, 16QAM

9.3.3 Layer mapping

Layer mapping shall be done according to clause 5.3.2A assuming a single antennaport, v =1.
9.3.4 Transform precoding

Transform precoding shall be done according to clause 5.3.3 with M ELBJSCH and M SF::USCH replaced by M FF{SSCH and

M SF;SSCH , respectively.

9.3.5 Precoding

Precoding shall be done according to clause 5.3.3A assuming a single antenna port, v =1.

9.3.6 Mapping to physical resources

The block of complex-valued symbols z(0)...., z(M ;/pmb —1) shall be multiplied with the amplitude scaling factor fpssch

in order to conform to the transmit power Pesgey Specified in [4], and mapped in sequence starting with z(0) to
physical resource blocks on antennaport p and assigned for transmission of PSSCH. The mapping to resource
elements (k, I ) corresponding to the physical resource blocks assigned for transmission and not used for transmission of

reference signals shall be inincreasing order of first theindex k, then theindex| , starting with the first dlot in the
subframe. Resource elementsin the last SC-FDMA symbol within a subframe shall be counted in the mapping process
but not transmitted.

If sidelink frequency hopping is disabled the set of physical resource blocks to be used for transmission is given by
Nprs = Nurg Where n{gg isobtained from [4, clause 14.1.1.2.1].

If sidelink frequency hopping with type 1 hopping is enabled, the set of physical resource blocks to be used for
transmission is given by [4].

If sidelink frequency hopping with predefined hopping pattern is enabled, the set of physical resource blocks to be used
for transmission is given by the sidelink control information together with a predefined pattern in clause 5.3.4 with the
following exceptions:

- only inter-subframe hopping shall be used

- the number of subbands Ng, € {1,2,4} is given by higher layers as described in [4, clause 14.1.1.2]
- thequantity N&S € {0,...110} isgiven by higher layers as described in [4, clause 14.1.1.2]

- the quantity ng=n2>H where n2H is given by clause 9.2.4

- the quantity CURRENT_TX NB=n>"

- the pseudo-random sequence generator isinitialized at the start of each sot fulfilling n;SSCH =0 withthe
initialization value ¢, € {0,1,...,503,510} given by hoppingParameter-r12 in[9]

- thequantity nyrg shall bereplaced by n{gg, given by [4, clause 14.1.1.2.1]
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- for sidelink transmission mode 1
uL sL
- Ngg =Ngg
- for sidelink transmission mode 2
uL PSSCH_RP
Ngg =M RB

PSSCH_RP
Mre

where isgiven by [4, clause 14.1.3]

- thequantity nprg shall bereplaced by nprg, given by [4, clause 14.1.1.4]

PSSCH

- the physical resource block to use for transmission Npgg = ME>CH with m;

P!
;
PRB

9.4 Physical Sidelink Control Channel
9.4.1 Scrambling

given by [4, clause 14.1.3]

The block of bits b(0),...,b(M;; —1) , where M, isthe number of bits transmitted on the physical sidelink control
channel in one subframe shall be scrambled according to clause 5.3.1.

The scrambling sequence generator shall beinitialised with ¢,,;; =510 at the start of every PSCCH subframe.

9.4.2 Modulation

Modulation shall be done according to clause 5.3.2. Table 9.4.2-1 specifies the modul ation mappings applicable for the
physical sidelink control channel.

Table 9.4.2-1: PSCCH modulation schemes

Physical channel | Modulation schemes
PSCCH QPSK

9.4.3 Layer mapping
Layer mapping shall be done according to clause 5.3.2A assuming a single antennaport, v =1.

9.4.4 Transform precoding

Transform precoding shall be done according to clause 5.3.3 with M gg "

PSCCH
M SC

M SI‘D:USCH PSCCH

and replaced by Mgg™"" and

, respectively.

9.4.5 Precoding

Precoding shall be done according to clause 5.3.3A assuming a single antenna port, v =1.

9.4.6 Mapping to physical resources

The block of complex-valued symbols z(0),..., z(Mgy, —1) shall be multiplied with the amplitude scaling factor Spsccy

mi
in order to conform to the transmit power Ppog-cy SPecified in [4], and mapped in sequence starting with z(0) to
physical resource blocks on antenna port p and assigned for transmission of PSCCH. The mapping to resource
elements (k,| ) corresponding to the physical resource blocks assigned for transmission and not used for transmission of

reference signals shall be in increasing order of first theindex k, thentheindex| , starting with the first slot in the
subframe. Resource elements in the last SC-FDMA symbol within a subframe shall be counted in the mapping process
but not transmitted.
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9.5 Physical Sidelink Discovery Channel
9.5.1 Scrambling

The block of bits b(0),....o(M,;; —1) , where M, isthe number of bits transmitted on the physical sidelink discovery
channel in one subframe shall be scrambled according to clause 5.3.1.

The scrambling sequence generator shall beinitialised with ¢,,;; =510 at the start of each PSDCH subframe.

95.2 Modulation

Modulation shall be done according to clause 5.3.2. Table 9.5.2-1 specifies the modulation mappings applicable for the
physical sidelink discovery channel.

Table 9.5.2-1: Sidelink modulation schemes

Physical channel | Modulation schemes
PSDCH QPSK

9.5.3 Layer mapping
Layer mapping shall be done according to clause 5.3.2A assuming a single antennaport, v =1.

9.5.4 Transform precoding

Transform precoding shall be done according to clause 5.3.3 with M gg "

PSDCH
M s

M SIZUSCH PSDCH

and replaced by Mgz and

, respectively.

9.5.5 Precoding

Precoding shall be done according to clause 5.3.3A assuming a single antenna port, v =1.
9.5.6 Mapping to physical resources

The block of complex-valued symbols z(0)...., z(M ;/pmb -1) shall be multiplied with the amplitude scaling factor Spspch
in order to conform to the transmit power Rbgpcy Specified in [4], and mapped in sequence starting with z(0) to
physical resource blocks on antennaport p and assigned for transmission of PSDCH. The mapping to resource
elements (k, I ) corresponding to the physical resource blocks assigned for transmission and not used for transmission of

reference signals shall beinincreasing order of first theindex k, then theindex| , starting with the first dlot in the
subframe. Resource elementsin the last SC-FDMA symbol within a subframe shall be counted in the mapping process
but not transmitted.

The set of physical resource blocks that shall be used are given by [4, clause 14.3.1].
9.6 Physical Sidelink Broadcast Channel
9.6.1 Scrambling

The block of bits b(0),...,.b(M;; —1) , where M, isthe number of bits transmitted on the physical sidelink broadcast
channel in one subframe, shall be scrambled according to clause 5.3.1. The scrambling sequence generator shall be
initialised at the start of every PSBCH subframe with ¢, = N .

9.6.2 Modulation

Modulation shall be done according to clause 5.3.2. Table 9.6.2-1 specifies the modul ation mappings applicable for the
physical sidelink broadcast channel.

ETSI



3GPP TS 36.211 version 14.14.0 Release 14 160 ETSI TS 136 211 V14.14.0 (2020-04)

Table 9.6.2-1: PSBCH modulation schemes

Physical channel | Modulation schemes
PSBCH QPSK

9.6.3 Layer mapping
Layer mapping shal be done according to clause 5.3.2A assuming a single antennaport, v =1.

9.6.4 Transform precoding

Transform precoding shall be done according to clause 5.3.3 with M Fe>" and M 2YSH replaced by M e

PSBCH
M sC

and
, respectively.
9.6.5 Precoding

Precoding shall be done according to clause 5.3.3A assuming a single antenna port, v =1.
9.6.6 Mapping to physical resources

The block of complex-valued symbols z(0)...., z(M ;/pmb -1) shall be multiplied with the amplitude scaling factor fpspcH

in order to conform to the transmit power Rhggcy Specified in [4], and mapped in sequence starting with z(0) to
physical resource blocks on antennaport p. The PSBCH shall use the same set of resource blocks as the
synchronization signal. The mapping to resource elements (k, I ) corresponding to the physical resource blocks used for

the PSBCH and not used for transmission of reference signals or synchronization signals shall bein increasing order of
first theindex k, thentheindex |, starting with the first slot in the subframe. The resource-element index k given by

SL\RB
k= k'—36+%, k'=01...,71

Resource elements in the last SC-FDMA symbol within a subframe should be counted in the mapping process but not
transmitted.

9.7 Sidelink Synchronization Signals

A physical-layer sidelink synchronization identity is represented by N,S['; € {O,l...,335}, divided into two setsid_net and
id_oon consisting of identities {0,1,...,167} and {168,169,...,335}, respectively.

9.7.1 Primary sidelink synchronization signal
The primary sidelink synchronization signal is transmitted in two adjacent SC-FDMA symbolsin the same subframe.

9.7.1.1 Sequence generation

Each of the two sequences d; (0),...,d; (61),i =1,2 used for the primary sidelink synchronization signal in the two SC-
FDMA symbolsisgiven by clause 6.11.1.1 with root index u =26 if N,SDL <167 and u =37 otherwise.

9.7.1.2 Mapping to resource elements

The sequence d (n) shall be multiplied with the amplitude scaling factor /72/62 - pspcy @nd mapped to resource
elements on antenna port 1020 in the first dot in the subframe according to
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ak’| = di(n), n:O,...,61

SL \|RB
k=n—31+ReNs"

1,2 normal cyclicprefix
01 extended cyclicprefix
9.7.2 Secondary sidelink synchronization signal
The secondary sidelink synchronization signal is transmitted in two adjacent SC-FDMA symbols in the same subframe.

9.7.2.1 Sequence generation

Each of the two sequences d (0),...,d;(61),i =1,2 used for the secondary sidelink synchronization signal is given by
clause 6.11.2.1 assuming

- subframe O with N = N mod168 and N2 =| NS /168] for transmission modes 1 and 2, and
- subframe 5 for transmission modes 3 and 4.

9.7.2.2 Mapping to resource elements

The sequence d; (n) shall be multiplied with the amplitude scaling factor Begss in order to conform to the transmit

power specified in clause 14.4 in 3GPP TS 36.213 [4] and mapped to resource elements on antenna port 1020 in the
second dlot in the subframe according to

akJ = di (n), n= O,,Gl

SL \RB
k=n—314+ VReNs

| 4,5 norma cyclic prefix
134 extended cyclic prefix

9.8 Demodulation reference signals

Demodulation reference signals associated with PSSCH, PSCCH, PSDCH, and PSBCH transmission shall be
transmitted according to PUSCH in clause 5.5.2.1 with the following exceptions:

- The parametersin Tables 9.8-1, 9.8-2, and 9.8-3 shall be used.

- Theterm PUSCH shall be replaced by PSSCH, PSCCH, PSDCH or PSBCH, depending on the physical channel
to which the reference signal is associated.

- Antennaports are given by Table 9.2-1.

- The set of physical resource blocks used in the mapping process shall be identical to the corresponding
PSSCH/PSCCH/PSDCH/PSBCH transmission.

- Theindex k inthe mapping processin clause 5.5.2.1.2 corresponding to the case where higher-layer parameter
ul-DMRS-IFDMA is not set shall beidentical to that for the corresponding PSSCH/PSCCH/PSDCH/PSBCH
transmission.

- For sidelink transmission modes 3 and 4 on the PSSCH and PSCCH, the mapping shall use | =2 and | =5
for the first dot inthe subframeand | =1 and | = 4 for the second ot in the subframe.

- For sidelink transmission modes 3 and 4 on the PSBCH, the mapping shall use | =4 and | = 6 for thefirst
dot in the subframe and | = 2 for the second slot in the subframe.

- For sidelink transmission modes 1 and 2, the pseudo-random sequence generator in clause 5.5.1.3 shall be
initialized at the start of each slot fulfilling n;SSCH =0. For sidelink transmission modes 3 and 4 the pseudo-
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random sequence generator in clause 5.5.1.3 shall be initialized at the start of each slot fulfilling
PSSCH _
Ng~ mod2=0.

- For sidelink transmission modes 3 and 4 on the PSCCH, the cyclic shift n ; to be applied for all DM-RSina
subframe shall be chosen according to clause 14.2.1 of [4].

- For sidelink transmission modes 1and 2 and sidelink discovery, the quantity m in clause 5.5.2.1.1 takes the
values m= 0,1 and for sidelink transmission modes 3and 4, the quantity m in clause 5.5.2.1.1 takes the values
m=0,123 for PSSCH and m=0,1,2 for PSBCH.

- For sidelink transmission modes 3 and 4, the quantity n,>,<3 equals the decimal representation of CRC on the

L1 -
PSCCH transmitted in the same subframe as the PSSCH according to njy, = Zi_o p - 25" with p and L
given by clause 5.1.1in [3].

Table 9.8-1: Reference signal parameters for PSSCH.

PSSCH
Parameter in clause 5.5.2.1 Sidelink transmission Sidelink transmission
modes 1 and 2 modes 3 and 4
enabled enabled
X
e N> Nip
Group hopping 0 PSSCH 2n2SM first DM-RS symbol in a slot
° = ZnQSSCH +1 second DM-RS symbol in a slot
fes Nip Mod30 [n% /16 mod30
Sequence hopping disabled disabled
Cyclic shift Nes,2 LnFDA/ZJmodS Ln|XD/2JmOd8
1 [+1 +1] if n}y mod2=0 [+1 +1 +1 +1] ifnjimod2=0
Orthogonal sequence lw (')J e GA X
[+1 -1] if n¥ mod2=1 [+1 -1 +1 -1] ifnjimod2=1
Reference signal RS PSSCH PSSCH
length Msc Mso Mso
Number of layers v 1 1
Number of antenna p 1 1
ports

Table 9.8-2: Reference signal parameters for PSCCH.

PSCCH
Parameter in clause 5.5.2.1 Sidelink transmission Sidelink transmission
modes 1 and 2 modes 3 and 4
disabled disabled
_ nid : :
Group hopping
ng - -
fes 0 8
Sequence hopping disabled disabled
Cyclic shift Nes, 2 0 {0, 3, 6, 9}
Orthogonal sequence le“ (')J [+1 1] [+1 +1 +1 +1]
Reference signal length MRS M ZCCH M St
Number of layers v 1 1
Number of antenna ports P 1 1
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Table 9.8-3: Reference signal parameters for PSDCH and PSBCH.

PSDCH PSBCH

Parameter in clause 5.5.2.1

) disabled disabled disabled
Group hopping fo 0 [N /16 mod30 [N /16 Jmod30
Sequence hopping disabled disabled disabled
Cyclic shift Nes 2 0 [N /2]mods [N /2]mods
(Orthogonal) l Wi (m) 1 1) [+1 +1] if NjZ mod2=0 [+1 +1 +1] if N} mod2=0
sequence [+1 —1] if Nj} mod2=1 [+1 -1 +1] if N& mod2=1
Reference signal RS PSDCH PSBCH PSBCH
length Msc Msc M M
Number of layers v 1 1 1
Number of antenna p 1 1 1
ports

9.9 SC-FDMA baseband signal generation

The time-continuous signal s( P) (t) for antennaport p in SC-FDMA symbol | inasidelink slot is defined by clause

5.6with Ngg replaced by N35.

The cyclic prefix length for each sidelink channel or signal may differ from that configured for uplink transmissions.

9.10 Timing

Transmission of asidelink radio frame number i from the UE shall start (N1a g + N1a orset) - Ts SCONdS before the

start of the corresponding timing reference frame at the UE. The UE is not required to receive sidelink or downlink
transmissions earlier than 624T after the end of asidelink transmission.

For PSDCH transmission and sidelink synchronization signal transmission for PSDCH:

if the UE has a serving cell fulfilling the S criterion according to [10, clause 5.2.3.2]

- thetiming of referenceradio frame i equalsthat of downlink radio frame i of the cell ¢ as givenin Subclause

14.3.1 of [4] and

Nraoffset jg given by clause 8.1,

otherwise

- thetiming of reference radio frame i isimplicitly obtained from [4] and

Nra offset =0

For al other sidelink transmissions:

if the UE has a serving cell fulfilling the S criterion according to [10, clause 5.2.3.2]

- thetiming of reference radio frame i equalsthat of downlink radio frame i in the cell with the same uplink
carrier frequency as the sidelink and

- Nraoffst 1Sgiven by clause 8.1,

otherwise

- thetiming of reference radio frame i isimplicitly obtained from [4] and

Nra offset =0
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Timing reference radio frame i

Sidelink radio frame i

(N7a s + N7a ot ) Te SeCONds

Figure 9.9-1: Sidelink timing relation.
The quantity N, g differs between channels and signal's according to

Ny, for PSSCH insidelink transmission model

N =
TASL {O for al other cases

10 Narrowband loT

10.1  Uplink

10.1.1 Overview
10.1.1.1 Physical channels

The following narrowband physical channels are defined:

- Narrowband Physical Uplink Shared Channel, NPUSCH

- Narrowband Physical Random Access Channel, NPRACH
10.1.1.2 Physical signals
The following uplink narrowband physical signals are defined:

- Narrowband demodulation reference signal

10.1.2 Slot structure and physical resources
10.1.2.1 Resource grid

A transmitted physical channel or signal in adlot is described by one or several resource grids of Ni" subcarriers and
Ng,r'-nb SC-FDMA symbols. The resource grid isillustrated in Figure 10.1.2.1-1. The slot number within aradio frame
is denoted n, where nge {0,1,...19} for Af =15kHz and n e {01...,4} for Af =3.75kHz.
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One uplink slot

P a—

27, SC-FDMA symbols

—

bearriers

Resource element 1.

Ny o«

AL

Figure 10.1.2.1-1: Uplink resource grid for NB-loT

The uplink bandwidth in terms of subcarriers N;" , and the slot duration Ty, aregivenin Table 10.1.2.1-1.

Table 10.1.2.1-1: NB-loT parameters.

Subcarrier uL
spacing N Taor
AF =3.75kHz 48 61440-T,
Af =15kHz 12 15360 T

A single antennaport p=0 isused for all uplink transmissions.

10.1.2.2 Resource elements
Each element in the resource grid is called a resource element and is uniquely defined by the index pair (k,I) inadot
where k=0,..,Ng" —1 and | =0,... Ny, —1 aretheindicesin the frequency and time domains, respectively.

Resource element (k,1) corresponds to the complex value a, | - Quantities a, | corresponding to resource elements not
used for transmission of a physical channel or a physical signal in a dot shall be set to zero.

10.1.2.3 Resource unit

Resource units are used to describe the mapping of the NPUSCH to resource elements. A resource unit is defined as
NompNars Consecutive SC-FDMA symbolsin the time domain and NG consecutive subcarriersin the frequency

domain, where N&” and N5, aregiven by Table 10.1.2.3-1.
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Table 10.1.2.3-1: Supported combinations of N5, Ny&., and N

dots symb *
NPUSCH format Af N2V NY&s Ngmb

3.75 kHz 1 16
1 16
1 3 8

15 kHz s 1 .
12 2
) 3.75 kHz 1 4
15 kHz 1 2

10.1.3 Narrowband physical uplink shared channel
The narrowband physical uplink shared channel supports two formats:

- NPUSCH format 1, used to carry the UL-SCH

- NPUSCH format 2, used to carry uplink control information
10.1.3.1 Scrambling

Scrambling shall be done according to clause 5.3.1. The scrambling sequence generator shall be initialised with

Cinit = Ny - 224 + 0y mod2- 28 +| ng/2]-2° + N where ng isthe first ot of the transmission of the codeword. In
case of NPUSCH repetitions, the scrambling sequence shall be reinitialised according to the above formula after every
M NS transmissions of the codeword with ng and n; set to the first slot and the frame, respectively, used for the

transmission of the repetition. The quantity M yowoa is given by clause 10.1.3.6.

10.1.3.2 Modulation

Modulation shall be done according to clause 5.3.2. Table 10.1.3.2-1 specifies the modul ation mappings applicable for
the narrowband physical uplink shared channel.

Table 10.1.3.2-1: NPUSCH modulation schemes

NPUSCH format NSF;U Modulation scheme
1 BPSK, QPSK

1 >1 | QPSK
2 1 | BPSK

10.1.3.3 Layer mapping
Layer mapping shall be done according to clause 5.3.2A with v =1.

10.1.3.4 Transform precoding
Transform precoding shall be done according to clause 5.3.3 with M Fa>" =1 and M 2’5 replaced by MNPUSCH

10.1.3.5 Precoding
Precoding shall be done according to clause 5.3.3A assuming a single antenna port.
10.1.3.6 Mapping to physical resources

NPUSCH can be mapped to one or more than one resource units, N, , as given by clause 16.5.1.2 of
3GPP TS 36.213 [4], each of which shall be transmitted M gV>" times.
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The block of complex-valued symbols z(0),..., z(M ;pmb —1) shall be multiplied with the amplitude scaling factor

Bnpuscy 1 order to conform to the transmit power Pypyscy Specified in [4], and mapped in sequence starting with
Z(0) to subcarriers assigned for transmission of NPUSCH. The mapping to resource elements (K, | ) corresponding to
the subcarriers assigned for transmission and not used for transmission of reference signal's, shal bein increasing order

of first theindex k, thentheindex|, starting with the first dot in the assigned resource unit.

After mapping to Ny, Slots, the Ny Slots shall be repeated M NUSCSH 1 additional times, before continuing the

mapping of z(-) to the following slot, where

\ NPUSCH _ min(MNUSe /2 ]a) NRU 51
identical T 1 NRU -1
RU_

(1 Af =3.75kHz
S0ts 7o Af =15kHz

If amapping to Ny Slotsor arepetition of the mapping contains a resource element which overlaps with any

configured NPRACH resource according to NPRACH-ConfigSI B-NB, or if it overlaps with any configured NPRACH
resource according to nprach-ParametersList and the UE indicates multiCarrier-NPRACH as supported

- for Af =3.75kHz the NPUSCH transmission in overlapped Ny slotsis postponed until the next Ny Slots
not overlapping with any configured NPRACH resource.

- for Af =15kHz the NPUSCH transmission in overlapped Ny Slotsis postponed until the next Ny, Sots

starting with the first dot satisfying N, mod 2 = Oand not overlapping with any configured NPRACH
resource.

NPRACH gaps as defined in section 10.1.6.1 are not part of the NPRACH resource. The mapping of

2(0),..., 2(M 3, —1) isthen repeated until M55 N, Nggs Slots have been transmitted. After transmissions and/or

postponements due to NPRACH of 256 - 30720T time units, agap of 40-30720T, time units shall be inserted where

the NPUSCH transmission is postponed. The portion of a postponement due to NPRACH which coincideswith agap is
counted as part of the gap.

When higher layer parameter npusch-AllSymbolsiis set to false, resource elementsin SC-FDMA symbols overlapping
with a symbol configured with SRS according to srs-SQubframeConfig shall be counted in the NPUSCH mapping but not
used for transmission of the NPUSCH. When higher layer parameter npusch-AllSymbolsis set to true, all symbols are
transmitted.

10.1.4 Demodulation reference signal
10.1.4.1 Reference signal sequence

10.1.4.1.1 Reference signal sequence for NSY =1

The reference signal sequence T, (n) for N3V =1 isdefined by

. (n) :%(H j)(1-2c(n))w(nmod16), 0<n<M ¥ "Ny Ng,

where the binary sequence c(n) is defined by clause 7.2 and shall be initialised with ¢, ;, =35 at the start of the

NPUSCH transmission. The quantity w(n) is given by Table 10.1.4.1.1-1 where u = N/*** mod16 for NPUSCH

format 2, and for NPUSCH format 1if group hopping is not enabled, and by clause 10.1.4.1.3 if group hopping is
enabled for NPUSCH format 1.
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Table 10.1.4.1.1-1: Definition of w(n)

u w0)....,W(15)

0 1]17)]1)1|1|1f{21}j1}j1]1]1]1]1]1]1]1
1 i1/]-1)j]1|-1|1|-1f{212}|-1}]21]|-1]1]|-1]1]-1]1]-1
2 i1/]1}|]-1|-1|1|1f-1}-12}]21 |1 |-1]-1]1]1]-1]-1
3 1]-1}j]-1)j1|1|1f{-1}j1}j1}|-1|-1}]1]1]-1]-1]1
4 i1j]17)j]17)1|1|-1f{-1}{-1}j1]1|1]1]|-1]-1]-1]-1
5 1]-1j1|-1|-1|212}{-1}21}]1}|-1]1]|-1]-1]1]-1]1
6 i1/112/-1}1|-1}-12j1]1(1]1]|-1]-1]-1]-1]1] 1
7 1/]-1}]-1)1|-1|21(212}|-1}]1]|-1|-1]1]|-1]1]1]-1
8 1j]17)j]1)J1|1|1f{1}{1}|1}-1}|-1}|-1]-1]-1]-1]-1
9 1]-1]j1|-1f1|-1{212}|-1}j-12}]1|-1]1]|-1]1]-1]1
10 1]j]17}]-1|-1|212|1}{1}|-1}-1}-1|]1|1]|-1]-1]1]1
11 1/]-1}]-1)1|1|-1f(-1}j21}|-12]1]|1]|-1]-1]1]1]-1
12 i1/]12)]1|1|1|-1}{1}|-1]|-1}|-1]|-1|-1]1]1]1]1
13 1/]-1]j1|-1|1|1f{-1}j1}|-1]1|-1]1]1]-1]1]-1
14 i1j]17)]-1)-1|1|-1f(212}(1}|-1}-12}]1]1]1]1]-1]-1
15 1]-1}j]-1|1|-1|2}21}|-1}-12}]1]1}|-1]1]-1]-1]1

The reference signal sequence for NPUSCH format 1 is given by:
My (n) =Ty (n)
The reference signal sequence for NPUSCH format 2 is given by

r,(3n+m)=w(mr,(n), m=012

,
where W(m) is defined in Table 5.5.2.2.1-2 with the sequence index chosen according to [Z c(8ng +i)2 J mod3 with
i=0

Cint = Nip ™.
10.1.4.1.2 Reference signal sequence for N2V >1

The reference signal sequences r,, (n) for NSF;U > lisdefined by acyclic shift & of abase sequence according to
r,(n)=e""e?™74 0<n< N,

where @(N) isgiven by Table 10.1.4.1.2-1 for N2” =3, Table 10.1.4.1.2-2 for N2V =6 and Table 5.5.1.2-1 for

N2V =12,

If group hopping is not enabled, the base sequence index u isgiven by higher layer parameters threeTone-
BaseSequence, sixTone-BaseSequence, and twelveTone-BaseSequence for NS” =3, N2V =6, and N2V =12,
respectively. If not signalled by higher layers, the base sequence is given by

N mod12  for N2V =3
u= N modi4 forN2’ =6
N mod30 for NJY =12

If group hopping is enabled, the base sequence index u isgiven by clause 10.1.4.1.3.

The cyclic shift o for NS =3 and N2V =6 is derived from higher layer parameters threeTone-CyclicShift and
sixTone-CyclicShift, respectively, as defined in Table 10.1.4.1.2-3. For NSV =12, ¢ =0.
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u ¢(0), (1), ¢(2)

0 1 -3 -3
1 1 -3 -1
2 1 -3 3
3 1 -1 -1
4 1 -1 1
5 1 -1 3
6 1 1 -3
7 1 1 -1
8 1 1 3
9 1 3 -1
10 1 3 1
11 1 3 3

Table 10.1.4.1.2-2: Definition of ¢(N) for NJV =6
u #(0)....,4(5)
0 1 1 1 1 3 -3
1 1 1 3 1 -3 3
2 1 -1 -1 -1 1 -3
3 1 -1 3 -3 -1 -1
4 1 3 1 -1 -1 3
5 1 -3 -3 1 3 1
6 -1 -1 1 -3 -3 -1
7 -1 -1 -1 3 -3 -1
8 3 -1 1 -3 -3 3
9 3 -1 3 -3 -1 1
10 3 -3 3 -1 3 3
11 -3 1 3 1 -3 -1
12 -3 1 -3 3 -3 -1
13 -3 3 -3 1 1 -3
Table 10.1.4.1.2-3: Definition of «
NS =3 NSV =6
threeTone- o sixTone- a
CyclicShift CyclicShift
0 0 0 0
1 2713 1 276
2 4713 2 4/ 6
3 8r/6

10.1.4.1.3 Group hopping

For the reference signal for NPUSCH format 1, sequence-group hopping can be enabled where the sequence-group
number u inslot ng isdefined by agroup hopping pattern fg, (ns) and a sequence-shift pattern f according to

U= (fg (ng) + s )mod N2V

where the number of reference signal sequences available for each resource unit size, N ;g isgiven by Table 10.1.4.1.3-

1
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Table 10.1.4.1.3-1: Definition of N;g

N | N
1 16
3 12
6 14
12 30

Sequence-group hopping can be enabled or disabled by means of the cell-specific parameter groupHoppingEnabled
provided by higher layers. Sequence-group hopping for NPUSCH can be disabled for a certain UE through the higher-
layer parameter groupHoppingDisabled despite being enabled on a cell basis unless the NPUSCH transmission
corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the
contention based random access procedure.

The group-hopping pattern fg,(ns) isgiven by
g (g) = (ZLOC(B”Q +i)-2 j mod NEY

where n, =n, for N2” >1 and n{ isthe slot number of the first slot of the resource unit for N~ =1. The pseudo-
random sequence c(i) isdefined by clause 7.2. The pseudo-random sequence generator shall be initialized with

RU

Ncell
Cinit = {I\II\IL‘ at the beginning of the resource unit for NS =1and in every even slot for NS” >1.
seq

The sequence-shift pattern f isgiven by
fo= (Nl“[‘jce” +A$)mod N&;
where A, € {O,L...,29}isgiven by higher-layer parameter groupAssignmentNPUSCH. If no valueissignalled ,A =0.

10.1.4.2 Mapping to physical resources

The sequence r() shall be multiplied with the amplitude scaling factor Sypyscn @d mapped in sequence starting with
r(0) to the sub-carriers.

The set of sub-carriers used in the mapping process shall be identical to the corresponding NPUSCH transmission as
defined in clause 10.1.3.6.

The mapping to resource elements (k,|) shall beinincreasing order of firstk , then |, and finally the dlot number. The
values of the symbol index | inadot aregivenin Table 10.1.4.2-1.

Table 10.1.4.2-1: Demodulation reference signal location for NPUSCH.

Values for |
NPUSCH format
Af =3.75kHz Af =15kHz
1 4 3
2 0,1,2 2,3,4

10.1.5 SC-FDMA baseband signal generation

For NSFEU >1, the time-continuous signal s (t) in SC-FDMA symbol | inaslot is defined by clause 5.6 with the
quantity N5 N2 replaced by N&-.
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For NSV =1, the time-continuous signal s, (t) for sub-carrier index kin SC-FDMA symbol | inan uplink Slot is
defined by

j 27 (K+1/2)Af (t-Ngp Ts)

S, (t) =80, % e
K =k+| NJ /2]

For 0<t< (NcpﬁI + N)TS where parameters for Af =15kHz and Af =3.75kHz aregivenin Table10.1.5-1, a,(,, is

the modulation value of symbol | and the phase rotation ¢k‘| is defined by

B :,o(l~ mod 2)+ o, (F)

for BPSK
p =
for QPSK

M-{° - -0
P o, [ =1)+ 27AF (k+1/2)(N +Ngo, )T, T>0
I = 0L, M NPUSSH N NDE NS 1

dots” Y symb
T uL
| =1 mod Ny,

NG SR

where | is asymbol counter that is reset at the start of a transmission and incremented for each symbol during the
transmission.

Table 10.1.5-1: SC-FDMA parameters for NSFéU =1

Parameter Af =3.75kHz Af =15kHz
N 8192 2048
. ) 160 for 1 =0
Cyclic prefix length N
yelep g Nep 256 144 for 1 =12,...6
Set of values for k -24,-23,...,23 -6,-5,...,5

The SC-FDMA symbolsin aslot shall be transmitted in increasing order of | , starting with | =0, where SC-FDMA
symbol | > Ostarts at time Z:,__lo(Ncp,r + N)T, withinthe slot. For Af =3.75kHz, theremaining 2304T; in Ty, are
not transmitted and used for guard period.

Only normal CP is supported for Narrowband 10T uplink in this release of the specification.
10.1.6 Narrowband physical random access channel

10.1.6.1 Time and frequency structure

The physical layer random access preamble is based on single-subcarrier frequency-hopping symbol groups. A symbol
group isillustrated in Figure 10.1.6.1-1, consisting of a cyclic prefix of length T, and a sequence of 5 identical

symbols with total lengthTez,, . The parameter values are listed in Table 10.1.6.1-1.

cP | | | |

Figure 10.1.6.1-1: Random access symbol group
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Table 10.1.6.1-1: Random access preamble parameters

Preamble format | Tep Tseo
0 2048T | 5-8192T
1 8192T, | 5-8192T;

The preamble consisting of 4 symbol groups transmitted without gaps shall be transmitted N 7" times.

The transmission of arandom access preamble, if triggered by the MAC layer, isrestricted to certain time and
frequency resources.

A NPRACH configuration provided by higher layers contains the following:

- NPRACH resource periodicity N5o4“" (nprach-Periodicity),

- frequency location of the first subcarrier allocated to NPRACH NAFRACH (nprach-SubcarrierOffset),

- number of subcarriers allocated to NPRACH N A" (nprach-NumSubcarriers),

- number of starting sub-carriers alocated to UE initiated random access Ngfg’:f“ (nprach-NumCBRA-
SartQubcarriers),

- number of NPRACH repetitions per attempt N ™" (numRepetitionsPer Preambl eAttempt),

- NPRACH starting time N ¥RFA" (nprach-StartTime),

start

- Fraction for calculating starting subcarrier index for the range of NPRACH subcarriers reserved for indication of

UE support for multi-tone msg3 transmission Njjiaaa"" (nprach-Subcarrier MSG3-RangeStart).

NPRACH transmission can start only Ns't\'aTACH -30720T time units after the start of aradio frame fulfilling

n mod(N beiog /10): 0. After transmissions of 4-64(Tcp + T ) time units, agap of 40- 30720T, time units shall
be inserted.

NPRACH configurations where N + NATFACH > NY- areinvalid.

The NPRACH starting subcarriers allocated to UE initiated random access are split in two sets of subcarriers,

{oL..., | NJRacH N NeRacH |1 ang { NNPRACH N NPRACH || NIWPRACH 1} \where the second set, if present,

indicate UE support for multi-tone msg3 transmission.

The frequency location of the NPRACH transmission is constrained within NSFéA =12 sub-carriers. Frequency hopping
shall be used within the 12 subcarriers, where the frequency location of the i" symbol group is given by

RA (; ~RA /: NPRACH RA RA
Nec (|): Netart + Nsc (i) where Ngat = Naroffset +\_ninit/Nsc J Ng and
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(n (0)+ £(i/4))modNFA i mod4=0andi >0

nsc (i-)+1 imod4 = L3andn (i-)mod2=0
Nt (i) = nSC (i-1)-1 imod4=13and A (i-1)mod2=1

nSC (i-D+6 |mod4—2andnSc i-D<6

nSC (i-1)-6 imod4 = 2andn i-1)>6

n=10t+1

10t+9
f(t)= { f(t —1)+[ Z c(n)2n-oe ] mod(NSFéA —1)+ 1} mod N2
f(-1)=0
where A2 (0) = nyy, ModNE® with n,, being the subcarrier selected by the MAC layer from {OL,...,N& A<M —1} |
and the pseudo random sequence c¢(n) is given by clause 7.2. The pseudo random seguence generator shall be
initialised with G = N\ .
10.1.6.2 Baseband signal generation

The time-continuous random access signal s (t) for symbol group i is defined by

5 (t) = Brmack® j272(n8 (i) + Kk +1/ 2)Afa (t-Tep)

Where 0 <t < T + Tep, Bupracn iSan amplitude scaling factor in order to conform to the transmit power

Pupracy SPecified in clause 16.3.1in 3GPP TS 36.213 [4], ky = — NS /2, K = Af /Afn, accountsfor the difference
in subcarrier spacing between the random access preamble and uplink data transmission, and the location in the
frequency domain controlled by the parameter n& (i) is derived from clause 10.1.6.1. The variable Afg, isgiven by
Table10.1.6.2-1.

Table 10.1.6.2-1: Random access baseband parameters

Preamble format Afga
0,1 3.75 kHz

10.1.7 Modulation and upconversion

Modulation and upconversion to the carrier frequency of the complex-valued baseband signal or the complex-valued
NPRACH baseband signal is shown in Figure 5.8-1. The filtering required prior to transmission is defined by the
requirementsin 3GPP TS 36.101 [7].

10.2 Downlink

10.2.1 Overview
10.2.1.1 Physical channels

A downlink narrowband physical channel correspondsto a set of resource elements carrying information originating
from higher layers and is the interface defined between 3GPP TS 36.212 [3] and the present document
3GPP TS 36.211.

The following downlink physical channels are defined:
- Narrowband Physical Downlink Shared Channel, NPDSCH
- Narrowband Physical Broadcast Channel, NPBCH

- Narrowband Physical Downlink Control Channel, NPDCCH
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10.2.1.2 Physical signals

A downlink narrowband physical signal corresponds to a set of resource elements used by the physical layer but does
not carry information originating from higher layers. The following downlink physical signals are defined:

- Narrowband reference signal, NRS
- Narrowband synchronization signal

- Narrowband positioning reference signal, NPRS
10.2.2 Slot structure and physical resource elements
10.2.2.1 Resource grid

The transmitted signal on one antenna port in each slot is described by aresource grid of size one resource block as
defined in clause 6.2.3.

Only Af =15kHz is supported.

Narrowband positioning reference signals are transmitted on antenna port p = 2006 . The channel over which a symbol
on antennaport p = 2006 is conveyed can be inferred from the channel over which another symbol on the same
antenna port is conveyed only within M consecutive subframes where

- if the higher layer parameter nprsBitmap is configured, M equals the length of the nprsBitmap;

- if the higher layer parameter nprsBitmap is not configured, M = Nyprg Where Nyprs is configured by higher
layers.

10.2.2.2 Resource elements

Resource elements are defined according to clause 6.2.2.

10.2.2.3 Guard period for half-duplex FDD operation
Only type-B half-duplex FDD operation is supported.

10.2.3 Narrowband physical downlink shared channel
10.2.3.1 Scrambling

Scrambling shall be done according to clause 6.3.1. If the NPDSCH is carrying the BCCH, the scrambling sequence
generator shall beinitialised with ¢ = N, - 2" + (N/¥' +1)((n, mod61) + 1) . Otherwise, the scrambling sequence

generator shall be initialised with Cj, = Nryyy - 244 + 1 mod2- 22+ ng/2 - 2° + N wherengis the first slot of the
transmission of the codeword.

In case of NPDSCH repetitions and the NPDSCH carrying the BCCH, the scrambling sequence generator shall be
reinitialized according to the expression above for each repetition.

In case of NPDSCH repetitions and the NPDSCH is not carrying the BCCH, the scrambling sequence generator shall be
reinitialized according to the expression above after every mi n(l\/l o ,4) transmission of the codeword with n, and
n; set to thefirst slot and the frame, respectively, used for the transmission of the repetition.

10.2.3.2 Modulation

Modulation shall be done according to clause 6.3.2 using one of the modulation schemesin Table 10.2.3-1

Table 10.2.3-1: Modulation schemes

Physical channel | Modulation schemes
NPDSCH QPSK
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10.2.3.3 Layer mapping and precoding

Layer mapping and precoding shall be done according to clause 6.6.3 using the same set of antenna ports as the
NPBCH.

10.2.3.4 Mapping to resource elements

NPDSCH can be mapped to one or more than one subframes, Ng-, as given by clause 16.4.1.3 of 3GPP TS 36.213 [4],
each of which shall be transmitted M °5" times.

For each of the antenna ports used for transmission of the physical channel, the block of complex-valued symbols
y®(0),..., yP(MZ 1) shall be mapped to resource elements (k,!) which meet all of the following criteriain the

current subframe:
- the subframeis not used for transmission of NPBCH, NPSS, or NSSS, and
- they are assumed by the UE not to be used for NRS, and
- they are not overlapping with resource elements used for CRS as defined in clause 6 (if any), and

- theindex | inthefirst slot in a subframe fulfils | 21 g0t Where | paagart 1S given by clause 16.4.1.4 of
3GPP TS 36.213 [4].
The mapping of y'®(0),...,y"? (M3, 1) in sequence starting with y(P(0) to resource elements (k,1) on antenna
port p meeting the criteria above shall beinincreasing order of first theindex k and then theindex| , starting with the
first dot and ending with the second dlot in a subframe. For NPDSCH not carrying BCCH, after mapping to a subframe,
the subframe shall be repeated for mi n(M > ,4)— 1 additional subframes, before continuing the mapping of

y( P) () tothefollowing subframe. For NPDSCH associated with C-RNTI when interferenceRandomisationConfig is

used according to [11], or NPDSCH associated with RA-RNTI, TC-RNTI or P-RNTI and transmitted in an NB-loT
carrier configured by Systeml nformationBlockType22-NB, or NPDSCH associated with C-RNTI in an NB-10T carrier
configured by SystemlnformationBlockType22-NB when Radi oResour ceConfigDedicted-NB is not configured by higher

layer, or NPDSCH associated with G-RNTI or SC-RNTI, define y;”), (0)....,y;", (S—1) asthe block of complex-valued

ng

symbols mapped to subframe number |n,/2] and radio frame number n, . Each complex-valued symbol yr‘,f?ns 1)

shall be multiplied with 6, (i) before its transmission, with

Lif ¢, . (2)=0andc, , (2i+1) =0
~1if ¢, (2)=0andc, , (2i+1) =1

j,if c, . (2)=landc, , (2 +1) =0
~j,ifc, , (2)=1landc, , (2 +) =1

6, ()=

where the scrambling sequence ¢, . (j), j =0,...2S—1is given by clause 7.2, and shall be initialized at the start of each
subframe with ¢,,, =, +1)(10n, +|n,/2])mod61+1)2° + N

init

The mapping of y'®(0),...,y"? (M3 1) isthen repeated until M P5* N subframes have been transmitted. For

NPDSCH carrying BCCH, the y®(0),..., y®P (M, ~1) ismapped to Ng- subframesin sequence and then repeated

until M 3P Ng: subframes have been transmitted.

The NPDSCH transmission can be configured by higher layers with transmission gaps where the NPSDCH
transmission is postponed. There are no gaps in the NPDSCH transmission if Ry < Ngag threshold Where Nggg threshold 1S

given by the higher layer parameter dl-GapThreshold and R, isgiven by [4]. The gap starting frame and subframeiis
given by (10n; +[N,/2])mod N, seioa = O Where the gap periodicity, Ngap period » 1S iven by the higher layer

parameter di-GapPeriodicity. The gap duration in number of subframesis given by Nga, qiraion = Ngap, coett Ngap period »
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where Ngg, coet 1S given by the higher layer parameter di-GapDurationCoeff. For NPDSCH carrying the BCCH there
are no gaps in the transmission.

The UE shall not expect NPDSCH in subframe i if it isnot a NB-10T downlink subframe, except for transmissions of
NPDSCH carrying SystemlnformationBlockTypel-NB in subframe 4. In case of NPDSCH transmissions, in subframes
that are not NB-10T downlink subframes, the NPDSCH transmission is postponed until the next NB-1oT downlink
subframe.

10.2.4 Narrowband physical broadcast channel
10.2.4.1 Scrambling

Scrambling shall be done according to clause 6.6.1 with M, denoting the number of bits to be transmitted on the

NPBCH. M, equals 1600 for normal cyclic prefix. The scrambling sequence shall be initialised with ¢;;; = N{Bce” in
radio frames fulfillingn, mod64=0.

10.2.4.2 Modulation
Modulation shall be done according to clause 6.6.2 using the modulation schemein Table 10.2.4.2-1

Table 10.2.4.2-1: Modulation schemes for NPBCH

Physical channel | Modulation schemes
NPBCH QPSK

10.2.4.3 Layer mapping and precoding

Layer mapping and precoding shall be done according to clause 6.6.3 with Pe {1,2}. The UE shall assume antenna
ports 2000 and 2001 are used for the transmission of the narrowband physical broadcast channel.

10.2.4.4 Mapping to resource elements

The block of complex-valued symbols y(”(0).,..., y” (Mg,,;, —1) for each antenna port is transmitted in subframe 0

during 64 consecutive radio frames starting in each radio frame fulfilling n; mod64=0. Mwmb=800 for normal
cyclic prefix. Define y{" (0),..., y{” (K —1) asthe block of complex-val ued symbols to be transmitted in subframe 0 of

radio frame f =ry mod64, as yiP (i) =6, (i)y® (K| f /8]+i), i =0,..,99 with K =100 for normal cyclic prefix,
and

Lif c; (2)=0andc; (21+1) =0
-lifc¢(2)=0andc; (2 +1) =1
j,if c; (2)=1landc; (2i+D) =0
—j,ifcs(2)=1landc; (2 +D =1

0 (i) =

where the scrambling sequence c¢; (j), j =0,...199 isgiven by clause 7.2, and shall beinitialized at the start of each

radio frame with ¢;;, = (N3 +2)(n; mod8+1)% -2 + N/{* . The block of complex-valued symbols

y$P(0),..., ytP (K —1) shall be mapped in sequence starting with y{ (0) to resource elements (k, 1) . The mapping to
resource elements (k,|) not reserved for transmission of reference signals shall be in increasing order of first the index
k , then theindex | . The first three OFDM symbolsin a subframe shall not be used in the mapping process.

For the purpose of the mapping, the UE shall assume cell-specific reference signals for antenna ports 0-3 and
narrowband reference signals for antenna ports 2000 and 2001 being present irrespective of the actual configuration.

The frequency shift of the cell-specific reference signals shall be calculated by replacing Nfg' with N,’\Sce” inthe
calculation of vg;, in clause 6.10.1.2.
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10.2.5 Narrowband physical downlink control channel
10.2.5.1 NPDCCH formats

The narrowband physical downlink control channel carries control information. A narrowband physical control channel
istransmitted on an aggregation of one or two consecutive narrowband control channel elements (NCCEs), where a
narrowband control channel element corresponds to 6 consecutive subcarriersin a subframe where NCCE 0 occupies
subcarriers 0 through 5 and NCCE 1 occupies subcarriers 6 through 11. The NPDCCH supports multiple formats as
listed in Table 10.2.5.1-1. For NPDCCH format 1, both NCCEs belong to the same subframe.

One or two NPDCCHs can be transmitted in a subframe.

Table 10.2.5.1-1: Supported NPDCCH formats

NPDCCH format | Number of NCCEs
0 1
1 2

10.2.5.2 Scrambling

Scrambling shall be done according to clause 6.8.2. The scrambling sequence shall be initialised at the start of subframe
ko according to [4] Subclause 16.6 and after every 4" NPDCCH subframe with ¢, =|n,/2 2° + NN where ngis

the first slot of the NPDCCH subframe in which scrambling is (re-)initialized.
10.2.5.3 Modulation
Modulation shall be done according to clause 6.8.3 using the modulation scheme in Table 10.2.5.3-1

Table 10.2.5.3-1: Modulation schemes

Physical channel | Modulation schemes
NPDCCH QPSK

10.2.5.4 Layer mapping and precoding

Layer mapping and precoding shall be done according to clause 6.6.3 using the same set of antenna ports as the
NPBCH.

10.2.5.5 Mapping to resource elements

The block of complex-valued symbols y(0),..., y(M -1) shall be mapped in sequence starting with y(0) to

symb
resource elements (k,|) on the associated antenna port which meet all of the following criteria:

- they are part of the NCCE(s) assigned for the NPDCCH transmission, and
- they are not used for transmission of NPBCH, NPSS, or NSSS, and
- they are assumed by the UE not to be used for NRS, and

- they are not overlapping with resource elements used for CRS as defined in clause 6 (if any), and

- theindex | inthefirst Slotin asubframe fulfils | > | yppochgar ¢ WHEre lyppochsar ¢ 1S diven by clause 16.6.1 of
3GPPTS36.213[4].

The mapping to resource elements (k,|) on antennaport [ meeting the criteria above shall be in increasing order of

first theindex K and then theindex| , starting with the first slot and ending with the second slot in a subframe. Denote
Yoo (0 ¥, (T =1) as the complex-valued symbols that are mapped to resource elements meeting the criteria above

in subframe |n,/2], with the insertion of <NIL> elementsin the locations of resource el ements which are not part of the
NCCE(s) assigned for the NPDCCH transmission.
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For NPDCCH associated with RA-RNTI, TC-RNTI or P-RNTI and transmitted in an NB-loT carrier configured by
SysteminformationBlockType22-NB, or NPDCCH associated with C-RNTI in an NB-loT carrier configured by
Systeml nformationBlockType22-NB when RadioResour ceConfigDedicted-NB is not configured by higher layer, or
NPDCCH associated with G-RNTI or SC-RNTI, or for NPDCCH associated with C-RNTI when

interferenceRandomisationConfig is used according to [11], each complex-valued symbol Y, (') ,i=0,.,T-1
shall be multiplied with ¢ (i),i = 0,..., T —1where

Lif ¢, (2)=0andc,  (2+1)=0
~Lifc, , (2)=0andc, , (2i+1) =1
j,if ¢, (2i)=landc,  (2+)=0
~j,ifc, , (2)=1landc, , (2 +1) =1

6, . ()=

where the scrambling sequence G,  (]),] =0,..2T —Lisgiven by clause 7.2, and shall be initialized at the start of

each subframewith ¢ = (N +1)(on, +[n,/2)mod 8192 +1)2° + N .

The NPDCCH transmission can be configured by higher layers with transmissions gaps where the NPDCCH
transmission is postponed. The configuration is the same as described for NPDSCH in clause 10.2.3.4.

The UE shall not expect NPDCCH in subframe 1 if it is not aNB-10T downlink subframe. In case of NPDCCH
transmissions, in subframes that are not NB-10T downlink subframes, the NPDCCH transmission is postponed until the
next NB-1oT downlink subframe.

10.2.6 Narrowband reference signal (NRS)
Before a UE obtains oper ationModel nfo:

- The UE may assume narrowband reference signals (NRSs) are transmitted in subframes#0 and #4 and in
subframes #9 not containing NSSS.

On an NB-IoT carrier for which a UE receives higher-layer parameter operationModel nfo indicating guardband or
standalone.

- Before the UE obtains Systeml nformationBlockTypel-NB, the UE may assume narrowband reference signals are
transmitted in subframes #0, #1, #3, #4 and in subframes #9 not containing NSSS.

- After the UE obtains Systeml nformationBlockTypel-NB, the UE may assume narrowband reference signals are
transmitted in subframes #0, #1, #3, #4, subframes #9 not containing NSSS, and in NB-10T downlink subframes.

On an NB-IoT carrier for which DL-Carrier ConfigCommon-NB is present and no inbandCarrierinfo is present.

- When an NB-loT UE is configured by higher layers to decode NPDCCH with CRC scrambled by the P-RNTI,
the UE may assume NRSs are transmitted in the NPDCCH candidate where the UE finds a DCI with CRC
scrambled by the P-RNTI. The UE may also assume NRSs are transmitted 10 NB-1oT DL subframes before and
4 NB-loT DL subframes after the NPDCCH candidate where the UE finds a DCI with CRC scrambled by the P-
RNTI. If the DCI with CRC scrambled by the P-RNTI schedules a NPDSCH, the UE may assume NRSs are
transmitted in the NB-10T DL subframes carrying the NPDSCH as well as4 NB-10T DL subframes before and
after the scheduled NPDSCH.

- During the window controlled by higher layers where the UE shall attempt to decode the NPDCCH with DCI
scrambled by RA-RNTI (see [8], subclause 5.1.4), the UE may assume NRSs are transmitted in the Type-2 CSS
configured by higher layers, aswell as 10 NB-loT DL subframes before and 4 NB-l1oT DL subframes after each
Type-2 CSS. If aDCI scrambled by the RA-RNTI is detected, the UE may assume NRSs are transmitted in the
NPDSCH scheduled by the DCI scrambled by the RA-RNTI, aswell as4 NB-1oT DL subframes before and after
the scheduled NPDSCH. In addition, when the UE attempts to decode a DCI with CRC scrambled by the RA-
RNTI aswell asreceiving the NPDSCH scheduled by the DCI scrambled by the RA-RNTI, the UE may assume
NRSs are transmitted in subframes #0, #1, #3, #4 and #9.

- During random access procedure, when an NB-1oT UE is configured by higher layers to decode NPDCCH with
CRC scrambled by the temporary C-RNTI and/or the C-RNTI, before the the DCI scrambled by temporary C-
RNTI and/or C-RNTI is detected, the UE may assume NRSs are transmitted in the Type-2 CSS configured by
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higher layers, aswell as 10 NB-loT DL subframes before the start of each Type-2 CSS and 4 NB-10T DL
subframes after the end of each Type-2 CSS until the mac-ContentionResolutionTimer expires. If aDCI
scrambled by the temporary C-RNTI or C-RNTI is detected, the UE may assume NRSs are transmitted in the
NPDSCH scheduled by the DCI scrambled by the temporary C-RNTI or C-RNTI aswell as4 NB-loT DL
subframes before and after the scheduled NPDSCH.

An NB-loT UE may assume NRSs are transmitted in NB-l1oT DL subframes that are used for TypelA-NPDCCH
common search space, and Type2A-NPDCCH common search space, as well as 10 NB-1oT DL subframes prior
and 4 NB-loT DL subframes after each TypelA-NPDCCH common search space and Type2A-NPDCCH
common search space. A UE may assume NRSs are transmistted in NB-10T DL subframes carrying NPDSCH
scheduled by DCI CRC scrambled by G-RNTI or SC-RNTI aswell as4 NB-10T DL subframes prior and after
the scheduled NPDSCH.

In other cases, the UE may assume NRSs are transmitted in subframes #0, #1, #3, #4, #9, and in NB-10T
downlink subframes and shall not expect NRSs in other downlink subframes.

On an NB-IoT carrier for which a UE receives higher-layer parameter operationModel nfo indicating inband-SamePCl
or inband-DifferentPCI.

Before the UE obtains Systeml nformationBlockTypel-NB, the UE may assume narrowband reference signals are
transmitted in subframes #0, #4 and in subframes #9 not containing NSSS.

After the UE obtains SystemlnformationBlockTypel-NB, the UE may assume narrowband reference signals are
transmitted in subframes #0, #4, subframes #9 not containing NSSS, and in NB-1oT downlink subframes.

On an NB-IoT carrier for which DL-Carrier ConfigCommon-NB is present and inbandCarrierInfo is present:

When an NB-1oT UE is configured by higher layersto decode NPDCCH with CRC scrambled by the P-RNTI,
the UE may assume NRSs are transmitted in the NPDCCH candidate where the UE finds a DCI with CRC
scrambled by the P-RNTI. The UE may also assume NRSs are transmitted 10 NB-l1oT DL subframes before and
4 NB-loT DL subframes after the NPDCCH candidate. If the DCI with CRC scrambled by the P-RNTI
schedules a NPDSCH, the UE may assume NRSs are transmitted in the NB-10T DL subframes carrying the
NPDSCH aswell as4 NB-loT DL subframes before and after the scheduled NPDSCH.

During random access procedure, during the window controlled by higher layers where the UE shall attempt to
decode the NPDCCH with DCI scrambled by RA-RNTI (see [8], subclause 5.1.4), before the DCI scrambled by
RA-RNTI is detected, the UE may assume NRSs are transmitted in the Type-2 CSS configured by higher layers,
aswell as 10 NB-1oT DL subframes before and 4 NB-10T DL subframes after the start of each Type-2 CSS. If a
DCI scrambled by the RA-RNTI is detected, the UE may assume NRSs are transmitted in the NPDSCH
scheduled by the DCI scrambled by the RA-RNTI, aswell as4 NB-loT DL subframes before and after the
scheduled NPDSCH. In addition, when the UE attempts to decod a DCI with CRC scrambled by the RA-RNTI
aswell as receiving the NPDSCH scheduled by the DCI scrambled by the RA-RNTI, the UE may assume NRSs
are transmitted in subframes #0, #4 and #9.

During random access procedure, when an NB-10T UE is configured by higher layers to decode NPDCCH with
CRC scrambled by the temporary C-RNTI and/or the C-RNTI, before the DCI scrambled by temporary C-RNTI
and/or C-RNTI, is detected, the UE may assume NRSs are transmitted in the Type-2 CSS configured by higher
layers, aswell as 10 NB-l1oT DL subframes before the start of each Type-2 CSS and 4 NB-10T DL subframes
after the end of each Type-2 CSS until the mac-ContentionResolutionTimer expires. If a DCI scrambled by the
temporary C-RNTI or C-RNTI is detected, the UE may assume NRSs are transmitted in the NPDSCH scheduled
by the DCI scrambled by the temporary C-RNTI or C-RNTI aswell as4 NB-loT DL subframes before and after
the scheduled NPDSCH.

An NB-loT UE may assume NRSs are transmitted in NB-1oT DL subframes that are used for TypelA-NPDCCH
common search space, and Type2A-NPDCCH common search space, as well as 10 NB-1oT DL subframes prior
and 4 NB-loT DL subframes after each TypelA-NPDCCH common search space and Type2A-NPDCCH
common search space. A UE may assume NRSs are transmistted in NB-10T DL subframes carrying NPDSCH
scheduled by DCI CRC scrambled by G-RNTI or SC-RNTI aswell as4 NB-10T DL subframes prior and after
the scheduled NPDSCH.

In other cases, the UE may assume NRSs are transmitted in subframes #0, #4, #9, and in NB-1oT downlink
subframes and shall not expect NRSs in other downlink subframes.

On an NB-IoT carrier for which DL-Carrier ConfigDedicated-NB is present and no inbandCarrierinfo is present:
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- The UE may assume NRSs are transmitted in subframes #0, #1, #3, #4, #9, and in NB-loT downlink subframes
and shall not expect NRSs in other downlink subframes.
On an NB-IoT carrier for which DL-Carrier ConfigDedicated-NB is present and inbandCarrierinfo is present:

- The UE may assume NRSs are transmitted in subframes #0, #4, #9, and in NB-l1oT downlink subframes and shall
not expect NRSsin other downlink subframes.

An NB-loT UE may assume NRSs are not transmitted in subframes that are configured by higher layer parameter
nprsBitmap for narrowband positioning reference signal transmission.

10.2.6.1 Sequence generation

The narrowband reference sequence shall be initialised according to clause 6.10.1.1 where N &' isreplaced with
N -

10.2.6.2 Mapping to resource elements

Narrowband reference signal's are transmitted on one or two antenna ports p e {2000,2001; .
If the higher layer indicates UE may assumethat N &' isequal to NN, UE may assume

- the number of antenna ports for the cell-specific reference signals as defined in clause 6.10.1 is the same as for
the narrowband reference signals,

- theantenna ports for cell-specific reference signals {0, 1} are equivalent to antenna ports for narrowband
reference signals { 2000, 2001}, respectively, and

- the cell-specific reference signals are available in al subframes where the narrowband reference signals are
available.

If the higher layer does not indicate UE may assumethat N &' isequal to N\ , UE may assume

- the number of antenna port for the cell-specific reference signals as defined in clause 6.10.1 is obtained from the
higher layer parameter eutra-NumCRS-Ports,

- the cell-specific reference signals are available in al subframes where the narrowband reference signals are
available, and

the cell-specific frequency shift for cell-specific reference signals as defined in clause 6.10.1.2 is given by

Vit = Nl’gce" mod 6 -

The reference signal sequence r, . (M) shall be mapped to complex-valued modulation symbols aﬁff’ used as
reference symbols for antenna port Lindot ng according to

al(g[l)) =1 g (m)
where

k = 6m+ (V+ Vg, Jmod 6
I=NJm —2,NJm, -1

symb symb
m=0,1
’_ max, DL
m =m+ Ngg -1

Thevariables v and vg,;, define the position in the frequency domain for the different reference signals where v is
given by
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if p=2000and! =Ngpn,

if p=2001and| = Ngp,

<
Il
O w w o

The cell-specific frequency shiftisgivenby v, = N mod 6 .

-2

if p=2000andl=Ngr, -

1
2

if p=2001and| = Ngpm, -1
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Resource elements (k, |) used for transmission of narrowband reference signals on any of the antenna portsin aslot
shall not be used for any transmission on any other antenna port in the same slot and set to zero.

Narrowband reference signals shall not be transmitted in subframes containing NPSS or NSSS.

Figure 10.2.6.2-1 illustrates the resource elements used for reference signal transmission according to the above
definition. The notation r o is used to denote a resource element used for reference signal transmission on antenna port

Ro Ro
1=
4]
a
<
g R, R,
g
3
5
Ro Ro
Ro Ro
=0 1=61=0 =6
r
Ro Ro R R
£
o
a
<
g R Ro ] R R
o
g
B
= Ro Ro R Ry
Ro Ro R Ry
1=0 I1=61=0 =6 1=0 I1=61=0 =6
even-numbered slots odd-numbered slots even-numbered slots odd-numbered slots
-y P - P
Antenna port 2000 Antenna port 2001

Resource element (k,/)

Not used for transmission on this antenna port

Reference symbols on this antenna port

Figure 10.2.6.2-1. Mapping of downlink narrowband reference signals (normal cyclic prefix)

10.2.6A Narrowband positioning reference signal (NPRS)

Narrowband positioning reference signals (NPRSs) shall only be transmitted in resource blocksin NB-loT carriers
configured for NPRS transmission. In a subframe configured for NPRS transmission, the starting positions of the
OFDM symbols configured for NPRS transmission shall beidentical to those in a subframe in which all OFDM
symbols have the same cyclic prefix length as the OFDM symbols configured for NPRS transmission. NPRS are

defined for Af =15kHzand normal CP only.
NPRSs are transmitted on antenna port 2006.

10.2.6A.1  Sequence generation
The NPRS sequence r, | (m) isdefined by
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(1 2-c(2m))+ j—— (1 2-c(2m+1)), m=021..2NmxP- 1

rI,r‘lS (m) \/E \/E

where ng isthe slot number within aradio frame, | isthe OFDM symbol number within the slot. The pseudo-random
sequence c(i) isdefined in clause 7.2. The pseudo-random sequence generator shall be initialised with

Cop =22 [NNPRS /512 |+ 220 (7 (ng + 1)+ 1 +1)- (2 (N NP mod 512 )+ 1)+ 2- (N ¥P®S mod 512 )+ N cp

at the start of each OFDM symbol where N 3RS ¢ {01,..., 4095 } equals N N unless configured by higher layers and
where Ngp =1.

10.2.6A.2  Mapping to resource elements
For an NB-IoT carrier which is configured for NPRS transmission, the reference signal sequence r, | (m) shall be

mapped to complex-valued modulation symbols a;((ﬁ) used as reference signal for antennaport Pinslot n, according
to, for Type 1 NPRS:

ai(<p) =ln (m)
or for Type 2 NPRS:
algpl) = Tyng ((m’ + 2(n; mod 64) Ymod 220)
according to higher layer configuration, where

- when the higher layer parameter operationModel nfoNPRSfor the configured NB-10T carrier is set to in-band

k =6m+(6—1 + vy, Jmod 6
35,6 if nmod2=0
| =41,2,356 if nymod2=1and (1or 2 PBCH antenna ports)
2,356 if nymod2=1and (4 PBCH antenna ports)
m=01

m = m+2 npgg + NAReP — A

n

where n.., issignalled by higher layers nprs-Sequencel nfo, and n=1if the higher layer parameter nprs-

Sequencelnfo indicates N 5L isodd, and n=0 if the higher layer parameter nprs-Sequencel nfo indicates NQLis
even.

- when the higher layer parameter operationModel nfoNPRS for the configured NB-10T carrier is set to standalone
or guard-band

k = 6m+(6—1 + Vg, ) MOd6
1=0,1,234,56

m=01
m'=m+ NP -1

and where v, = N mod 6. 1f N¥RS isnot configured by higher layers, NNPS — N i . The number of PBCH
antenna portsis signalled by higher layers.

If higher layer parameter nprsBitmap is not configured, resource elementsin OFDM symbols 5 and 6 in each sot shall
not be used for transmission of NPRS. If the configured periodicity of Type 1 NPRSis equal to that of Type 2 NPRS,

the UE is not expected to be configured with overlapped resource elements between Type 1 NPRS and Type 2 NPRS.

Otherwise, aresource element configured for Type 1 NPRS shall not be used for Type 2 NPRS.
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One and two PBCH antenna
ports
Four PBCH antenna ports

even- numbered slots odd- numbered slots even-numbered slots odd- numbered slots
- -

Antenna port 2006 Antennaport 2006

Figure 10.2.6A.2-1: Mapping of NPRS (operationModelnfoNPRS is set to in-band, nprsBitmap
configured)

=l : jmt Jaml) : Jmt

even- numbered slots odd- numbered slots
Antenna port 2006

Figure 10.2.6A.2-2: Mapping of NPRS (operationModelnfoNPRS is set to standalone or guard-band,
nprsBitmap configured)

10.2.6A.3 NPRS subframe configuration

On aNB-loT DL carrier configured for NPRS transmission, an NB-10T UE can assume NPRSs are transmitted in DL
subframes configured by al higher layer parameters nprsBitmap, the NB-1oT carrier-specific subframe configuration
period Typgs, the NB-loT-carrier-specific starting subframe offset oy prs, and the number of consecutive downlink

subframes Nyprs Where NPRS shall be transmitted.

- If Typrs + Oprs @A Nyprs a@re not configured for an NB-1oT downlink carrier configured for NPRS
transmission, an NB-1oT UE shall assume NPRSs are transmitted in downlink subframes configured by higher
layer parameter nprsBitmap.

- If nprsBitmap is not configured for an NB-10T downlink carrier configured for NPRS transmission, an NB-1oT
UE shall assume NPRSs are transmitted in downlink subframes configured by the higher layer parameters

Tnprs + hprs @D Nyprs -
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- If the higher layer parameter operationModel nfoNPRS for the configured NB-10T carrier is set to in-band, the
higher layer parameters nprsBitmap shall be configured.

- If Typrs » Oprs @D Nyprs are configured, the NPRS instances in the first subframe of the Nyprg downlink
subframes, shall satisfy (10n; +| ng/ 2] otyprsTaprs )MOd Typrs = O -

The NPRSs shall not be mapped to resource elements (k,1) allocated to resource blocks of NPBCH, NPSS, NSSS, or
Systeml nfor mationBlock-Typel-NB regardless of their antenna port L.

10.2.7 Synchronization signals

There are 504 unique physical-layer cell identities indicated by the narrowband secondary synchronization signal.
10.2.7.1 Narrowband primary synchronization signal (NPSS)

10.2.7.1.1 Sequence generation

The sequence d,(n) used for the narrowband primary synchronization signal is generated from a frequency-domain
Zadoff-Chu segquence according to

_ aun(n+1)

d()=sl)e’ * , n=031..10

where the Zadoff-Chu root sequence index U=5 and S(I ) for different symbol indices | isgiven by Table 10.2.7.1.1-
1.

Table 10.2.7.1.1-1: Definition of S(l).

Cyclic prefix length S(3)...., S(13)
Normal afafafaf-a]-a]1]a]a]-1]a
10.2.7.1.2 Mapping to resource elements

The same antenna port shall be used for all symbols of the narrowband primary synchronization signal within a
subframe.

UE shall not assume that the narrowband primary synchronization signal is transmitted on the same antenna port as any
of the downlink reference signals. The UE shall not assume that the transmissions of the narrowband primary
synchronization signal in a given subframe use the same antenna port, or ports, as the narrowband primary
synchronization signal in any other subframe.

The sequences d,(n) shall be mapped to resource elements (k, 1) inincreasing order of first the index

k=01,., N -2 andthentheindex 1=34...2 D,I}]b—l in subframe 5 in every radio frame. For resource elements

(k,1) overlapping with resource elements where cell-specific reference signals according to clause 6.10 are transmitted,
the corresponding sequence element d(n) isnot used for the NPSS but counted in the mapping process.

10.2.7.2 Narrowband secondary synchronization signal (NSSS)
10.2.7.2.1 Sequence generation

The sequence dn used for the narrowband secondary synchronization signal is generated from a frequency-domain
Zadoff-Chu segquence according to

) omtn 7l.ﬂun’(n'+1)
d(n)=by(m)e e 1

where
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n=0.1...131
n”=nmod131
m=nmod128

u= NN mod126+3

NINceH
a= { 126 J

The binary sequence b, (m) isgiven by Table 10.2.7.2.1-1. The cyclic shift ¢ in frame number n; is given by

33
o=

n /2)mod4 .
132

Table 10.2.7.2.1-1: Definition of by (m)-

q by (0)...., by (127)
[112121111212111212111111111211112121111211111212111121111121111111

0/111211121211112111121111211111211112121111211111111121111111
111111211111211111111111111]
t-1-112-111-1-111-11-1-11-111-11-1-111-1-11-111-11-1

;/11111-1-111-11-1-11-111-11-1-111-1-11-111-11-1-11
111-1-111-11-1-11-111-11-1-111-1-11-111-11-1-11-11
1-1-111-11-1-11-111-11-1-111-1-11-111-1]
t-1112-111-1-1211-11-1-11-111-11-1-111-1-11-111-1-11

5(111-1-111-1-11-111-11-1-11-111-1-111-11-1-111-1-11
111-1-111-11-1-11-111-11-1-111-1-11-111-1-111-11-1
-111-1-11-111-11-1-11-111-1-111-11-1-11]
t-1-112-111-1-1211-11-1-11-111-11-1-111-1-11-111-1-11

3111-1-111-1-11-111-11-1-11-111-1-111-11-1-11-111-1
11111-1-11-111-11-1-11-111-1-111-11-1-111-1-11-11
1-1-111-11-1-11-111-11-1-111-1-11-111-1]

10.2.7.2.2 Mapping to resource elements

The same antenna port shall be used for all symbols of the narrowband secondary synchronization signal within a

subframe.

UE shall not assume that the narrowband secondary synchronization signal is transmitted on the same antenna port as
any of the downlink reference signals. The UE shall not assume that the transmissions of the narrowband secondary
synchronization signal in a given subframe use the same antenna port, or ports, as the narrowband secondary
synchronization signal in any other subframe.

The sequence d(n) shall be mapped to resource elements (k, 1) in sequence starting with d(0) in increasing order of

first theindex Kk over the 12 assigned subcarriers and then the index | over the assigned last Ng,ﬁ% symbols of

subframe 9 in radio frames fulfilling n; mod 2 = 0, where Ng‘,ﬁﬁsbs isgiven by Table 10.2.7.2.2-1.

Table 10.2.7.2.2-1: NSSS number of symbols

NSimo
11

Cyclic prefix length

Normal

For resource elements (k1) overlapping with resource elements where cell-specific reference signals according to
clause 6.10 are transmitted, the corresponding sequence element d(n) is not used for the NSSS but counted in the
Mapping process.
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10.2.8 OFDM baseband signal generation
For an NB-loT carrier

- for which the higher layer parameter operationModel nfo indicates ‘inband-DifferentPCl ' and for all NB-10T
downlink physical channels and signals except NPRS,

- for which the higher layer parameter operationModel nfo indicates ‘Guardband ' or ‘Standalone’,

- for an NB-IoT carrier for which the higher layer parameter Carrier ConfigDedicated-NB or DL-
CarrierConfigCommon-NB is present and no inbandCarrierinfo is present, or

- for an NB-1oT carrier for which the higher layer parameters Carrier ConfigDedicated-NB or DL-
CarrierConfigCommon-NB is present and inbandCarrierinfo is present and the higher layers do not indicate
NNl jsthesameas N and for all NB-loT downlink physical channels and signals except NPRS,

(P)(t

the time-continuous signal § ( ) on antennaport Cin OFDM symbol | in adownlink slot is defined by

s (t)= ; alP) @i 27(k+/2)AT (t-Nep T,)

foro<t<(Nep, + N)xT, where k) =k + N8 /2|, N=204¢, Af =15kHz and a;(ﬁ) is the content of resource
element (k,1) on antennaport [.

Otherwise, the time-continuous signal évp)(t) on antennaport [£in OFDM symbol |*, where

I'=1+ NDL mo(Nsmodd) € {0,...27% isthe OFDM symbol index from the start of the last even-numbered subframe, is
defined by

_ . _ N DL N RB 12 _
1 o J 27kAf [t NCP,I 'modNDh‘stJ ( RB Nec -| ) J 27KAf | t NCP,I 'modND'I;‘bTS
S( p) (t) — Z k it a‘i . s + k it a‘i s
' = SFF SN
k=—LN,§§ N /2j k=1

for 0<t<(Ngp, + N)xT, where kO —k+|_NRLNRB /2J andk(+>—k+|_NRDE§NRB/2J 1,

O = jZMNB_,OTTS[I'N +Z Ncpyimomj if resource element (k,1")is used for Narrowband |oT except for NPRS, and
i=0

0 otherwise including NPRS. The quantity meOT is the frequency location of the center of the Narrowband 10T PRB
minus the frequency location of the center of the LTE signal.

Only normal CP is supported for Narrowband 10T downlink in this release of the specification.
10.2.9 Modulation and upconversion
Modulation and upconversion to the carrier frequency of the complex-valued OFDM baseband signal for each antenna

port is shown in Figure 6.13-1. The filtering required prior to transmission is defined by the requirementsin
3GPPTS36.104 [6].
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03/12/08 RP_42 |RP-081074| 96 - |Clarification of SRS sequence-group and base sequence number [8.4.0 8.5.0
03/12/08 RP_42 [RP-081074| 97 1 [SRS subframe configuration 8.4.0 8.5.0
03/12/08 RP_42 |RP-081074| 98 - |Remaining SRS details for TDD 8.4.0 8.5.0
03/12/08 RP 42 |RP-081074| 99 - | Clarifying UL VRB Allocation 8.4.0 8.5.0
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Date TSG # TSG Doc. |CR Rev [Subject/Comment Old New
03/12/08 RP_42 |[RP-081074] 100 - _|Clarification on PUCCH resource hopping 8.4.0 8.5.0
03/12/08 RP 42 |RP-081074| 101 ) gtc)rr;(re];:gf?:gfor definition of Qm and a pseudo code syntax error in 8.4.0 8.5.0
03/12/08 RP_42 |RP-081074| 105 1 |Remaining Issues on SRS of TDD 8.4.0 8.5.0
03/12/08 RP 42 |RP-081074| 106 ) E):;)r:zjisltéct)rr: of reference to RAN4 specification of supported uplink 8.4.0 8.5.0
03/12/08 RP 42 |RP-081074| 107 - |General corrections to SRS 8.4.0 8.5.0
03/12/08 RP_42 |RP-081074| 109 2 |Correction to PCFICH specification 8.4.0 8.5.0
03/12/08 RP 42 |RP-081074| 110 1 Correction to Layer Mapping for Transmit Diversity with Four 8.4.0 8.5.0

- Antenna Ports
) _ | Correction of the mapping of cyclic shift filed in DCI format O to
03/12/08 RP_42 |RP-081074| 111 the dynamic cyclic shift offset 8.4.0 8.5.0
03/12/08 RP_42 |RP-081074| 112 - |DRS collision handling 8.4.0 8.5.0
03/12/08 RP 42 |RP-081074| 113 ) S:Jaggc:tlon to enable reuse of non-active PUCCH CQI RBs for 8.4.0 8.5.0
03/12/08 RP_42 |RP-081074| 114 1 [PUSCH Mirror Hopping operation 8.4.0 8.5.0
03/12/08 RP_42 |RP-081074| 108 1 [Extended and normal cyclic prefix in DL and UL for LTE TDD 8.4.0 8.5.0
04/03/09 RP_43 |RP-090234| 115 1 [Alignment of PRACH configuration index for FS type 1 and type 2{8.5.0 8.6.0
04/03/09 RP_43 |RP-090234| 118 1 [Clarification for DRS Collision handling 8.5.0 8.6.0
04/03/09 RP_43 [RP-090234| 121 1 [Removing inverse modulo operation 8.5.0 8.6.0
04/03/09 RP_43 [RP-090234| 123 1 [Clarification on the use of preamble format 4 8.5.0 8.6.0
04/03/09 RP_43 [|RP-090234| 124 - [Clarification of RNTI used in scrambling sequence 8.5.0 8.6.0
04/03/09 | RP 43 |RP-090234| 125 | 1 [Clarifying PDCCH RE mapping 8.5.0 [8.6.0
04/03/09 RP_43 [RP-090234| 126 - [Correction of preamble format 4 timing 8.5.0 8.6.0
04/03/09 RP_43 [RP-090234| 127 [ 2 [Corrections to SRS 8.5.0 8.6.0
04/03/09 RP_43 [RP-090234| 128 2 |Clarification of PDSCH Mapping to Resource Elements 8.5.0 8.6.0
04/03/09 RP_43 |RP-090234| 129 1 |Alignment with correct ASN1 parameter names 8.5.0 8.6.0
04/03/09 RP_43 [RP-090234| 130 - [Correction to PUCCH format 1 mapping to physical resources 8.5.0 8.6.0
04/03/09 RP_43 [RP-090234| 132 - [Correction to type-2 PUSCH hopping 8.5.0 8.6.0
04/03/09 RP 43 |RP-090234| 134 - | Alignment of SRS configuration 8.5.0 8.6.0
27/05/09 RP_44 |RP-090527| 135 - [Correction on UE behavior for PRACH 20ms periodicity 8.6.0 8.7.0
15/09/09 RP_45 [RP-090888| 137 1 [Clarification on DMRS sequence for PUSCH 8.7.0 8.8.0
15/09/09 RP 45 |RP-090888 138 1 g;g;cé:ic;ngto PHICH resource mapping for TDD and to PHICH 8.7.0 8.8.0
01/12/09 RP 46 |RP-091168 142 - (Slig;lr:g:(szanon of the transmit condition for UE specific reference 8.8.0 8.9.0
01/12/09 RP_46 |RP-091172| 139 2 |Introduction of LTE positioning 8.9.0 9.0.0
01/12/09 RP 46 |RP-091177| 140 3 | Editorial corrections to 36.211 8.9.0 9.0.0
01/12/09 RP_46 [RP-091257| 141 1 [Introduction of enhanced dual layer transmission 8.9.0 9.0.0
16/03/10 RP_47 |RP-100209| 144 1 [Removal of square brackets on positioning subframe periodicities [9.0.0 9.1.0
16/03/10 RP_47 |RP-100209 145 - glljz?rf;ﬁggn of the CP length of empty OFDM symbols in PRS 9.0.0 9.1.0
16/03/10 RP_47 |RP-100210| 146 - | Clarification of MBSFN subframe definition 9.0.0 9.1.0
07/12/10 RP 50 |RP-101320| 148 - |Introduction of Rel-10 LTE-Advanced features in 36.211 9.1.0 10.0.0
15/03/11 RP 51 [RP-110254| 149 1 [Correction on UE behavior for PRACH preamble format 4 10.0.0 [10.1.0
15/03/11 RP 51 |RP-110256| 150 - | Corrections to Rel-10 LTE-Advanced features in 36.211 10.0.0 [10.1.0
01/06/11 RP 52 |RP-110818| 153 2 |PUSCH interaction with periodic SRS 10.1.0 [10.2.0
01/06/11 RP_52 |RP-110819| 154 1 [Correction on describing PUCCH format 3 10.1.0 [10.2.0
01/06/11 RP 52 |RP-110821 155 3 |Correction on codebooks for CSI-RS based feedback for up to 4 1010 |10.2.0
CSI-RS ports.
01/06/11 RP 52 |RP-110821 156 - Correctlpn on_overlapplng non-zero-power and zero-power CSI- 1010 |1020
RS configurations
01/06/11 RP_52 |RP-110821| 157 - _[Correction on CSI-RS configuration 10.1.0 (10.2.0
01/06/11 RP 52 |RP-110821| 158 - |PDSCH transmission in MBSFN subframes 10.1.0 (10.2.0
01/06/11 RP 52 |RP-110823 159 - | Correction on implicit derivation of transmission comb per 1010 |10.20
- antenna port for SRS

01/06/11 RP_52 |RP-110823| 160 - |Uplink DMRS sequence in RACH procedure 10.1.0 [10.2.0
15/09/11 RP 53 |RP-111229| 162 - | Corrections on DMRS for Extended CP 10.2.0 [10.3.0
15/09/11 RP 53 |RP-111228| 163 ) (Pllljaggc:twn of applicability of precoding power scaling factors for 1020 [10.3.0
15/09/11 RP 53 [RP-111228| 164 - [Correction to modulation and upconversion on PRACH 10.2.0 [10.3.0
15/09/11 RP_53 |RP-111229| 165 - _|Clarification on cyclic prefix of PDSCH in MBSEN subframes 10.2.0 [10.3.0
15/09/11 RP 53 |RP-111229| 166 3 (zlé)r;?](étlggs on indication in scrambling identity field in DCI format 1020 |10.3.0
05/12/11 RP_54 |RP-111668| 167 - | A correction to PDSCH precoding for CQI calculation 10.3.0 (10.4.0
05/12/11 RP 54 |RP-111668| 168 - [Correction to figure of CSI-RS pattern in extended-CP subframe [10.3.0 [10.4.0
13/06/12 RP_56 [RP-120736| 169 - [Correction to resource mapping for PDSCH 10.4.0 (10.5.0
13/06/12 RP 56 [RP-120739] 171 - [Correction for DMRS group hopping and sequence hopping 10.4.0 [10.5.0
13/06/12 RP 56 |RP-120738| 172 | - f%?rrr)zcgtilr?g to assumed CSI-RS transmissions in subframes used |, , 5 [195.0
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Change history
Date TSG # TSG Doc. |CR Rev [Subject/Comment Old New
04/09/12 RP 57 |RP-121274]| 170 | 4 [Introduction of an additional special subframe configuration 10.5.0 [11.0.0
04/09/12 RP 57 |RP-121272| 173 - |Inclusion of Rel-11 features 10.5.0 [11.0.0
04/12/12 RP 58 [RP-121839| 175 - [Correction to assumed CSI-RS transmissions in secondary cells {11.0.0 [11.1.0
04/12/12 RP_58 [RP-121846| 176 - [Correction to assumed CSI-RS transmissions in secondary cells {11.0.0 [11.1.0
26/02/13 RP 59 [RP-130254| 178 - |Clarification of CSI RS mapping to resource elements 11.1.0 [11.2.0
26/02/13 RP_59 [RP-130254| 180 - _[Correction to CSI Reference Signals 11.1.0 (11.2.0
26/02/13 RP 59 |RP-130255| 181 ) féi(tjllﬂgzal clarifications/corrections for introducing Rel-11 1110 |11.2.0
11/06/13 RP_60 |RP-130752| 182 - [Correction to EPDCCH PRB pair indication 11.2.0 (11.3.0
11/06/13 RP 60 |RP-130752| 183 - |CR on collision between EPDCCH and PSS/SSS/PBCH 11.2.0 (11.3.0
03/09/13 MCC clean-up 11.3.0 (11.4.0
03/09/13 RP 60 |RP-131250| 185 - | Correction to QCL behaviour on CRS 11.3.0 (11.4.0
03/12/13 RP 62 |RP-131894| 186 ) ggrlilegﬂon on the derivation of the non-MBSFN region by 11.40 |11.50
03/12/13 RP 62 |RP-131896| 184 3 |Introduction of Rel 12 feature for Downlink MIMO Enhancement |11.5.0 [12.0.0
03/03/14 RP_63 |RP-140286| 187 - [|On PMCH starting symbol in an MBSEN subframe 12.0.0 (12.1.0
10/06/14 RP_64 |RP-140858| 189 - |CR on antenna port definitions 12.1.0 [12.2.0
10/06/14 RP 64 |RP-140858| 190 1 |Clarification of downlink subframes 12.1.0 [12.2.0
10/06/14 RP 64 |[RP-140862| 191 - |Inclusion of eIMTA, TDD-FDD CA, and coverage enhancements [12.1.0 [12.2.0
10/09/14 RP_65 |RP-141485| 192 - |Inclusion of low-cost MTC and 256QAM 12.2.0 [12.3.0
10/09/14 RP 65 |RP-141477| 194 _ |CRon port 5 _UE-specific reference signal when PDSCH is 1220 |12.30
overlapped with EPDCCH
08/12/14 RP 66 [RP-142098| 195 3 |Clarification of PUSCH rate matching with SRS 12.3.0 [12.4.0
08/12/14 RP 66 |RP-142106| 197 4 |Inclusion of small-cell enhancements 12.3.0 [(12.4.0
09/03/15 RP_67 [RP-150366| 196 [ 7 ([Inclusion of ProSe 12.4.0 |12.5.0
09/03/15 RP 67 |[|RP-150364| 198 - [Correction on 256QAM applicability to PMCH 12.4.0 [125.0
09/03/15 RP_67 [RP-150364| 199 - [Correction of discovery signal transmission 12.4.0 [12.5.0
15/06/15 RP 68 [RP-150935| 201 - _|Alignment of ProSe parameters 12.5.0 [12.6.0
14/09/15 RP_69 [RP-151465| 203 - _|Clarification on SRS BW configuration 12.6.0 [12.7.0
07/12/15 RP_70 [RP-152036| 209 1 [Modify max TA for dual connectivity 12.7.0 [12.8.0
07/12/15 RP_70 |RP-152025| 206 2 |Introduction of EB/FD-MIMO 12.8.0 [13.0.0
07/12/15 RP 70 |RP-152027| 208 1 |Introduction of Rel-13 eCA 12.8.0 [13.0.0
07/12/15 RP 70 |RP-152125| 204 2 |eD2D CR for 36.211 12.8.0 [13.0.0
07/12/15 RP 70 |RP-152258| 205 4 |Introduction of LAA 12.8.0 (13.0.0
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2016-03 | RAN#71 | RP-160359 | 210 | - | F [Alignment eD2D CR for 36.211 13.1.0
2016-03 | RAN#71 | RP-160367 | 212 | - | F [Clarification on PDSCH collision with PSS/SSS/PBCH 13.1.0
2016-03 | RAN#71 | RP-160357 | 213 - F [Correction on support of CA with up to 32 CCs 13.1.0
2016-03 | RAN#71 | RP-160357 | 214 | - | F [Correction on PUCCH format 4 and 5 13.1.0
2016-03 | RAN#71 | RP-160360 | 217 | - | F |Correction on DRS subframe in 36.211 13.1.0
2016-03 | RAN#71 | RP-160360 | 218 | - | F |Correction on EPDCCH start symbol in LAA 13.1.0
2016-03 | RAN#71 | RP-160360 | 219 - F [Correction to MBSFN subframe configuration 13.1.0
2016-03 | RAN#71 | RP-160358 220 B E ?(’ZgzoquSI-RS configuration for more than eight antenna ports in |13.1.0
2016-03 | RAN#71 | RP-160358 | 221 | - | F |CR on mismatch between 36.211 and 36.331 13.1.0
2016-03 | RAN#71 | RP-160358 | 222 - F [Clarification on additional SC-FDMA symbols in UpPTS for SRS 13.1.0
2016-03 | RAN#71 | RP-160358 | 223 | - | F [Correction on Precoding and definition of DMRS ports 13.1.0
2016-03 | RAN#71 | RP-160361 | 207 | 9 | B [Introduction of LC/CE MTC 13.1.0
2016-06 | RAN#72 | RP-161063 | 216 | 2 | F |CR on CSI-RS transmission in DWPTS 13.2.0
2016-06 | RAN#72 | RP-161067 | 224 | 8 | B |Introduction of NB-loT 13.2.0
2016-06 | RAN#72 | RP-161066 299 2 = ﬁ(%lii:sion between PSS/SSS/PBCH and MPDCCH/PDSCH for 13.2.0
2016-06 | RAN#72 | RP-161066 | 230 | - | F |DMRS initialization of CSS for MTC 13.20
2016-06 | RAN#72 | RP-161066 | 231 - F | Missing words in PRACH starting subframe paragraph for MTC 13.2.0
2016-06 | RAN#72 | RP-161065 | 232 - F [Correction to EPDCCH procedures for LAA FS 3 1320
2016-06 | RAN#72 | RP-161063 | 233 - F [Clarification on PDSCH mapping to resource elements 13.2.0
2016-06 | RAN#72 | RP-161063 | 234 | - | F |CR on CSI-RS description in TS 36.211 13.2.0
2016-06 | RAN#72 | RP-161065 | 235 - F [Corrections on the support of ending partial subframe in LAA 13.2.0
2016-06 | RAN#72 | RP-161063 | 236 | - | F |Clarification of CSI-RS on extended CP 13.20
2016-06 | RAN#72 | RP-161063 237 B E %r)rrrzzft:lofr:)roggzzc:pnon about UpPTS length for preamble 13.2.0
2016-06 | RAN#72 | RP-161066 | 238 | - | F |Correction to TS 36.211 for eMTC 13.2.0
2016-06 | RAN#72 | RP-161066 | 239 | - | F |Narrow band hopping 13.2.0
2016-06 | RAN#72 | RP-161066 | 240 | 1 | F |CR on MPDCCH format for Rmax=1 and 2/4 PRBs 13.2.0
2016-06 | RAN#72 | RP-161066 241 1 = %ogrg(';,/tli?dne%n RE mapping in MBSFN subframe for BL/ICE UEs [13.2.0
2016-06 | RAN#72 | RP-161063 | 242 | - | F |Correction on the description about DMRS 13.2.0
2016-06 | RAN#72 | RP-161066 | 243 | - | F |CR for TS36.211 related to 2+4 PRB set 13.2.0
2016-06 | RAN#72 | RP-161065 | 244 - F |CR on UE assumptions on number of CRS ports in DRS 13.2.0
2016-06 | RAN#72 | RP-161066 | 245 - F | Some corrections for eMTC 13.2.0
2016-06 | RAN#72 | RP-161066 247 B E g;(reitfiitcig:]ion of MPDCCH over empty CRS tones in PBCH 13.2.0
2016-06 | RAN#72 | RP-161066 | 248 - F | Scrambling sequence initialization 13.20
2016-06 | RAN#72 | RP-161066 | 249 | - | F |On MPDCCH AL for 8 EREGs per ECCE in TS 36.211 132.0
2016-06 | RAN#72 | RP-161066 | 250 - F [Overriding of valid-invalid subframes for R=1 1320
2016-06 | RAN#72 | RP-161066 | 251 - F [Scrambling Sequence for paging MPDCCH and PDSCH 13.2.0
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2016-06 | RAN#72 | RP-161066 | 252 - F [Scrambling sequence initialization for PDSCH 1320
2016-09 | RAN#73 | RP-161563 | 253 | - | F |Correction on DMRS for NB-IoT in TS 36.211 1330
2016-09 | RAN#73 | RP-161563 | 254 | 1 | F [Correction on NPRACH in TS 36.211 13.3.0
2016-09 | RAN#73 | RP-161563 255 R = ggrzriition on SC-FDMA signal generation for NB-loT in TS 13.3.0
2016-09 | RAN#73 | RP-161563 | 256 - F [Corrections to RRC parameter names for NB-loT in TS 36.211 13.3.0
2016-09 | RAN#73 | RP-161562 | 259 | - | F |MPDCCH search-space with Temporary C-RNTI 1330
2016-09 | RAN#73 | RP-161563 | 260 | - | F |Correction on NPBCH in TS 36.211 1330
2016-09 | RAN#73 | RP-161563 | 261 1 F | Correction on UL collisions in TS 36.211 1330

13.3.0

2016-09 | RAN#73 | RP-161563 262 1 F |Correction on NPSS mapping in TS 36.211

Corrections on the presence of NRS for standalone and guard 13.3.0

2016-09 | RAN#73 | RP-161563 | 263 | 1 F lpand operation mode in TS 36.211

2016-09 | RAN#73 | RP-161561 264 - F | Correction on the determination of EPDCCH starting position 13.3.0
2016-09 | RAN#73 | RP-161563 265 - F |Corrections on NPDCCH scrambling in TS 36.211 13.3.0
2016-09 | RAN#73 | RP-161562 272 1 F [Frequency hopping for S| and paging messages for BL/CE UE 13.3.0
2016-09 | RAN#73 | RP-161562 275 - F | Scrambling of DL DMRS for BL/CE UE 13.3.0
2016-09 | RAN#73 | RP-161562 | 276 - F [Enable cross-subframe channel estimation for BL/CE UE 13.3.0

Frequency hopping interval for MPDCCH during random access (13.3.0

2016-09 | RAN#73 | RP-161562 278 - F for BL/CE UE
2016-09 | RAN#73 | RP-161565 279 - F |CR on the correction from SC-FDFMA to SC-FDMA 13.3.0
Correction for PHICH resource reservation on the LAA cell in 13.3.0
2016-09 | RAN#73 | RP-161561 280 - F 36.211 for Rel-13 LAA
2016-09 | RAN#73 | RP-161562 281 ) = Corrgcnon on MPDCCH transmission without repetition in 13.3.0
special subframes
2016-09 | RAN#73 | RP-161563 | 282 1 F Introdut_:tlon of a reserved range of NPRACH sub-carriers for 13.3.0
contention based access
2016-09 | RAN#73 | RP-161562 283 - F |Clarification of valid subframe in eMTC 13.30
2016-09 | RAN#73 | RP-161563 | 284 - F | Correction of NB-loT antenna port mapping 13.3.0
2016-09 | RAN#73 | RP-161562 | 285 - F |Clarification on PRACH system frame number 13.3.0
2016-09 | RAN#73 | RP-161562 | 286 - F |PUCCH retuning with puncturing for BL/CE UE 13.3.0
2016-09 | RAN#73 | RP-161563 287 1 F |Phase difference between NRS and CRS 13.3.0
2016-09 | RAN#73 | RP-161825 | 288 1 B |Continuous uplink transmission in eMTC 13.3.0
2016-09 | RAN#73 | RP-161571 | 266 | 2 | B |Introduction of eLAA 14.0.0
2016-09 | RAN#73 | RP-161570 | 267 2 B |Introduction of V2V support 14.0.0
2016-12 | RAN#74 | RP-162368 | 0297 | - | F |CR on start timing of PUSCH 14.1.0
2016-12 | RAN#74 | RP-162358 | 0208 | - A (lljl)rrectlon to DMRS for MPDCCH associated with P-RNTI — Rel-|14.1.0
2016-12 | RAN#74 | RP-162359 | 0300 - A |Clarification on NPRACH and NPUSCH collision 14.1.0
2016-12 | RAN#74 | RP-162358 | 0302 1 A |Clarification oni_0 value 14.1.0
2016-12 | RAN#74 | RP-162358 | 0304 - A |Correction of PRACH starting subframes for eMTC 14.1.0
2016-12 | RAN#74 | RP-162359 | 0306 | - | A |Correction of NPRACH frequency hopping 14.1.0
2016-12 | RAN#74 | RP-162358 | 0307 | - | A |Correction on MPDCCH transmission without repetition 14.1.0
2016-12 | RAN#74 | RP-162358 | 0308 ) A ?orrgqtlor_} of typos_ due to wrong |mp|em"entat|on of CR0283 14.1.0
Clarification of valid subframe in eMTC
2016-12 | RAN#74 | RP-162356 | 0309 | - A |Correction on NZP CSI-RS aggregation for Class A 14.1.0
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2016-12 | RAN#74 | RP-162367 | 0310 | 2 B Introdu_ction of performance enhancements for high speed 14.1.0
scenario
2016-12 | RAN#74 | RP-162450 | 0311 | - B |Introduction of further indoor positioning enhancements 14.1.0
2016-12 | RAN#74 | RP-162365 | 0312 | 1 B |Introduction of Multiuser Superposition Transmission (MUST) 14.1.0
2016-12 | RAN#74 | RP-162359 | 0316 | 1 A |Correction on NPDSCH Mapping to resource elements in 36.211 14.1.0
2016-12 | RAN#74 | RP-162358 | 0320 | - A |UL gap applicability for CE Mode A 14.1.0
CR on pseudo-random sequence generator for PUCCH format 4 14.1.0
2016-12 | RAN#74 | RP-162355 | 0322 - A |and PUCCH format 5 and sequence group hopping for PUCCH o
format 4
2016-12 | RAN#74 | RP-162359 | 0324 | - A [Clarification on vShift value for CRS 14.10
2016-12 | RAN#74 | RP-162359 | 0326 | - A |Correction to OFDM baseband signal generation of NB-loT 14.1.0
2016-12 | RAN#74 | RP-162358 | 0327 | - | A |Mapping of MPDCCH and PDSCH 14.1.0
2016-12 | RAN#74 | RP-162364 | 0328 | - B |Introduction of SRS switching between LTE component carriers 14.1.0
2016-12 | RAN#74 | RP-162366 | 0329 | - | F |Corrections for v2v 14.1.0
2017-03 | RAN#75 | RP-170605 | 0330 | 1 B |Introduction of Uplink Capacity Enhancements for LTE 14.2.0
2017-03 | RAN#75 | RP-170608 | 0331 | 1 B |Introduction of eMBMS enhancements for LTE 14.2.0
2017-03 | RAN#75 | RP-170623 | 0332 | 2 B |Introduction of Further Enhanced MTC for LTE 14.2.0
2017-03 | RAN#75 | RP-170624 | 0333 | 3 B |Introduction of NB-loT enhancements 14.2.0
2017-03 | RAN#75 | RP-170622 | 0334 2 B [Introduction of V2X 14.2.0
2017-03 | RAN#75 | RP-170607 | 0335 2 B [Introduction of eFD-MIMO 14.2.0
2017-03 | RAN#75 | RP-170625 | 0336 | 2 B |Introduction of Voice and Video enhancement for LTE 14.2.0
2017-03 | RAN#75 | RP-170610 | 0338 | 2 A |Correction on the scrambling of NPDSCH carrying the BCCH 14.2.0
2017-03 | RAN#75 | RP-170609 | 0340 - A |Frequency hopping in eMTC 14.2.0
2017-03 | RAN#75 | RP-170609 | 0342 - A |Retuning gap with shortened PUCCH format for BL/CE UE 14.2.0
: ) ) Parameters for number of PUCCH repetitions for Msg4 for 14.2.0
2017-03 | RAN#75 | RP-170609 | 0344 A BL/CE UE — Superseded by CR0332r2
2017-03 | RAN#75 | RP-170609 | 0346 | - A Clarification on repetition and starting subframe of the MPDCCH |14.2.0

search space

2017-03 | RAN#75 | RP-170615 | 0347 | - | F |CR for SRS switching in 36.211 14.2.0

CR on the new restricted sets of cyclic shifts for PRACH for high (14.2.0

2017-03 | RAN#75 | RP-170617 | 0348 | - F speed in 36.211
2017-03 | RAN#75 | RP-170612 | 0352 - A |Correction on single layer precoding for EPCCH 14.2.0
2017-03 | RAN#75 | RP-170610 | 0354 - A |NPBCH symbol rotation for interference randomization in NB-loT 14.2.0
2017-03 | RAN#75 | RP-170617 | 0355 | - g |Correction to PRACH resource configuration for high speed 14.2.0
scenario in TS 36.211
2017-06 | RAN#76 | RP-171205 | 0356 ) = Correction on be}seband generation for paging/random access 14.3.0
non-anchor carriers
Correction of reference to PRS occasion group for OTDOA 14.3.0
2017-06 | RAN#76 | RP-171204 | 0357 | - F enhancements
2017-06 | RAN#76 | RP-171204 | 0358 | - F Center_ frequency for PUSCH allocation in larger bandwidth 14.3.0
mode in FeMTC
2017-06 | RAN#76 | RP-171205 | 0359 | - F |Clarification of NRS presence 14.3.0
2017-06 | RAN#76 | RP-171194 | 0360 - F |Clarification and Correction on IFDMA UL-DMRS for eFD-MIMO 14.3.0
2017-06 | RAN#76 | RP-171199 | 0363 | - A |Clarification on PDSCH collision with PSS/SSS in TDD 14.3.0
2017-06 | RAN#76 | RP-171195 | 0364 - F |Clarification on CDM-8 pattern for 24-ports CSI-RS in DWPTS 14.3.0
2017-06 | RAN#76 | RP-171192 | 0365 | - g |Correction on PUSCH symbol locations in UpPTS for UL 14.3.0
capacity enhancement in TS 36.211
2017-06 | RAN#76 | RP-171196 | 0366 | - A |CR on correction of PRACH transmission across SFN boundary 14.3.0
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2017-06 | RAN#76 | RP-171204 | 0367 | - F | Correction on resource mapping in case of retuning in 36.211 14.3.0

2017-06 | RAN#76 | RP-171197 | 0369 1 A |[Correction on NB-loT DMRS definition in 36.211 14.3.0

2017-06 | RAN#76 | RP-171197 | 0371 | 1 | A |Correction on NB-loT SC-FDMA baseband signal generation in  114.3.0

36.211
Clarification on the definition of the nprach-NumCBRA- 14.3.0
2017-06 | RAN#76 | RP-171197 | 0373 - A StartSubcarriers
2017-06 | RAN#76 | RP-171204 | 0374 - F [Parallel reception of MPDCCH and PDSCH for BL/CE UE 14.3.0
2017-06 | RAN#76 | RP-171194 | 0375 | - F CR for prec0(_j|_ng for spatial _mult|p|_exmg using antenna ports 14.3.0
with UE-specific reference signals in 36.211
2017-06 | RAN#76 | RP-171194 | 0376 - F | Correction to CSI-RS configuration 14.3.0
2017-06 | RAN#76 | RP-171196 | 0378 | - A I(J:Igg%c:ﬂon of frequency hopping for "PDCCH order " initiated |14.3.0
2017-06 | RAN#76 | RP-171196 | 0380 ) A f((:)(r)rrr:(;(t:tion on determination of number of repetitions PUCCH 14.3.0
2017-06 | RAN#76 | RP-171204 | 0381 | - F |Correction on PRS hopping 14.3.0
2017-06 | RAN#76 | RP-171205 | 0383 | - F |NRS presence assumptions on unicast non-anchor carriers 14.3.0
2017-09 | RAN#77 | RP-171646 | 0384 | - F | Correction of RRC parameter name for non-anchor carriers 14.4.0
2017-09 | RAN#77 | RP-171638 | 0386 | 1 F Corrections on CDM8 sequence for 24 and 32 CSI-RS ports and (14.4.0
CDM4 sequence
2017-09 | RAN#77 | RP-171645 | 0387 - F [PRS and PDSCH/MPDCCH collision 14.4.0
2017-09 | RAN#77 | RP-171640 | 0389 | - | A |NPUSCH transmission during NPRACH gaps 14.4.0
2017-09 | RAN#77 | RP-171639 | 0391 | - A MPDCCH Frequency hopping for RRC connected contention- 14.4.0
based RACH
2017-09 | RAN#77 | RP-171646 | 0392 | 1 F |Interference randomization for NPDCCH and NPDSCH 14.4.0
2017-12 | RAN#78 | RP-172688 | 0395 | - A |Clarification on DMRS ports associated with PDSCH 14.50
2017-12 | RAN#78 | RP-172680 | 0396 | - A |Correction on MPDCCH frequency hopping 14.5.0
2017-12 | RAN#78 | RP-172685 | 0397 | - | F |SRS to SRS retuning in UpPTS 14.5.0
2017-12 | RAN#78 | RP-172679 | 0398 | - F | Correction on power boosting for UL DMRS 14.5.0
2017-12 | RAN#78 | RP-172680 | 0402 | - A E:Acl)jrlrjeég?_'n on scrambling sequence identity for 2+4 PRBs sets in | 14.5.0
Correction on resource elements reserved for CRS for PBCH 14.5.0
2017-12 | RAN#78 | RP-172680 | 0404 - A with repetition
2017-12 | RAN#78 | RP-172677 | 0405 | - F Intro_ducthn of new UE behavior for special subframe 14.5.0
configuration 10
2017-12 | RAN#78 | RP-172691 | 0406 | - | F |Correction for PUSCH puncturing in SRS carrier switching 14.50
2017-12 | RAN#78 | RP-172679 | 0407 - F | Correction on the scale factor for semi-OL rank-1 14.50
2017-12 | RAN#78 | RP-172680 | 0409 | - | A |UE uplink gap capability signaling description 14.50
2018-03 | RAN#79 | RP-180190 | 0411 - A |Clarification on PUSCH and PDSCH scrambling for BL/CE UEs 14.6.0
2018-03 | RAN#79 | RP-180190 | 0413 | - A Clarification_ on the hopping parameter for PUSCH transmission |14.6.0
corresponding to the RAR grant
Clarification on the NPRACH starting subcarrier partitioning for |14.6.0
2018-03 | RAN#79 | RP-180191 | 0415 - A multi-tone Msg3 transmission
2018-03 | RAN#79 | RP-180189 | 0417 | - F |Correction on CDM-8 Sequence Mapping for 24 and 32 ports 14.6.0
2018-03 | RAN#79 | RP-180199 | 0421 - F |Interference randomization in CSS 14.6.0
2018-03 | RAN#79 | RP-180187 | 0423 | - F Corrchon_ on DM-RS in DWPTS in special subframe 14.6.0
configuration 10
2018-03 | RAN#79 | RP-180191 | 0426 - A |Clarification on NPDCCH RE mapping 14.6.0
2018-06 | RAN#80 | RP-181163 | 0429 1 = Correcpor_\ on DMRS scrambling ID for semi-open loop 14.7.0
transmission
2018-06 | RAN#80 | RP-181169 | 0433 - F [Correction on PUSCH hopping parameter for eVoLTE 14.7.0
2018-06 | RAN#80 | RP-181181 | 0436 | - F | Collision with NPRACH in non-anchor carriers 14.7.0
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2018-06 | RAN#80 | RP-181181 | 0438 On NRS presence in non-anchor carriers 14.7.0

2018-06 | RAN#80 | RP-181167 | 0443 Clarification on CSI-RS resource aggregation 14.7.0

2018-09 | RAN#81 | RP-181796 | 0452 Correction for interference randomization for NB-loT 14.8.0

2018-09 | RAN#81 | RP-181796 | 0454 Correction to NPRS mapping 14.8.0

2018-09 | RAN#81 | RP-181780 | 0458 Rate matching for aperiodic CSI-RS 14.8.0

2018-12 | RAN#82 | RP-182518 | 0464 Correction on aperiodic CSI-RS resource mapping in 36.211 14.9.0
Correction to non-precoded NZP CSI-RS resource 14.9.0

2018-12 | RAN#82 | RP-182518 | 0466 configurations

2018-12 | RAN#82 | RP-182518 | 0470 _Clarlflcatlon on cyclic shift field mapping table for DMRS bit field |14.9.0
in DCI format 0/4

2019-03 | RAN#83 | RP-190434 | 0475 Correction of higher layer signalling for special subframe 14.10.0
configuration 10

2019-06 | RAN#84 | RP-191272 | 0482 Correction for PUSCH frequency hopping in eMTC 14.11.0

2019-06 | RAN#84 | RP-191273 | 0484 Correction for PUSCH frequency hopping in VOLTE 14.11.0
enhancements

2019-09 | RAN#85 | RP-191937 | 0489 Clarification on localized MPDCCH DMRS port for 2+4 PRB set 14.12.0

2019-12 | RAN#86 | RP-192620 | 0494 Clarification to postponing in subframes that are not BL/CE 14.13.0
subframes

2019-12 | RAN#86 | RP-192632 | 0499 %r)r’:leé:_t:g_r; on interference randomization on non-anchor carrier |14.13.0

2020-01 | RAN#86 mccC plean-u_p to fix c!ause numbering issue — 6.10.2.2.1 used [14.13.1
twice in previous version

2020-03 RAN#87- RP-200202 | 0505 Correction on the resource block pair definition for 1.25 kHz 14.14.0

e subcarrier spacing
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