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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 and signals for 5G-NR.

2 References

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

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

[2] 3GPP TS 38.201: "NR; Physical Layer — General Description”

[3] 3GPP TS 38.202: "NR; Services provided by the physical layer"

[4] 3GPP TS 38.212: "NR; Multiplexing and channel coding"

[5] 3GPP TS 38.213: "NR; Physical layer procedures for control "

[6] 3GPP TS 38.214: "NR; Physical layer procedures for data "

[7] 3GPP TS 38.215: "NR; Physical layer measurements"

[8] 3GPP TS 38.104: "NR; Base Station (BS) radio transmission and reception”

[9] void

[10] 3GPP TS 38.306: "NR; User Equipment (UE) radio access capabilities'

[171] 3GPP TS 38.321: "NR; Medium Access Control (MAC) protocol specification”

[12] 3GPP TS 38.133: "NR; Requirements for support of radio resource management"

[13] 3GPP TS 38.304: "NR; User Equipment (UE) proceduresin Idle mode and RRC Inactive state"
3 Definitions, symbols and abbreviations

3.1 Definitions

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

3.2 Symbols

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

(k, | )p‘ " Resource element with frequency-domainindex k and time-domainindex | for antenna port p
and subcarrier spacing configuration u; see clause 4.4.3

alﬂﬁ'”) Value of resource element (k,|) for antenna port p and subcarrier spacing configuration y; see
clause 4.4.3

yoj Amplitude scaling for a physical channel/signal

c(n) PN sequence; see clause 5.2.1

Af Subcarrier spacing
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Afga Subcarrier spacing for random-access preambles

K Theratio between T, and T, ; seeclause 4.1

k Subcarrier index relative to a reference

I OFDM symbol index relative to areference

U Subcarrier spacing configuration, Af = 2# - 15 [kHz]

M,Ei"t) Number of coded bits to transmit on a physical channel [for codeword q]

ng;b Number of modulation symbolsto transmit on a physical channel [for codeword q]
;;{;; Number of modulation symbols to transmit per layer for a physical channel

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

MRYSCH Scheduled bandwidth for uplink transmission, expressed as a number of resource blocks

M:;’mb Number of modulation symbols to transmit per antenna port for a physical channel

v Number of transmission layers

N§is, Size of bandwidth part i ; see clause 4.4.4.4

N5, Start of bandwidth part i ; see clause 4.4.4.4

Nép, Cyclic prefix length; see clause 5.3.1

Ngsr‘lzsjj The size of the resource grid; see clauses 4.4.2 and 5.3

Ngian: The start of the resource grid; see clause 4.4.2

Nerous The number of PT-RS groups, see clause 6.3.1.4

NSS! Physical layer cell identity; see clause 7.4.2.1

NjF Physical-layer sidelink identity; see clause 8.4.2.1

NSGORESET Frequency-domain size of a control resource set; see clause 7.3.2.2

NSGORESET Number of resource-element groupsin a CORESET; see clause 7.3.2.2

N&ow Number of samples per PT-RS group; see clause 6.3.1.4

NRB Number of subcarriers per resource block, see clause 4.4.4.1

NSubtrame Number of slots per subframe for subcarrier spacing configuration u, see clause 4.3.2
Sﬂrjtme"‘ Number of slots per frame for subcarrier spacing configuration u, see clause 4.3.2

NSO SET Time duration of acontrol resource set; see clause 7.3.2.2

N ™ Length of the PUCCH transmission in OFDM symbols; see clause 6.3.2.1

Nssy“lflffame"‘ Number of OFDM symbols per subframe for subcarrier spacing configuration p; see clause 4.3.1

Nt Number of symbols per slot

Nrp Timing advance between downlink and uplink; see clause 4.3.1

Nrp offset A fixed offset used to calculate the timing advance; see clause 4.3.1

Nipadi Network-controlled timing correction; see clause 4.3.1

Nipag; UE-derived timing correction; see clause 4.3.1

Npy-x Minimum time from reception to transmission for a half-duplex UE; see clause 4.3.2

ng System frame number (SFN)

Negp Common resource block number for subcarrier spacing configuration u, see clause 4.4.4.3

NprB Physical resource block number; see clause 4.4.4.4

NRNTI Radio network temporary identifier

n¥ Slot number within a subframe for subcarrier spacing configuration u; see clause 4.3.2

né‘_f Slot number within a frame for subcarrier spacing configuration u; see clause 4.3.2

D Antenna port number

Q. Modulation order

P Number of antenna ports

0 (M) Low-PAPR base sequence; see clause 5.2.2

Tu(z.a) n) L ow-PAPR sequence; see clause 5.2.2

sl(”“‘) ® The time-continuous signal on antenna port p and subcarrier spacing configuration u for OFDM

symbol | inasubframe; see clause 5.3.1

T, Basic time unit for NR; see clause 4.1

T Radio frame duration; see clause 4.3.1

T, Basic time unit for LTE

Tg Subframe duration; see clause 4.3.1
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Tyot Slot duration; see clause 4.3.2
Ta Timing advance between downlink and uplink; see clause 4.3.1
W Precoding matrix for spatial multiplexing

3.3 Abbreviations

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

BWP Bandwidth part
CCE Control channel element
CORESET Control resource set
CRB Common resource block
Ccsl Channel-state information
CSI-RS CSl reference signal
DCI Downlink Control Information
DM-RS Demodulation reference signal
FR1 Frequency range 1 asdefined in [8, TS 38.104]
FR2 Frequency range 2 as defined in [8, TS 38.104]
IAB Integrated access and backhaul
IAB-MT IAB mobile termination
IE Information element
PBCH Physical broadcast channel
PDCCH Physical downlink control channel
PDSCH Physical downlink shared channel
PRACH Physical random-access channel
PRB Physical resource block
PSS Primary synchronization signal
PT-RS Phase-tracking reference signal
PUCCH Physical uplink control channel
PUSCH Physical uplink shared channel
REG Resource-element group
RIM Remote interference management
RIM-RS Remote interference management reference signal
SRS Sounding reference signal
SSS Secondary synchronization signal
VRB Virtual resource block
4 Frame structure and physical resources

4.1 General

Throughout this specification, unless otherwise noted, the size of various fieldsin the time domain is expressed in time
units T, =1/(Af - N¢ ) Where Af;,,, = 480 - 10% Hz and N; =4096. The constant & =T,/T, = 64 where

To =1/(Af g -Niye ), Afg =15:10° Hz and Ny = 2048.

Throughout this specification, unless otherwise noted, statements using the term "UE" in clauses 4, 5, 6, or 7 are equally
applicable to the IAB-MT part of an | AB-node.

4.2 Numerologies

Multiple OFDM numerologies are supported as given by Table 4.2-1 where u and the cyclic prefix for a downlink or
uplink bandwidth part are obtained from the higher-layer parameters subcarrier Spacing and cyclicPrefix, respectively.
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Table 4.2-1: Supported transmission numerologies.

H Af =2 .15[kHzZ] Cyclic prefix
0 15 Normal

1 30 Normal

2 60 Normal, Extended
3 120 Normal

4 240 Normal

5 480 Normal

6 960 Normal

4.3 Frame structure

4.3.1 Frames and subframes

Downlink, uplink, and sidelink transmissions are organized into frames with T; = (Af,, N; /100)~TC =10ms duration,
each consisting of ten subframes of Ty = (Af, N /1000)-TC =1ms duration. The number of consecutive OFDM
symbols per subframeis Ngyp ™™ = NSt Nooy ™" Each frame is divided into two equally-sized half-frames of

five subframes each with half-frame 0 consisting of subframes 0 — 4 and half-frame 1 consisting of subframes5—9.
Thereis one set of framesin the uplink and one set of frames in the downlink on a carrier.

Uplink frame number i for transmission from the UE shall start Try = (Npp + Nraoftser + Namg®™ + Nixaq ) Te before
the start of the corresponding downlink frame at the UE where

- Npp and Ny offser @€ given by clause 4.2 of [5, TS 38.213], except for msgA transmission on PUSCH where Ny, =
0 shall be used;

- Nrjaq " given by clause 4.2 of [5, TS 38.213] is derived from the higher-layer parameters ta-Common, ta-

CommonDrift, and ta-CommonDriftVariant if configured, otherwise Ngj 5" = 0;

- Npj,q given by clause 4.2 of [5, TS 38.213] is computed by the UE based on UE position and serving-satellite-
ephemeris-related higher-layers parameters if configured, otherwise NTU,E_adj =0.

Downlink framei

Uplink framei

T
<A

Figure 4.3.1-1: Uplink-downlink timing relation.

4.3.2 Slots

subframe,u
’ Nslot

For subcarrier spacing configuration 4 , slots are numbered nt' € {0, -1 } in increasing order within a

subframe and n; € {0, ..., NX™* — 1 } inincreasing order within aframe. There are N§oy, consecutive OFDM

» “Vslot

symbolsin aslot where Ng,‘,’;b depends on the cyclic prefix as given by Tables 4.3.2-1 and 4.3.2-2. The start of slot n

in a subframe is aligned in time with the start of OFDM symbol n&’ Ng,ﬂtqb in the same subframe.
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OFDM symbolsinasdlot in adownlink or uplink frame can be classified as ‘downlink’, 'flexible', or 'uplink’. Signaling
of slot formats is described in clause 11.1 of [5, TS 38.213].

Inasdot in adownlink frame, the UE shall assume that downlink transmissions only occur in ‘downlink’ or ‘flexible'
symbols.

Inadotin an uplink frame, the UE shall only transmit in 'uplink' or ‘flexible’ symbols.

A UE not capable of full-duplex communication and not supporting simultaneous transmission and reception as defined
by parameter simultaneousRxTxI nter BandENDC, simultaneousRxTxI nterBandCA or simultaneousRxTxSUL [10, TS
38.306] among all cells within agroup of cellsis not expected to transmit in the uplink in one cell within the group of
cells earlier than Ny,.1,T. after the end of the last received downlink symbol in the same or different cell within the
group of cellswhere Ng,.r, iSgiven by Table 4.3.2-3.

A UE not capable of full-duplex communication and not supporting simultaneous transmission and reception as defined
by parameter simultaneousRxTxI nterBandENDC, simultaneousRxTxInterBandCA or simultaneousRXTxSUL [10, TS
38.306] among all cells within a group of cellsis not expected to receive in the downlink in one cell within the group of
cells earlier than Ny, T, after the end of the last transmitted uplink symbol in the same or different cell within the
group of cellswhere Ny, g, iSgiven by Table 4.3.2-3.

For DAPS handover operation, a UE not capable of full-duplex communication is not expected to transmit in the uplink
to acell earlier than Ng,.1T. after the end of the last received downlink symbol in the different cell where Ng, 1y is
given by Table 4.3.2-3.

For DAPS handover operation, a UE not capable of full-duplex communication is not expected to receive in the
downlink from acell earlier than Nt,.g, T, after the end of the last transmitted uplink symbol in the different cell where
Nry.ry ISQiven by Table 4.3.2-3.

A UE not capable of full-duplex communication is not expected to transmit in the uplink earlier than Ng, 1 T; after the
end of the last received downlink symbol in the same cell where Ng,.1« iSgiven by Table 4.3.2-3.

A UE not capable of full-duplex communication is not expected to receive in the downlink earlier than Ny, g, T after
the end of the last transmitted uplink symbol in the same cell where N+, g, iS given by Table 4.3.2-3.

Table 4.3.2-1: Number of OFDM symbols per slot, slots per frame, and slots per subframe for normal

cyclic prefix.

: N T
0 14 10 1

1 14 20 2

2 14 40 4

3 14 80 8

4 14 160 16

5 14 320 32

6 14 640 64

Table 4.3.2-2: Number of OFDM symbols per slot, slots per frame, and slots per subframe for
extended cyclic prefix.

lot frame,u subframe,p
K N:y(:nb N slot N slot
2 12 40 4

Table 4.3.2-3: Transition time Ngy1x and Nyygpy

Transition time FR1 FR2
N1y-Ry 25600 13792
Nry-Tx 25600 13792
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4.4 Physical resources

4.4.1 Antenna ports

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.

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,
average delay, and spatial Rx parameters.

4.4.2 Resource grid

For each numerology and carrier, aresource grid of NJ7$# N&® subcarriers and Nssy“flffame‘” OFDM symbolsis defined,

starting at common resource block N;?{f*" indicated by higher-layer signalling. There is one set of resource grids per

transmission direction (uplink, downlink, or sidelink) with the subscript x set to DL, UL, and SL for downlink, uplink,
and sidelink, respectively. When there is no risk for confusion, the subscript x may be dropped. Thereis one resource
grid for agiven antenna port p, subcarrier spacing configuration u, and transmission direction (downlink, uplink, or
sidelink).

For uplink and downlink, the carrier bandwidth N;;f;” for subcarrier spacing configuration u is given by the higher-
layer parameter carrierBandwidth in the SCS-SpecificCarrier |E. The starting position N;rtf;t"‘ for subcarrier spacing
configuration u is given by the higher-layer parameter offsetToCarrier in the SCS-SpecificCarrier IE.

The frequency location of a subcarrier refersto the center frequency of that subcarrier.

For the downlink, the higher-layer parameter txDirectCurrentLocation in the SCS-SpecificCarrier 1E indicates the
location of the transmitter DC subcarrier in the downlink for each of the numerologies configured in the downlink.
Valuesin the range 0 — 3299 represent the number of the DC subcarrier and the value 3300 indicates that the DC
subcarrier is located outside the resource grid.

For the uplink, the higher-layer parameter txDirectCurrentLocation in the UplinkTxDirectCurrentBWP |E indicates the

location of the transmitter DC subcarrier in the uplink for each of the configured bandwidth parts, including whether the
DC subcarrier location is offset by 7.5 kHz relative to the center of the indicated subcarrier or not. Valuesin the range O
— 3299 represent the number of the DC subcarrier, the value 3300 indicates that the DC subcarrier islocated outside the
resource grid, and the value 3301 indicates that the position of the DC subcarrier in the uplink is undetermined.

4.4.3 Resource elements

Each element in the resource grid for antenna port p and subcarrier spacing configuration u is called a resource element
and is uniquely identified by (k, 1),, , where k istheindex in the frequency domain and | refersto the symbol position

in the time domain relative to some reference point. Resource element (k, 1),,,, corresponds to a physical resource and

the complex value a,({’_jl"‘). When thereis no risk for confusion, or no particular antenna port or subcarrier spacing is

specified, the indices p and ¢ may be dropped, resulting in a,(c"’l) or ay .

4.4.4 Resource blocks

4441 General

A resource block is defined as NXB = 12 consecutive subcarriers in the frequency domain.

4442 Point A

Point A serves as acommon reference point for resource block grids and is obtained from:
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- offsetToPointA for a PCell downlink where offsetToPointA represents the frequency offset between point A and
the lowest subcarrier of the lowest resource block, which overlaps with the SS/PBCH block used by the UE for
initial cell selection, expressed in units of resource blocks assuming 15 kHz subcarrier spacing for FR1 and 60
kHz subcarrier spacing for FR2;

- for operation without shared spectrum channel accessin FR1 and FR2-1, the lowest resource block has the
subcarrier spacing provided by the higher layer parameter subCarrier SpacingCommon;

- for operation with shared spectrum channel accessin FR1 or FR2, and for operation without shared spectrum
channel accessin FR2-2, the lowest resource block has the subcarrier spacing same as the SS/PBCH block
used by the UE for initial cell selection;

- absoluteFrequencyPointA for all other cases where absol uteFrequencyPointA represents the frequency-location
of point A expressed asin ARFCN.

4443 Common resource blocks

Common resource blocks are numbered from 0 and upwards in the frequency domain for subcarrier spacing
configuration u. The center of subcarrier 0 of common resource block O for subcarrier spacing configuration u coincides
with 'point A",

The relation between the common resource block number nk. in the frequency domain and resource elements (k, 1)
for subcarrier spacing configuration u is given by

k
U
Nere = {FS:B|

where k isdefined relative to point A such that k = 0 corresponds to the subcarrier centered around point A.

4444 Physical resource blocks

Physical resource blocks for subcarrier spacing configuration u are defined within a bandwidth part and numbered from
0to Ngy»; — 1 where i isthe number of the bandwidth part. The relation between the physical resource block npgg in
bandwidth part i and the common resource block nggp is given by

u o _.u start,p
N = Nprg + Npwp i

where Ngyp*" isthe common resource block where bandwidth part i starts relative to common resource block 0. When

thereis no risk for confusion the index u may be dropped.

4.4.4.5 Virtual resource blocks

Virtual resource blocks are defined within a bandwidth part and numbered from O to Ng‘i,%ﬁ,‘i — 1 where is the number
of the bandwidth part.

4.4.4.6 Interlaced resource blocks

Multiple interlaces of resource blocks are defined where interlacem € {0,1, ..., M — 1} consists of common resource
blocks {m, M + m,2M + m,3M + m, ...}, with M being the number of interlaces given by Table 4.4.4.6-1. Therelation
between the interlaced resource block nfyy ., € {0,1, ... } in bandwidth part i and interlace m and the common resource
block nky; isgiven by

o _ I start,ju start,u
Nerg = MNigg m + Nawp; + ((m — Nawp;) mod M)

where Ngyp#* is the common resource block where bandwidth part starts relative to common resource block 0. When

thereis no risk for confusion the index u may be dropped.

The UE expects that the number of common resource blocks in an interlace contained within bandwidth part i isno less
than 10.
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Table 4.4.4.6-1: The number of resource block interlaces.

n M
0 10
1 5

4.4.5 Bandwidth part

A bandwidth part is a subset of contiguous common resource blocks defined in clause 4.4.4.3 for agiven numerol ogy
4; inbandwidth part i on agiven carrier. The starting position Nj»* and the number of resource blocks Njir” ina

BWP,i BWP,i
. . start,u start,u start,u size,u start,u start,u size,u start,u size,u
bandwidth part shall fulfil Ngiar < Npwpi < Ngriax T Nriax and Ngiax <Npwpi T Ngwp; < Ngriay + Nyrig'y

respectively. Configuration of a bandwidth part is described in clause 12 of [5, TS 38.213].

A UE can be configured with up to four bandwidth partsin the downlink with a single downlink bandwidth part being
active at agiventime. The UE is not expected to receive PDSCH, PDCCH, or CSI-RS (except for RRM) outside an
active bandwidth part.

A UE can be configured with up to four bandwidth partsin the uplink with a single uplink bandwidth part being active
at agiventime. If aUE is configured with a supplementary uplink, the UE can in addition be configured with up to four
bandwidth parts in the supplementary uplink with a single supplementary uplink bandwidth part being active at a given
time. The UE shall not transmit PUSCH or PUCCH outside an active bandwidth part. For an active cell, the UE shall
not transmit SRS outside an active bandwidth part.

Unless otherwise noted, the description in this specification applies to each of the bandwidth parts. When there is no

. : . start,u size,u start,u size,u
risk of confusion, the index u may be dropped from Ngyp'; Ngwp,; Ngriax » and Noriax -

4.4.6 Common MBS frequency resource

A common MBS frequency resource is a contiguous subset of common resource blocks within a bandwidth part. The
starting position N;tggf;” of the common MBS frequency resource i is defined relative to point A and the size of the

. . size,u .
common MBS frequency resource is given by Ny, . Resource blocks in a common MBS frequency resource are

. . . start,p size,u start,u size,pu
numbered in the same way as resource blocks in clause 4.4.4.4 with N5, and Ngyp'; replaced by Ny and Nygg';

respectively.

A UE isnot expected to receive PDSCH or PDCCH associated with MBS transmissions scheduled with G-RNTI, G-
CS-RNTI or MCCH-RNT!I outside the common MBS frequency resource.

4.5 Carrier aggregation

Transmissions in multiple cells can be aggregated. Unless otherwise noted, the description in this specification applies
to each of the serving cells.

For carrier aggregation of cells with unaligned frame boundaries, the slot offset NS5 .. between a PCell/PScell and

an SCell is determined by higher-layer parameter ca-SotOffset for the SCell. The quantity ps... 1S defined asthe
maximum of the lowest subcarrier spacing configuration among the subcarrier spacings given by the higher-layer

parameters scs-SpecificCarrierList configured for PCell/PSCell and the SCell, respectively. The slot offset NG5 ogreet
fulfills

- when the lowest subcarrier spacing configuration among the subcarrier spacings configured for the cell isu = 2
for both cells or u = 3 for both cells, the start of dot O for the cell whose point A has a lower frequency

coincides with the start of Slot gNS e Mod N for the other cell where q = —1 if point A of the
PCell/PSCell has a frequency lower than the frequency of point A for the SCell, otherwise g = 1;

- otherwise, the start of dot O for the cell with the lower subcarrier spacing of the lowest subcarrier spacing given
by the higher-layer parameters scs-SpecificCarrierList configured for the two cells, or the Pcell/PSCell if both
cells have the same lowest subcarrier spacing given by the higher-layer parameters scs-SpecificCarrierList

configured for the two cells, coincides with the start of dlot qNS.CcQ offse Mod N;'Oatm&”"“s“ for the other cell where
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q = —1if the lowest subcarreier spacing configuration given by scs-SpecificCarrierList of the PCell/PSCell is
smaller than or equal to the lowest subcarrier spacing given by scs-SpecificCarrierList for the SCell, otherwise

q=1.

5 Generic functions

5.1 Modulation mapper

The modulation mapper takes binary digits, 0 or 1, asinput and produces complex-valued modulation symbols as
output.

51.1 /2-BPSK
In case of n/2-BPSK modulation, bit b(i) is mapped to complex-valued modulation symbol d(i) according to
j%(i mod2)

d(i)= eT[(l— 2b(i))+ j(1-2b(0))]

5.1.2 BPSK

In case of BPSK modulation, bit b(i) is mapped to complex-valued modulation symbol d(i) according to

d(i) = 7 [ 2b(i))+ j (- 20(0)]

5.1.3 QPSK

In case of QPSK modulation, pairs of bits, b(2i),b(2i +1), are mapped to complex-valued modulation symbols d(i)
according to

d(i) = T[(l— 20(2i))+ j (1-20(2i +1)) |

5.1.4  16QAM

In case of 16QAM modulation, quadruplets of bits, b(4i),b(4i +1),b(4i + 2),b(4i +3) , are mapped to complex-valued
modulation symbols d(i) according to

d(i) = —{(1— 20(4i))[ 2— (1-20(4i +2)) ]+ j (1- 20(4i +1))[ 2— (1-20(4i +3)) |}

&‘

5.1.5  64QAM

In case of 64QAM modulation, hextuplets of bits, b(6i),b(6i +1),b(6i + 2),b(6i + 3),b(6i + 4),b(6i +5) , are mapped to
complex-valued modulation symbols d(i) according to

d(i) = —{(1— 20(6i))[ 4 (1 20(6i +2))[ 2 (1- 20(6i +4)) | |+ ] (1- 20(6i +1))| 4 (1~ 20(6i +3))[ 2 (1 20(6i +5))]]}

N
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5.1.6 256QAM

In case of 256QAM modulation, octuplets of bits, b(8i),b(8i +1),b(8i + 2),b(8i + 3),b(8i + 4),b(8i +5),b(8i + 6),b(8i +7)
, are mapped to complex-valued modulation symbols d(i) according to

d(i) = {(1— 2b(8i))[8—(1— 2b(8i +2))[ 4- (1 20(8i +4))[ 2—(1- 20(8 +6))m

1
Ji7o
+j(1-2b(8i +1))[8-(1- 20(8i +3))[ 4—(1- 20(8i +5))[ 2 (1- 2b(8 +7))m}

5.1.7 1024QAM

In case of 1024QAM modulation, 10-tuplets of bits, b(10i), b(10i + 1), b(10i + 2), b(10i + 3), b(10i + 4), b(10i +
5),b(10i + 6),b(10i + 7),b(10i + 8), b(10i + 9), are mapped to complex-valued modulation symbols d (i)
according to

d(@) =
1 . . . , .
@(1 —2b(10i + 0)) [16 — (1 —-2b(10i + 2)) [8 —(1-2b(10i + 4)) [4 —(1—2b(10i + 6))[2 — (1 — 2b(10i + 8))]

o1 , . . . .
+j @(1 —2b(10i + 1)) [16 —(1-2b(10i + 3)) [8 —(1-2b(10i + 5)) [4 —(1-2bQ10i + 7))[2 — (1 — 2b(10i + 9))]

5.2 Sequence generation

5.2.1 Pseudo-random sequence generation

Generic pseudo-random seguences are defined by alength-31 Gold sequence. The output sequence c(n) of length M py
,wheren=01,...,M py —1, isdefined by

c(n) = (x,(n+ Ng) + X, (n+ N.))mod?2
% (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 x(n) shall beinitialized with x;(0) =1, x(n) =0,n=12,...,30. The
initialization of the second m-sequence, X, (n), isdenoted by ¢, = Z??O X, (i) - 2" with the value depending on the
application of the sequence.

5.2.2 Low-PAPR sequence generation type 1

The low-PAPR sequence ru(ﬁ'a) (n) isdefined by acyclic shift o of abase sequence T, (n) according to

@9 (n) = €17, (n), 0<n<Mye

where M,. = mNXB /2% isthe length of the sequence. Multiple sequences are defined from a single base sequence
through different values of @ and §.
Base sequences 7, ,(n) aredivided into groups, where ue {O,l...,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 My = mNRB /29,
1/2<m/2° <5 and two base sequences (v = 0,1) of each length M. = mNRE /2%, 6 < m/2° . The definition of the
base sequence T, (0),..., T, , (M ¢ —1) depends on the sequence length M ;¢ .
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5.2.2.1 Base sequences of length 36 or larger

ForMyc = 3N&®, the base sequence 7, , (0)...., (M zc —1) isgiven by

Fu,v(n) = Xq(n mod NZC)
. gm(m+1)
Xg(m)=e N

where

a=g+y2)+v (-1
g=Ny-(u+1)/31

Thelength N, isgiven by the largest prime number such that N, < M 5¢.

5.2.2.2 Base sequences of length less than 36
For M. € {6,12,18,24} the base sequence is given by
Fuy(n) =074 0<n< M, -1
where the value of ¢(n) isgiven by Tables5.2.2.2-1t05.2.2.2-4.
For M ¢ =30, the base sequence T, (0),...,T, , (M zc —1) isgiven by

Zj 7(u+1)(n+1)(n+2)

fv(n)=e 31 , 0SN<M,.-1
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=6.

Table 5.2.2.2-1: Definition of ¢(n) for M ,¢

#(0),...,(5)

-3|1-1{3 3

-3|3

-3
-3

-1

-3

-3

-1
-3
-1

-3

-3

-1
-1

-1

-1/-3

-1/-3

-3[-3

-3|-3

-1/3

-1/-3

-3-1

-1

-3-1
-1

-3]-1]3

-3|-3|-3

3|1

-3 3

-11-3]3

-3 3

-1)3

-3]-1[-3

1133

-1]-1]3

-1)-3|-3|-3

3|1

3111

-1]-1]3

3111

-3|-3|-3|-1

31313
-3|-3]1

;311133

-1]-1]3
-113
-113

3|1

-3|1-3]-3]3]|1
1/1](1]83
1/1]1

3|1

3113
-31-1]1

-3|-1

-3|-3]1

311131
-3|-1

-3|-1

-3|-31-1]1

-3|-3|-3]1
3|11
-3|3

3|1

0
1
2
3
4
5
6
7
8
9
10
11

12 11|13

1311133

14 11|11

15]1]1|1
16
17
18
19
20
21

22 1)1

23|11

24 11|13

25|11

26 |11

27 |11

28 |11

29 1)1
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Table 5.2.2.2-2: Definition of ¢(n) for M, =12.

| en ||| || R D | Q| D D[ 00| D] ||| DN DD | D Do | | D || D
Al || T DA ||| A AT T A D[ A || A [P ||| A || P
A DT T AT ||| T DD || PR[P[DP A H|D| D[P0
Al PR|A|[ | A| A A A [T T | T[T =R oo | || DR |
ST Ao TS F oo T e[| [T oo | T || | | S n| o0 | | | A ||
i [0 | ||| e2 o] 2 [0 2] 2 [0 2| [ a2 0| [ = 2[00
A R e O Bl e Kt Bl S i Rl R e R B S Rl K e R R B R e Rl B Bl
S| 1| @] 0| 0| 1| 02| 00| 00| o0 [ @[ o0 oo | | | | | | en | | 1| @2 i o | | 0| i 0
N e Rl el e e e el e K e B e e R e R R R R e R B R
DA F T ||| F|R(D( | T R(o[ ||| [P ||| m|m| P
nd el Kl At il o il o st K ot s Kl ol B o el A B
op||cp[ep|ep|op| | H[ @] cp[p| P[P | | P | | H| P || o[ @] 0| @R[ | |
Blo|-amisrwjo|~olo SIS NG 8853 Z|RISINIRI QKKK

ETSI



ETSI TS 138 211 V17.5.0 (2023-07)

22

3GPP TS 38.211 version 17.5.0 Release 17

Table 5.2.2.2-3: Definition of ¢(n) for M, - =18

Tl ||| TR || Q||| A || A[F D[R] |F| T 0| |
TRR| T 0| P || Do | Q| oo | oo [T || oo | Q| D
o[ TR PP PR | PR|R| || T[T | oo || T THHon | | | PP | T FH e |
AT oA F| DT ||| Q|| [P ||| ||| || ™
T oo | | D | TP en | Do | T | Do) e | | DD
Al DT | TP || [P ||| [P[D| || DD (||
TR A| | | P | || T | D0 QDD | H | DI DI DI en| Pl D
~
| T A A AR AT | R T T T oo | T T TR e[ | T || TR
—|
SRR | 0| PR | [P 2| P P 0| PR 0| ||| PP 0| P | DA ||
Yoo | P || D Ao =R | | | D D A | Do | P o |
|
o
<o A b Rl B sl A R e Bl Kl R B ot Kl A B R B el S R R Tl A A A K
DD A| A D[ [T F| ||| T AT [T D]|||0|H|F
Al | T[T | A R[P| |V DPR[ || AP P [ |D|H
|| T | P m|m| | Q00| | D H DD ) | | oo Qe | | € Q)
R T T | |00 P | || Q|| Q| | S e | DI T | ) D | 0| D <
oo ||| T | TP P | Q|| Q) QDD 00| D00 || T DI T | T | |
| P | Q| Q| || TP D 00| A T T A 0| | P Q| S H Q| D Do
e[ R|R||o| | | || DD DI | QDD 00| Q) | 0| 00| QDI D
o|ld|N|m|<|n|o|~|olo|o|d|lN|m|st|w|o|~|n|o
S|O|H N[O OO | | H| | o | o | | o | | | o | Q| N NN QN N e N
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Table 5.2.2.2-4: Definition of ¢(n) for M, =24

9(0),..., 9(23

-3|-1]-3[-1]1[3[-3[-1[-3[3[3[3]-3[-3]-3
1[-3]-1]1]3]-3]|3|3[3]-3][1]3]3]-3]-3
a-3[-af-a]-3[1]1]3]1]-3]-1]-1]3]-3]-3
-|1]1]3]-3][-1]-3]-3][-3]-1]3]-3]-1]-3]-3
3{1]3|-1]-a]-3]1]3]1]-1]-3]1]-1]-3]-3
-]-1]-3]1|3]1]-1]-3[-1]-3]1]-3]-3]-3]-3
1[-1]-3[-1]-3]-3]-3[-3[-1]-1]-1[1]1]-3]-3
-1]-3[-1]-3[3[-1[-1[-1[-3]-1]-1]-3]3]3]-3
1[-1]-3]-1]1]3]-2]1]-1]1]-3]-3]-3]-3]-3
-1|1]-3]3]-3[-3]3[-1][-3]1[3]-3]1]-3]-3
1[-3]1]1]3]1]1]3]1]1]-3][3]1]3]-3
3[1]1]1]3]3]1[3]3]1]1]3]1]3]-3
-1]-3[-1]3[-3[3[-1][-1[3]3]-3]-3]3]-3]-3
-3|1[3]-3]3]-3]-3[-1[1]3]-3]-1]-1]-3]-3
1[-1]3]3]-1]-3]3][-3[-1]-1]-3]-3]-3]3]-3
311131 ]3][1]3|1]1]1]1]-3]-3
al-af1]1]al-a[3]-3[1]3]1]1]-1]-1]3
3|3 |-3]-af-a]-1]-1]-1]-3]-3]-1]1]1]-3]-3
-3]-3[-3]-3]-3[1[-3[-3[1]1]-3]1]1]-3]-3
31123 ]-3]-1]-3]-1]-1]1]-3]3]-1]-3
-1|3[-3]1]-3[3]-3[3[3]1]-1]-1]1]-3]-3
-1]-3[3]1]-3[3]-1]-1]-1]-1]1]-3]-3]-3]-3
-1]-3[-1]-3]-3[-3][-3[1[3]-1]1]3]3]3]-3
331121 ]-1]-1]-3]-3]-3][3]1]-1]-3
-1]3[-3]-1]3[-3[3[-3[-1]3]1]1]-1]-3]-3
3l1f1]al1]1]3]3]3]-1]1]1]1]1]3
3[-1]-3]1]3]1]1]-3]-3][-3]-1]-3]-1]-3]-3
1l1]1]3]-1]3]-3]-1]3]-1]3]1]-1]-3]-3
-3|-3[-a]1]3[-1][-3[3[1]-1]-3]-3]-3]-3]-3
3[-1]-3]-1]-3]3]-1]3[1]1]-3]3]-3]-3]-3

-1/-3]13[-1]3[1|3]-1
-1/-3]13[1]1(-3/1]-3
-1/-3]-83]1]-1[-1|-3]1

-1/3]-3]-3|-1|3|-1]-1
-3|-1]11(-3|]-3]1|1]-3
-3/3]1(3|-1]1(-3]1
831113 [-1]1[-1/3]|-3
-311]-3[3|-1[-1|-1]|-3

O|o|N|o|g|Mw|N(F|o|=

10 [-3|-3|-3[-1|3|-3|3]|1
11 [-3]3|-1[3|1|-1]-1|1

3
13 [-3]/3|-1{3|-1]3|3]|1
14 |-3]1|-3|-1|-1|3 |1
15 [-3]-1|-1|-3|1|-3|-3|-1
16 [-3]-3|/1[-1|3|3|-3|-1

18 [-3]1|-3|1|-3]-3|1|-3
19 [-3|-3|3[3|1|-1]-1|1
20 |-3|-3|-1|-1]-1|-3|1]|-1

22 |-3]1|-3]3|-3]1]|-3|3
23 |-3|-1]1|-3|-1|-1]1]1
24 |-313|-1|-3|-1|-1]-1|3
25 |-3]1|-1]-3]-3|-1|1|-3
26 |-113|-1|-1]3|3]|-1|-1
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5.2.3 Low-PAPR sequence generation type 2

The low-PAPR sequence r,'%®

(n) isdefined by a base sequence 73, ,,(n) according to
(2,6) _ =
Ty (M) =1, (M), os<n<M
where M = mNRB /2% isthe length of the sequence.

Base sequences 7;,,(n) are divided into groups, where u € {0,1, ...,29} is the group number and v is the base sequence
number within the group, such that each group contains one base sequence (v = 0) of length M = mNXB /29
1/2 <m/2%. The sequence 7, ,(0), ..., 7;,,(M — 1) is defined by

M-1
() == ) R (e N
T n)=— T L)e
u,v \/Mizo u,v
n=0,.,M-1

where the definition of 7, ,, (i) depends on the sequence length.

5.2.3.1 Sequences of length 30 or larger

For M > 30, the sequence 7, ,, (i) is obtained as the complex-val ued modul ations symbols resulting from n/2-BPSK
modulation as defined in clause 5.1.1 applied to the binary sequence ¢ (i) given by clause 5.2.1, initialized with ¢;p;;.

5.2.3.2 Sequences of length less than 30

For M = 6, the sequence 7, ,,(i) isgiven by
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fip(@) = /OB 0<i<M -1
where the value of ¢ (i) isgiven by Table 5.2.3.2-1.

For M € {12,18, 24}, the sequence 7, (i) is obtained as the complex-val ued modul ations symbols resulting from n/2-
BPSK modulation as defined in clause 5.1.1 applied to the binary sequence b (i) given by Tables5.2.3.2-2 t0 5.2.3.2-4.

Table 5.2.3.2-1: Definition of ¢(i) for M = 6.

9(0), ..., ¢(5)
-1|-71-3|-5|-1|3
-113(7(-3]7]83
-113]1[5]-1|-5
-7|-3|-7]5]|-7|-8
715|-1|-7[-3]|1
3[-3|1[5(-1]-1
-7|-3|-7]-3|7|-5
-71-3|1]-5]-1|-5
-71-3|3[-3]|-7|-3
-7|-7(-1]1|-5]1
10 |-7|-8|-7|5]-1|5
11 |-7]-7|-3]1|5]-1
12 |57 |-3|-5/5]-5
13 |-3| 7 |-5]-1|-5]-1
14 |5 |-7|7]1|5]1
15 |-7]/3|1]|5]-1|3
16 |-7|-5 -71-5]5
17 |-7]1 3|7]|5
18 |-7|-7 5/1|5
19 |-7]-8 -113 (-5
20 |-7]-5 3[-7]-1
5/3]|7
-5]-1]3
5|-7]-1
-1|-7|-8
-113 (-8
-1)3
5/3]|7
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Table 5.2.3.2-2: Definition of b(i) for M = 12.

O|H|H|O|H|H|O|OHOOOO|dd|d|d|d|O|d|dd|d|d|O|O|O|O| |||
A O|O||H|O(H|O|Hd|d|d||d|O(O|H|O|H|H|OO|O|O|O |||
—A|—[HOO(O(O|0|0|0O|H|0O|H|O0|0|0|0|H|0|O|dH|dO|d(d(dd/O(O|O
\1../000111011101110101001110100001
ulolOOOOO—I_100100000100000111001
10-.101110100100011001101000111101
@000110001000000000111010100110
Ro|o|o|d|o|d|d|o|d|d|d|o|o|o|o|o|o|o|H|O| ||| ||| |||
O|0|0|0|0O|H| OO [d(OO(O|O|H|O|O|O| ||| ||| |||
O|0|0|H|H|O|O|HO|O(0O(O(dH (OO0 |0|0|O||d||d|O| |||
O|I0|I0|H|H |1 OO dddd/O0O|0O|0|0O|0|H|0O|0|0|0|0|0|0|0|O|0
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Table 5.2.3.2-3: Definition of b(i) for M = 18.

A A= ]o]o|d]d]w|d]w]o]«|o|o|o]w|o|a]a|w]w|w]|«|o|o]o]o|o]o
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S I EE EEEEEEEEEE EEE EEE EEE N E R EE
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Table 5.2.3.2-4: Definition of b(i) for M = 24
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5.3 OFDM baseband signal generation

5.3.1 OFDM baseband signal generation for all channels except PRACH
and RIM-RS

The time-continuous signal 51( P41) (t) on antenna port p and subcarrier spacing configuration u for OFDM symbol
le{0.1,.... Ng™™“N3%, —1} inasubframe for any physical channel or signal except PRACH is defined by

slot

s " u
Sgp'“) (t) = {Sl (t) tstart,l =t< tgtart,l + Tsymb,l

, 0 otherwise
NeriguNse =1
3P (¢) = Z a}(fl,,t) ejZn(k+kg_N;;ﬁjgzvg*f/z)Af(t_NgHT,tgm_l)
le=0
uwo_ start,u size,u RB start,u, size,u RB _
Ky = (N + Nt J2)NEP — (Nl 4+ N7k /2) NE 2t
Tlsjlymb,l = (NLIIL + Né"p,l)Tc
wheret = 0 at the start of the subframe,

N/ = 2048k 27+

512x-27# extended cyclic prefix
Ngp, =1144x-27% +16x normal cyclicprefix, | =0or| =7-2

144k - 27 normal cyclicprefix, | # 0and| = 7-2#
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and
- Af isgivenby clause 4.2;
- U isthe subcarrier spacing configuration;

- Yo isthelargest u value among the subcarrier spacing configurations by scs-SpecificCarrierList for each of
uplink and downlink and by sI-SCS-SpecificCarrierList for sidelink.

In case of cyclic prefix extension of the first OFDM symbol [ allocated for PUSCH, SRS, or PUCCH transmission, the
time-continuous signal s®m (t) fortheinterval tt — T <t < ts‘tart‘l preceding the first OFDM symbol for

ext start,!

PUSCH, SRS, or PUCCH is given by
Séﬁ.#) ®) = §l(p;#) ®)
where t < 0 refersto the signal in the previous subframe and

- for dynamically scheduled PUSCH, SRS, and PUCCH transmissions

—mi I
T(i‘xt_rnI n (maX(TelxtJ 0); Twmb,(l—l)mod7-2”‘)

Ci
o I — A.
ext — z =1 Tsymb,(l—k)mod 7:28 A

where A; isgiven by Table 5.3.1-1 with ¢; = 1 for u € {0,1}, C; = 2 for u = 2, and C, and C; given by the
higher-layer parameters cp-ExtensionC2 and cp-ExtensionC3, respectively, and T, given by clause 4.3.1. For
contention-based random access, or in absence of higher-layer configuration of C, and C5, the value of C;shall be
set to the largest integer fulfilling Te < T;;rmb,(l—l)mod7-2“ for each of the values of i € {2,3}. Tex isapplied to
the first UL transmission scheduled by the scheduling DCI.

- for aPUSCH transmission using configured grant

20

— H — A
Toq = Zk—l Tsymb,(l—k)mod 7-28 A

where A; isgiven by Table 5.3.1-2 with the index i given by the procedurein [6, TS 38.214].

The starting position of OFDM symbol | for subcarrier spacing configuration 4 in a subframeis given by

i =0
start| ™ té‘m,l_ﬁ(N{f + Né‘p,l_l)-TC otherwise

Table 5.3.1-1: The variables C; and A; for cyclic prefix extension

Ty index i C; A;
0 - -
1 C 25-107°
2 CZ 16 B 10_6 + TTA
3 C3 25 B 10_6 + TTA
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Table 5.3.1-2: The variable A; for cyclic prefix extension with configured grants.

index i A;

0 16-10~°
25-10°
34-107°
43-10°°
52-107°
61-10-°

M
Tﬂ
k1 symb,(l-k)mod 7-2*

OO (WIN|F

5.3.2 OFDM baseband signal generation for PRACH

The time-continuous signal 51( P41) (t) on antenna port p for PRACH is defined by

Lra—1
sfp'”)(t) _ z a}({p.RA) ej2n(k+Kk1+F)AfRA(thgé_chfts’la\n)
k=0
K = Af/Afra _
ky = ko + (N33, — Ngig" INS2 — Ngig" N2 /2 + nid'NE®
nra NRENRE if Lra € {139,839}
4 {npaNRENS? if Lga € {571,1151} in FR2-2
start, start, RB .
(N s — Nt JNEPif Ly € {571,151} in FRI
uo_ start,u size,u RB start,u, size,u RB _
ky = (Ngrid + Nyig /Z)NSC - (Ngrid 0 4 Ngrid 0/2) NRB2#oH

where ty <t <t +(Nu +N&, )I'c and

-k isgiven by clause 6.3.3;

- Af isthesubcarrier spacing of theinitial uplink bandwidth part during initial access. Otherwise, Af isthe
subcarrier spacing of the active uplink bandwidth part;

- W isthelargest u value among the subcarrier spacing configurations by the higher-layer parameter scs-
FoecificCarrierList;

- Ng\;‘\;},,i is the lowest numbered resource block of the initial uplink bandwidth part and is derived by the higher-

layer parameter initial UplinkBWP during initial access. Otherwise, Ng\‘j‘r\,},‘i is the lowest numbered resource

block of the active uplink bandwidth part and is derived by the higher-layer parameter BWP-Uplink;

- ni&" isthe frequency offset of the lowest PRACH transmission occasion in frequency domain with respect to
physical resource block O of the active uplink bandwidth part. The quantity nia™ is given by the higher-layer
parameter msgA-RO-FrequencyStart if configured and atype-2 random-access procedure is initiated as
described in clause 8.1 of [5, TS 38.213], otherwise by msgl-FrequencyStart as described in clause 8.1 of [5 TS
38.213];

- nNga iSthe PRACH transmission occasion index in frequency domain for a given PRACH transmission occasion
in one time instance as given by clause 6.3.3.2;

- NSBA isthe number of resource blocks occupied and is given by the parameter allocation expressed in number of
RBsfor PUSCH in Table 6.3.3.2-1.

- NypuLn iSthe start CRB index of uplink RB set n corresponding to the quantity RB, "' The UE assumes that
the RB set is defined as when the UE is not provided IntraCell GuardBandsPer SCSfor an UL carrier as

described in Clause 7 of [6, TS 38.214]
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- nq istheindex of the RB set which contai nsthe lowest PRACH transmission occasion in frequency domain
indicated by nxa". The UE may assume that nxa" is configured such that each PRACH transmission occasion is
fully contai ned Wlthln an RB set.

- Lga and N, aregiven by clause 6.3.3
- NB, =N§ + n- 16K where
- for Afg, € {1.25,5}kHz ,n =0

- for Afya € {15,30,60,120,480,960}kHz, n is the number of timestheinterval [¢RA , tR4  +
(N* + NE)T.) overlaps with either time instance 0 or time instance (Af , N¢ /2000)-T, =0.5ms ina
subframe

The starting position tR4,; of the PRACH preamble in a subframe (for Afg, € {1.25,5,15,30} kHz) or in a60 kHz slot
(for Afra € {60,120,480,960}kHz) is given by

RA
tstart

=t~

start,|

v {O =0
|t + (NE +NE&, )T, otherwise
where

- the subframe or 60 kHz dot is assumed to start at t = 0;

- atiming advance value Ny, = 0 shall be assumed;

- N and N§,,_, aregiven by clause 5.3.1;

- =0 shal beassumed for Afz, € {1.25,5} kHz, otherwise the value of u correspondsto Afga €
{15, 30, 60,120, 480,960} kHz and the symbol position | isgiven by
l=1y+nfANRS + 14085
where
- |, isgiven by the parameter "starting symbol" in Tables 6.3.3.2-2 t0 6.3.3.2-4;
- ™ isthe PRACH transmission occasion within the PRACH slot, numbered in increasing order from 0 to

NFA9* —1 within aRACH slot where N/** is given Tables 6.3.3.2-2 to 6.3.3.2-4 for Ly, € {139,571,1151}
and fixed to 1 for L., =839;

- NP isgiven by Tables6.3.3.2-2 t0 6.3.3.2-4;

dur
- niy isgivenby
- if Afga € {1.25,5,15,60} kHz, then nf4 =0

- if Afga € {30,120} kHz and either of "Number of PRACH dots within a subframe" in Tables 6.3.3.2-2 to
6.3.3.2-3 or "Number of PRACH dots within a60 kHz dot" in Table 6.3.3.2-4 isequal to 1, then nfA, = 1,
otherwise n, € {0,1}

- if Afga € {480,960} kHz and

- the"Number of PRACH slotswithin a60 kHz slot" in Table 6.3.3.2-4 isequal to 1, then nXA, = 7 for
Afra = 480 kHz and nR2, = 15 for Afg, = 960 kHz, or

- the "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 isequal to 2, then nk4, € {3,7} for
Afpa = 480 kHz and nR8, € {7,15} for Afga = 960 kHz.
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If the preamble format given by Tables 6.3.3.2-2t0 6.3.3.2-4isA1/B1, A2/B2 or A3/B3, then

- ifnfA = NtRA'S'"t — 1, then the PRACH preamble with the corresponding PRACH preamble format from B1, B2
and B3 is transmitted in the PRACH transmission occasion;

- otherwise the PRACH preamble with the corresponding PRACH preamble format from A1, A2 and A3 is
transmitted in the PRACH transmission occasion

5.3.3 OFDM baseband signal generation for RIM-RS
The time-continuous signal s,(p"‘) (t) on antenna port p for RIM-RS is defined by

(pﬂ)(t) _ ZLRIM 1 (p RIM) e]Zn(k+k1)AfR[M(t NEMTe—thriro)

where
tami, < €< thay, + (NFM + NEMT,
NRM = 2.2048k - 27#
NE = &, + &
I {0 ifly = N3o, — 1
lo+1 otherwise
and

- Afam = 15 - 2# kHz where u € {0,1} isthe subcarrier spacing configuration for the RIM-RS;
-k, isthe starting frequency offset of the RIM-RS as given by clause 7.4.1.6.4.3;

- Lgiy = 12N8M isthe length of the RIM-RS sequence where N8 is the bandwidth of the RIM-RS in resource
blocks;

- |, isthe starting symbol given by clause 7.4.1.6.3;
- taatl, = iy, iSGiven by clause 5.3.1 with I = I;

- Nipy = Ny, isgivenby clause 5.3.1 with [ = [;.

54 Modulation and upconversion

Modulation and upconversion to the carrier frequency f, of the complex-valued OFDM baseband signal for antenna
port p, subcarrier spacing configuration u, and OFDM symbol | in a subframe assumed to start at t =0 isgiven by

- for PRACH

Re{sl(p‘”) (t)ejanot}

- for RIM-RS

Re {Sl(p;#) (t) e jznfORl M (t_tgart,lo _N(?IIDM Tc)}

where fR™ s the configured reference point for RIM-RS;

- for dl other channels and signals

Re{g(p”)(t) JZ”fo( et NCPIT)}
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NOTE: For the uplink, the signal sl(p"‘)(t) and the baseband signals part thereof should be filtered per UE
implementation, as required, to meet the minimum requirements as specified in [38.101-1] and [38.101-2]
for the respective frequency range.

6 Uplink

6.1 Overview

6.1.1 Overview of physical channels

An uplink physical channel correspondsto a set of resource elements carrying information originating from higher
layers. The following uplink physical channels are defined:

- Physical Uplink Shared Channel, PUSCH
- Physical Uplink Control Channel, PUCCH

- Physical Random Access Channel, PRACH

6.1.2 Overview of 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:

- Demodulation reference signals, DM-RS
- Phase-tracking reference signals, PT-RS

- Sounding reference signal, SRS

6.2 Physical resources

The frame structure and physical resources the UE shall use when transmitting in the uplink transmissions are defined
in Clause 4.

The following antenna ports are defined for the uplink:
- Antenna ports starting with 0 for demodulation reference signals for PUSCH
- Antennaports starting with 1000 for SRS, PUSCH
- Antenna ports starting with 2000 for PUCCH
- Antenna port 4000 for PRACH

If PUSCH repetition Type B as described in clause 6.1 of [6, TS38.214] is applied to a physical channel, the UE
transmission shall be such that the channel over which a symbol on the antenna port used for uplink transmission is
conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed if the two
symbols correspond to the same actual repetition of a PUSCH transmission with repetition Type B.

If intra-slot frequency hopping is not enabled for a physical channel and PUSCH repetition Type B is not applied to the
physical channel, the UE transmission shall be such that the channel over which a symbol on the antenna port used for
uplink transmission is conveyed can be inferred from the channel over which another symbol on the same antenna port
is conveyed if the two symbols correspond to the same dot.

If intra-slot frequency hopping is enabled for a physical channel, the UE transmission shall be such that the channel
over which a symbol on the antenna port used for uplink transmission is 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 the same
frequency hop, regardless of whether the frequency hop distance is zero or not.
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If DM-RS bundling is applied to PUSCH and/or PUCCH repetitions and/or transport-block processing over multiple
dlots as described in clause 6.1.7 of [6, 38.214], the UE transmission shall be such that the channel over which a symbol
on the antenna port used for uplink transmission is conveyed can be inferred from the channel over which another
symbol on the same antenna port is conveyed if the two symbols are transmitted within the same actual time-domain
window.

6.3 Physical channels

6.3.1 Physical uplink shared channel

6.3.1.1 Scrambling

For the single codeword q =0, the block of bits 5@ (0), ..., b@ (M? — 1), where M{? is the number of bitsin
codeword g transmitted on the physical channel, shall be scrambled prior to modulation, resulting in a block of
scrambled bits 5@ (0), ..., 5@ (M? — 1) according to the following pseudo code

Seti=0
while i < M{?
if b (i) =x // UCI placeholder bits
b@()=1
else
if b@(i)=y // UCI placeholder bits
b@ (i) =b@ (-1
else
b @ (i) = (b (i) +c@ (i) )mod2
end if
end if
i=i+1l
end while

where x and y are tags defined in [4, TS 38.212] and where the scrambling sequence ¢(@ (i) is given by clause 5.2.1.
The scrambling sequence generator shall beinitialized with

Ci = {nRNTI - 2'¢ + npapip - 2" + nyp  for msgA on PUSCH
init Nyt * 228 + nyp otherwise

where

- Npe {0,L...,1023} eguals the higher-layer parameter dataScramblingldentityPUSCH if configured and the RNTI

equalsthe C-RNTI, MCS-C-RNTI, SP-CSI-RNTI or CS-RNTI, and the transmission is not scheduled using DCI
format 0_0 in a common search space;

- np € {0,1, ...,1023} equals the higher-layer parameter msgA-DataScramblinglndex if configured and the
PUSCH transmission is triggered by a Type-2 random access procedure as described in clause 8.1A of [5, TS
38.213];

- np=NZ' otherwise
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npapip 1S the index of the random-access preamble transmitted for msgA as described in clause 5.1.3A of [11, TS
38.321]

and where ngyp equalsthe RA-RNTI for msgA and otherwise corresponds to the RNTI associated with the PUSCH
transmission as described in clause 6.1 of [6, TS 38.214] and clause 8.3 of [5, TS 38.213].

6.3.1.2 Modulation

For the single codeword q =0, the block of scrambled bits 5 (0), ..., 5@ (M — 1) shall be modulated as described
in clause 5.1 using one of the modulation schemesin Table 6.3.1.2-1, resulting in a block of complex-valued
modulation symbols d(®(0), ..., d@ (Ms(;ﬁb — 1).

Table 6.3.1.2-1: Supported modulation schemes.

Transform precoding disabled Transform precoding enabled
Modulation scheme Modulation order Qm Modulation scheme Modulation order Qm
m/2-BPSK 1
QPSK 2 QPSK 2
16QAM 4 16QAM 4
64QAM 6 64QAM 6
2560QAM 8 256QAM 8

6.3.1.3 Layer mapping

For the single codeword =0, the complex-valued modulation symbols for the codeword to be transmitted shall be
mapped onto up to four layers according to Table 7.3.1.3-1. Complex-valued modulation symbols
d@(0), ..., d@ (ng;b — 1) for codeword g shall be mapped onto the layers x(i) = [x© (i)

layer
symb

xCODO] i =

0,1, .., M™ — 1 where v isthe number of layersand M'¥" is the number of modulation symbols per layer.

» " symb

6.3.1.4 Transform precoding

If transform precoding is not enabled according to 6.1.3 of [6, TS38.214], v (i) = x* (i) for each layer
A=01...,0-1.

If transform precoding is enabled according to 6.1.3 of [6, TS38.214],v = 1 and ¥ (i) depends on the configuration
of phase-tracking reference signals.

If the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are not being used, the block of
complex-valued symbols x@(0), ..., x(© (Mfylf;’,ﬁ - 1) for the single layer 1 = 0 shall be divided into Mfylf;’g /MEVSCH
sets, each corresponding to one OFDM symbol and &9 (i) = x (i) .

If the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used, the block of complex-
valued symbols x(©(0), ..., x© (M;;fne; - 1) shall be divided into sets, each set corresponding to one OFDM symbol,

and where set | contains M 25" — g NS2PN_ 7% symbols and is mapped to the complex-valued symbols

O (IMEUSCH 4 i) corresponding to OFDM symbol | prior to transform precoding, with i’ € {0,1, ..., MEYSCH — 1} and
i”#m. Theindex m of PT-RS samplesin set |, the number of samples per PT-RS group NP and the number of

samp

PT-RS groups Ngrou are defined in clause 6.4.1.2.2.2. The quantity & =1 when OFDM symbol | contains one or more

PT-RS samples, otherwise ¢, =0.

Transform precoding shall be applied according to
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MPUSH 1 . 27k

=T
—:FI;JSCH > KO1-MPH e M=
JMSC i=0
kzO,...,MSF;USCH -1
| =0,..,M2% /M5 1

oy ymb

y(0) (l . MSF;USCH + k) —

resulting in a block of complex-valued symbols y©(0), ..., y© (Mlayer - 1). The variable M 225" = MESSH . NEB

symb
where MZ5°H represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil

M 'ngJmH — 26{2 . 3&’3 . 50!5

where o,, 03,05 isaset of non-negative integers.

6.3.1.5 Precoding
The block of vectors [y@(i) ... y* ()], i=04..,M!% _1 shall be precoded according to
Z( Po) (i) y(O) (i)
P =w|
Z( ppfl) (l) y(v—l) (l)

where i =01..,M%, -1, MZ = M2% The set of antennaports {p,  p, ; | shall be determined according to the
procedurein [6, TS 38.214].

For non-codebook-based transmission, the precoding matrix W equals the identity matrix.

For codebook-based transmission, the precoding matrix W isgiven by W = 1 for single-layer transmission on asingle
antenna port, otherwise by Tables 6.3.1.5-1 t0 6.3.1.5-7 with the TPMI index obtained from the DCI scheduling the
uplink transmission or the higher layer parameters according to the procedurein [6, TS 38.214].

When the higher-layer parameter txConfig is not configured, the precoding matrix W = 1.

Table 6.3.1.5-1: Precoding matrix W for single-layer transmission using two antenna ports.

TPMI index W
(ordered from left to right in increasing order of TPMI index)

SR EN e R
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Table 6.3.1.5-2: Precoding matrix W for single-layer transmission using four antenna ports with
transform precoding enabled.

TPMI index W
(ordered from left to right in increasing order of TPMI index)
1 0 0 0 1 1 1 1
10 1|1 1|0 1|0 1|0 1| 0 1|0 11 0
=7 | Zlo| | 200 | 21| | 20| | 21| | 2|-1] | 2|i| | 2|-]
10| 0 10| 1 0 0 0 | 0|
[0] 0 [0] [ 0] (1] 1 (1] [ 1]
1|11 1|1 1|11 1] 1 1| 1 1|1 1| 1 1/ 1
8-15 1 ol | 2l o | 2o |2 0| |2 1] 2|i| |2-1|]| 2|-]
1] -1 L] -] | —1] j | 1] =]
(1 1 [ 1] [ 1] (1] 1 (1] [ 1]
1] 1| ] 1] j 1] ] 1/-1 1|-1 1/-1 1|-1
16 - 23 - - = = . - = . - = .
211 2] 2| -1 2|—] 2|1 2| ] 2|-1 20—
j] 1 =] | -1 | 1] - | —1] L]
1 1 [ 1] [ 1]
11— 1|-1] 11— 11—
24=20 0S5 012 2 -1 | 2]-g ) ) ) )
-] -1 L] L1

Table 6.3.1.5-3: Precoding matrix W for single-layer transmission using four antenna ports with
transform precoding disabled.

TPMI index \Wi
(ordered from left to right in increasing order of TPMI index)
1 0 0 0 1 1 1 1
1|0 11 1|0 1|0 1|0 1l 0 1|0 1l 0
=7 | 2ol | 20| | 21| | 2lo| | 21| | 2|-1| | 2|il| | 2|-]
10] 0 10] 1 0] 0 | 0|
[0] [ 0] [0] [ 0] 1] 1 1] (1]
1|1 11 1|1 1l 1 1(1 1|1 1l 1 1l 1
815 20| | 2/0o| | 20 | 2/0|]| 22 | 2i| | 2|-1]]| 2|-]
11] -1 L] —j 1 ] |—1] =]
[1] 1] [ 1] [ 1] 1 1 1] [ 1]
1] 1] 1| | 1| ] -1 | 1/-1| | 1/-1] | 1|1
16 — 23 = = . = = . - = . = = .
2|11 2| ] 2| -1 2| -] 2| 1 2| ] 2|-1 2| -]
n -1 -] | 1] -1 —j | 1] L]
1 1 [ 1] [ 1]
11— 1|-1] 11— 1{-]
24720 0l 2] g ]| 21 | 2]-] ) ) ) '
-] 1 L] |-1]
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Table 6.3.1.5-4: Precoding matrix W for two-layer transmission using two antenna ports with
transform precoding disabled.

TPMI index W
(ordered from left to right in increasing order of TPMI index)

Sl N N N e I I 1

Table 6.3.1.5-5: Precoding matrix W for two-layer transmission using four antenna ports with
transform precoding disabled.

TPMI index W
(ordered from left to right in increasing order of TPMI index)
10 10 10 00
1/0 1 10 O 1/0 O 111 0
0-3 2|0 0 2|0 1 2|0 0 2|0 1
10 0 10 0] 01 10 0]
[0 0] [0 0] 1 0 (1 0]
111 0 10 O 110 1 1/0 1
4= 2|0 0 2|10 2|1 0 2|10
10 1) 10 1] 0 —j 10 ]
1 0 1 0 1 0 1 0
110 1 10 1 110 1 110 1
8-11 2l-j o0 2|-j o 2|-1 0 2|-1 0
0 1 0 -1 0 —j 0 |
10 1 0 11 1 1
1/0 1 10 1 111 1 1 (1 1
2ot 2i o 2lj o 22|1 -1 22|i -i
01 0 -1 1 -1 i i
1 1 1 1] 1 1 1 1
16-19 N EEE N R
221 -1 220 - 22| 1 -1 22| § -]
i =i -1 1| -1 1 i i
1 1 1 1]
1|\-1 -1 1 |-] -
20-21 m 1 -1 m - - -
-j 1 -1]
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Table 6.3.1.5-6: Precoding matrix W for three-layer transmission using four antenna ports with
transform precoding disabled.

TPMI W
index (ordered from left to right in increasing order of TPMI index)
1 00 1 00 1 00 1 1 1
110 1 O 110 1 O 110 1 0 111 -1 1
0-3 2/0 0 1 2/1 00 2/-1 00 2/3]1 1 -1
00O 001 0 01 1 -1 -1
1 1 1 1 11 1 1 1
111 -1 1 1/-11 -1 1 /1-1 1 -1
S P Y T T I WA I T U P =1 IV T '
-0 - -11 1 -0

Table 6.3.1.5-7: Precoding matrix W for four-layer transmission using four antenna ports with
transform precoding disabled.

TPMI W
index (ordered from left to right in increasing order of TPMI index)
1000 11 0 0 1 1 0 O 11 1 1
10 1 0 © 110 0 1 1 1/0 0 1 1 111 -1 1 -1
0-3 2(0 010 2211 -1 0 0| 2/2]j -j 0 © 41 1 -1 -1
0001 0 0 1 -1 0 0 j —j 1 -1 -1 1
11 1 1
111 -1 1 -1
4 =1 o - - -
a1 1 -1 -1
I N
6.3.1.6 Mapping to virtual resource blocks

For each of the antenna ports used for transmission of the PUSCH, the block of complex-valued symbols
2(P(0),..., 2P (MJ, —1) shall be multiplied with the amplitude scaling factor fpysci in order to conform to the

transmit power specified in [5, TS 38.213] and mapped in sequence starting with z(P) (0) to resource elements (k', 1), ,
in the virtual resource blocks assigned for transmission which meet al of the following criteria:

- they areinthe virtua resource blocks assigned for transmission, and

- the corresponding resource elements in the corresponding physical resource blocks are not used for transmission
of the associated DM-RS, PT-RS, or DM-RS intended for other co-scheduled UEs as described in clause
6.4.1.1.3

The mapping to resource elements (k’, 1),,, alocated for PUSCH according to [6, TS 38.214] shall be in increasing
order of first theindex k' over the assigned virtual resource blocks, where k' = 0 isthe first subcarrier in the lowest-
numbered virtual resource block assigned for transmission, and then the index | , with the starting position given by [6,
TS 38.214].

6.3.1.7 Mapping from virtual to physical resource blocks
Virtual resource blocks shall be mapped to physical resource blocks according to non-interleaved mapping.

For non-interleaved VVRB-to-PRB mapping for uplink resource allocation types 0 and 1 [6, TS 38.214], virtual resource
block n is mapped to physical resource block n except for PUSCH scheduled by RAR UL grant or PUSCH scheduled
by DCI format 0_0 with CRC scrambled by TC-RNTI in active uplink bandwidith part i starting at Ngyp;, including all
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resource blocks of theinitial uplink bandwidth part starting at Niiyp 0. and having the same subcarrier spacing and
cyclic prefix astheinitial uplink bandwidth part, in which case virtual resource block n is mapped to physical resource
block n + N§i5o — Nawp.:-

For non-interleaved VRB-to-PRB mapping for uplink resource allocation type 2 [6, TS 38.214], virtual resource block
n is mapped to physical resource block n.

6.3.2 Physical uplink control channel

6.3.2.1 General

The physical uplink control channel supports multiple formats as shown in Table 6.3.2.1-1. In case intra-slot frequency
hopping is configured for PUCCH formats 1, 3, or 4 according to clause 9.2.1 of [5, TS38.213], the number of symbols

in the first hop is given by LN;%%CH / ZJ where N;%%CH isthe length of the PUCCH transmission in OFDM symbols.

Table 6.3.2.1-1: PUCCH formats.

PUCCH format Length in OFDM symbols Number of bits
N PUCCH
symb
0 1-2 <2
1 4-14 <2
2 1-2 >2
3 4-14 >2
4 4-14 >2
6.3.2.2 Sequence and cyclic shift hopping

PUCCH formats 0, 1, 3, and 4 use sequences ru(_”l‘,"” (n) given by clause 5.2.2 with § = 0 where the sequence group u

and the sequence number v depend on the sequence hopping in clause 6.3.2.2.1 and the cyclic shift a depends on the
cyclic shift hopping in clause 6.3.2.2.2.

6.3.2.2.1 Group and sequence hopping

The sequence group u = ( fen + fss) mod 30 and the sequence number v within the group depends on the higher-layer
parameter pucch-GroupHopping:

- if pucch-GroupHopping equals 'neither’
fgh = 0

fss = Nip Mod30
v=0

where n, isgiven by the higher-layer parameter hoppingld if configured, otherwise n;, = Ngs!'.
- if pucch-GroupHopping equals 'enable’
7 m
fon =(Zm202 c(8(2n_gff + Mgy ) + m))modSO

f =n,, mod30
v=0

where the pseudo-random sequence c(i) isdefined by clause 5.2.1 and shall be initialized at the beginning of
each radio frame with ¢y, = |_nID /30J where n, isgiven by the higher-layer parameter hoppingld if
configured, otherwise n;, = N,

- if pucch-GroupHopping equals 'disable
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f, =0
fs =N, mod30
v=c(2ng +n,,)
where the pseudo-random sequence c(i) is defined by clause 5.2.1 and shall be initialized at the beginning of

each radio frame with c;,;; = 2°|n,p/30] + (n;p, mod 30) where n is given by the higher-layer parameter
hoppingld if configured, otherwise n;p = NS

The frequency hopping index ny,,, = 0 if intra-slot frequency hopping is disabled by the higher-layer parameter
intrad otFrequencyHopping. If frequency hopping is enabled by the higher-layer parameter
intraSotFrequencyHopping, n,,, =0 for thefirst hop and n,,, =1 for the second hop.

6.3.2.2.2 Cyclic shift hopping

The cyclic shift a varies as a function of the symbol and slot number according to

2n

al =
NBB

((mo + Mg + My + ncs(n’;f, L+ l’)) mod NSRCB)

where
- nf;istheslot number in the radio frame

- listhe OFDM symbol number in the PUCCH transmission where ! = 0 correspondsto the first OFDM symbol
of the PUCCH transmission,

- [l'istheindex of the OFDM symbol in the dlot that corresponds to the first OFDM symbol of the PUCCH
transmission in the slot given by [5, TS 38.213]

- my isgiven by [5, TS 38.213] for PUCCH format 0 and 1 while for PUCCH format 3 and 4 is defined in clause
6.4.1.3.3.1

- m =0 except for PUCCH format O when it depends on the information to be transmitted according to clause
9.2 of [5, TS 38.213].

- my isgiven by

- My = 5niyg for PUCCH formats 0 and 1 if PUCCH shall use interlaced mapping according to any of the
higher-layer parameters usel nterlacePUCCH-PUSCH in BWP-UplinkCommon or usel nterlacePUCCH-
PUSCH in BWP-UplinkDedicated, where n!y; is the resource block number within the interlace;

- myy = 0 otherwise
The function n(n.,!) isgiven by
ncs(n‘sff, ) =3]02™ c(8N§,ﬁ§bn‘s"f +8l+m)

where the pseudo-random sequence c(i) is defined by clause 5.2.1. The pseudo-random sequence generator shall be
initialized with ¢;;; = np , Where n, isgiven by the higher-layer parameter hoppingld if configured, otherwise ny, =

Ng".
6.3.2.3 PUCCH format O

6.3.2.3.1 Sequence generation

The sequence x(n) shall be generated according to

x(lMFF;gCCH‘ONS@B +n)= ru(ff,'g) n)
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n=01,.., M “"ONEE — 1
| = { 0 for single-symbol PUCCH transmission
~ 10,1 for double-symbol PUCCH transmission

where ru(_‘f,"” (n) isgiven by clause 6.3.2.2 with m., depending on the information to be transmitted according to clause

9.2 of [5, TS 38.213]. The quantity Mys-“™° is given by clause 9.2.1 of [5, TS 38.213].

6.3.2.3.2 Mapping to physical resources

The sequence x(n) shall be multiplied with the amplitude scaling factor Bpyccyy o in order to conform to the transmit
power specified in [5, TS 38.213] and mapped in sequence starting with x(0) to resource elements (k, 1),, , assigned

for transmission according to clause 9.2.1 of [5, TS 38.213] in increasing order of first the index k over the assigned

physical resources spanning My ““™° resource blocks, and then the index [ on antenna port p = 2000.

For interlaced transmission, the mapping operation shall be repeated for each resource block in the interlace and in the
active bandwidth part over the assigned physical resource blocks according to clause 9.2.1 of [5, TS 38.213], with the
resource-block dependent sequence generated according to clause 6.3.2.2.

6.3.24 PUCCH format 1

6.3.2.4.1 Sequence modulation

The block of bits b(0),...,b(M;; —1) shall be modulated as described in clause 5.1 using BPSK if M; =1 and QPSK
if My; =2, resulting in acomplex-valued symbol d(0) .

The complex-valued symbol d(0) shall be multiplied with a sequence ru(_”l‘,"”

(n) according to
y(m) = dO)r 5% ()
PUCCH,
n=01,.., Mg~ "N -1

where .2 (n) is given by clause 6.3.2.2. The quantity My ““™* is given by clause 9.2.1 of [5, TS38.213).
The block of complex-valued symbols y(0), ..., y(Mgg ™ NRE — 1) shall be block-wise spread with the orthogonal
sequence w; (m) according to

z(m’MggCCH'lNS@BNSPFLfCH'l + mMEg NGB + 1) = wi(m)y(n)
n=0,1,.., MEg-NEE — 1
m=01,.., Ngot—1
, _ {0 nointra-slot frequency hopping
m= {0,1 intra-slot frequency hopping

where Ng " is given by Table 6.3.2.4.1-1. Intra-slot frequency hopping shall be assumed when the higher-layer

parameter intraS otFrequencyHopping is provided, regardless of whether the frequency-hop distanceis zero or not, and
interlaced mapping is not enabled, otherwise no intra-slot frequency hopping shall be assumed.

The orthogonal sequence w; (m) isgiven by Table 6.3.2.4.1-2 where i istheindex of the orthogonal sequence to use

according to clause 9.2.1 of [5, TS 38.213]. In case of a PUCCH transmission spanning multiple slots according to
clause 9.2.6 of [5, TS38.213], the complex-valued symbol d(0) is repeated for the subsequent dlots.
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Table 6.3.2.4.1-1: Number of PUCCH symbols and the corresponding N&5.

PUCCH length, N PUCCH,1
N PUCCH L _ _ SF,m _
symb No intra-slot hopping Intra-slot hopping
m=0 m=0 m=1
4 2 1 1
5 2 1 1
6 3 1 2
7 3 1 2
8 4 2 2
9 4 2 2
10 5 2 3
11 5 2 3
12 6 3 3
13 6 3 3
14 7 3 4

j2mp(m)/NEPSH:

1
Table 6.3.2.4.1-2: Orthogonal sequences W (m) =¢ for PUCCH format 1.

N PUCCH.1 Q
SFm . . . . . . .
i=0 =1 =2 =3 i=4 i=5 I=6
1 [0] - - - - - -
2 [00] [01] - - - - -
3 [000] [012] [021] - - - -
4 [0000] [0202] [0022] [0220] - - -
5 [00000] [01234] [02413] [03142] [04321] - -
6 [000000] |[012345] |[024024] [030303] |[042042] |[054321] |-
7 [0000000]|[0123456] [[0246135] |[0362514][[0415263]|[0531642][[0654321]

6.3.2.4.2 Mapping to physical resources

The sequence z(n) shall be multiplied with the amplitude scaling factor Spyccy 1 in order to conform to the transmit
power specified in [5, TS 38.213] and mapped in sequence starting with z(n) to resource elements (k, 1),,, which meet
al of the following criteria:

- they areinthe resource blocks assigned for transmission,
- they are not used by the associated DM-RS

The mapping to resource elements (k, 1),, , not reserved for other purposes shall be inincreasing order of first the index
k over the assigned physical resource blocks according to clause 9.2.1 of [5, TS 38.213], and then the index [ on
antennaport p = 2000.

For interlaced transmission, the mapping operation shall be repeated for each resource block in the interlace and in the
active bandwidth part over the assigned physical resource blocks according to clause 9.2.1 of [5, TS 38.213], with the
resource-block dependent sequence generated according to clause 6.3.2.2.

6.3.2.5 PUCCH format 2

6.3.2.5.1 Scrambling

The block of bits b(0), ..., b(My;, — 1), where My, is the number of bits transmitted on the physical channel, shall be
scrambled prior to modulation, resulting in ablock of scrambled bits 5(0), ..., b(M,;; — 1) according to the following
pseudo code

Seti=0
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while i < My;,
if b(i) =y /I UCI placeholder bits
b(i) = b(i—-1)
else
b(i) = (b(i) + c(i)) mod 2
end if
i=i+1
end while

wherey isthe tag defined in [4, TS38.212] and the scrambling sequence c(i) is given by clause 5.2.1. The scrambling
sequence generator shall be initialized with

Cinit = Mgy * 2 + My
where
- np € {0,1, ...,1023} equals the higher-layer parameter dataScramblingl dentityPUSCH if configured,
- np = NE! otherwise

and ngyr iS given by the C-RNTI.

6.3.25.2 Modulation

The block of scrambled bits 5(0), ..., b(M,;; — 1) shall be modulated as described in clause 5.1 using QPSK, resulting
inablock of complex-valued modulation symbols d(0), ..., d (M, — 1) where M, = My /2.

6.3.2.5.2A Spreading
Spreading shall be applied according to

Z(mNgFUCCH’2 + i) = w,(I)d(m)
i=01,.., NG —1
m=0,,.., Mgmp — 1

resulting in a block of complex-valued symbols z(0), ..., z(N&g = "> Meymp — 1)

If the higher layer parameter interlacel is not configured, and the higher-layer parameter occ-Length is configured,

- N&M? € {2,4) isgiven by the higher-layer parameter occ-Length;
- wy(i) isgiven by Tables 6.3.2.5A-1 and 6.3.25A-2 where n. = (1 + nypg) mod N~ the quantity n, is the
index of the orthogonal sequence to use given by the higher-layer parameter occ-1ndex, and nzg isthe interlaced

resource block number as defined in clause 4.4.4.6 within the interlace given by the higher-layer parameter
Interlace.

otherwise Now ““*? = 1 and w, (i) = 1.

Table 6.3.2.5A-1: Orthogonal sequences w,, (i) for PUCCH format 2 when N5 ™% = 2.

n wy (D)
0 [+1 +1]
1 [+1 —1]
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Table 6.3.2.5A-2: Orthogonal sequences w,, (i) for PUCCH format 2 when N5Z°"% = 4.

n wy (i)
0 [+1 +1 +1 41]
1 [+1 -1 +1 -—1]
2 [+1 +1 -1 —1]
3 [+1 -1 -1 +41]
6.3.2.5.3 Mapping to physical resources
The block of complex-valued symbols z(0), ..., z(NSPFUCCH‘zMSymb — 1) shall be multiplied with the amplitude scaling

factor Bpyccn i order to conform to the transmit power specified in [5, TS 38.213] and mapped in sequence starting
with z(0) to resource elements (k, ), , which meet all of the following criteria

- they arein the resource blocks assigned for transmission,
- they are not used by the associated DM-RS.

The mapping to resource elements (k, 1),,, not reserved for other purposes shall be inincreasing order of first the index
k over the assigned physical resource blocks according to clause 9.2.1 of [5, TS 38.213], and then theindex | on
antennaport p=2000.

6.3.2.6 PUCCH formats 3 and 4

6.3.2.6.1 Scrambling

The block of bits b(0), ..., b(My; — 1), where My, is the number of bits transmitted on the physical channel, shall be
scrambled prior to modulation, resulting in ablock of scrambled bits 5(0), ..., b(M,;; — 1) according to the following
pseudo code

Seti=0
whilei < My
if b(i) =y 1/ UCI placeholder bits
b(i) = b(i—-1)
else
b@i) = (b(i) + c(i)) mod 2
end if
i=i+1
end while

wherey isthe tag defined in [4, TS38.212] and the scrambling sequence c(i) is given by clause 5.2.1. The scrambling
sequence generator shall be initialized with

Cinit = My * 2 + My
where
- nyp € {0,1, ...,1023} equals the higher-layer parameter dataScramblingl dentityPUSCH if configured,
- np = NE! otherwise

and ngyrp iSgiven by the C-RNTI.
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6.3.2.6.2 Modulation

The block of scrambled bits 5(0), ..., b(M,;; — 1) shall be modulated as described in clause 5.1 using QPSK unless /2-
BPSK is configured, resulting in ablock of complex-valued modulation symbols d(0), ..., d (Mg, — 1) where
Mgy, = Myie/2 for QPSK and My, = M, for n/2-BPSK.

6.3.2.6.3 Block-wise spreading

For both PUCCH format 3 and 4, ME'CHs = Mg lCHs NRB with Mpp ““ representing the bandwidth of the PUCCH in
terms of resource blocks according to clauses 9.2.3, 9.2.5.1 and 9.2.5.2 of [5, TS 38.213] and shall for non-interlaced
mapping fulfil

M}i’gCCH's = 2@z .33 . 5as

where a,,a;,05 isaset of non-negative integersand se {3,4}. For interlaced mapping, Mbs°°H3 = 10 if asingle
interlace is configured and MFF;LBJCCH’3 = 20 if two interlaces are configured.

For PUCCH format 3, if interlaced mapping is not configured, no block-wise spreading is applied and

y(IMSF;UCCH,S + k): d(lMSPCUCCH,a + k)
k=04,.,M2UcH3_1
=02, (Mg /MEVCH3) 1

where Mpg "3 > 1 isgiven by clauses 9.2.3, 9.2.5.1 and 9.2.5.2 of [5, TS38.213] and Ngy ““*3 = 1,

For PUCCH format 3 with interlaced mapping and PUCCH format 4, block-wise spreading shall be applied according

to
NPUCCH,S MPUCCH,S MPUCCH,S
IMPM 4+ k) = w (lk - J)d <l e + kmod —Soee )

(Mg ) =wal|ke, N N

PUCCH,s PUCCH,s PUCCH,s
sc SF SF

k = 0;1, ...’MSiUCCH,S -1
1=01,.., (NSP;UCCH,SMSymb/MSI::UCCH,s) -1

where
- for PUCCH format 3 with interlaced mapping, Ngr -“** € {1,2,4} if asingle interlace is configured and
Ngp“*® = 1, w,, = 1if two interlaces are configured;

- for PUCCH format 4, Myp ““"™* is given by clause 9.2.1 of [5, TS 38.213] and Ngy ““"* € {2,4} isgiven by the
higher-layer parameter occ-Length;

and w, isgiven by Tables 6.3.2.6.3-1 and 6.3.2.6.3-2 for Ngy ““"° > 1 wheren istheindex of the orthogonal sequence

to use according to clause 9.2.1 of [5, TS 38.213]. The quantity Ngy -“*?

occ-Length if provided, otherwise Ngy ©“3 = 1,

€ {2,4} isgiven by the higher-layer parameter

ETSI



3GPP TS 38.211 version 17.5.0 Release 17 46 ETSI TS 138 211 V17.5.0 (2023-07)

Table 6.3.2.6.3-1: Orthogonal sequences w,(m) for PUCCH format 3 with interlaced mapping and
PUCCH format 4 when Ngp“ = 2.

n W,
0 [+1 +1]
1 [+1 -1]

Table 6.3.2.6.3-2: Orthogonal sequences w,(m) for PUCCH format 3 with interlaced mapping and
PUCCH format 4 when Ngpo = 4,

n W,

0 [+1 +1 +1 +1]
1 [+1 - -1 +j]
2 [+1 -1 +1 -1]
3 [+1 + -1 —j]

6.3.2.6.4 Transform precoding

The block of complex-valued symbols y(0), ..., y(Ngz " Myymp, — 1) shall be transform precoded according to

. 2amk

M PUCCHS_y
M PUCCH,s
sC

——= X
MEUCCHs =
k=0,..,M20CCHs _1

1 =0,... (NEVCSHsM | /M EVCEHS)

z(1 - MEPYCHs LK) = y(l- MRS L mye

resulting in ablock of complex-valued symbols z(0), ..., z(Ngg “*** My — 1).

6.3.2.6.5 Mapping to physical resources

The block of modulation symbols z(0), ..., z(Neg *“™* Mgy, — 1) shall be multiplied with the amplitude scaling factor
Brucch,s inorder to conform to the transmit power specified in [5, TS 38.213] and mapped in sequence starting with

z(0) to resource elements (k, 1),, , which meet all of the following criteria:
- they arein the resource blocks assigned for transmission,
- they are not used by the associated DM-RS

The mapping to resource elements (k, 1), , not reserved for other purposes shall be inincreasing order of first the index

k over the assigned physical resource blocks according to clause 9.2.1 of [5, TS 38.213], and then theindex | on
antennaport p=2000.

In case of intra-slot frequency hopping according to clause 9.2.1 of [5, TS 38.213], \_N;‘,ﬁc”’s / ZJ OFDM symbols shall

be transmitted in the first hop and N5 5™ —\_N;%CbCH*S / 2| symhbolsin the second hop where Nomp " isthe total
number of OFDM symbols used in one slot for PUCCH transmission.
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6.3.3 Physical random-access channel

6.3.3.1 Sequence generation

The set of random-access preambles x,, , (n) shall be generated according to

Xyv(N) =X, ((n+C,)modLg, )
_aui(i+1)

x,(i)=e " i=01..,Lgs -1
from which the frequency-domain representation shall be generated according to

Lpa—1 Zj 27mn

yu,v(n): Z Xu,v(m)'e bra
m=0

where Lgy =839, Lgy =139, Ly = 1151, or L, = 571 depending on the PRACH preamble format as given by
Tables6.3.3.1-1 and 6.3.3.1-2.

There are 64 preambl es defined in each time-frequency PRACH occasion, enumerated in increasing order of first
increasing cyclic shift C,, of alogical root sequence, and then in increasing order of the logical root sequence index,

starting with the index obtained from the higher-layer parameter prach-RootSequencel ndex or rootSequencel ndex-BFR
or by msgA-PRACH-RootSequencel ndex if configured and a type-2 random-access procedure is initiated as described in
clause 8.1 of [5, TS 38.213]. Additional preamble sequences, in case 64 preambles cannot be generated from asingle
root Zadoff-Chu sequence, are obtained from the root sequences with the consecutive logical indexes until all the 64
sequences are found. The logical root sequence order is cyclic; the logical index O is consecutive to Lz, — 2. The
sequence number u is obtained from the logical root sequence index according to Tables 6.3.3.1-3 to 6.3.3.1-4B.

The cyclic shift C,, isgiven by

JVNCS v=0,1,..| Lga /Ngs J-L,Neg # 0 for unrestricted sets
Nes=0 for unrestricted sets
C\=1{dgan Lv/ngﬁtﬁ (vmod na, )NCS v=01..,w-1 for restricted setstype A and B
gart + (V= W)Ncg V=W, Wt N —1 for restricted sets type B
Lsm + (v—w—ﬁ;*(; )NCS V=W iR WA + A —1 for restricted setstype B

_ RA _RA , —RA
W= Ngyitt Ngroup + Nehift

where N5 isgiven by Tables 6.3.3.1-5 t0 6.3.3.1-7, the higher-layer parameter msgA-RestrictedSetConfig, if provided,

determines the type of restricted sets (unrestricted, restricted type A, restricted type B); otherwise, the higher-layer
parameter restrictedSetConfig determines the type of restricted sets (unrestricted, restricted type A, restricted type B),
and Tables 6.3.3.1-1 and 6.3.3.1-2 indicate the type of restricted sets supported for the different preamble formats.

Thevariable d,, isgiven by

d = q 0<qg<Llga/2
Y |Lga —q otherwise

where ¢ isthe smallest non-negative integer that fulfils (qu)mod Lra =1. The parameters for restricted sets of cyclic
shifts depend on d,, .

For restricted set type A, the parameters are given by:
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ng’n’iof\t :Ldu/NCSJ
Agar =2d, + n;ﬁt Ncs

ngr/c-}up = LLRA /dstanJ

ﬁ;ﬁ\t = max(]j'—RA - 2du - n;ﬁupdstan )/NCSJO)
& = L(LRA _2du)/NCSJ
Ogart = Lra — 20, + i Nes
n;ﬁup = Ldu/dstartJ
N = min(max(]_(du - ngrﬁupdstan )/NCSJO)’ &t )
For restricted set type B, the parameters are given by:
- for Neg<d, <Lga/5
ng’n’iof\t :Ldu/NCSJ
Aot =4d, + n;ﬁt Nes
ngr/c-}up = LLRA /dstanJ

ﬁ;ﬁ\t = max(]j'—RA —4d, - n;ﬁupdstan )/NCSJO)

- for Lgra/5<d, <(Lga —Ngs)/4

niﬁt = |_(LRA _4du)/NCSJ
Ogat = Lra —4d, + ni’i?t Ncs

n;ﬁup = Ldu/dstartJ

ﬁ;ﬁ\t = min(mwQ(du - n;ﬁupdstart )/NCSJO)’ n;ﬁt )

- for (Lga +Ngg)/4<d, <2Lga /7

n&it =[(4d, —Lga)/Nes |
st = 4dy —Lga + n;/i\fths

&

o

_ RA —RA
start — LRA _3du + ngroupdstart + nmiftNCS

_ RA =RA
start — LRA - 2du + ngroupdstart + Nanift NCS

gRr'(L)\up = |_du/dstartJ
ﬁgﬁt = max(L('—RA -3d, - ngrﬁupdgat )/NCSJO)
ﬁsﬁ?t = \_min(du - ngRrﬁupdstart v4du - LRA _ﬁiﬁtNCS)/NCSJ

%shRf?t = L((l_ min(l ﬁsﬁﬁt )Xdu - n;ﬁupdsat)+ min(lﬁsﬁi’?t X4du —Lga _ﬁsthcs))/NCSJ

o

>
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ng’lﬁt = |_(LRA _3du)/NCSJ

RA
sart = Lra —3dy + Ngiig Ns

o) a

_ RA =RA
Sstart — du + ngroupdstart + Nghitt NCS

o

sat =0

;ﬁup = |_du/dstartJ
8 = max((4d, — s ~ N4y At )/ Nes O)
ﬁsﬁlfAt = Lmin(du - n;ﬁupdstan ' LRA _3du _ﬁsm\t NCS)/NCSJ

Mt =0

>

- for (Lga + Ngg)/3<d, <2Lga /5

i =[(3d, — Lra)/Nes
Ogat =3d, —Lpa + ”thcs

ngﬁup = Ldu/dstartJ
i = max(L(LRA -2d, - n;rﬁupdstart )/NCSJ;O)
gy =0
=0
- for 2Lgs /5<d, <(Lga —Ngs)/2

NGt = (Lra —2d,)/Nes |
Ogat = 2(Lra —2d,) + ns{?fths

sat =0
astart =0
n;ﬁup = |_(LRA -d, )/dstartJ

ﬁ;ﬁt = maxd_(3du —Lga - ngFfrﬁupdstart )/ NCSJO)
gy =0
rE‘shift =0

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

Table 6.3.3.1-1: PRACH preamble formats for Lg, =839 and Afga € {1.25,5} kHz.

Format Lpa Afra N, N(F:es Support for
restricted sets
0 839 1.25 kHz 24576k 3168k Type A, Type B
1 839 1.25 kHz 2 - 24576k 21024k Type A, Type B
2 839 1.25 kHz 4 -24576k 4688k Type A, Type B
3 839 5 kHz 46144k 3168k Type A, Type B
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Table 6.3.3.1-2: Preamble formats for Ly, € {139,571,1151} and Afga = 15 - 2# kHz where p €

{0,1,2,3,5,6}.

Format Lra Afra N, N Support
n u n restfr%ted
€{0,1,2,3,5,6} | €{0,3} | €{1,3,5} sets

Al 139 1151 571 15-2# kHz 2-2048x-27# 288x-27# -
A2 139 1151 571 15-2# kHz 4.2048k-27# 576k -27# -
A3 139 1151 571 15-2# kHz 6-2048x-27# 864x-27# -
B1 139 1151 571 15.2# kHz 2-2048k-27# 216Kk -27# -
B2 139 1151 571 15-2# kHz 4.2048x-27# 360x-27# -
B3 139 1151 571 15-2# kHz 6-2048k-27# 504k -27# -
B4 139 1151 571 15-2# kHz 12-2048x-27# | 936Kk-27# -
co 139 1151 571 15-2# kHz 2048x-27# 1240 -27# -
c2 139 1151 571 15-2# kHz 4.2048x-27# 2048k -27#

Table 6.3.3.1-3: Mapping from logical index i to sequence number u for preamble formats with
Lra =839.

i Sequence number uin increasing order of i
0-19| 129] 710 140 699] 120 719 210] 629] 168 671 84| 755] 105] 734| 93] 746] 70[ 769] 60] 779

20 -39 2| 837 1/838| 56| 783| 112| 727| 148| 691| 80| 759| 42| 797| 40| 799| 35| 804| 73| 766

40-59 | 146|693| 31|808| 28| 811| 30| 809| 27|812| 29| 810| 24|815| 48| 791| 68| 771| 74|765

60—-79 |178|661)| 136| 703| 86| 753| 78| 761| 43| 796| 39| 800| 20| 819| 21| 818| 95| 744| 202|637

80—-99 |190| 649| 181 | 658 | 137| 702| 125| 714| 151 | 688 | 217 | 622| 128 | 711| 142| 697 | 122 | 717| 203 | 636
100-119 | 118 721| 110| 729| 89| 750| 103| 736| 61| 778| 55| 784| 15| 824| 14| 825| 12| 827| 23|816
120-139 | 34| 805| 37|802| 46| 793| 207| 632| 179| 660 | 145| 694 | 130| 709 | 223 | 616| 228 | 611 | 227 | 612
140-159 | 132| 707| 133 | 706| 143 | 696| 135| 704 | 161| 678 | 201 | 638 | 173 | 666 | 106| 733 | 83| 756| 91| 748
160-179 | 66| 773| 53| 786| 10| 829 9| 830 7| 832 8| 831| 16| 823| 47| 792| 64| 775| 57|782
180-199 | 104 | 735]| 101 | 738 | 108 | 731| 208 | 631 | 184 | 655| 197 | 642| 191 | 648 | 121 | 718 | 141| 698 | 149 | 690
200-219 | 216| 623 | 218 | 621 | 152| 687 | 144 | 695| 134| 705| 138 | 701 | 199| 640| 162| 677 | 176 | 663 | 119 | 720
220-239 | 158 | 681 | 164 | 675| 174| 665| 171| 668 | 170| 669 | 87| 752| 169| 670| 88| 751| 107| 732| 81| 758
240-259 | 82| 757 | 100| 739| 98| 741| 71| 768| 59| 780| 65| 774| 50| 789| 49| 790| 26| 813| 17822
260-279 | 13| 826 6| 833 5(834| 33|806| 51| 788| 75| 764| 99| 740| 96| 743| 97| 742]| 166|673
280—-299 | 172| 667 | 175| 664 | 187 | 652 | 163| 676| 185| 654 | 200| 639 | 114| 725| 189| 650 | 115| 724 | 194 | 645
300—-319 | 195| 644 | 192 | 647 | 182| 657 | 157| 682| 156 | 683 | 211 | 628 | 154 | 685| 123| 716| 139 | 700 | 212 | 627
320339 | 153 | 686 | 213 | 626 | 215| 624 | 150| 689 | 225| 614 | 224| 615| 221 | 618 | 220| 619 | 127 | 712| 147 | 692
340-359 | 124| 715| 193 | 646 | 205| 634 | 206| 633 | 116| 723 | 160| 679 | 186| 653 | 167| 672| 79| 760| 85| 754
360—-379 | 77| 762| 92| 747| 58| 781| 62| 777| 69| 770| 54| 785| 36| 803| 32| 807| 25| 814| 18|821
380-399 | 11| 828 4| 835 3| 836| 19)|820| 22| 817| 41| 798| 38| 801| 44| 795| 52| 787| 45|794
400-419 | 63| 776| 67| 772| 72| 767| 76| 763| 94| 745| 102| 737| 90| 749| 109| 730| 165| 674 | 111|728
420-439 | 209| 630 | 204| 635| 117 | 722| 188| 651 | 159| 680 | 198 | 641 | 113| 726 | 183 | 656 | 180 | 659 | 177 | 662
440 —459 | 196| 643 | 155| 684 | 214 | 625| 126| 713| 131| 708 | 219| 620 | 222 | 617 | 226| 613 | 230 | 609 | 232 | 607
460 —479 | 262 | 577 | 252 | 587 | 418 | 421 | 416 | 423| 413 | 426| 411 | 428 | 376 | 463 | 395| 444 | 283 | 556 | 285 | 554
480 —-499 | 379| 460 | 390| 449 | 363 | 476| 384| 455| 388| 451 | 386| 453 | 361 | 478 | 387 | 452 | 360| 479 | 310 529
500 —-519 | 354| 485| 328 | 511 | 315| 524 | 337 | 502| 349| 490| 335| 504 | 324 | 515| 323 | 516| 320| 519 | 334 | 505
520 -539 | 359| 480 | 295| 544 | 385| 454 | 292| 547 | 291 | 548 | 381 | 458 | 399 | 440 | 380| 459 | 397 | 442| 369 | 470
540 —559 | 377| 462 | 410| 429 | 407 | 432| 281 | 558 | 414 | 425| 247 | 592 | 277 | 562 | 271| 568 | 272 | 567 | 264 | 575
560 -579 | 259 | 580 | 237 | 602 | 239 | 600 | 244| 595| 243 | 596 | 275| 564 | 278 | 561 | 250| 589 | 246 | 593 | 417 | 422
580 —-599 | 248 | 591 | 394 | 445| 393 | 446 | 370| 469 | 365| 474 | 300| 539 | 299 | 540 | 364 | 475| 362 | 477 | 298| 541
600 —-619 | 312| 527 | 313 | 526 | 314 | 525| 353 | 486 | 352 | 487 | 343 | 496 | 327 | 512| 350| 489 | 326 | 513| 319 | 520
620 —-639 | 332| 507 | 333 | 506 | 348| 491 | 347| 492| 322| 517 | 330| 509 | 338 | 501 | 341| 498 | 340| 499 | 342 497
640 — 659 | 301 | 538 | 366 | 473 | 401| 438 | 371 | 468| 408 | 431 | 375| 464 | 249| 590| 269 | 570| 238 | 601 | 234 | 605
660 — 679 | 257 | 582 | 273 | 566 | 255| 584 | 254 | 585| 245| 594 | 251 | 588 | 412 | 427 | 372| 467 | 282 | 557 | 403 | 436
680 — 699 | 396 | 443 | 392 | 447 | 391 | 448 | 382 | 457 | 389 | 450 | 294 | 545| 297 | 542| 311| 528 | 344 | 495| 345 | 494
700—-719 | 318 521 | 331 | 508 | 325| 514| 321 | 518| 346| 493 | 339 | 500| 351 | 488 | 306 | 533 | 289 | 550 | 400 | 439
720—-739 | 378 | 461 | 374 | 465| 415| 424| 270| 569 | 241 | 598 | 231 | 608 | 260 | 579 | 268 | 571 | 276 | 563 | 409 | 430
740 —759 | 398 | 441 | 290 | 549| 304 | 535| 308| 531 | 358 | 481 | 316 | 523 | 293 | 546 | 288 | 551 | 284 | 555| 368 | 471
760 —779 | 253 | 586 | 256 | 583 | 263 | 576| 242 | 597 | 274 | 565 | 402 | 437 | 383 | 456 | 357 | 482 | 329 | 510| 317 | 522
780 —799 | 307 | 532 | 286 | 553 | 287 | 552 | 266 | 573 | 261 | 578 | 236 | 603 | 303 | 536 | 356 | 483 | 355| 484 | 405|434
800—-819 | 404 | 435| 406 | 433 | 235| 604 | 267 | 572| 302| 537 | 309 | 530 | 265| 574 | 233 | 606 | 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 6.3.3.1-4: Mapping from logical index i to sequence number u for preamble formats with
Lga =139.

i Sequence number u in increasing order of i

0-19 1| 138 2| 137 3] 136 4| 135 5| 134 6] 133 7] 132 81131 91130 10| 129
20 -39 11| 128| 12| 127| 13| 126| 14| 125| 15| 124| 16| 123| 17| 122| 18]|121| 19120 20| 119
40 - 59 21| 118| 22| 117| 23| 116| 24| 115| 25| 114| 26| 113| 27| 112| 28[111| 29110 30| 109
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

Table 6.3.3.1-4A: Mapping from logical index i to sequence number u for preamble formats with Lg, =

1151.
i Sequence number uin increasing order of i
0-19 1| 1150 2 | 1149 3 [ 1148 4 | 1147 5 [ 1146 6 | 1145 7 | 1144 8 | 1143 9 [ 1142 10 [ 1141
20-39 11 [ 1140 12 | 1139 13 | 1138 14 | 1137 15 | 1136 16 | 1135 17 | 1134 18 | 1133 19 [ 1132 20 | 1131
40-59 21 | 1130 22 | 1129 23 | 1128 24 | 1127 25 | 1126 26 | 1125 27 | 1124 28 | 1123 29 | 1122 30 | 1121
60-79 31 | 1120 32 | 1119 33 | 1118 34 | 1117 35 | 1116 36 | 1115 37 | 1114 38 | 1113 39 | 1112 40 | 1111
80-99 41 | 1110 42 | 1109 43 | 1108 44 | 1107 45 | 1106 46 | 1105 47 | 1104 48 | 1103 49 | 1102 50 | 1101
100-119 51 | 1100 52 [ 1099 53 | 1098 54 | 1097 55 | 1096 56 | 1095 57 | 1094 58 | 1093 59 | 1092 60 | 1091
120-139 61 | 1090 62 [ 1089 63 | 1088 64 | 1087 65 | 1086 66 | 1085 67 | 1084 68 | 1083 69 | 1082 70 | 1081
140-159 71 | 1080 72 | 1079 73 | 1078 74 | 1077 75 | 1076 76 | 1075 77 | 1074 78 | 1073 79 | 1072 80 | 1071
160-179 81 | 1070 82 | 1069 83 | 1068 84 | 1067 85 | 1066 86 | 1065 87 | 1064 88 | 1063 89 | 1062 90 | 1061
180-199 91 | 1060 92 | 1059 93 | 1058 94 | 1057 95 | 1056 96 | 1055 97 | 1054 98 | 1053 99 | 1052 100 | 1051

200-219 101 | 1050 102 | 1049 103 | 1048 104 | 1047 105 | 1046 106 | 1045 107 | 1044 108 | 1043 109 | 1042 110 | 1041

220-239 111 | 1040 112 | 1039 113 | 1038 114 | 1037 115 | 1036 116 | 1035 117 | 1034 118 | 1033 119 | 1032 120 | 1031

240-259 121 | 1030 122 | 1029 123 | 1028 124 | 1027 125 | 1026 126 | 1025 127 | 1024 128 | 1023 129 | 1022 130 | 1021

260-279 131 | 1020 132 | 1019 133 | 1018 134 | 1017 135 | 1016 136 | 1015 137 | 1014 138 | 1013 139 | 1012 140 | 1011

280-299 141 | 1010 142 | 1009 143 | 1008 144 | 1007 145 | 1006 146 | 1005 147 | 1004 148 | 1003 149 | 1002 150 | 1001

300-319 151 | 1000 152 999 153 998 154 997 155 996 156 995 157 994 158 993 159 992 160 991

320-339 161 990 162 989 163 988 164 987 165 986 166 985 167 984 168 983 169 982 170 981

340-359 171 980 172 979 173 978 174 977 175 976 176 975 177 974 178 973 179 972 180 971

360-379 181 970 182 969 183 968 184 967 185 966 186 965 187 964 188 963 189 962 190 961

380-399 191 960 192 959 193 958 194 957 195 956 196 955 197 954 198 953 199 952 200 951

400-419 201 950 202 949 203 948 204 947 205 946 206 945 207 944 208 943 209 942 210 941

420-439 211 940 212 939 213 938 214 937 215 936 216 935 217 934 218 933 219 932 220 931

440-459 221 930 222 929 223 928 224 927 225 926 226 925 227 924 228 923 229 922 230 921

460-479 231 920 232 919 233 918 234 917 235 916 236 915 237 914 238 913 239 912 240 911

480-499 241 910 242 909 243 908 244 907 245 906 246 905 247 904 248 903 249 902 250 901

500-519 251 900 252 899 253 898 254 897 255 896 256 895 257 894 258 893 259 892 260 891

520-539 261 890 262 889 263 888 264 887 265 886 266 885 267 884 268 883 269 882 270 881

540-559 271 880 272 879 273 878 274 877 275 876 276 875 277 874 278 873 279 872 280 871

560-579 281 870 282 869 283 868 284 867 285 866 286 865 287 864 288 863 289 862 290 861

580-599 291 860 292 859 293 858 294 857 295 856 296 855 297 854 298 853 299 852 300 851

600-619 301 850 302 849 303 848 304 847 305 846 306 845 307 844 308 843 309 842 310 841

620-639 311 840 312 839 313 838 314 837 315 836 316 835 317 834 318 833 319 832 320 831

640-659 321 830 322 829 323 828 324 827 325 826 326 825 327 824 328 823 329 822 330 821

660-679 331 820 332 819 333 818 334 817 335 816 336 815 337 814 338 813 339 812 340 811

680-699 341 810 342 809 343 808 344 807 345 806 346 805 347 804 348 803 349 802 350 801

700-719 351 800 352 799 353 798 354 797 355 796 356 795 357 794 358 793 359 792 360 791

720-739 361 790 362 789 363 788 364 787 365 786 366 785 367 784 368 783 369 782 370 781

740-759 371 780 372 779 373 778 374 777 375 776 376 775 377 774 378 773 379 772 380 771

760-779 381 770 382 769 383 768 384 767 385 766 386 765 387 764 388 763 389 762 390 761

780-799 391 760 392 759 393 758 394 757 395 756 396 755 397 754 398 753 399 752 400 751

800-819 401 750 402 749 403 748 404 747 405 746 406 745 407 744 408 743 409 742 410 741

820-839 411 740 412 739 413 738 414 737 415 736 416 735 417 734 418 733 419 732 420 731

840-859 421 730 422 729 423 728 424 727 425 726 426 725 427 724 428 723 429 722 430 721

860-879 431 720 432 719 433 718 434 717 435 716 436 715 437 714 438 713 439 712 440 711

880-899 441 710 442 709 443 708 444 707 445 706 446 705 447 704 448 703 449 702 450 701

900-919 451 700 452 699 453 698 454 697 455 696 456 695 457 694 458 693 459 692 460 691

920-939 461 690 462 689 463 688 464 687 465 686 466 685 467 684 468 683 469 682 470 681

940-959 471 680 472 679 473 678 474 677 475 676 476 675 477 674 478 673 479 672 480 671

960-979 481 670 482 669 483 668 484 667 485 666 486 665 487 664 488 663 489 662 490 661

980-999 491 660 492 659 493 658 494 657 495 656 496 655 497 654 498 653 499 652 500 651

1000-1019 501 650 502 649 503 648 504 647 505 646 506 645 507 644 508 643 509 642 510 641

1020-1039 511 640 512 639 513 638 514 637 515 636 516 635 517 634 518 633 519 632 520 631

1040-1059 521 630 522 629 523 628 524 627 525 626 526 625 527 624 528 623 529 622 530 621

1060-1079 531 620 532 619 533 618 534 617 535 616 536 615 537 614 538 613 539 612 540 611

1080-1099 541 610 542 609 543 608 544 607 545 606 546 605 547 604 548 603 549 602 550 601

1100-1119 551 600 552 599 553 598 554 597 555 596 556 595 557 594 558 593 559 592 560 591

1120-1139 561 590 562 589 563 588 564 587 565 586 566 585 567 584 568 583 569 582 570 581

1140-1149 571 580 572 579 573 578 574 577 575 576 - - - - - - - - - -
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Table 6.3.3.1-4B: Mapping from logical index i to sequence number u for preamble formats with Ly, =

571.
i Sequence number u in increasing order of i
0-19 1 570 2 569 3 568 4 567 5 566 6 565 7 564 8 563 9 562 10 561
20-39 11 560 12 559 13 558 14 557 15 556 16 555 17 554 18 553 19 552 20 551
40-59 21 550 22 549 23 548 24 547 25 546 26 545 27 544 28 543 29 542 30 541
60-79 31 540 32 539 33 538 34 537 35 536 36 535 37 534 38 533 39 532 40 531
80-99 41 530 42 529 43 528 44 527 45 526 46 525 47 524 48 523 49 522 50 521
100-119 51 520 52 519 53 518 54 517 55 516 56 515 57 514 58 513 59 512 60 511
120-139 61 510 62 509 63 508 64 507 65 506 66 505 67 504 68 503 69 502 70 501
140-159 71 500 72 499 73 498 74 497 75 496 76 495 77 494 78 493 79 492 80 491
160-179 81 490 82 489 83 488 84 487 85 486 86 485 87 484 88 483 89 482 90 481
180-199 91 480 92 479 93 478 94 477 95 476 96 475 97 474 98 473 99 472 100 471

200-219 101 470 102 469 103 468 104 467 105 466 106 465 107 464 108 463 109 462 110 461

220-239 111 460 112 459 113 458 114 457 115 456 116 455 117 454 118 453 119 452 120 451

240-259 121 450 122 449 123 448 124 447 125 446 126 445 127 444 128 443 129 442 130 441

260-279 131 440 132 439 133 438 134 437 135 436 136 435 137 434 138 433 139 432 140 431

280-299 141 430 142 429 143 428 144 427 145 426 146 425 147 424 148 423 149 422 150 421

300-319 151 420 152 419 153 418 154 417 155 416 156 415 157 414 158 413 159 412 160 411

320-339 161 410 162 409 163 408 164 407 165 406 166 405 167 404 168 403 169 402 170 401

340-359 171 400 172 399 173 398 174 397 175 396 176 395 177 394 178 393 179 392 180 391

360-379 181 390 182 389 183 388 184 387 185 386 186 385 187 384 188 383 189 382 190 381

380-399 191 380 192 379 193 378 194 377 195 376 196 375 197 374 198 373 199 372 200 371

400-419 201 370 202 369 203 368 204 367 205 366 206 365 207 364 208 363 209 362 210 361

420-439 211 360 212 359 213 358 214 357 215 356 216 355 217 354 218 353 219 352 220 351

440-459 221 350 222 349 223 348 224 347 225 346 226 345 227 344 228 343 229 342 230 341

460-479 231 340 232 339 233 338 234 337 235 336 236 335 237 334 238 333 239 332 240 331

480-499 241 330 242 329 243 328 244 327 245 326 246 325 247 324 248 323 249 322 250 321

500-519 251 320 252 319 253 318 254 317 255 316 256 315 257 314 258 313 259 312 260 311

520-539 261 310 262 309 263 308 264 307 265 306 266 305 267 304 268 303 269 302 270 301

540-559 271 300 272 299 273 298 274 297 275 296 276 295 277 294 278 293 279 292 280 291

560-569 281 290 282 289 283 288 284 287 285 286 - - - - - - - - - -

Table 6.3.3.1-5: Ngg for preamble formats with Afga = 1.25 kHz.

zeroCorrelationZoneConfig, .NCS value
msgA-ZeroCorrelationZoneConfig Unrestricted set Restncte: SettyPe | 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 - -
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Table 6.3.3.1-6: Ncg for preamble formats with Afga = 5 kHz.

zeroCorrelationZoneConfig, _NCS value
msgA-ZeroCorrelationZoneConfig Unrestricted set Restrlcteg SeLyPe | pestricted set type B

0 0 36 36
1 13 57 57
2 26 72 60
3 33 81 63
4 38 89 65
5 41 94 68
6 49 103 71
7 55 112 77
8 64 121 81
9 76 132 85
10 93 137 97
11 119 152 109
12 139 173 122
13 209 195 137
14 279 216 -

15 419 237 -

Table 6.3.3.1-7: Ng for preamble formats with Ly, € {139,571,1151}.

zeroCorrelationZoneConfig, Nee value
msgA-ZeroCorrelationZoneConfig s
LRA = 139 LRA = 571 LRA = 1151

0 0 0 0

1 2 8 17
2 4 10 21
3 6 12 25
4 8 15 30
5 10 17 35
6 12 21 44
7 13 25 52
8 15 31 63
9 17 40 82
10 19 51 104
11 23 63 127
12 27 81 164
13 34 114 230
14 46 190 383
15 69 285 575

6.3.3.2 Mapping to physical resources

The preambl e sequence shall be mapped to physical resources according to

alsp’RA) = IBPRACH yu,v(k)
k=01...,Lgs -1

where Seracy 1S an amplitude scaling factor in order to conform to the transmit power specified in [5, TS38.213], and
p = 4000 isthe antenna port. Baseband signal generation shall be done according to clause 5.3 using the parametersin
Table6.3.3.1-1 or Table 6.3.3.1-2 with k given by Table 6.3.3.2-1.

Random access preambl es can only be transmitted in the time resources obtained from Tables 6.3.3.2-2 t0 6.3.3.2-4 and
depends on FR1 or FR2 and the spectrum type as defined in [8, TS38.104]. The PRACH configuration index in Tables

6.3.3.2-2106.3.3.2-4 is
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- for Table 6.3.3.2-3 given by the higher-layer parameter prach-Configurationindex, or by msgA-PRACH-
Configurationindex if configured; and

- for Tables 6.3.3.2-2 and 6.3.3.2-4 given by the higher-layer parameter prach-Configurationlndex, or by msgA-
PRACH-Configurationlindex if configured.

For the IAB-MT part of an |AB-node, the following applies:

- if the higher-layer parameter prach-ConfigurationPeriodScaling-1AB is configured, the variable x used in

ngmod x = y of Tables6.3.3.2-2 to 6.3.3.2-4 shall bereplaced by x,,g , Where x;45 = dx and § isgiven by the
higher-layer parameter prach-ConfigurationPeriodScaling-IAB and the | AB-node does not expect x5 to be
larger than 64;

- if the higher-layer parameter prach-ConfigurationFrameOffset-1AB is configured, the variable y used in

ngmod x = y of Tables6.3.3.2-2 t0 6.3.3.2-4 shall be replaced by y;,5 = (¥ + Ay) mod x where Ay isgiven by
the higher-layer parameter prach-ConfigurationFrameOffset-1AB, and x is the value used in n; mod x = y;

- if the higher-layer parameter prach-ConfigurationSOffset-1 AB is configured, the subframe number s, from
Tables 6.3.3.2-2 to 6.3.3.2-3 and the slot number s,, from Table 6.3.3.2-4 shall be replaced by (s, + As) mod L
where As € {0,1, ..., L — 1} isgiven by the higher-layer parameter prach-ConfigurationSOffset-IAB, and L isthe
number of subframesin aframe when using Tables 6.3.3.2-2 t0 6.3.3.2-3 and the number of dotsin aframe for
60 kHz subcarrier spacing when using in Table 6.3.3.2-4.

Random access preambl es can only be transmitted in the frequency resources given by either the higher-layer parameter
msgl-FrequencySart or msgA-RO-FrequencyStart if configured as described in clause 8.1 of [5 TS 38.213]. The
PRACH frequency resources ng, € {0,1, ..., M — 1}, where M equals the higher-layer parameter msgl-FDM or msgA-
RO-FDM if configured, are numbered in increasing order within the initial uplink bandwidth part during initial access,
gtarting from the lowest frequency. Otherwise, ng, are numbered in increasing order within the active uplink bandwidth
part, starting from the lowest frequency.

For operation with shared spectrum channel access, for Lg, = 139, a UE expects to be provided with higher-layer
parameter msgl-FregquencySart or msgA-RO-FrequencyStart if configured, and higher-layer parameter msgl-FDM or
msgA-RO-FDM if configured, such that a random-access preamble is confined within asingle RB set. The UE assumes
that the RB set is defined as when the UE is not provided intraCell GuardBandsPer SCSfor an UL carrier as described
in Clause 7 of [6, TS 38.214].

For operation with shared spectrum channel access, for Ly, = 571 or 1151 and Type-2 random access, a UE expects to
be provided with higher-layer parameter msgA-RO-FDM equalsto one.

For the purpose of slot numbering in the tables, the following subcarrier spacing shall be assumed:
- 15kHzfor FR1
- 60 kHz for FR2.

For handover purposesto atarget cell in paired or unpaired spectrum where the target cell uses L,,,, = 4, the UE may
assume the absol ute value of the time difference between radio frame i in the current cell and radio frame i in the target
cell islessthan 1536007 if the association pattern period in clause 8.1 of [5, TS 38.213] is not equal to 10 ms.

For inter frequency handover purposes where the source cell is either in paired or unpaired spectrum and the target cell
isin unpaired spectrum and uses L,,,, = 8, the UE may assume the absolute value of the time difference between radio
frame i in the current cell and radio frame i in the target cell islessthan 76800T5.
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Table 6.3.3.2-1: Supported combinations of Afg, and Af, and the corresponding value of k.

Lra Afra for PRACH | Af for PUSCH N2, allocation k
expressed in number of
RBs for PUSCH
839 1.25 15 6 7
839 1.25 30 3 1
839 1.25 60 2 133
839 5 15 24 12
839 5 30 12 10
839 5 60 6 7
139 15 15 12 2
139 15 30 6 2
139 15 60 3 2
139 30 15 24 2
139 30 30 12 2
139 30 60 6 2
139 60 60 12 2
139 60 120 6 2
139 120 60 24 2
139 120 120 12 2
139 120 480 3 1
139 120 960 2 23
139 480 120 48 2
139 480 480 12 2
139 480 960 6 2
139 960 120 96 2
139 960 480 24 2
139 960 960 12 2
571 30 15 96 2
571 30 30 48 2
571 30 60 24 2
571 120 120 48 2
571 120 480 12 1
571 120 960 7 47
571 480 120 192 2
571 480 480 48 2
571 480 960 24 2
1151 15 15 96 1
1151 15 30 48 1
1151 15 60 24 1
1151 120 120 97 6
1151 120 480 25 23
1151 120 960 13 45
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Table 6.3.3.2-2: Random access configurations for FR1 and paired spectrum/supplementary uplink.
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PRACH Preamble | nymodx=1y Subframe number Starting | Number N RAsiot NPRA
Configuration | format symbol of ! , o
Index PRACH | number of | PRACH
slots time- duration
withina | domain
X y subframe | PRACH
occasions
within a
PRACH
slot

0 0 16 1 1 0 - - 0
1 0 16 1 4 0 - - 0
2 0 16 1 7 0 - - 0
3 0 16 1 9 0 - - 0
4 0 8 1 1 0 - - 0
5 0 8 1 4 0 - - 0
6 0 8 1 7 0 - - 0
7 0 8 1 9 0 - - 0
8 0 4 1 1 0 - - 0
9 0 4 1 4 0 - - 0
10 0 4 1 7 0 - - 0
11 0 4 1 9 0 - - 0
12 0 2 1 1 0 - - 0
13 0 2 1 4 0 - - 0
14 0 2 1 7 0 - - 0
15 0 2 1 9 0 - - 0
16 0 1 0 1 0 - - 0
17 0 1 0 4 0 - - 0
18 0 1 0 7 0 - - 0
19 0 1 0 1,6 0 - - 0
20 0 1 0 2,7 0 - - 0
21 0 1 0 3,8 0 - - 0
22 0 1 0 14,7 0 - - 0
23 0 1 0 2,58 0 - - 0
24 0 1 0 3,6,9 0 - - 0
25 0 1 0 0,2,4,6,8 0 - - 0
26 0 1 0 1,3,5,7,9 0 - - 0
27 0 1 0 0,1,2,3,45,6,7,8,9 0 - - 0
28 1 16 1 1 0 - - 0
29 1 16 1 4 0 - - 0
30 1 16 1 7 0 - - 0
31 1 16 1 9 0 - - 0
32 1 8 1 1 0 - - 0
33 1 8 1 4 0 - - 0
34 1 8 1 7 0 - - 0
35 1 8 1 9 0 - - 0
36 1 4 1 1 0 - - 0
37 1 4 1 4 0 - - 0
38 1 4 1 7 0 - - 0
39 1 4 1 9 0 - - 0
40 1 2 1 1 0 - - 0
41 1 2 1 4 0 - - 0
42 1 2 1 7 0 - - 0
43 1 2 1 9 0 - - 0
44 1 1 0 1 0 - - 0
45 1 1 0 4 0 - - 0
46 1 1 0 7 0 - - 0
47 1 1 0 1,6 0 - - 0
48 1 1 0 2,7 0 - - 0
49 1 1 0 3,8 0 - - 0
50 1 1 0 14,7 0 - - 0
51 1 1 0 2,58 0 - - 0
52 1 1 0 3,6,9 0 - - 0
53 2 16 1 1 0 - - 0
54 2 8 1 1 0 - - 0
55 2 4 0 1 0 - - 0
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56 2 2 0 1 0 - - 0
57 2 2 0 5 0 - - 0
58 2 1 0 1 0 - - 0
59 2 1 0 5 0 - - 0
60 3 16 1 1 0 - - 0
61 3 16 1 4 0 - - 0
62 3 16 1 7 0 - - 0
63 3 16 1 9 0 - - 0
64 3 8 1 1 0 - - 0
65 3 8 1 4 0 - - 0
66 3 8 1 7 0 - - 0
67 3 4 1 1 0 - - 0
68 3 4 1 4 0 - - 0
69 3 4 1 7 0 - - 0
70 3 4 1 9 0 - - 0
71 3 2 1 1 0 - - 0
72 3 2 1 4 0 - - 0
73 3 2 1 7 0 - - 0
74 3 2 1 9 0 - - 0
75 3 1 0 1 0 - - 0
76 3 1 0 4 0 - - 0
77 3 1 0 7 0 - - 0
78 3 1 0 1,6 0 - - 0
79 3 1 0 2,7 0 - - 0
80 3 1 0 3,8 0 - - 0
81 3 1 0 1,4,7 0 - - 0
82 3 1 0 2,58 0 - - 0
83 3 1 0 3,6,9 0 - - 0
84 3 1 0 0,2,4,6,8 0 - 0
85 3 1 0 13,579 0 - - 0
86 3 1 0 0,1,2,3,4,5,6,7,8,9 0 - - 0
87 Al 16 0 4,9 0 1 6 2
88 Al 16 1 4 0 2 6 2
89 Al 8 0 4,9 0 1 6 2
90 Al 8 1 4 0 2 6 2
91 Al 4 0 4,9 0 1 6 2
92 Al 4 1 4,9 0 1 6 2
93 Al 4 0 4 0 2 6 2
94 Al 2 0 4,9 0 1 6 2
95 Al 2 0 1 0 2 6 2
96 Al 2 0 4 0 2 6 2
97 Al 2 0 7 0 2 6 2
98 Al 1 0 4 0 1 6 2
99 Al 1 0 1,6 0 1 6 2
100 Al 1 0 4,9 0 1 6 2
101 Al 1 0 1 0 2 6 2
102 Al 1 0 7 0 2 6 2
103 Al 1 0 2,7 0 2 6 2
104 Al 1 0 14,7 0 2 6 2
105 Al 1 0 0,2,4,6,8 0 2 6 2
106 Al 1 0 0,1,2,3,4,5,6,7,8,9 0 2 6 2
107 Al 1 0 1,3,57,9 0 2 6 2
108 Al/B1 2 0 49 0 1 7 2
109 Al/B1 2 0 4 0 2 7 2
110 Al/B1 1 0 4 0 1 7 2
111 Al/B1 1 0 1,6 0 1 7 2
112 Al/B1 1 0 49 0 1 7 2
113 Al/B1 1 0 1 0 2 7 2
114 Al/B1 1 0 7 0 2 7 2
115 Al/B1 1 0 14,7 0 2 7 2
116 Al/B1 1 0 0,2,4,6,8 0 2 7 2
117 A2 16 1 2,6,9 0 1 3 4
118 A2 16 1 4 0 2 3 4
119 A2 8 1 2,6,9 0 1 3 4
120 A2 8 1 4 0 2 3 4
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121 A2 4 0 2,6,9 0 1 3 4
122 A2 4 0 4 0 2 3 4
123 A2 2 1 2,6,9 0 1 3 4
124 A2 2 0 1 0 2 3 4
125 A2 2 0 4 0 2 3 4
126 A2 2 0 7 0 2 3 4
127 A2 1 0 4 0 1 3 4
128 A2 1 0 1,6 0 1 3 4
129 A2 1 0 4,9 0 1 3 4
130 A2 1 0 1 0 2 3 4
131 A2 1 0 7 0 2 3 4
132 A2 1 0 2,7 0 2 3 4
133 A2 1 0 14,7 0 2 3 4
134 A2 1 0 0,2,4,6,8 0 2 3 4
135 A2 1 0 0,1,2,3,4,5,6,7,89 0 2 3 4
136 A2 1 0 1,3,57,9 0 2 3 4
137 A2/B2 2 1 2,6,9 0 1 3 4
138 A2/B2 2 0 4 0 2 3 4
139 A2/B2 1 0 4 0 1 3 4
140 A2/B2 1 0 1,6 0 1 3 4
141 A2/B2 1 0 4,9 0 1 3 4
142 A2/B2 1 0 1 0 2 3 4
143 A2/B2 1 0 7 0 2 3 4
144 A2/B2 1 0 1,4,7 0 2 3 4
145 A2/B2 1 0 0,2,4,6,8 0 2 3 4
146 A2/B2 1 0 0,1,2,3,4,5,6,7,8,9 0 2 3 4
147 A3 16 1 4,9 0 1 2 6
148 A3 16 1 4 0 2 2 6
149 A3 8 1 4,9 0 1 2 6
150 A3 8 1 4 0 2 2 6
151 A3 4 0 4,9 0 1 2 6
152 A3 4 0 4 0 2 2 6
153 A3 2 1 2,6,9 0 2 2 6
154 A3 2 0 1 0 2 2 6
155 A3 2 0 4 0 2 2 6
156 A3 2 0 7 0 2 2 6
157 A3 1 0 4 0 1 2 6
158 A3 1 0 1,6 0 1 2 6
159 A3 1 0 4,9 0 1 2 6
160 A3 1 0 1 0 2 2 6
161 A3 1 0 7 0 2 2 6
162 A3 1 0 2,7 0 2 2 6
163 A3 1 0 14,7 0 2 2 6
164 A3 1 0 0,2,4,6,8 0 2 2 6
165 A3 1 0 0,1,2,3,4,5,6,7,8,9 0 2 2 6
166 A3 1 0 1,3,57,9 0 2 2 6
167 A3/B3 2 1 2,6,9 0 2 2 6
168 A3/B3 2 0 4 0 2 2 6
169 A3/B3 1 0 4 0 1 2 6
170 A3/B3 1 0 1,6 0 1 2 6
171 A3/B3 1 0 4,9 0 1 2 6
172 A3/B3 1 0 1 0 2 2 6
173 A3/B3 1 0 7 0 2 2 6
174 A3/B3 1 0 1,4,7 0 2 2 6
175 A3/B3 1 0 0,2,4,6,8 0 2 2 6
176 A3/B3 1 0 0,1,2,3,4,5,6,7,8,9 0 2 2 6
177 Bl 16 0 4,9 0 1 7 2
178 Bl 16 1 4 0 2 7 2
179 Bl 8 0 4,9 0 1 7 2
180 Bl 8 1 4 0 2 7 2
181 Bl 4 0 4,9 0 1 7 2
182 Bl 4 1 4,9 0 1 7 2
183 Bl 4 0 4 0 2 7 2
184 Bl 2 0 4,9 0 1 7 2
185 Bl 2 0 1 0 2 7 2
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186 Bl 2 0 4 0 2 7 2
187 Bl 2 0 7 0 2 7 2
188 Bl 1 0 4 0 1 7 2
189 Bl 1 0 1,6 0 1 7 2
190 Bl 1 0 4,9 0 1 7 2
191 Bl 1 0 1 0 2 7 2
192 Bl 1 0 7 0 2 7 2
193 Bl 1 0 2,7 0 2 7 2
194 Bl 1 0 14,7 0 2 7 2
195 Bl 1 0 0,2,4,6,8 0 2 7 2
196 Bl 1 0 0,1,2,3,4,5,6,7,8,9 0 2 7 2
197 Bl 1 0 1,3,57,9 0 2 7 2
198 B4 16 0 4,9 0 2 1 12
199 B4 16 1 4 0 2 1 12
200 B4 8 0 4,9 0 2 1 12
201 B4 8 1 4 0 2 1 12
202 B4 4 0 4,9 0 2 1 12
203 B4 4 0 4 0 2 1 12
204 B4 4 1 4,9 0 2 1 12
205 B4 2 0 4,9 0 2 1 12
206 B4 2 0 1 0 2 1 12
207 B4 2 0 4 0 2 1 12
208 B4 2 0 7 0 2 1 12
209 B4 1 0 1 0 2 1 12
210 B4 1 0 4 0 2 1 12
211 B4 1 0 7 0 2 1 12
212 B4 1 0 1,6 0 2 1 12
213 B4 1 0 2,7 0 2 1 12
214 B4 1 0 4,9 0 2 1 12
215 B4 1 0 14,7 0 2 1 12
216 B4 1 0 0,2,4,6,8 0 2 1 12
217 B4 1 0 0,1,2,3,4,5,6,7,8,9 0 2 1 12
218 B4 1 0 1,3,57,9 0 2 1 12
219 Co 8 1 4 0 2 7 2
220 Co 4 1 4,9 0 1 7 2
221 Co 4 0 4 0 2 7 2
222 Cco 2 0 4,9 0 1 7 2
223 Co 2 0 1 0 2 7 2
224 Co 2 0 4 0 2 7 2
225 Co 2 0 7 0 2 7 2
226 Co 1 0 4 0 1 7 2
227 Co 1 0 1,6 0 1 7 2
228 Cco 1 0 4,9 0 1 7 2
229 Co 1 0 1 0 2 7 2
230 Co 1 0 7 0 2 7 2
231 Co 1 0 2,7 0 2 7 2
232 Cco 1 0 14,7 0 2 7 2
233 Co 1 0 0,2,4,6,8 0 2 7 2
234 Cco 1 0 0,1,2,3,4,5,6,7,8,9 0 2 7 2
235 Co 1 0 1,3,57,9 0 2 7 2
236 c2 16 1 4,9 0 1 2 6
237 c2 16 1 4 0 2 2 6
238 c2 8 1 4,9 0 1 2 6
239 c2 8 1 4 0 2 2 6
240 c2 4 0 4,9 0 1 2 6
241 c2 4 0 4 0 2 2 6
242 c2 2 1 2,6,9 0 2 2 6
243 c2 2 0 1 0 2 2 6
244 c2 2 0 4 0 2 2 6
245 c2 2 0 7 0 2 2 6
246 c2 1 0 4 0 1 2 6
247 c2 1 0 1,6 0 1 2 6
248 c2 1 0 4,9 0 1 2 6
249 c2 1 0 1 0 2 2 6
250 c2 1 0 7 0 2 2 6
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251 Cc2 1 0 2,7 0 2 2 6
252 Cc2 1 0 14,7 0 2 2 6
253 Cc2 1 0 0,2,4,6,8 0 2 2 6
254 c2 1 0 0,1,2,3,4,5,6,7,8,9 0 2 2 6
255 c2 1 0 13,579 0 2 2 6
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Table 6.3.3.2-3: Random access configurations for FR1 and unpaired spectrum.
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PRACH Preamble | nymodx=1y Subframe number Starting | Number NIRA,S'ot N RA

Configuration format symbol of , dur
Index PRACH | humber of | PRACH

slots time- duration
withina | domain
X y subframe | PRACH
occasions
within a
PRACH
slot
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56 3 1 0 1,6 7 - - 0
57 3 1 0 4,9 0 - - 0
58 3 1 0 3,8 0 - - 0
59 3 1 0 2,7 0 - - 0
60 3 1 0 8,9 0 - - 0
61 3 1 0 4,8,9 0 - - 0
62 3 1 0 3,4,9 0 - - 0
63 3 1 0 7,8,9 0 - - 0
64 3 1 0 3,4,8,9 0 - - 0
65 3 1 0 1,4,6,9 0 - - 0
66 3 1 0 1,3,57,9 0 - - 0
67 Al 16 1 9 0 2 6 2
68 Al 8 1 9 0 2 6 2
69 Al 4 1 9 0 1 6 2
70 Al 2 1 9 0 1 6 2
71 Al 2 1 4,9 7 1 3 2
72 Al 2 1 7,9 7 1 3 2
73 Al 2 1 7,9 0 1 6 2
74 Al 2 1 8,9 0 2 6 2
75 Al 2 1 4,9 0 2 6 2
76 Al 2 1 2,3,4,7,8,9 0 1 6 2
77 Al 1 0 9 0 2 6 2
78 Al 1 0 9 7 1 3 2
79 Al 1 0 9 0 1 6 2
80 Al 1 0 8,9 0 2 6 2
81 Al 1 0 4,9 0 1 6 2
82 Al 1 0 7,9 7 1 3 2
83 Al 1 0 34,89 0 1 6 2
84 Al 1 0 34,89 0 2 6 2
85 Al 1 0 13,579 0 1 6 2
86 Al 1 0 0,1,2,3,4,5,6,7,8,9 7 1 3 2
87 A2 16 1 9 0 2 3 4
88 A2 8 1 9 0 2 3 4
89 A2 4 1 9 0 1 3 4
90 A2 2 1 7,9 0 1 3 4
91 A2 2 1 8,9 0 2 3 4
92 A2 2 1 7,9 9 1 1 4
93 A2 2 1 4,9 9 1 1 4
94 A2 2 1 4,9 0 2 3 4
95 A2 2 1 2,3,4,7,8,9 0 1 3 4
96 A2 1 0 2 0 1 3 4
97 A2 1 0 7 0 1 3 4
98 A2 2 1 9 0 1 3 4
99 A2 1 0 9 0 2 3 4
100 A2 1 0 9 9 1 1 4
101 A2 1 0 9 0 1 3 4
102 A2 1 0 2,7 0 1 3 4
103 A2 1 0 8,9 0 2 3 4
104 A2 1 0 4,9 0 1 3 4
105 A2 1 0 7,9 9 1 1 4
106 A2 1 0 3,489 0 1 3 4
107 A2 1 0 3,489 0 2 3 4
108 A2 1 0 1,3,57,9 0 1 3 4
109 A2 1 0 0,1,2,3,45,6,7,8,9 9 1 1 4
110 A3 16 1 9 0 2 2 6
111 A3 8 1 9 0 2 2 6
112 A3 4 1 9 0 1 2 6
113 A3 2 1 4,9 7 1 1 6
114 A3 2 1 7,9 7 1 1 6
115 A3 2 1 7,9 0 1 2 6
116 A3 2 1 4,9 0 2 2 6
117 A3 2 1 8,9 0 2 2 6
118 A3 2 1 2,3,4,7,8,9 0 1 2 6
119 A3 1 0 2 0 1 2 6
120 A3 1 0 7 0 1 2 6
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121 A3 2 1 9 0 1 2 6
122 A3 1 0 9 0 2 2 6
123 A3 1 0 9 7 1 1 6
124 A3 1 0 9 0 1 2 6
125 A3 1 0 2,7 0 1 2 6
126 A3 1 0 8,9 0 2 2 6
127 A3 1 0 4,9 0 1 2 6
128 A3 1 0 7,9 7 1 1 6
129 A3 1 0 34,89 0 1 2 6
130 A3 1 0 3,489 0 2 2 6
131 A3 1 0 1,3,57,9 0 1 2 6
132 A3 1 0 0,1,2,3,4,5,6,7,8,9 7 1 1 6
133 Bl 4 1 9 2 1 6 2
134 Bl 2 1 9 2 1 6 2
135 Bl 2 1 7,9 2 1 6 2
136 Bl 2 1 4,9 8 1 3 2
137 Bl 2 1 4,9 2 2 6 2
138 Bl 1 0 9 2 2 6 2
139 Bl 1 0 9 8 1 3 2
140 Bl 1 0 9 2 1 6 2
141 Bl 1 0 8,9 2 2 6 2
142 Bl 1 0 4,9 2 1 6 2
143 Bl 1 0 7,9 8 1 3 2
144 Bl 1 0 1,3,57,9 2 1 6 2
145 B4 16 1 9 0 2 1 12
146 B4 8 1 9 0 2 1 12
147 B4 4 1 9 2 1 1 12
148 B4 2 1 9 0 1 1 12
149 B4 2 1 9 2 1 1 12
150 B4 2 1 7,9 2 1 1 12
151 B4 2 1 4,9 2 1 1 12
152 B4 2 1 4,9 0 2 1 12
153 B4 2 1 8,9 0 2 1 12
154 B4 2 1 2,3,4,7,8,9 0 1 1 12
155 B4 1 0 1 0 1 1 12
156 B4 1 0 2 0 1 1 12
157 B4 1 0 4 0 1 1 12
158 B4 1 0 7 0 1 1 12
159 B4 1 0 9 0 1 1 12
160 B4 1 0 9 2 1 1 12
161 B4 1 0 9 0 2 1 12
162 B4 1 0 4,9 2 1 1 12
163 B4 1 0 7,9 2 1 1 12
164 B4 1 0 8,9 0 2 1 12
165 B4 1 0 3,489 2 1 1 12
166 B4 1 0 1,3,57,9 2 1 1 12
167 B4 1 0 0,1,2,3,4,5,6,7,8,9 0 2 1 12
168 B4 1 0 0,1,2,3,4,5,6,7,8,9 2 1 1 12
169 Co 16 1 9 2 2 6 2
170 Co 8 1 9 2 2 6 2
171 Co 4 1 9 2 1 6 2
172 Cco 2 1 9 2 1 6 2
173 Co 2 1 8,9 2 2 6 2
174 Cco 2 1 7,9 2 1 6 2
175 Co 2 1 7,9 8 1 3 2
176 Co 2 1 4,9 8 1 3 2
177 Co 2 1 4,9 2 2 6 2
178 Co 2 1 2,3,4,7,8,9 2 1 6 2
179 Cco 1 0 9 2 2 6 2
180 Co 1 0 9 8 1 3 2
181 Co 1 0 9 2 1 6 2
182 Co 1 0 8,9 2 2 6 2
183 Co 1 0 4,9 2 1 6 2
184 Cco 1 0 7,9 8 1 3 2
185 Co 1 0 3,489 2 1 6 2

ETSI




3GPP TS 38.211 version 17.5.0 Release 17 66 ETSI TS 138 211 V17.5.0 (2023-07)
186 Co 1 0 3,489 2 2 6 2
187 Co 1 0 1,3,57,9 2 1 6 2
188 Co 1 0 0,1,2,3,4,5,6,7,8,9 8 1 3 2
189 c2 16 1 9 2 2 2 6
190 c2 8 1 9 2 2 2 6
191 c2 4 1 9 2 1 2 6
192 c2 2 1 9 2 1 2 6
193 c2 2 1 8,9 2 2 2 6
194 c2 2 1 7,9 2 1 2 6
195 c2 2 1 7,9 8 1 1 6
196 c2 2 1 4,9 8 1 1 6
197 c2 2 1 4,9 2 2 2 6
198 c2 2 1 2,3,4,7,8,9 2 1 2 6
199 c2 8 1 9 8 2 1 6
200 c2 4 1 9 8 1 1 6
201 c2 1 0 9 2 2 2 6
202 c2 1 0 9 8 1 1 6
203 c2 1 0 9 2 1 2 6
204 c2 1 0 8,9 2 2 2 6
205 c2 1 0 4,9 2 1 2 6
206 c2 1 0 7,9 8 1 1 6
207 c2 1 0 3,489 2 1 2 6
208 c2 1 0 34,89 2 2 2 6
209 c2 1 0 1,3,57,9 2 1 2 6
210 c2 1 0 0,1,2,3,4,5,6,7,8,9 8 1 1 6
211 Al/B1 2 1 9 2 1 6 2
212 Al/B1 2 1 4,9 8 1 3 2
213 Al/B1 2 1 7,9 8 1 3 2
214 Al/B1 2 1 7,9 2 1 6 2
215 Al/B1 2 1 49 2 2 6 2
216 Al/B1 2 1 8,9 2 2 6 2
217 Al/B1 1 0 9 2 2 6 2
218 Al/B1 1 0 9 8 1 3 2
219 Al/B1 1 0 9 2 1 6 2
220 Al/B1 1 0 8,9 2 2 6 2
221 Al/B1 1 0 4,9 2 1 6 2
222 Al/B1 1 0 7,9 8 1 3 2
223 Al/B1 1 0 3,4,8,9 2 2 6 2
224 Al/B1 1 0 1,3,57.9 2 1 6 2
225 Al/B1 1 0 0,1,2,3,4,5,6,7,8,9 8 1 3 2
226 A2/B2 2 1 9 0 1 3 4
227 A2/B2 2 1 4,9 6 1 2 4
228 A2/B2 2 1 7,9 6 1 2 4
229 A2/B2 2 1 49 0 2 3 4
230 A2/B2 2 1 8,9 0 2 3 4
231 A2/B2 1 0 9 0 2 3 4
232 A2/B2 1 0 9 6 1 2 4
233 A2/B2 1 0 9 0 1 3 4
234 A2/B2 1 0 8,9 0 2 3 4
235 A2/B2 1 0 4,9 0 1 3 4
236 A2/B2 1 0 7,9 6 1 2 4
237 A2/B2 1 0 3,489 0 1 3 4
238 A2/B2 1 0 3,4,8,9 0 2 3 4
239 A2/B2 1 0 13,579 0 1 3 4
240 A2/B2 1 0 0,1,2,3,4,5,6,7,8,9 6 1 2 4
241 A3/B3 2 1 9 0 1 2 6
242 A3/B3 2 1 49 2 1 2 6
243 A3/B3 2 1 7,9 0 1 2 6
244 A3/B3 2 1 7,9 2 1 2 6
245 A3/B3 2 1 4,9 0 2 2 6
246 A3/B3 2 1 8,9 0 2 2 6
247 A3/B3 1 0 9 0 2 2 6
248 A3/B3 1 0 9 2 1 2 6
249 A3/B3 1 0 9 0 1 2 6
250 A3/B3 1 0 8,9 0 2 2 6
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251 A3/B3 1 0 4,9 0 1 2 6
252 A3/B3 1 0 7,9 2 1 2 6
253 A3/B3 1 0 3,4,8,9 0 2 2 6
254 A3/B3 1 0 1,3,57.9 0 1 2 6
255 A3/B3 1 0 0,1,2,3,4,5,6,7,8,9 2 1 2 6
256 0 16 1 7 0 - - 0
257 0 8 1 7 0 - - 0
258 0 4 1 7 0 0
259 0 2 0 7 0 - - 0
260 0 2 1 7 0 - - 0
261 0 2 0 2 0 - - 0
262 0 2 1 2 0 - - 0

ETSI




3GPP TS 38.211 version 17.5.0 Release 17 68 ETSI TS 138 211 V17.5.0 (2023-07)

Table 6.3.3.2-4: Random access configurations for FR2 and unpaired spectrum.
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PRACH | Preamble nymodx=y Slot number Starting | Number N RAslot NFRA
Config. format symbol of Lo ar,

Index PRACH number of PRACH
slots time- duration
withina | domain
X y 60kHz | PRACH
slot occasions
within a
PRACH
slot

0 Al 16 1 4,9,14,19,24,29,34,39 0 2 6 2
1 Al 16 1 3,7,11,15,19,23,27,31,35,39 0 1 6 2
2 Al 8 1,2 9,19,29,39 0 2 6 2
3 Al 8 1 4,9,14,19,24,29,34,39 0 2 6 2
4 Al 8 1 3,7,11,15,19,23,27,31,35,39 0 1 6 2
5 Al 4 1 4,9,14,19,24,29,34,39 0 1 6 2
6 Al 4 1 4,9,14,19,24,29,34,39 0 2 6 2
7 Al 4 1 3,7,11,15,19,23,27,31,35,39 0 1 6 2
8 Al 2 1 7,15,23,31,39 0 2 6 2
9 Al 2 1 4,9,14,19,24,29,34,39 0 1 6 2
10 Al 2 1 4,9,14,19,24,29,34,39 0 2 6 2
11 Al 2 1 3,7,11,15,19,23,27,31,35,39 0 1 6 2
12 Al 1 0 19,39 7 1 3 2
13 Al 1 0 3,5,7 0 1 6 2
14 Al 1 0 24,29,34,39 7 1 3 2
15 Al 1 0 9,19,29,39 7 2 3 2
16 Al 1 0 17,19,37,39 0 1 6 2
17 Al 1 0 9,19,29,39 0 2 6 2
18 Al 1 0 4,9,14,19,24,29,34,39 0 1 6 2
19 Al 1 0 4,9,14,19,24,29,34,39 7 1 3 2
20 Al 1 0 3,5,7,9,11,13 7 1 3 2
21 Al 1 0 23,27,31,35,39 7 1 3 2
22 Al 1 0 7,15,23,31,39 0 1 6 2
23 Al 1 0 23,27,31,35,39 0 1 6 2
24 Al 1 0 13,14,15, 29,30,31,37,38,39 7 2 3 2
25 Al 1 0 3,7,11,15,19,23,27,31,35,39 7 1 3 2
26 Al 1 0 3,7,11,15,19,23,27,31,35,39 0 1 6 2
27 Al 1 0 1,3,5,7,...,37,39 0 1 6 2
28 Al 1 0 0,1,2,...,39 7 1 3 2
29 A2 16 1 4,9,14,19,24,29,34,39 0 2 3 4
30 A2 16 1 3,7,11,15,19,23,27,31,35,39 0 1 3 4
31 A2 8 1 4,9,14,19,24,29,34,39 0 2 3 4
32 A2 8 1 3,7,11,15,19,23,27,31,35,39 0 1 3 4
33 A2 8 1,2 9,19,29,39 0 2 3 4
34 A2 4 1 4,9,14,19,24,29,34,39 0 1 3 4
35 A2 4 1 4,9,14,19,24,29,34,39 0 2 3 4
36 A2 4 1 3,7,11,15,19,23,27,31,35,39 0 1 3 4
37 A2 2 1 7,15,23,31,39 0 2 3 4
38 A2 2 1 4,9,14,19,24,29,34,39 0 1 3 4
39 A2 2 1 4,9,14,19,24,29,34,39 0 2 3 4
40 A2 2 1 3,7,11,15,19,23,27,31,35,39 0 1 3 4
41 A2 1 0 19,39 5 1 2 4
42 A2 1 0 3,5,7 0 1 3 4
43 A2 1 0 24,29,34,39 5 1 2 4
44 A2 1 0 9,19,29,39 5 2 2 4
45 A2 1 0 17,19,37,39 0 1 3 4
46 A2 1 0 9,19, 29, 39 0 2 3 4
47 A2 1 0 7,15,23,31,39 0 1 3 4
48 A2 1 0 23,27,31,35,39 5 1 2 4
49 A2 1 0 23,27,31,35,39 0 1 3 4
50 A2 1 0 3,5,7,9,11,13 5 1 2 4
51 A2 1 0 3,5,7,9,11,13 0 1 3 4
52 A2 1 0 4,9,14,19,24,29,34,39 5 1 2 4
53 A2 1 0 4,9,14,19,24,29,34,39 0 1 3 4
54 A2 1 0 13,14,15, 29,30,31,37,38,39 5 2 2 4
55 A2 1 0 3,7,11,15,19,23,27,31,35,39 5 1 2 4
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56 A2 1 0 3,7,11,15,19,23,27,31,35,39 0 1 3 4
57 A2 1 0 1,3,5/7,...,37,39 0 1 3 4
58 A2 1 0 0,1,2,...,39 5 1 2 4
59 A3 16 1 4,9,14,19,24,29,34,39 0 2 2 6
60 A3 16 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6
61 A3 8 1 4,9,14,19,24,29,34,39 0 2 2 6
62 A3 8 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6
63 A3 8 1,2 9,19,29,39 0 2 2 6
64 A3 4 1 4,9,14,19,24,29,34,39 0 1 2 6
65 A3 4 1 4,9,14,19,24,29,34,39 0 2 2 6
66 A3 4 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6
67 A3 2 1 4,9,14,19,24,29,34,39 0 1 2 6
68 A3 2 1 4,9,14,19,24,29,34,39 0 2 2 6
69 A3 2 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6
70 A3 1 0 19,39 7 1 1 6
71 A3 1 0 3,57 0 1 2 6
72 A3 1 0 9,11,13 2 1 2 6
73 A3 1 0 24,29,34,39 7 1 1 6
74 A3 1 0 9,19,29,39 7 2 1 6
75 A3 1 0 17,19,37,39 0 1 2 6
76 A3 1 0 9,19,29,39 0 2 2 6
77 A3 1 0 7,15,23,31,39 0 1 2 6
78 A3 1 0 23,27,31,35,39 7 1 1 6
79 A3 1 0 23,27,31,35,39 0 1 2 6
80 A3 1 0 3,5,7,9,11,13 0 1 2 6
81 A3 1 0 3,5,7,9,11,13 7 1 1 6
82 A3 1 0 4,9,14,19,24,29,34,39 0 1 2 6
83 A3 1 0 4,9,14,19,24,29,34,39 7 1 1 6
84 A3 1 0 13,14,15, 29,30,31,37,38,39 7 2 1 6
85 A3 1 0 3,7,11,15,19,23,27,31,35,39 7 1 1 6
86 A3 1 0 3,7,11,15,19,23,27,31,35,39 0 1 2 6
87 A3 1 0 1,3,5/7,...,.37,39 0 1 2 6
88 A3 1 0 0,12,...,39 7 1 1 6
89 Bl 16 1 4,9,14,19,24,29,34,39 2 2 6 2
90 Bl 8 1 4,9,14,19,24,29,34,39 2 2 6 2
91 Bl 8 1,2 9,19,29,39 2 2 6 2
92 Bl 4 1 4,9,14,19,24,29,34,39 2 2 6 2
93 Bl 2 1 4,9,14,19,24,29,34,39 2 2 6 2
94 Bl 2 1 3,7,11,15,19,23,27,31,35,39 2 1 6 2
95 Bl 1 0 19,39 8 1 3 2
96 Bl 1 0 3,57 2 1 6 2
97 Bl 1 0 24,29,34,39 8 1 3 2
98 Bl 1 0 9,19,29,39 8 2 3 2
99 Bl 1 0 17,19,37,39 2 1 6 2
100 Bl 1 0 9,19,29,39 2 2 6 2
101 Bl 1 0 7,15,23,31,39 2 1 6 2
102 Bl 1 0 23,27,31,35,39 8 1 3 2
103 Bl 1 0 23,27,31,35,39 2 1 6 2
104 Bl 1 0 3,5,7,9,11,13 8 1 3 2
105 Bl 1 0 4,9,14,19,24,29,34,39 8 1 3 2
106 Bl 1 0 4,9,14,19,24,29,34,39 2 1 6 2
107 Bl 1 0 3,7,11,15,19,23,27,31,35,39 8 1 3 2
108 Bl 1 0 13,14,15, 29,30,31,37,38,39 8 2 3 2
109 Bl 1 0 3,7,11,15,19,23,27,31,35,39 2 1 6 2
110 Bl 1 0 1,3,5/7,...,37,39 2 1 6 2
111 Bl 1 0 0,1,2,...,39 8 1 3 2
112 B4 16 1,2 4,9,14,19,24,29,34,39 0 2 1 12
113 B4 16 1,2 3,7,11,15,19,23,27,31,35,39 0 1 1 12
114 B4 8 1,2 4,9,14,19,24,29,34,39 0 2 1 12
115 B4 8 1,2 3,7,11,15,19,23,27,31,35,39 0 1 1 12
116 B4 8 1,2 9,19,29,39 0 2 1 12
117 B4 4 1 4,9,14,19,24,29,34,39 0 1 1 12
118 B4 4 1 4,9,14,19,24,29,34,39 0 2 1 12
119 B4 4 1,2 3,7,11,15,19,23,27,31,35,39 0 1 1 12
120 B4 2 1 7,15,23,31,39 2 2 1 12
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121 B4 2 1 4,9,14,19,24,29,34,39 0 1 1 12
122 B4 2 1 4,9,14,19,24,29,34,39 0 2 1 12
123 B4 2 1 3,7,11,15,19,23,27,31,35,39 0 1 1 12
124 B4 1 0 19, 39 2 2 1 12
125 B4 1 0 17,19, 37, 39 0 1 1 12
126 B4 1 0 24,29,34,39 2 1 1 12
127 B4 1 0 9,19,29,39 2 2 1 12
128 B4 1 0 9,19,29,39 0 2 1 12
129 B4 1 0 7,15,23,31,39 0 1 1 12
130 B4 1 0 7,15,23,31,39 0 2 1 12
131 B4 1 0 23,27,31,35,39 0 1 1 12
132 B4 1 0 23,27,31,35,39 2 2 1 12
133 B4 1 0 9,11,13,15,17,19 0 1 1 12
134 B4 1 0 3,5,7,9,11,13 2 1 1 12
135 B4 1 0 4,9,14,19,24,29,34,39 0 1 1 12
136 B4 1 0 4,9,14,19,24,29,34,39 2 2 1 12
137 B4 1 0 13,14,15, 29,30,31,37,38,39 2 2 1 12
138 B4 1 0 3,7,11,15,19,23,27,31,35,39 0 1 1 12
139 B4 1 0 3,7,11,15,19,23,27,31,35,39 2 1 1 12
140 B4 1 0 3,57, ..,2325 2 1 1 12
141 B4 1 0 3,5,7,...,2325 0 2 1 12
142 B4 1 0 1,3,5/7,...,37,39 0 1 1 12
143 B4 1 0 0,12..39 2 1 1 12
144 Cco 16 1 4,9,14,19,24,29,34,39 0 2 7 2
145 Co 16 1 3,7,11,15,19,23,27,31,35,39 0 1 7 2
146 Co 8 1 4,9,14,19,24,29,34,39 0 1 7 2
147 Co 8 1 3,7,11,15,19,23,27,31,35,39 0 1 7 2
148 Cco 8 1,2 9,19,29,39 0 2 7 2
149 Cco 4 1 4,9,14,19,24,29,34,39 0 1 7 2
150 Co 4 1 4,9,14,19,24,29,34,39 0 2 7 2
151 Co 4 1 3,7,11,15,19,23,27,31,35,39 0 1 7 2
152 Cco 2 1 7,15,23,31,39 0 2 7 2
153 Cco 2 1 4,9,14,19,24,29,34,39 0 1 7 2
154 Cco 2 1 4,9,14,19,24,29,34,39 0 2 7 2
155 Co 2 1 3,7,11,15,19,23,27,31,35,39 0 1 7 2
156 Co 1 0 19,39 8 1 3 2
157 Cco 1 0 3,57 0 1 7 2
158 Co 1 0 24,29,34,39 8 1 3 2
159 Cco 1 0 9,19,29,39 8 2 3 2
160 Co 1 0 17,19,37,39 0 1 7 2
161 Co 1 0 9,19,29,39 0 2 7 2
162 Cco 1 0 23,27,31,35,39 8 1 3 2
163 Cco 1 0 7,15,23,31,39 0 1 7 2
164 Co 1 0 23,27,31,35,39 0 1 7 2
165 Co 1 0 3,5,7,9,11,13 8 1 3 2
166 Co 1 0 4,9,14,19,24,29,34,39 8 1 3 2
167 Cco 1 0 4,9,14,19,24,29,34,39 0 1 7 2
168 Cco 1 0 13,14,15, 29,30,31,37,38,39 8 2 3 2
169 Co 1 0 3,7,11,15,19,23,27,31,35,39 8 1 3 2
170 Co 1 0 3,7,11,15,19,23,27,31,35,39 0 1 7 2
171 Co 1 0 1,3,5/7,...,37,39 0 1 7 2
172 Cco 1 0 0,12,...,39 8 1 3 2
173 c2 16 1 4,9,14,19,24,29,34,39 0 2 2 6
174 c2 16 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6
175 c2 8 1 4,9,14,19,24,29,34,39 0 2 2 6
176 c2 8 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6
177 c2 8 1,2 9,19,29,39 0 2 2 6
178 c2 4 1 4,9,14,19,24,29,34,39 0 1 2 6
179 c2 4 1 4,9,14,19,24,29,34,39 0 2 2 6
180 c2 4 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6
181 c2 2 1 7,15,23,31,39 2 2 2 6
182 c2 2 1 4,9,14,19,24,29,34,39 0 1 2 6
183 c2 2 1 4,9,14,19,24,29,34,39 0 2 2 6
184 c2 2 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6
185 c2 1 0 19,39 2 1 2 6
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186 c2 1 0 3,57 0 1 2 6
187 c2 1 0 24,29,34,39 7 1 1 6
188 c2 1 0 9,19,29,39 7 2 1 6
189 c2 1 0 17,19,37,39 0 1 2 6
190 c2 1 0 9,19,29,39 2 2 2 6
191 c2 1 0 7,15,23,31,39 2 1 2 6
192 c2 1 0 3,5,7,9,11,13 7 1 1 6
193 c2 1 0 23,27,31,35,39 7 2 1 6
194 c2 1 0 23,27,31,35,39 0 1 2 6
195 c2 1 0 4,9,14,19,24,29,34,39 7 2 1 6
196 c2 1 0 4,9,14,19,24,29,34,39 2 1 2 6
197 c2 1 0 13,14,15, 29,30,31,37,38,39 7 2 1 6
198 c2 1 0 3,7,11,15,19,23,27,31,35,39 7 1 1 6
199 c2 1 0 3,7,11,15,19,23,27,31,35,39 0 1 2 6
200 c2 1 0 1,35/7,...,37,39 0 1 2 6
201 c2 1 0 0,1,2,...,39 7 1 1 6
202 Al/B1 16 1 4,9,14,19,24,29,34,39 2 1 6 2
203 Al/B1 16 1 3,7,11,15,19,23,27,31,35,39 2 1 6 2
204 Al/B1 8 1 4,9,14,19,24,29,34,39 2 1 6 2
205 Al/B1 8 1 3,7,11,15,19,23,27,31,35,39 2 1 6 2
206 Al/B1 4 1 4,9,14,19,24,29,34,39 2 1 6 2
207 Al/B1 4 1 3,7,11,15,19,23,27,31,35,39 2 1 6 2
208 Al/B1 2 1 4,9,14,19,24,29,34,39 2 1 6 2
209 Al/B1 1 0 19,39 8 1 3 2
210 Al/B1 1 0 9,19,29,39 8 1 3 2
211 Al/B1 1 0 17,19,37,39 2 1 6 2
212 Al/B1 1 0 9,19,29,39 2 2 6 2
213 Al/B1 1 0 23,27,31,35,39 8 1 3 2
214 Al/B1 1 0 7,15,23,31,39 2 1 6 2
215 Al/B1 1 0 23,27,31,35,39 2 1 6 2
216 Al/B1 1 0 4,9,14,19,24,29,34,39 8 1 3 2
217 Al/B1 1 0 4,9,14,19,24,29,34,39 2 1 6 2
218 Al/B1 1 0 3,7,11,15,19,23,27,31,35,39 2 1 6 2
219 Al/B1 1 0 1,3,5/7,...,.37,39 2 1 6 2
220 A2/B2 16 1 4,9,14,19,24,29,34,39 2 1 3 4
221 A2/B2 16 1 3,7,11,15,19,23,27,31,35,39 2 1 3 4
222 A2/B2 8 1 4,9,14,19,24,29,34,39 2 1 3 4
223 A2/B2 8 1 3,7,11,15,19,23,27,31,35,39 2 1 3 4
224 A2/B2 4 1 4,9,14,19,24,29,34,39 2 1 3 4
225 A2/B2 4 1 3,7,11,15,19,23,27,31,35,39 2 1 3 4
226 A2/B2 2 1 4,9,14,19,24,29,34,39 2 1 3 4
227 A2/B2 1 0 19,39 6 1 2 4
228 A2/B2 1 0 9,19,29,39 6 1 2 4
229 A2/B2 1 0 17,19,37,39 2 1 3 4
230 A2/B2 1 0 9,19,29,39 2 2 3 4
231 A2/B2 1 0 23,27,31,35,39 6 1 2 4
232 A2/B2 1 0 7,15,23,31,39 2 1 3 4
233 A2/B2 1 0 23,27,31,35,39 2 1 3 4
234 A2/B2 1 0 4,9,14,19,24,29,34,39 6 1 2 4
235 A2/B2 1 0 4,9,14,19,24,29,34,39 2 1 3 4
236 A2/B2 1 0 3,7,11,15,19,23,27,31,35,39 2 1 3 4
237 A2/B2 1 0 1,357,...,37,39 2 1 3 4
238 A3/B3 16 1 4,9,14,19,24,29,34,39 2 1 2 6
239 A3/B3 16 1 3,7,11,15,19,23,27,31,35,39 2 1 2 6
240 A3/B3 8 1 4,9,14,19,24,29,34,39 2 1 2 6
241 A3/B3 8 1 3,7,11,15,19,23,27,31,35,39 2 1 2 6
242 A3/B3 4 1 4,9,14,19,24,29,34,39 2 1 2 6
243 A3/B3 4 1 3,7,11,15,19,23,27,31,35,39 2 1 2 6
244 A3/B3 2 1 4,9,14,19,24,29,34,39 2 1 2 6
245 A3/B3 1 0 19,39 2 1 2 6
246 A3/B3 1 0 9,19,29,39 2 1 2 6
247 A3/B3 1 0 17,19,37,39 2 1 2 6
248 A3/B3 1 0 9,19,29,39 2 2 2 6
249 A3/B3 1 0 7,15,23,31,39 2 1 2 6
250 A3/B3 1 0 23,27,31,35,39 2 1 2 6
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251 A3/B3 1 0 23,27,31,35,39 2 2 2 6
252 A3/B3 1 0 4,9,14,19,24,29,34,39 2 1 2 6
253 A3/B3 1 0 4,9,14,19,24,29,34,39 2 2 2 6
254 A3/B3 1 0 3,7,11,15,19,23,27,31,35,39 2 1 2 6
255 A3/B3 1 0 1,3,57,...,37,39 2 1 2 6

6.4 Physical signals

6.4.1 Reference signals

6.4.1.1 Demodulation reference signal for PUSCH

6.4.1.1.1 Sequence generation

6.41.1.11 Sequence generation when transform precoding is disabled

If transform precoding for PUSCH is not enabled, the sequence r(n) shall be generated according to

1 1

V2 V2

where the pseudo-random sequence c(i) isdefined in clause 5.2.1. The pseudo-random sequence generator shall be
initialized with

r(n)=—=(1-2-c(2n))+ j——=(1-2-c(2n+1)).

-2 A 7 -
Cnit = <217(N§,g§bn§f +1+1) (ZNI’SSC'D + 1) + 217 H + 2N, 7P + ﬁé—ClD> mod 231

where | isthe OFDM symbol number within the slot, n{; is the slot number within a frame, and

- N@, N3} €{0,1,...,65535} are given by the higher-layer parameters scramblingl DO and scramblingl D1,
respectively, in the DMRS-UplinkConfig | E if provided and the PUSCH is scheduled by DCI format 0_1 or 0 2,
or by aPUSCH transmission with a configured grant;

- NQ €{0,1,...,65535} isgiven by the higher-layer parameter scramblingl DO in the DMRS-UplinkConfig IE if
provided and the PUSCH is scheduled by DCI format 0_0 with the CRC scrambled by C-RNTI, MCS-C-RNTI,
or CS-RNTI;

- NS,N} € {0,1,...,65535} are, for each msgA PUSCH configuration, given by the higher-layer parameters
msgA-Scramblingl DO and msgA-Scramblingl D1, respectively, in the msgA-DMRS-Config IE if provided and the
PUSCH transmission is triggered by a Type-2 random access procedure as described in clause 8.1A of [5, TS
38.213];

ﬁgCID cell i o
Np™" = Ny~ otherwise;
- fidep and A are given by

- if the higher-layer parameter dmrs-Uplink in the DMRS-UplinkConfig IE is provided

T_lz ={ Nscip A=00rA=2
SC'D_ 1—ngp A=1
A=2
where 1 isthe CDM group defined in clause 6.4.1.1.3.

- otherwise

A
Nscip = Nscip
A=0
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The quantity ngcp € {0,1} is

indicated by the DM-RS initialization field, if present, either in the DCI associated with the PUSCH transmission
if DCI format 0_1or0_2,in[4, TS38.212] is used;

indicated by the higher layer parameter dmrs-Seglnitialization, if present, for a Type 1 PUSCH transmission with
aconfigured grant;

determined by the mapping between preamble(s) and a PUSCH occasion and the associated DMRS resource for
aPUSCH transmission of Type-2 random access processin [5, TS 38.213];

determined by the mapping between SS/PBCH block(s) and a PUSCH occasion and the associated DMRS
resource for a configured-grant based PUSCH transmission in RRC_INACTIVE state [5, TS 38.213];

OtherWi%nsc]D =0.

6.4.1.1.1.2 Sequence generation when transform precoding is enabled

If transform precoding for PUSCH is enabled, the reference-signal sequence r(n) shall be generated according to

r(n)=r5?(n)
n=0.1,.,M /27 1

(a,8)

where ;" (n) with § = 1 depends on the configuration:

if the higher-layer parameter dmrs-UplinkTransformPrecoding is configured, n/2-BPSK modulation is used for

PUSCH, and the PUSCH transmission is not a msg3 transmission, and the transmission is not scheduled using

DCI format 0_0 in a common search space, ru(_”l‘,"” (n) isgiven by clause 5.2.3 with ¢;,;; given by

cinit = (217 (Ngmpnts + 1+ 1) (2N, 5" + 1) + 2N,5°° + ngeyp)mod 23

where ngcp = 0 unless given by the DCI according to clause 7.3.1.1.2in [4, TS38.212] for atransmission
scheduled by DCI format 0_1, or given by the DCI according to clause 7.3.1.1.3 in [4, TS38.212] for a
transmission scheduled by DCI format O_2 if the antenna portsfield in the DCI format 0_2 is not O bit, or given
by the higher-layer parameter antennaPort for a PUSCH transmission scheduled by atype-1 configured grant;
and

- NS, N} e {0,1,...,65535} are given by the higher-layer parameters pi2BPSK-Scramblingl DO and pi2BPSK-
Scramblingl D1, respectively, in the DMRS-UplinkConfig |E if provided and the PUSCH is scheduled by DCI
format 0_1, or by DCI format 0_2 if the antenna ports field in the DCI format 0_2 is not O bit, or by a
PUSCH transmission with a configured grant;

- N2 €{0,1, ...,65535} isgiven by the higher-layer parameter pi2BPSK-Scramblingl DO in the DMRS:
UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_0 with the CRC scrambled by C-
RNTI, MCS-C-RNTI, or CS-RNTI, or by DCI format 0_2 if the antenna portsfield in the DCI format 0_2 is
0 bit;

- NpSer = Ngell otherwise

otherwise, ru(‘%,a) (n) isgiven by clause 5.2.2 with @ = 0.

The sequence group u = (f, + iy ) mod 30, where nf; is given by

nky = nhYSCH if nfVSCH s configured by the higher-layer parameter nPUSCH-Identity in the DMRS-
UplinkConfig IE, and

- the higher-layer parameter dmrs-UplinkTransformPrecoding is not configured or the higher-layer parameter
dmrs-UplinkTransformPrecoding is configured and n/2-BPSK modulation is not used for PUSCH, and

- the PUSCH is neither scheduled by RAR UL grant nor scheduled by DCI format 0_0 with CRC scrambled by
TC-RNTI according to clause 8.3 in [5, TS 38.213];
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- nfy = NP if the higher-layer parameter dmrs-UplinkTransformPrecoding is configured, n/2-BPSK
modulation is used for PUSCH, the PUSCH transmission is not a msg3 transmission, and the transmission is not
scheduled using DCI format 0_0 in a common search space;

- nf = NS otherwise

where £, and the sequence number v are given by:

- if neither group, nor sequence hopping is enabled
v=0
- if group hopping is enabled and sequence hopping is disabled
i =(z;=02mc(8( N1 +I)+m))mod30
v=0

where the pseudo-random sequence c(i) isdefined by clause 5.2.1 and shall be initialized with ¢, ,, = |_an55 /soj
at the beginning of each radio frame

- if sequence hopping is enabled and group hopping is disabled
f =0
oo {c( NSNS +1) if M e > 6NE?

0 otherwise

where the pseudo-random sequence c(i) isdefined by clause 5.2.1 and shall be initialized with ¢, = n/$ a
the beginning of each radio frame.

The hopping mode is controlled by higher-layer parameters:

- for PUSCH transmission scheduled by RAR UL grant or by DCI format 0_0 with CRC scrambled by TC-RNTI,
sequence hopping is disabled and group hopping is enabled or disabled by the higher-layer parameter
groupHoppingEnabledTransformPrecoding;

- for al other transmissions, sequence hopping and group hopping are enabled or disabled by the respective
higher-layer parameters sequenceHopping and sequenceGroupHopping if these parameters are provided,
otherwise, the same hopping mode as for Msg3 shall be used.

The UE is not expected to handle the case of combined sequence hopping and group hopping.

The quantity [ above isthe OFDM symbol number in the slot except for the case of double-symbol DMRS in which
case | isthe OFDM symbol number in the dot of the first symbol of the double-symbol DMRS.

6.4.1.1.2 (void)

6.4.1.1.3 Precoding and mapping to physical resources
The sequence r(m) shall be mapped to the intermediate quantity dgf’”) according to

- if transform precoding is not enabled,
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G =w (K)w (1")r (2n+K)
3 4n+2k’+A Configuration type 1
_{ 6n+k’+A Configuration type 2
k"=0,1
I=T+I"
n=0,.1,..
j=01,..,v-1

- if transform precoding is enabled

& =w (K)w (I)r(2n+K)
k=4n+2k'+A
k’=0,1
=1+l
n=0,1,..

where w; (k’), w, (I”), and A are given by Tables 6.4.1.1.3-1 and 6.4.1.1.3-2 and the configuration type is given by the
higher-layer parameter DMRS-UplinkConfig, and both k" and A correspond to g, ..., f,_1. The intermediate quantity

(@) . ~
akpf P 0 if A corresponds to any other antenna ports than p;-

The intermediate quantity dg"’”) shall be precoded, multiplied with the amplitude scaling factor g2)%%> in order to

conform to the transmit power specified in [6, TS 38.214], and mapped to physical resources according to

(Po.) ~(Po,it)
Ay A
: _ HDMRS
( : ) = PruscaW : )
Pp-1.4 ~(Py—1.14
) Ay

where

- the precoding matrix W is given by clause 6.3.1.5,

and the following conditions are fulfilled:

- theresource elements d,(flj = are within the common resource blocks all ocated for PUSCH transmission.

The reference point for k is
- subcarrier 0 in common resource block 0 if transform precoding is not enabled, and

- subcarrier 0 of the lowest-numbered resource block of the scheduled PUSCH allocation if transform precoding is
enabled.

The reference point for [ and the position |, of the first DM-RS symbol depends on the mapping type:
- for PUSCH mapping type A

- | isdefined relative to the start of the slot if frequency hopping is disabled and relative to the start of each
hop in case frequency hopping is enabled

- |y isgiven by the higher-layer parameter dmrs-TypeA-Position

- for PUSCH mapping type B:
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- | isdefined relative to the start of the scheduled PUSCH resources if frequency hopping is disabled and
relative to the start of each hop in case frequency hopping is enabled

= IO = 0
The position(s) of the DM-RS symbolsisgivenby | and duration I; where

- 1y isthe duration between the first OFDM symbol of the slot and the last OFDM symbol of the scheduled
PUSCH resources in the slot for PUSCH mapping type A according to Tables 6.4.1.1.3-3 and 6.4.1.1.3-4 if intra-
slot frequency hopping is not used, or

- lyisthe duration of scheduled PUSCH resources for PUSCH mapping type B according to Tables 6.4.1.1.3-3
and 6.4.1.1.3-4 if intra-sl ot frequency hopping is not used, or

-l isthe duration per hop according to Table 6.4.1.1.3-6 if intra-slot frequency hopping is used.

- if the higher-layer parameter maxLength in DMRS-UplinkConfig is not configured, or for a msgA transmission
msgA-MaxLength in msgA-DMRS-Config is nhot configured, the tables shall be used according to single-symbol
DM-RS

- if the higher-layer parameter maxLength in DMRS-UplinkConfig is equal to 'len2', the associated DCI or
configured grant configuration determines whether single-symbol or double-symbol DM-RS shall be used

- if the higher-layer parameter msgA-MaxLength in msgA-DMRS-Config is equal to 'len2', double-symbol DM-RS
shall be used

- if the higher-layer parameter dmrs-Additional Position is not set to 'pos0’ and intra-slot frequency hopping is
enabled according to clause 7.3.1.1.2 in [4, TS 38.212] and by higher layer, Tables 6.4.1.1.3-6 shall be used
assuming dmrs-Additional Position is equal to 'posl' for each hop.

For PUSCH mapping type A,

- the case dmrs-Additional Position is equal to 'pos3' is only supported when dnmrs-TypeA-Position is equal to
'pos2;;

- ly =4 symbolsin Table 6.4.1.1.3-4 is only applicable when dmrs-TypeA-Position is equal to 'pos2'.
For msgA transmitted using PUSCH mapping type A,

- the case msgA-DMRS-Additional Position is equal to 'pos3' is only supported when dmrs-TypeA-Position is equal
to 'pos2';

- 'dmrs-Additional Position' in Tables 6.4.1.1.3-3 to 6.4.1.1.3-6 shall be replaced by msgA-DMRS-
Additional Position;

- only PUSCH DM-RS configuration type 1 is supported.
For msgA transmitted using PUSCH mapping type B,

- 'dmrs-Additional Position’ in Tables 6.4.1.1.3-3 t0 6.4.1.1.3-6 shall be replaced by msgA-DMRS
Additional Position;

- only PUSCH DM-RS configuration type 1 is supported.

The time-domain index |” and the supported antenna ports p, aregivenby Table 6.4.1.1.3-5.
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Table 6.4.1.1.3-1: Parameters for PUSCH DM-RS configuration type 1.

p CDM group A w (K) w (")
4 k=0 K'=1 =0 I"=1
0 0 0 +1 +1 +1 +1
1 0 0 +1 -1 +1 +1
2 1 1 +1 +1 +1 +1
3 1 1 +1 -1 +1 +1
4 0 0 +1 +1 +1 -1
5 0 0 +1 -1 +1 -1
6 1 1 +1 +1 +1 -1
7 1 1 +1 -1 +1 -1
Table 6.4.1.1.3-2: Parameters for PUSCH DM-RS configuration type 2.
p CDM group A w (K) w (1)
% k=0 kK'=1 I’'=0 I"=1

0 0 0 +1 +1 +1 +1
1 0 0 +1 -1 +1 +1
2 1 2 +1 +1 +1 +1
3 1 2 +1 -1 +1 +1
4 2 4 +1 +1 +1 +1
5 2 4 +1 -1 +1 +1
6 0 0 +1 +1 +1 -1
7 0 0 +1 -1 +1 -1
8 1 2 +1 +1 +1 -1
9 1 2 +1 -1 +1 -1
10 2 4 +1 +1 +1 -1
11 2 4 +1 -1 +1 -1

Table 6.4.1.1.3-3: PUSCH DM-RS positions | within a slot for single-symbol DM-RS and intra-slot

frequency hopping disabled.

Lyin DM-RS positions |
symbols PUSCH mapping type A PUSCH mapping type B
dmrs-AdditionalPosition dmrs-AdditionalPosition
pos0 posl pos2 pos3 pos0 posl pos2 pos3
<4 - - - - lo lo lo lo
4 lo lo lo lo lo lo lo lo
5 lo lo lo lo lo lg: 4 lg: 4 lg: 4
6 lo lo lo lo lo lo: 4 lo: 4 lo 4
7 lo lo lo lo lo lg: 4 lg: 4 lg: 4
8 lo lg: 7 lg: 7 lgs 7 lo lg) 6 lg 3,6 lg» 3,6
9 lo lg: 7 lgs 7 lgs 7 lo lo: 6 lg: 3, 6 lg: 3,6
10 lo lg: 9 lo: 6,9 lp: 6,9 lo lo: 8 lg, 4, 8 lg: 3,6,9
11 lo lg: O lo: 6,9 lo: 6,9 lo lo: 8 lg: 4, 8 lg:3,6,9
12 lo lg: O lo: 6,9 lg» 5, 8,11 lo lg: 10 lg» 5,10 lg: 3, 6,9
13 lo lo» 11 | 1o, 7,11 | 15,5,8,11 | |, lo» 10 | 15,5,10 | 15,3,6,9
14 lo l» 11 | 1y, 7,11 | 1,,5,8,11 lo lp» 210 | 15,5,10 | 15, 3,6,9

Table 6.4.1.1.3-4: PUSCH DM-RS positions | within a slot for double-symbol DM-RS and intra-slot

frequency hopping disabled.

ETSI




3GPP TS 38.211 version 17.5.0 Release 17

79

ETSI TS 138 211 V17.5.0 (2023-07)

lg in symbols DM-RS positions |
PUSCH mapping type A PUSCH mapping type B
dmrs-AdditionalPosition dmrs-AdditionalPosition
poso posi pos2 pos3 poso posi pos2 pos3

<4 - - - -

4 lo lo - -

5 lo lo lo lo

6 lo lo lo lo

7 lo lo lo lo

8 I lo lo lo, 5

9 I lo lo lo, 5

10 I lg, 8 lo lo, 7

11 lo lg, 8 lo lo, 7

12 lo lg, 8 lo lo, 9

13 lo lp, 10 lo lo, 9

14 lo lp, 10 lo lo, 9

Table 6.4.1.1.3-5: PUSCH DM-RS time index I'.

DM-RS duration

ll

Configuration type 1

Supported antenna ports p

Configuration type 2

single-symbol DM-RS

0

0-3

0-5

double-symbol DM-RS

0,1

0-7

0-11

Table 6.4.1.1.3-6: PUSCH DM-RS positions | within a slot for single-symbol DM-RS and intra-slot
frequency hopping enabled.

lq in DM-RS positions 1
symbols PUSCH mapping type A PUSCH mapping type B
lp=2 lh,=3 l,b,=0
dmrs-AdditionalPosition dmrs-AdditionalPosition dmrs-AdditionalPosition
posO posl posO posl pos0 posl
1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
hop | hop | hop hop hop | hop | hop | hop | hop | hop | hop hop
<3 - - - - - - - 0 0 0 0
4 2 0 2 0 3 0 3 0 0 0 0 0
5, 6 2 0 2 0,4 3 0 3 0,4 0 0 0,4 0,4
7 2 0 2,6 0, 4 3 0 3 0,4 0 0 0,4 0,4
6.4.1.2 Phase-tracking reference signals for PUSCH
6.4.1.2.1 Sequence generation
6.4.1.2.1.1 Sequence generation if transform precoding is not enabled

If transform precoding is not enabled, the precoded phase-tracking reference signal for subcarrier K on layer j isgiven
by

@)y — (rm) ifj=j"orj=j"
T {0 otherwise

where

- antennaports . or {5j.,ﬁj..} associated with PT-RS transmission are given by clause 6.2.3 of [6, TS 38.214]
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- r(m) isgivenby clause6.4.1.1.1.1

- at the position of the first DM-RS symbol in absence of PUSCH intra-slot frequency hopping

- at the position of the first DM-RS symbol in hop h € {0,1} in presence of PUSCH intra-slot frequency
hopping

6.4.1.2.1.2 Sequence generation if transform precoding is enabled

If transform precoding is enabled, the phase-tracking reference signal r,,,(m") to be mapped in position m before

transform precoding, where m depends on the number of PT-RS groups N2TRS | the number of samples per PT-RS

group
group ng;?,li)p, and MEUSCH according to Table 6.4.1.2.2.2-1, shall be generated according to

J (mm0d2)
r,(m)=w(k’ 5 ———[(@-2¢c(m))+ j (1-2c(m)) ]
= NZ’s'+K’

S'=01...Ng° -1

K'=0,1NZ%® -1

where the pseudo-random sequence c(i) isdefinedin clause5.2.1 and w(i) isgivenby Table6.4.1.2.1.2-1. The
pseudo-random sequence generator shall beinitialized with

cinie = (2V7 (Ngmpnts + 1+ 1)(2Nip + 1) + 2N;p)mod2*

where | isthe lowest OFDM symbol number in the PUSCH allocation in slot n;‘_f that contains PT-RS according to
clause 6.4.1.2.2.2 and N, is given by the higher-layer parameter nPUSCH-| dentity.

Table 6.4.1.2.1.2-1: The orthogonal sequence w(i).

Nenri MOANG Y Ngmp =2 Ngmp =4
[w(0) w()] W) w®) w2 wa3)]
0 [+1 +1] [+1 +1 +1 +1]
1 [+1 -1 [+1 -1 +1 -1]
2 - [+1 +1 -1 -1
3 - [+1 -1 -1 +1]

6.4.1.2.2 Mapping to physical resources

6.4.1.2.2.1 Precoding and mapping to physical resources if transform precoding is not enabled

The UE shall transmit phase-tracking reference signals only in the resource blocks used for the PUSCH, and only if the
procedurein [6, TS 38.214] indicates that phase-tracking reference signals are being used.

The PUSCH PT-RS shall be mapped to resource elements according to

wo.tt) _
akplo * r®@)(2n + k")
: =PerrsW | ¢
a(pp—bﬂ) r@v-1) (2n + k’)

Kl

{4n + 2k’ + A configuration type 1
k= , i .
6n+k’'+ A configuration type 2

when all the following conditions are fulfilled
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- | iswithin the OFDM symbols allocated for the PUSCH transmission

- resource element (k,1) isnot used for DM-RS

- k' and A correspond to Py, ..., By—1

The gquantities k' and A are given by Tables 6.4.1.1.3-1 and 6.4.1.1.3-2, the configuration type is given by the higher-
layer parameter dmrs-Type in the DMRS-UplinkConfig | E, and the precoding matrix W is given by clause 6.3.1.5. The
quantity Serrs iSan amplitude scaling factor to conform with the transmit power specified in clause 6.2.2 of [6, TS

38.214].
The set of timeindices | defined relative to the start of the PUSCH allocation is defined by
lsti=0andl,4 =0

2. if any symbol in the interval max(l.es + (i — 1)Lpr.rs + 1, L), e s Lres + iLpr.rs OVErlaps with a symbol used for
DM-RS according to clause 6.4.1.1.3

- oseti=1
- et |« tothesymbol index of the DM-RS symbol in case of asingle-symbol DM-RS or to the symbol index
of the second DM-RS symbol in case of a double-symbol DM-RS

- repeat fromstep 2 aslong as |, +il,; 5 iSinsidethe PUSCH allocation

ref

3.add |, +ily, 5 tothe set of timeindicesfor PT-RS

4. increment i by one

5. repeat from step 2 above aslong as |, + il 5¢ iSinside the PUSCH allocation

ref

where Lpr s € {1,2,4} isdefined in Table 6.2.3.1-1 of [6, TS 38.214].

For the purpose of PT-RS mapping, the resource blocks allocated for PUSCH transmission are numbered from O to
Ngs —1 from the lowest scheduled resource block to the highest. The corresponding subcarriersin this set of resource

blocks are numbered in increasing order starting from the lowest frequency from0to NN, —1. The subcarriersto
which the PT-RS shall be mapped are given by

k= ki +(iKprps ki JNS®
KRB — Nenr MO Koy g if Npg mod K o =0
e ey MOd (Ngg mod K, o)  Otherwise
where

- 1=012...

- kr'}E isgiven by Table 6.4.1.2.2.1-1 for the DM-RS port associated with the PT-RS port according to clause

6.2.3in[6, TS 38.214]. If the higher-layer parameter resour ceElementOffset in PTRS-UplinkConfig is not
configured, the column corresponding to 'offset00' shall be used.

- ngyy 1Sthe RNTI associated with the DCI scheduling the transmission using C-RNTI, CS-RNTI, MCS-C-
RNTI, SP-CSI-RNTI, or isthe CS-RNTI in case of configured grant

- Ngg isthe number of resource blocks scheduled

- Kpras € {2,4} isgiven by [6, TS 38.214].
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Table 6.4.1.2.2.1-1: The parameter k7t .

DM-RS antenna port krFéfE
DM-RS Configuration type 1 DM-RS Configuration type 2
[4 resourceElementOffset resourceElementOffset
offset00 offset01 offset10 offsetll offset00 offset01 offset10 offsetll
0 0 2 6 8 0 1 6 7
1 2 4 8 10 1 6 7 0
2 1 3 7 9 2 3 8 9
3 3 5 9 11 3 8 9 2
4 - - - - 4 5 10 11
5 - - - - 5 10 11 4
6.4.1.2.2.2 Mapping to physical resources if transform precoding is enabled

The UE shall transmit phase-tracking reference signals only in the resource blocks and OFDM symbols used for the
PUSCH, and only if the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used.

The sequence r,,,(m') shall be multiplied by 3’ and mapped to N5 Ny complex valued symbolsin x® (m) where

- % (m) arethe complex-valued symbolsin OFDM symbol | before transform precoding according to clause
6.3.1.4

- m depends on the number of PT-RSgroups N "T*s, the number of samples per PT-RS group ng;,?qli)p, and

M 2USCH - according to Table 6.4.1.2.2.2-1

- [’ istheratio between amplitude of one of the outermost constellation points for the modulation scheme used
for PUSCH and one of the outermost constellation points for 7/2-BPSK as defined in clause 6.2.3 of [TS 38.214)]

The set of timeindices | for which PT-RS shall be transmitted is defined relative to the start of the PUSCH allocation
and is defined by

Lseti=0andl,g =0

2. if any symbol in the interval max(l.es + (i — 1)Lpr.rs + 1, L), e s Lres + iLpr.rs OVErlaps with a symbol used for
DM-RS according to clause 6.4.1.1.3

- oseti=1

- set |« tothesymbol index of the DM-RS symbol in case of a single-symbol DM-RS and to the symbol
index of the second DM-RS symbol in case of a double-symbol DM-RS

- repeat fromstep 2 aslong as |, + il 5 iSinsidethe PUSCH allocation

ref

3.add |, +il,; 5 tothe set of timeindicesfor PT-RS

ref

4. increment i by one

5. repeat from step 2 above aslong as |, +iLy; 5¢ iSinside the PUSCH allocation

ref

where Lpr.rs € {1,2} isgiven by the higher-layer parameter timeDensity TransformPrecoding in the PTRS-UplinkConfig
IE.
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Table 6.4.1.2.2.2-1: PT-RS symbol mapping.

Nupn_wl_bsrsof Numlber of Index m of PT-RS samples in OFDM symbol | prior to
- samples per :
groups PT-RS group transform precoding
N PT-RS rou
group I\Ig pF
2 2 s|MPUSCH /4] + k — 1 wheres = 1,3 andk = 0,1
2 4 PUSCH {S = 0 and k = 0,1,2,3
SMse ™"+ leWhere 1 _ 1 and k= —4,-3,-2,—1
4 2 s MPUSCH /8] 4 & — 1 wheres = 1,3,5,7 and k = 0,1
4 4 sMEUSCH /4 + n + k where
s=0 and k=0,1,23 n=0
{s =12 and k=-2,-1,0,1 n = |MIVUSCH /8|
s=4 and k=-4-3,-2,-1 n=0
8 4 |s MEUSCH /8| + n + k where
s=0 and k=0,1,23 n=0
{s =1,23456 and k=-2,—-1,0,1 n = |MEYSCH /16|
s=8 and k=-4,-3,-2,-1 n=0
6.4.1.3 Demodulation reference signal for PUCCH
6.4.1.3.1 Demodulation reference signal for PUCCH format 1
6.4.1.3.1.1 Sequence generation
The reference signal sequence is defined by
Z( PUCCH 1 I;’EBJCCH 1NRB + MPUCCH 1NRB + n) =w, (m) (a,6) (n)
PUCCH
" 0 1 SBCCH iNRB !
=01,..,Ng 7" —1

. {0 no intra-slot frequency hopping
m= 0,1 intra-dot frequency hopping

where Ng oG is given by Table 6.4.1.3.1.1-1, Mgy ““** by clause 9.2.1 of [5, TS 38.213], and the sequence 7,5 (n)

isgiven by clause 5.2.2.

Intra-slot frequency hopping shall be assumed when the higher-layer parameter intraS otFrequencyHopping is enabled,
regardless of whether the frequency-hop distance is zero or not, otherwise no intra-sot frequency hopping shall be
assumed.

The orthogonal sequence w; (m) isgiven by Table 6.3.2.4.1.-2 with the same index | asusedin clause 6.3.2.4.1.
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Table 6.4.1.3.1.1-1: Number of DM-RS symbols and the corresponding Ns'féﬁc“'l.

PUCCH length, NPUCCH,l
\PUCCH.1 S
symb No intra-slot Intra-slot hopping
hopplng n‘f:o m,:]_
m=0
4 2 1 1
5 3 1 2
6 3 2 1
7 4 2 2
8 4 2 2
9 5 2 3
10 5 3 2
11 6 3 3
12 6 3 3
13 7 3 4
14 7 4 3
6.4.1.3.1.2 Mapping to physical resources

The sequence shall be multiplied with the amplitude scaling factor Spc,, inorder to conform to the transmit power
specified in [5, 38.213] and mapped in sequence starting with z(0) to resource elements (k, [),,,, in aslot on antenna
port p= 2000 accordingto

) _
@ = Bpyccha? (m)

1=024,..

where [ = 0 correspondsto the first OFDM symbol of the PUCCH transmission and (k, 1), , shall be within the
resource blocks assigned for PUCCH transmission according to [5, TS 38.213].

For interlaced transmission, the mapping operation shall be repeated for each resource block in the interlace and in the
active bandwidth part over the assigned physical resource blocks according to clause 9.2.1 of [5, TS 38.213], with the
resource-block dependent sequence generated according to clause 6.3.2.2.

6.4.1.3.2 Demodulation reference signal for PUCCH format 2

6.4.1.3.2.1 Sequence generation

The reference-signal sequence z;(m) shall be generated according to

Neg “™ + i) = wy (D, (m)
(m) = L(1 —2c(2m)) + '1(1 —2c(2m+ 1))
G "2

. PUCCH,2
i=01,.., Ng? -1

m=20,1,...

z(m

where the pseudo-random sequence c(i) isdefined in clause 5.2. The pseudo-random sequence generator shall be
initialized with

Cmie = (217 (Ngoipnhs + 1+ 1) (2N + 1) + 2Np) mod 23*
where | isthe OFDM symbol number within the slot, ngff is the slot number within the radio frame, and w;, (i) and

NEYC™? are defind in clause 6.3.2.5.2A.

The quantity N € {0,1, ...,65535} is given by the higher-layer parameter scramblingl DO in the DMRS-UplinkConfig
|E if provided and by N otherwise. If a UE is configured with both dmrs-UplinkForPUSCH-MappingTypeA and
dmrs-UplinkFor PUSCH-MappingTypeB, scramblingl DO is obtained from dmrs-UplinkFor PUSCH-MappingTypeB.
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6.4.1.3.2.2 Mapping to physical resources

The sequence shall be multiplied with the amplitude scaling factor Spyccy , in order to conform to the transmit power
specified in [5, 38.213] and mapped in sequence starting with z,(0) to resource elements (k, [),,,, in aslot on antenna
port p=2000 accordingto

(o.10)
a" = Bruccr 221 (M)

k=3m+1

where K is defined relative to subcarrier 0 of common resource block 0 and (k, Dy, shall be within the resource blocks
assigned for PUCCH transmission according to clause 9.2.1 of [5, TS 38.213].

6.4.1.3.3 Demodulation reference signal for PUCCH formats 3 and 4

6.4.1.3.3.1 Sequence generation

The reference-signal sequence r;(m) shall be generated according to
r () =r5” (m)
m=0,1,..., M —1

where M2CCHs s given by clause 6.3.2.6.3 and 7, % (m) depends on the configuration:

- if the higher-layer parameter dmrs-UplinkTransformPrecodingPUCCH is configured, and 7w /2-BPSK is used for
PUCCH, rlfff,“s) (m) isgiven by clause 5.2.3 with § = 0 and c;,,;; given by clause 6.4.1.3.2.1. The sequence group
u and the sequence number v depend on the sequence hopping in clause 6.3.2.2.1.

- otherwise, for PUCCH format 3, PUCCH format 4 with Mpg ““**=1, and PUCCH format 4 with Mg ““"*>1

when 1 /2-BPSK is not used for PUCCH, ru(‘%,a) (m) isgiven by clause 6.3.2.2 and the cyclic shift a varies with
the symbol number and slot number according to clause 6.3.2.2.2 with

- my = 0 for PUCCH format 3 without interlaced mapping;

- m, obtained from Table 6.4.1.3.3.1-1 with the orthogonal sequence index n given by clause 6.3.2.6.3 for
PUCCH format 3 with interlaced mapping and PUCCH format 4.

Table 6.4.1.3.3.1-1: Cyclic shift index m, for PUCCH format 3 with interlaced mapping and PUCCH

format 4.
Orthogonal Cyclic shift index mg
sequence index n NZLFJCCH’S 1 NggCCH'S _,
NZ,L:JCCH’S =4
0 0 0 0
1 6 6
2 - 3
3 - - 9
6.4.1.3.3.2 Mapping to physical resources

The sequence shall be multiplied with the amplitude scaling factor Bpcqy s S€ {34}, in order to conform to the
transmit power specified in [5, 38.213] and mapped in sequence starting with r, (0) to resource elements (k, [),, , on
antennaport p = 2000 accordingto

(ﬁ’ﬂ) = ﬂPUCCH,s T (m).

m=0,1,..., MZeHs _1
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where
- Kisdefined relative to subcarrier 0 of the lowest-numbered resource block assigned for PUCCH transmission,

- | isgiven by Table 6.4.1.3.3.2-1 for the case with and without intra-slot frequency hopping and with and

without additional DM-RS as described in clause 9.2.1 of [TS 38.213], where | =0 corresponds to the first
OFDM symbol of the PUCCH transmission.

The resource elements (k, 1),,,, shall be within the resource blocks assigned for PUCCH transmission according to
clause 9.2.1 of [5, TS 38.213].

Table 6.4.1.3.3.2-1: DM-RS positions for PUCCH format 3 and 4.

PUCCH length DM-RS position | within PUCCH span
No additional DM-RS Additional DM-RS
No hopping Hopping No hopping Hopping

4 1 0,2 1 0,2

5 0,3 0,3

6 1,4 1,4

7 1,4 1,4

8 1,5 1,5

9 1,6 1,6

10 2,7 1,3,6,8

11 2,7 1,3,6,9

12 2,8 1,4,7,10

13 2,9 1,4,7,11

14 3,10 1,5,8,12
6.4.1.4 Sounding reference signal
6.4.14.1 SRS resource

An SRSresource is configured by the SRS-Resource | E or the SRS-PosResource | E and consists of

- N3¥ € {1,2,4} antenna ports {p; fgs_l, where the number of antenna ports is given by the higher layer
parameter nrofSRS-Ports if configured, otherwise N3 = 1, and p; = 1000 + i when the SRS resourceisina
SRS resource set with higher-layer parameter usage in SRS-ResourceSet not set to 'nonCodebook’, or determined
according to [6, TS 38.214] when the SRS resourceisin a SRS resource set with higher-layer parameter usage in
SRS-ResourceSet set to ‘'nonCodebook’

- NSBS €{1,2,4,8,10,12,14} consecutive OFDM symbols given by the field nrofSymbols contained in the higher

sym

layer parameter resourceMapping
- Iy, the starting position in the time domain given by [, = Nssyl;’;b — 1 — lysser Where the offset I .. € {0,1, ...,13}

counts symbols backwards from the end of the slot and is given by the field startPosition contained in the higher

layer parameter resourceMapping and Lgssee = Niyp — 1

- ko, the frequency-domain starting position of the sounding reference signal

6.4.1.4.2 Sequence generation
The sounding reference signal sequence for an SRS resource shall be generated according to
r®)(n, 1) = (3" (n)
0<n<Mp—1

'e{01,.., Ny — 1}
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where MS isgiven by clause 6.4.1.4.3, u(”l‘, 9 (n) isgiven by clause 5.2.2 with § = log, (Kr¢) and the transmission

comb number Krc € {2,4,8} is contained in the higher-layer parameter transmissionComb. The cyclic shift «; for
antennaport p, isgiven as

csi

Ngrs
;= 2T —srmax
csmex SRS
nep p,—1000)/2 .
Ng + Do KS;S )21} od nge If NGS =4 andn@g =6
ncsz _ NBP /2
SRS T cs,max ’
n .—1000 .
(r@s + %@S)) mod nape otherwise
wheren$s € {0,1, ..., ngrs - — 1} iscontained in the higher layer parameter transmissionComb. The maximum

number of cyclic shlfts Npe + are given by Table 6.4.1.4.2-1.

The sequence group u = (f(n%;, 1) + ni5° )mod 30 and the sequence number v in clause 5.2.2 depends on the
higher-layer parameter groupOr SequenceHopping in the SRS-Resource | E or the SRS-PosResource |E. The SRS
sequence identity nSX° is given by the higher layer parameter sequenceld in the SRS-Resource |E, in which case nj}® €
{0,1, ...,1023}, or the SRS-PosResource-r16 | E, in which case ni}® € {0, 1, ..., 65535}. The quantity [’ €

{0,1, ..., N3R5, — 1} isthe OFDM symbol number within the SRS resource.

- if groupOr SequenceHopping equals 'neither’, neither group, nor sequence hopping shall be used and
tn (4 17)=0
v=0

- if groupOrSequenceHopping equals ‘groupHopping', group hopping but not sequence hopping shall be used and

"
nSf ,I

( n/’ Noow +1o+] )+ m) 2mjmod 30
0

where the pseudo-random sequence c(i) is defined by clause 5.2.1 and shall be initialized with ¢;,;; = n{}° at the
beginning of each radio frame.

- if groupOr SequenceHopping equals 'sequenceHopping', sequence hopping but not group hopping shall be used
and

fan (nélf’l) 0
V_{ onf NSO 415 +17) MES > 6N
0

otherwise

where the pseudo-random sequence c(i) is defined by clause 5.2.1 and shall be initialized with ¢;,;; = n{}° at the
beginning of each radio frame.

Table 6.4.1.4.2-1: Maximum number of cyclic shifts ngze as a function of Krc.

Ko
2 8
4 12
8 6
6.4.1.4.3 Mapping to physical resources

When SRSis transmitted on a given SRS resource, the sequence r®? (n, I') for each OFDM symbol I’ and for each of
the antenna ports of the SRS resource shall be multiplied with the amplitude scaling factor Se¢ in order to conform to

the transmit power specified in [5, 38.213] and mapped in sequence starting with r(r) (0,1") to resource elements (k, 1)

in aslot for each of the antenna ports p; according to
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,BSRSr”‘)(k ) k'=01...,MJP-1 I’'=0,1..,Ng -1

(m) | N symb
aKTck'+ké”),I’+I0 ®

0 otherwise

The length of the sounding reference signal sequenceis given by
Mg?,g = mSRS,szRcB/(KTCPF )

where mgps , iS given by a selected row of Table 6.4.1.4.3-1 with b= Bgg Where Bgg € {0,1,2,3} isgiven by thefield

b-SRS contained in the higher-layer parameter freqHopping if configured, otherwise Bsgs = 0. The row of the tableis
selected according to the index Cgzg € {0,1....,63} given by the field c-SRS contained in the higher-layer parameter
fregHopping. The quantity Pr € {2, 4} is given by the higher-layer parameter FreqScalingFactor if configured,
otherwise Pr = 1. When FregScalingFactor is configured, the UE expects the length of the SRS sequence to be a
multiple of 6.

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

kP = BPO + nf, + nlBES
where
E(()pi) = nshifth%B (k'?él) + koffset) mod KTC
(Rrc + Krc/2) mod Krc  if NS = 4, p; € {1001,1003}, and ng3e™ = 6

k%) =1 (ktc + Krc/2) mod K¢ if N3RS = 4, p; € {1001,1003}, and nSs € {ngna /2, ..., Ngne — 1}

krc otherwise
Bsrs

FH _ RB
Noffser = § Mggs,p Nsc 1y
b=o0

Nogrer = N&B TSRS, Brs ((kF + khop)mOd PF)/PF
and
- kr€{0,1,..., P — 1} isgiven by the higher-layer parameter SartRBIndex if configured, otherwise kr = 0;
knop isgiven by Table 6.4.1.4.3-3 with

kh"p BSRS
thop 1

if the higher-layer parameter EnableStartRBHopping is configured, otherwise ky,,, = 0

If NS5 < ngpie the reference point for kgpi) = 0 issubcarrier 0 in common resource block 0, otherwise the reference
point is the lowest subcarrier of the BWP.

If the SRS is configured by the |E SRS-PosResource, the quantity kL offset 1S Oiven by Table 6.4.1.4.3-2, otherwise

l
koffset =0.

The frequency domain shift value ng,; adjusts the SRS allocation with respect to the reference point grid and is
contained in the higher-layer parameter fregDomainShift in the SRS-Resource | E or the SRS-PosResource |E. The
transmission comb offset krc € {0,1, ..., Krc — 1} is contained in the higher-layer parameter transmissionComb in the
SRS-Resource | E or the SRS-PosResource |E and n,, is afrequency position index.

Frequency hopping of the sounding reference signal is configured by the parameter by, € {0,1,2,3}, given by thefield
b-hop contained in the higher-layer parameter freqHopping if configured, otherwise by, = 0
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If byop = Bsrs, frequency hopping is disabled and the frequency position index n;, remains constant (unless re-
configured) and is defined by
n, = |_4nRRC/rnSRS,meOd Np

for al Nssy‘fﬁb OFDM symbols of the SRS resource. The quantity nggc iS given by the higher-layer parameter

fregDomainPosition if configured, otherwise npgc = 0, and the values of mgps , and N, for b = Bggg are given by the
selected row of Table 6.4.1.4.3-1 corresponding to the configured value of Cgg.

If bop < Bsrs, frequency hopping is enabled and the frequency position indices n;, are defined by

W = | 4ngc/Msrs 5| mod Ny b < by
b (Fy(nsgs) + [4ngrc/mspsy|) mod Ny, otherwise

where N, isgiven by Table 6.4.1.4.3-1,

Ners Mod T2, N, Ners Mod T2, N,
(N, 12) "5 it b=by, Nor | | Nsrs < b=y, Nor | N, even
Fy(Ners) = My, Ny 2Mp, Ny
[Ny /ZJLnSRs /Hg;lbmp Ny if N, odd

and where thop = 1 regardless of the value of N,. The quantity nggs counts the number of SRS transmissions. For the
case of an SRS resource configured as aperiodic by the higher-layer parameter resourceType, it is given by ngrg =

['/R| within the slot in which the N3&y, symbol SRS resource is transmitted. The quantity R < N3%, is the repetition
SRS

factor given by the field repetitionFactor if configured, otherwise R = Ny,
For the case of an SRS resource configured as periodic or semi-persistent by the higher-layer parameter resourceType,

the SRS counter is given by
N = NSS™“ng + 1% ~Togee | [ Ngmo +LI'J
SRS — ' 5
Ters R R

for slots that satisfy (N e Hne + 0l = Tofrea )mod Tws = 0. The periodicity Tgrg inslotsand slot offset Ty are

slot

givenin clause 6.4.1.4.4.
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Table 6.4.1.4.3-1: SRS bandwidth configuration.
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Cers Bsrs =0 Byrs =1 Bsrs =2 Bgrs =3
Msrs,0 No Msrs1 N, Mags, 2 N, Mars,3 N
0 4 1 4 1 4 1 4 1
1 8 1 4 2 4 1 4 1
2 12 1 4 3 4 1 4 1
3 16 1 4 4 4 1 4 1
4 16 1 8 2 4 2 4 1
5 20 1 4 5 4 1 4 1
6 24 1 4 6 4 1 4 1
7 24 1 12 2 4 3 4 1
8 28 1 4 7 4 1 4 1
9 32 1 16 2 8 2 4 2
10 36 1 12 3 4 3 4 1
11 40 1 20 2 4 5 4 1
12 48 1 16 3 8 2 4 2
13 48 1 24 2 12 2 4 3
14 52 1 4 13 4 1 4 1
15 56 1 28 2 4 7 4 1
16 60 1 20 3 4 5 4 1
17 64 1 32 2 16 2 4 4
18 72 1 24 3 12 2 4 3
19 72 1 36 2 12 3 4 3
20 76 1 4 19 4 1 4 1
21 80 1 40 2 20 2 4 5
22 88 1 44 2 4 11 4 1
23 96 1 32 3 16 2 4 4
24 96 1 48 2 24 2 4 6
25 104 1 52 2 4 13 4 1
26 112 1 56 2 28 2 4 7
27 120 1 60 2 20 3 4 5
28 120 1 40 3 8 5 4 2
29 120 1 24 5 12 2 4 3
30 128 1 64 2 32 2 4 8
31 128 1 64 2 16 4 4 4
32 128 1 16 8 8 2 4 2
33 132 1 44 3 4 11 4 1
34 136 1 68 2 4 17 4 1
35 144 1 72 2 36 2 4 9
36 144 1 48 3 24 2 12 2
37 144 1 48 3 16 3 4 4
38 144 1 16 9 8 2 4 2
39 152 1 76 2 4 19 4 1
40 160 1 80 2 40 2 4 10
41 160 1 80 2 20 4 4 5
42 160 1 32 5 16 2 4 4
43 168 1 84 2 28 3 4 7
44 176 1 88 2 44 2 4 11
45 184 1 92 2 4 23 4 1
46 192 1 96 2 48 2 4 12
47 192 1 96 2 24 4 4 6
48 192 1 64 3 16 4 4 4
49 192 1 24 8 8 3 4 2
50 208 1 104 2 52 2 4 13
51 216 1 108 2 36 3 4 9
52 224 1 112 2 56 2 4 14
53 240 1 120 2 60 2 4 15
54 240 1 80 3 20 4 4 5
55 240 1 48 5 16 3 8 2
56 240 1 24 10 12 2 4 3
57 256 1 128 2 64 2 4 16
58 256 1 128 2 32 4 4 8
59 256 1 16 16 8 2 4 2
60 264 1 132 2 44 3 4 11
61 272 1 136 2 68 2 4 17
62 272 1 68 4 4 17 4 1
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[ 63 [ 272 | 1 | 16 | 1z | 8 | 2 | a4 1 2 ]

Table 6.4.1.4.3-2: The offset kgﬁset for SRS as a function of Kyc and l'.

K NSRS -1
T kgffset’ o koffi‘e:
Nomo =1 | Nomp =2 | Nomy = 4 Neymb = 8 Neymo = 12
2 0 0,1 0,1,0,1 - -
4 - 0,2 0,2,1,3 0,21,30,21,3 0,21,30,21,30,2,13
8 - - 0,4,2,6 0,4,2,6,1,53,7 0,4,2,6,1,53,7,0,4,2,6
Table 6.4.1.4.3-3: The quantity ko, as a function of Ehop.
Ehop khop
PF == 1 PF = 2 PF = 4
0 0 0 0
1 1 2
2 - - 1
3 - - 3
6.4.1.4.4 Sounding reference signal slot configuration

For an SRS resource configured as periodic or semi-persistent by the higher-layer parameter resourceType, a periodicity
Ters (inslots) and slot offset T are configured according to the higher-layer parameter periodicityAndOffset-p or

periodicityAndOffset-sp in the SRS-Resource |E, or periodicityAndOffset-p or periodicityAndOffset-sp in the SRS
PosResource |E. Candidate sotsin which the configured SRS resource may be used for SRS transmission are the sots

satisfying

frame , u Y ) _
(Nﬂot Mg + NS¢ — Totree JMOd Tegs =0

SRS istransmitted as described in clause 11.1 of [5, TS 38.213].

7 Downlink

7.1 Overview

7.1.1 Overview of physical channels

A downlink physical channel correspondsto a set of resource elements carrying information originating from higher
layers. The following downlink physical channels are defined:

- Physical Downlink Shared Channel, PDSCH
- Physical Broadcast Channel, PBCH
- Physical Downlink Control Channel, PDCCH.

7.1.2 Overview of physical signals

A downlink 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:

- Demodulation reference signals, DM-RS
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- Phase-tracking reference signals, PT-RS

- Positioning reference signal, PRS

- Channel-state information reference signal, CSI-RS
- Primary synchronization signal, PSS

- Secondary synchronization signal, SSS

7.2 Physical resources

The frame structure and physical resources the UE shall assume when receiving downlink transmissions are defined in
Clause 4.

The following antenna ports are defined for the downlink:
- Antennaports starting with 1000 for PDSCH
- Antenna ports starting with 2000 for PDCCH
- Antenna ports starting with 3000 for channel-state information reference signals
- Antenna ports starting with 4000 for SS/PBCH block transmission
- Antenna ports starting with 5000 for positioning reference signals

The UE shall not assume that two antenna ports are quasi co-located with respect to any QCL type unless specified
otherwise.

For DM-RS associated with a PDSCH, the channel over which a PDSCH symbol on one antenna port is conveyed can
be inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two
symbols are within the same resource as the scheduled PDSCH, in the same dot, and in the same PRG as described in
clause 5.1.2.3 of [6, TS 38.214].

For DM-RS associated with a PDCCH, the channel over which a PDCCH symbol on one antenna port is conveyed can
be inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two
symbols are within resources for which the UE may assume the same precoding being used as described in clause
7.3.2.2.

For DM-RS associated with a PBCH, the channel over which a PBCH symbol on one antenna port is conveyed can be
inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two symbols
are within a SS/PBCH block transmitted within the same slot, and with the same block index according to clause
7.4.3.1.

7.3 Physical channels

7.3.1 Physical downlink shared channel

7311 Scrambling

Up to two codewords qe {0,1} can be transmitted. In case of single-codeword transmission, gq=0.

For each codeword ¢, the UE shall assume the block of bits 5@ (0), ..., b@ (M? — 1), where M{? is the number of
bitsin codeword q transmitted on the physical channel, are scrambled prior to modulation, resulting in ablock of

scrambled bits 5@ (0), ..., 5@ (M@ — 1)according to
bD (i) = (b (i) + ¢ (i)) mod 2

where the scrambling sequence ¢(@ (i) is given by clause 5.2.1. The scrambling sequence generator shall be initialized
with
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— 15 14
Cinit = MNm1 "2~ +q 27 +nyp

where

- Npe {0,L...,1023} equals the higher-layer parameter dataScramblingldentityPDSCH if configured and the RNTI

equalsthe C-RNTI, MCS-C-RNTI, or CS-RNTI, and the transmission is not scheduled using DCI format 1_0in
acommon search space;

- np € {0,1, ...,1023} equals the higher-layer parameter dataScramblingl dentityPDSCH if configured in a
common MBS frequency resource and the RNTI equalsthe G-RNTI, G-CS-RNTI, or MCCH-RNTI, and the
transmission is scheduled using DCI in a common search space configured in the common MBS frequency
resource;

- np €{0,1,...,1023} equals

- the higher-layer parameter dataScramblingldentityPDSCH if the codeword is scheduled using a CORESET
with CORESETPoolIndex equal to 0;

- the higher-layer parameter dataScramblingldentityPDSCH?2 if the codeword is scheduled using a CORESET
with CORESETPoolIndex equal to 1;

if the higher-layer parameters dataScramblingldentityPDSCH and dataScramblingldentityPDSCH2 are
configured together with the higher-layer parameter CORESETPool I ndex containing two different values, and
the RNTI equalsthe C-RNTI, MCS-C-RNTI, or CS-RNTI, and the transmission is hot scheduled using DCI
format 1_0 in a common search space;

- np = NS otherwise

and where ngyp corresponds to the RNTI associated with the PDSCH transmission as described in clause 5.1 of [6, TS
38.214].

7.3.1.2 Modulation

For each codeword g, the UE shall assume the block of scrambled bits 5@ (0), ..., 5@ (M ? — 1) are modulated as
described in clause 5.1 using one of the modulation schemes in Table 7.3.1.2-1, resulting in a block of complex-valued

modulation symbols d(©(0), ..., d@ (Ms(%b - 1.

Table 7.3.1.2-1: Supported modulation schemes.

Modulation scheme Modulation order
Cm
QPSK 2
16QAM 4
640QAM 6
2560QAM 8
1024QAM 10

7.3.1.3 Layer mapping

The UE shall assume that complex-valued modulation symbols for each of the codewords to be transmitted are mapped
onto one or severa layers according to Table 7.3.1.3-1. Complex-valued modulation symbols d@(0), ..., d@ (Ms(;gb -

1) for codeword g shall be mapped onto the layers x(i) = [x @) .. x@ D] i=0,1, Mfylf;’,ﬁ — 1 wherev is

layer

the number of layersand M,

is the number of modulation symbols per layer.
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Table 7.3.1.3-1: Codeword-to-layer mapping for spatial multiplexing.

Codeword-to-layer mapping
Number of layers | Number of codewords =01 M _q
=01, M2
1 1 xO (i) = d© i) Mae =M,
0) iy = 4O 9
X (i) =d™ (2) layer (0)
2 1 M =M 2
X (i) =d @ (2i +1) > =M /
x@ (i) =d (3i)
3 1 xO)=d@@+ MIT =M, /3
x?()=d@ @ +2)
X0 (i) = d© (4i)
@ iy = 4O (4
X (i) =d™ (4i +1) layer _ s (0)
4 1 X(Z)(I)zd(o)(44+2) Mwmb _Mme/4
x® (i) =d© 4i +3)
x@ (i) =d© (2i)
x®(iy=dQ 2 +1)
5 2 x? (i) = d® (3) Mgrs =M /2=M§), /3
x®(i)=d® @ +1)
xP () =dP@Ei+2)
x@ (i) =d @ (3i)
x® () =d@ @ +1)
@iy = 4O (2
X (I)_d (3| +2) layer (0) 1)
6 2 X(3)(i)=d(l)(3i) Msymb :Msymb/szMSymb/S
x@(i)=d® (@ +1)
x® () =d?@E+2)
xO (i) =d (3i)
x® () =d@ @ +1)
x?()=d@ @ +2)
7 2 xI(i)=dO@) Mg =M, 3=M, /4
xW(i)=dP (i +1)
x® (i) =d® (4i +2)
x® (i) =d® (4i +3)
X0 (i) = d© (4i)
xP(i)=d?(4i +1)
x@(i)=dO4i+2)
G iy = 4O (4
X ([)=d"™ (4i+3) |
MBE MO Ja=mO /4
8 2 @ (i) = 4o (i) symb symb / symb /
x® (i) =d® (i +1)
x® (i) =d® 4i +2)
xD(i)=d®(4i +3)
7.3.1.4 Antenna port mapping

The block of vectors [x(© (i)

x@ D], i =0,1,..., M — 1 shall be mapped to antenna ports according to

» P ¥symb
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y( Po)(i) % (i)

y( puil) (i) X(U*.l) (i)

wherei = 0,1,.., M3 — 1, M3 = M%< The set of antennaports {p,  p, } shall be determined according to the

procedurein[4, TS 38.212].
7.3.15 Mapping to virtual resource blocks

The UE shall, for each of the antenna ports used for transmission of the physical channel, assume the block of complex-
valued symbols y®(0), ..., y® (Mg, — 1) conform to the downlink power allocation specified in [6, TS 38.214] and

are mapped in sequence starting with y®(0) to resource elements (k’, D), inthe virtual resource blocks assigned for
transmission which meet all of the following criteria:

- they areinthe virtua resource blocks assigned for transmission;

- the corresponding physical resource blocks are declared as available for PDSCH according to clause 5.1.4 of [6,
TS 38.214];

- the corresponding resource elements in the corresponding physical resource blocks are

not used for transmission of the associated DM-RS or DM-RS intended for other co-scheduled UEs as
described in clause 7.4.1.1.2;

- not used for non-zero-power CSI-RS, which is according to clause 7.4.1.5 and not configured by TRS
Resourcet IE, if the corresponding physical resource blocks are for a PDSCH scheduled by a PDCCH with
the CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, G-RNTI for multicast, G-CS-RNTI, or a PDSCH
with SPS, except if the non-zero-power CSI-RSisa CSI-RS configured by the higher-layer parameter CSl-
RS Resource-Mobility in the MeasObjectNR | E or except if the non-zero-power CSI-RS is an aperiodic hon-
zero-power CSI-RS resource;

- not used for PT-RS according to clause 7.4.1.2;

not declared as 'not available for PDSCH according to clause 5.1.4 of [6, TS 38.214].

The mapping to resource elements (k’, 1),, , alocated for PDSCH according to [6, TS 38.214] and not reserved for other
purposes shall be inincreasing order of first theindex k' over the assigned virtual resource blocks, where k' = 0 isthe
first subcarrier in the lowest-numbered virtual resource block assigned for transmission, and then the index 1.

7.3.1.6 Mapping from virtual to physical resource blocks

The UE shall assume the virtual resource blocks are mapped to physical resource blocks according to the indicated
mapping scheme, non-interleaved or interleaved mapping. If no mapping scheme is indicated, the UE shall assume non-
interleaved mapping.

For non-interleaved VRB-to-PRB mapping, virtual resource block n is mapped to physical resource block n, except for
PDSCH transmissions scheduled with DCI format 1_0 in a common search space in which case virtual resource block n
is mapped to physical resource block n + NSORESET \where NSORESET js the lowest-numbered physical resource block in
the control resource set where the corresponding DCI was received. When two PDCCH candidates from two linked
common search space sets as indicated by the higher-layer parameter searchSpacelinking are detected, and the two
linked common search space sets are associated with different control resource sets, the control resource set with the
lowest number among the two linked control resource sets is used to determine NSORESET,

For interleaved VRB-to-PRB mapping, the mapping process is defined by:
- Resource block bundles are defined as

- for PDSCH transmissions scheduled with DCI format 1_0 Wi_th the CRC scrambled by SI-RNTI in TypeO-
PDCCH common search space in CORESET 0, the set of N resource blocksin CORESET 0 are
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divided into Nygyngie = [NBWP,nlt /L] resource-block bundles in increasing order of the resource-block number

and bundle number where L = 2 isthe bundle size and Ng‘\f\?p’m,t isthe size of CORESET 0.

- resource block bundle Nyy,qe — 1 consists of N§ii% ;i mod L resource blocks if Ngi ;e mod L > 0 and
L resource blocks otherwise,

- al other resource block bundles consists of L resource blocks.

- for PDSCH transmissions scheduled with DCI format 1_0 in any common search space in bandwidth part i
with starting position Ngva;;i, other than TypeO-PDCCH common search space in CORESET 0, the set of

NS it virtual resource blocks {0,1, ..., N§um it — 1}, where NS i isthe size of CORESET 0if
CORESET 0 is configured for the cell and the size of initial downlink bandwidth part if CORESET 0 is not
configured for the cell, are divided into Ny nge Virtual resource-block bundlesin increasing order of the
virtual resource-block number and virtual bundle number and the set of Ng"\ﬁfpymit physical resource blocks
{NSORESET NSORESET 4 1, ..., NGORESET 4 NS i — 1} are divided into Nynge physical resource-block
bundlesin increasing order of the physical resource-block number and physical bundle number, where
Noundie = [(NSgssinic + (NS2L . + NGSRESET) mod L) /L], L = 2 isthe bundle size, and NGSRESET isthe
lowest-numbered physical resource bI ock in the control resource set where the corresponding DCI was
received. When two PDCCH candidates from two linked search space sets as indicated by the higher-layer
parameter searchSpacelLinking are detected, and the two linked search space sets are associated with different
control resource sets, the control resource set with the lowest number among the two linked control resource
setsis used to determine NSORESET,

- resource block bundle O consists of L — ((N};;s{{i + NORESET) mod L) resource blocks,

- resource block bundle Ny,qic — 1 consists of (N§ize, ;i + Njwis; + NSORESET) mod L resource blocks if
NESHe, e + Nt + NSORESET) mod L > 0 and L resource blocks otherwise,

- al other resource block bundles consists of L resource blocks.

- for all other PDSCH transmissions, the set of N7 ; resource blocks in bandwidth part i with starting
position NS ; are divided into Nypaie = [( N, -+ (NS mod Li)) /Ll-] resource-block bundlesin
increasing order of the resource-block number and bundle number where L; isthe bundle size for bandwidth

part i provided by the higher-layer parameter vrb-ToPRB-Interleaver for DCI formats1 Oand 1 1inaUE-
specific search space, or vrb-ToPRB-Interleaver DCI-1-2 for DCI format 1_2, and

- resource block bundle 0 consists of L; — (N Bwp; modL, ) resource blocks,

- resource block bundle N, 4e —1 consists of (NBWP, +Ngoeo; )mod L; resource blocksif
(N s i+ N )mod L, >0 and L; resource blocks otherwise,

- dll other resource block bundles consists of L; resource blocks.

- Virtual resource blocksintheinterval je {0.1,...,Ny,qe —1} are mapped to physical resource blocks according
to

- virtual resource block bundle Ny, —1 is mapped to physical resource block bundle Np,qe —1

- virtual resource block bundle j e {04,...,Np,ge —2} is mapped to physical resource block bundle f(j)
where
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f(j)=rC+c
j=CR+r
r=01..,R-1
c=01..,C-1
R=2
C=LNbund|e/ RJ

- The UE isnot expected to be configured with L; = 2 simultaneously with a PRG size of 4 asdefined in [6, TS
38.214]

The UE may assume that the same precoding in the frequency domain is used within a PRB bundle and the bundle size
is determined by clause 5.1.2.3in [6, TS 38.214]. The UE shall not make any assumption that the same precoding is
used for different bundles of common resource blocks.

For PDSCH transmissions scheduled by DCI format 4_1 or 4 2, and using G-RNTI or G-CS-RNTI, the quantities
Niws: and Niis ; inthis clause are replaced by Nygs'; and Nyjgs ;, respectively, and L; isthe bundle size for the
common MBS frequency resource provided by the higher-layer parameter vrb-ToPRB-Interleaver in pdsch-
ConfigMulticast.

For PDSCH transmissions scheduled by DCI format 4_0, and using G-RNTI or MCCH-RNTI, the quantities Ngg5; and
N inthis clause are replaced by Nyad; and Nz ;, respectively, and L; = 2.

7.3.2 Physical downlink control channel (PDCCH)

7.3.2.1 Control-channel element (CCE)

A physical downlink control channel consists of one or more control-channel elements (CCEs) asindicated in Table
7.3.2.1-1.

Table 7.3.2.1-1: Supported PDCCH aggregation levels.

Aggregation level Number of CCEs
1 1
2 2
4 4
8 8
16 16
7.3.2.2 Control-resource set (CORESET)
A control-resource set consists of Ngg"**T resource blocks in the frequency domain and NSow"" € {1,2,3} symbolsin

the time domain.

A control-channel element consists of 6 resource-element groups (REGS) where a resource-element group equals one
resource block during one OFDM symbol. Resource-element groups within a control-resource set are numbered in
increasing order in atime-first manner, starting with O for the first OFDM symbol and the lowest-numbered resource
block in the control resource set.

A UE can be configured with multiple control-resource sets. Each control-resource set is associated with one CCE-to-
REG mapping only.

The CCE-to-REG mapping for a control-resource set can be interleaved or non-interleaved and is described by REG
bundles:

- REGhbundle i isdefined as REGs {iL,iL+1....,iL+ L -1} where L isthe REG bundle size, i =
0,1, ..., Ngge™ET/L — 1, and Nt 8T = Nigg "BSETNSORFSET i's the number of REGsin the CORESET

- CCE | consigtsof REG bundles {f (6j/L), f (6j/L+1),..., f(6j/L+6/L-1)} where f() isaninterleaver
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For non-interleaved CCE-to-REG mapping, L = 6 and f(x) = x.

For interleaved CCE-to-REG mapping, L € {2,6}for NSow™>*" = 1 and L € {NSom ", 6} for NSoiwsE" € {2,3}. The
interleaver is defined by

f(x) = (rC + ¢ + ngir) mod (NGZZ=FET /L)
x=cR+r
r=01..,R-1
c=01,..,C-1
C = Neg&="/(LR)

where Re {2,3,6}.
The UE is not expected to handle configurations resulting in the quantity € not being an integer.
For a CORESET configured by the Control ResourceSet |E:

- NEORESET s given by the higher-layer parameter frequencyDomainResour ces;

- NSOSET is given by the higher-layer parameter duration, where NSoR-FT

layer parameter dmrs-TypeA-Position equals 3;

= 3 issupported only if the higher-

- interleaved or non-interleaved mapping is given by the higher-layer parameter cce-REG-MappingType;

- L equals 6 for non-interleaved mapping and is given by the higher-layer parameter reg-BundleSze for
interleaved mapping;

- R isgiven by the higher-layer parameter interleaver Sze;
- g € {0,1, ...,274} is given by the higher-layer parameter shiftindex if provided, otherwise ng,; = NSV;
- for both interleaved and non-interleaved mapping, the UE may assume

- the same precoding being used within a REG bundle if the higher-layer parameter precoder Granularity
equals sameAsREG-bundle;

- the same precoding being used across the all resource-element groups within the set of contiguous resource
blocksin the CORESET, and that no resource elements in the CORESET overlap with an SSB or LTE cell-
specific reference signals asindicated by the higher-layer parameter Ite-CRS ToMatchAround, Ite-CRS
PatternListl, or Ite-CRS-PatternList2, if the higher-layer parameter precoder Granularity equals
allContiguousRBs.

For CORESET 0 configured by the Control ResourceSetZero | E:
NSORESET gnd NSORESET gre defined by clause 13 of [5, TS 38.213];

ymb

- the UE may assume interleaved mapping

- L=6;
- R=2
- Mg = NS

- the UE may assume normal cyclic prefix when CORESET 0 is configured by MIB or SIB1,;

- the UE may assume the same precoding being used within a REG bundle.

7.3.2.3 Scrambling

The UE shall assume the block of bits b(0), ..., b(M,;, — 1), where M, is the number of bits transmitted on the

physical channel, is scrambled prior to modulation, resulting in ablock of scrambled bits b(0), ..., b(My,;, — 1)
according to
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b(i) = (b(i) + c(i)) mod 2
where the scrambling sequence c(i) isgiven by clause 5.2.1. The scrambling sequence generator shall beinitialized
with
Cinit = (nRNTI 204 n|D)mOdz31
where

- for aUE-specific search space as defined in clause 10 of [5, TS 38.213], np € {0.1,...,65535} equals the higher-
layer parameter pdcch-DMRS-Scramblingl D if configured;

- for aPDCCH with the CRC scrambled by G-RNTI, G-CS-RNTI, or MCCH-RNTI in acommon search space as
defined in clause 10 of [5, TS 38.213], n;p € {0,1, ...,65535} equals the higher-layer parameter pdcch-DMRS:
Scramblingl D if configured in acommon MBS frequency resource;

- np = N]%Bll OtherW|%
and where

- Ny iSGiven by the C-RNTI for aPDCCH in a UE-specific search space if the higher-layer parameter pdcch-
DMRS-Scramblingl D is configured, and

Ngnm = 0 otherwise.

7.3.24 PDCCH modulation

The UE shall assume the block of bits 5(0), ..., b(M,,;, — 1) to be QPSK modulated as described in clause 5.1.3,
resulting in a block of complex-valued modulation symbols d(0), ..., d (Mg, — 1).

7.3.25 Mapping to physical resources

The UE shall assume the block of complex-valued symbols d(0), ..., d (Mg, — 1) to be scaled by afactor fSppocy and
mapped to resource elements (k, 1), , used for the monitored PDCCH and not used for the associated PDCCH DMRS
inincreasing order of first k , then | . The antennaport p=2000.

7.3.3 Physical broadcast channel

7.3.3.1 Scrambling

The UE shall assume the block of bitsb(0), ..., b(M;; — 1), where M, isthe number of bits transmitted on the

physical broadcast channel, are scrambled prior to modulation, resulting in ablock of scrambled bits b(0), ..., b(M,,;, —
1) according to

b(i) = (b(i) + c(i + vM,;)) mod 2

where the scrambling sequence c(i) isgiven by clause 5.2. The scrambling sequence shall beinitialized with ¢;;; =
N at the start of each SSYPBCH block where

- for L, = 4, v isthetwo least significant bits of the candidate SS/PBCH block index
- for L., > 4, v isthethreeleast significant bits of the candidate SS/PBCH block index

with L,,., being the maximum number of candidate SS/PBCH blocks in a half frame, as described in [5, TS 38.213].
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7.3.3.2 Modulation

The UE shall assume the block of bits b(0), ..., b(M,; — 1) are QPSK modulated as described in clause 5.1.3, resulting
in ablock of complex-valued modulation symbols dpgcy(0), ..., dppca (Msymp — 1)-

7.3.3.3 Mapping to physical resources
Mapping to physical resourcesis described in clause 7.4.3.

7.4 Physical signals

7.4.1 Reference signals

74.1.1 Demodulation reference signals for PDSCH

74.1.1.1 Sequence generation

The UE shall assume the sequence r(n) is defined by

r(n)=%(l—2~c(2n))+ j%

where the pseudo-random sequence c¢(i) is defined in clause 5.2.1. The pseudo-random sequence generator shall be
initialized with

(1-2-c(2n+1)).

-2 A 7 -
Cnit = <217(N§,g§bn§f +1+1) (ZNIESC'D + 1) + 217 H + 2N, 7P + ﬁé—ClD> mod 231

where [ is the OFDM symbol number within the slot, nf is the slot number within a frame, and

- NS, N} € {0,1, ...,65535} are given by the higher-layer parameters scramblingl DO and scramblingl D1,
respectively, in the DMRS-DownlinkConfig |E if provided and the PDSCH is scheduled by PDCCH using DCI
format 1_1 or 1_2 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI;

- NQ €{0,1, ...,65535} isgiven by the higher-layer parameter scramblingl DO in the DMRS-DownlinkConfig IE if
provided and the PDSCH is scheduled by PDCCH using DCI format 1_0 with the CRC scrambled by C-RNTI,
MCS-C-RNTI, or CS-RNTI;

- NS, N} € {0,1, ...,65535} are given by the higher-layer parameters scramblingl DO and scramblingl D1,
respectively, in the DMRS-DownlinkConfig IE if provided in acommon MBS frequency resource for multicast
and the PDSCH is scheduled by PDCCH using DCI format 4_2 with the CRC scrambled by G-RNTI or G-CS-
RNTI;

- N €{0,1,...,65535} isgiven by the higher-layer parameter scramblingl DO in the DMRS-DownlinkConfig IE if
provided in acommon MBS frequency resource and the PDSCH is scheduled by PDCCH with the CRC
scrambled by G-RNTI, G-CS-RNTI, or MCCH-RNTI;

1
- NP = NI otherwise;
- fidp and A are given by

- if the higher-layer parameter dmrs-Downlink in the DMRS-DownlinkConfig | E is provided

T_lz ={ Nscip A=0o0rA=2
SO0 = —ngep A=1

A=2

where A isthe CDM group defined in clause 7.4.1.1.2.

ETSI



3GPP TS 38.211 version 17.5.0 Release 17 102 ETSI TS 138 211 V17.5.0 (2023-07)

otherwise by

—2 _
Ngeip = NMscib

A=0

The quantity nyp, € {0, 1} isgiven by the DM-RS sequence initialization field, if present, in the DCI associated with
the PDSCH transmissionif DCI format 1 1,1 2,0r 4 2in[4, TS 38.212] isused, otherwise ngcp = 0.

74.1.1.2 Mapping to physical resources

The UE shall assume the PDSCH DM-RS being mapped to physical resources according to configuration type 1 or
configuration type 2 as given by the higher-layer parameter dmrs-Type.

The UE shall assume the sequence r(m) isscaled by afactor 25 to conform with the transmission power specified
in[6, TS 38.214] and mapped to resource elements (k, 1),, , according to

A" = Brscn (K)w (1)1 (2n+K)
‘e {4n+ 2k’+A Configuration type 1
6n+k’+A Configuration type 2
k"=0,1
=1+l
n=01...

where w (k’), w,(l"), and A are given by Tables 7.4.1.1.2-1 and 7.4.1.1.2-2 and the following conditions are fulfilled:

- the resource elements are within the common resource blocks allocated for PDSCH transmission
The reference point for k is

- subcarrier 0 of the lowest-numbered resource block in CORESET 0 if the corresponding PDCCH is associated
with CORESET 0 and Type0-PDCCH common search space and is addressed to SI-RNTI;

- otherwise, subcarrier 0 in common resource block O
The reference point for | and the position |, of the first DM-RS symbol depends on the mapping type:
- for PDSCH mapping type A:
- | isdefined relative to the start of the slot
- |y =3if the higher-layer parameter dmrs-TypeA-Position is equal to 'pos3' and |y =2 otherwise
- for PDSCH mapping type B:
- | isdefined relative to the start of the scheduled PDSCH resources

- |0:O

The position(s) of the DM-RS symbolsis given by | and duration 14 where

- for PDSCH mapping type A, 1, isthe duration between the first OFDM symbol of the slot and the last OFDM
symbol of the scheduled PDSCH resources in the slot

- for PDSCH mapping type B, [ isthe duration of the scheduled PDSCH resources
and according to Tables 7.4.1.1.2-3 and 7.4.1.1.2-4.
For PDSCH mapping type A

- the case dmrs-Additional Position equalsto 'pos3' is only supported when dmrs-TypeA-Position is equal to 'pos2';
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- lg=3andly =4 symbolsin Tables 7.4.1.1.2-3 and 7.4.1.1.2-4 respectively is only applicable when dnrs-
TypeA-Position is equal to 'pos2;

- single-symbol DM-RS, [, = 11 except if al of the following conditions are fulfilled in which case [, = 12:

- the higher-layer parameter Ite-CRS ToMatchAround, Ite-CRS-PatternListl, or lteeCRS-PatternList2 is
configured; and

- the higher-layer parameter dmrs-Additional Position is equal to 'posl’ and [, = 3; and
- the UE hasindicated it is capable of additional DMRS-DL-AIt
For PDSCH mapping type B

- if the PDSCH duration 4 € {2,3,4,5,6,7,8,9,10,11,12,13} OFDM symbols for normal cyclic prefix or I €
{2,4,6} OFDM symboals for extended cyclic prefix, and the front-loaded DM-RS of the PDSCH allocation
collides with resources reserved for a search space set associated with a CORESET, | shall be incremented such
that the first DM-RS symbol occursimmediately after the CORESET and until no collision with any CORESET
occurs, and

- if the PDSCH duration l4 is 2 symbols, the UE is not expected to receive a DM-RS symbol beyond the
second symbol;

- if the PDSCH duration [ is5 symbols and if one additional single-symbol DMRS is configured, the UE only
expects the additional DM-RS to be transmitted on the 5th symbol when the front-loaded DM-RS symbol is
in the 1st symbol of the PDSCH duration, otherwise the UE should expect that the additional DM-RSis not
transmitted;

- if the PDSCH duration [, is 7 symbols for normal cyclic prefix or 6 symbols for extended cyclic prefix:

- if one additional single-symbol DM-RS s configured, the UE only expects the additional DM-RS to be
transmitted on the 5th or 6th symbol when the front-loaded DM-RS symbol isin the 1st or 2nd symbol,
respectively, of the PDSCH duration, otherwise the UE should expect that the additional DM-RS is not
transmitted;

- if the PDSCH duration 4 € {5,6,7,8,9,10,11,12,13} OFDM symboals, the UE is not expected to receive the
front-loaded DM-RS beyond the 4th symbol;

- if the PDSCH duration 4 is 12 or 13 symbols, the UE is not expected to receive DM-RS mapped to symbol
12 or later in the dlot;

- for al values of the PDSCH duration [4 other than 2, 5, and 7 symbols, the UE is not expected to receive
DM-RS beyond the (I3 — 1):th symbol;

- if the PDSCH duration [, isless than or equal to 4 OFDM symboals, only single-symbol DM-RS is supported.

- if the higher-layer parameter Ite-CRS-ToMatchAround, Ite-CRS-PatternListl, or Ilte-CRS-PatternList2 is
configured, the PDSCH duration I3 = 10 symbolsfor normal cyclic prefix, the subcarrier spacing configuration
u = 0, single-symbol DM-RS is configured, and at least one PDSCH DM-RS symbol in the PDSCH allocation
collides with a symbol containing resource elements as indicated by the higher-layer parameter Ite-CRS
ToMatchAround, Ite-CRS-PatternListl, or Ite-CRS-PatternList2, then [ shall be incremented by onein all slots.

The time-domain index I' and the supported antenna ports p are given by Table 7.4.1.1.2-5 where

- single-symbol DM-RS is used if the higher-layer parameter maxLength in the DMRS-DownlinkConfig | E is not
configured

- single-symbol or double-symbol DM-RS is determined by the associated DCI if the higher-layer parameter
maxLength in the DMRS-DownlinkConfig |E is equa to 'len2'.

In absence of CSI-RS configuration, and unless otherwise configured, the UE may assume PDSCH DM-RS and
SS/PBCH block to be quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and,
when applicable, spatial Rx parameters. Unless specified otherwise, the UE may assume that the PDSCH DM-RS
within the same CDM group are quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay
spread, and spatial Rx (when applicable). The UE may assume that DM RS ports associated with a TCl state as
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described in clause 5.1.6.2 of [6, TS 38.214] of a PDSCH are QCL with QCL Type A, Type D (when applicable) and
average gain.

The UE may assume that no DM-RS collides with the SS/PBCH block.
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Table 7.4.1.1.2-1: Parameters for PDSCH DM-RS configuration type 1.

14 CDM group A w; (k) w, (1)
A k=0 k=1 I’=0 I"'=1

1000 0 0 +1 +1 +1 +1
1001 0 0 +1 -1 +1 +1
1002 1 1 +1 +1 +1 +1
1003 1 1 +1 -1 +1 +1
1004 0 0 +1 +1 +1 -1
1005 0 0 +1 -1 +1 -1
1006 1 1 +1 +1 +1 -1
1007 1 1 +1 -1 +1 -1

Table 7.4.1.1.2-2: Parameters for PDSCH DM-RS configuration type 2.

14 CDM group A W (9] w, (1 9

A k=0 k=1 I’=0 I"'=1

1000 0 0 +1 +1 +1 +1
1001 0 0 +1 -1 +1 +1
1002 1 2 +1 +1 +1 +1
1003 1 2 +1 -1 +1 +1
1004 2 4 +1 +1 +1 +1
1005 2 4 +1 -1 +1 +1
1006 0 0 +1 +1 +1 -1
1007 0 0 +1 -1 +1 -1
1008 1 2 +1 +1 +1 -1
1009 1 2 +1 -1 +1 -1
1010 2 4 +1 +1 +1 -1
1011 2 4 +1 -1 +1 -1

Table 7.4.1.1.2-3: PDSCH DM-RS positions | for single-symbol DM-RS.

lyin symbols

DM-RS positions I

PDSCH mapping type A PDSCH mapping type B
dmrs-AdditionalPosition dmrs-AdditionalPosition
pos0 posl pos2 pos3 pos0 posl pos2 pos3
2 - - - - IO IO lO lO
3 |0 IO IO IO lO lO lO lO
5 lo lo lo lo Ly ly, 4 ly, 4 ly, 4
6 |0 IO IO IO |0 |0,4 1014 lO;4'
7 lo lo lo lo lo lo,4 lo, 4 lo, 4
8 lo lo, 7 lo, 7 ly, 7 lo 6 | 10,3,6 | 15,3,6
9 |0 |0,7 |0,7 |O,7 lo lo, 7 lo, 4,7 lo, 4,7
10 lo lp,9 | 15.6,9 ly, 6,9 ly b7 | 47 | 147
11 |0 |0,9 |0,6,9 Io,6,9 lO lOI8 lol4l8 1013;6;9
12 |0 |0, 9 |0, 6, 9 Io, 5, 8, 11 lO l0,9 lO, 5;9 lOJ 3: 6;9
13 |0 |01 ll Io, 7, Io, 5, 8, 11 lO lOI9 lOI 519 l(), 3; 6;9
11
14 |0 |01 ll Io, 7, Io, 5, 8, 11 - - - -
11
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Table 7.4.1.1.2-4: PDSCH DM-RS positions | for double-symbol DM-RS.

L4 in symbols DM-RS positions |

PDSCH mapping type A PDSCH mapping type B
dmrs-AdditionalPosition dmrs-AdditionalPosition
pos0 posl pos2 pos0 posl pos2

<4 N -

4 |0 IO - -

5 l lo ly Ly

6 lo lo lo lo

8 |0 IO lO 1015

9 |0 IO lO 10!5

10 |0 |01 8 lO 1017

11 lo lo, 8 Iy lo,7

12 |0 |01 8 lO 1018

13 |0 Io, 10 lO 1018

14 lo ly, 10 - -

Table 7.4.1.1.2-5: PDSCH DM-RS time index I’ and antenna ports p.

Single or double symbol U Supported antenna ports p
DM-RS Configuration type 1 Configuration type 2
single 0 1000 — 1003 1000 — 1005
double 0,1 1000 — 1007 1000 — 1011
7.4.1.2 Phase-tracking reference signals for PDSCH
74121 Sequence generation

The phase-tracking reference signal for subcarrier k isgiven by
e =r(2m+k’)

where r(2m+k’) isthe demodulation reference signal given by clause 7.4.1.1.2 at position |, and subcarrier k

7.4.1.2.2 Mapping to physical resources

The UE shall assume phase-tracking reference signals being present only in the resource blocks used for the PDSCH,
and only if the procedurein [6, TS 38.214] indicates phase-tracking reference signals being used.

If present, the UE shall assume the PDSCH PT-RS is scaled by afactor Spr.gs; to conform with the transmission power
specified in clause 4.1 of [6, TS 38.214] and mapped to resource elements (k, 1), ,according to

e _
a,; = Berrs,iTk

when all the following conditions are fulfilled
- | iswithin the OFDM symbols allocated for the PDSCH transmission

- resource element (k,1),, isnotused for DM-RS, non-zero-power CSI-RS (except for those configured for
mobility measurements or with resourceType in corresponding CS -ResourceConfig configured as 'aperiodic),
zero-power CSI-RS, SS/PBCH block, a detected PDCCH according to clause 5.1.4.1 of [6, TS38.214], or is
declared as 'not available' by clause 5.1.4 of [6, TS 38.214]
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The set of timeindices | defined relative to the start of the PDSCH allocation is defined by
1 seti=0and 4 =0

2. if any symbol intheinterval max (e + (i — 1)Lprrs + 1, Lep), .-, Les + iLp7.rg OVErlaps with a symbol used for
DM-RS according to clause 7.4.1.1.2
- sati=1

- et |« tothesymbol index of the DM-RS symbol in case of a single-symbol DM-RS and to the symbol
index of the second DM-RS symbol in case of a double-symbol DM-RS

- repeat from step 2 aslong as l,..s + iLpr.gs iSinside the PDSCH allocation
3. add [ + iLpr.gs to the set of timeindices for PT-RS
4. increment i by one
5. repeat from step 2 above aslong as [,..¢ + iLpr.gs iSinside the PDSCH allocation
where Lpr s € 1,24}

For the purpose of PT-RS mapping, the resource blocks allocated for PDSCH transmission are numbered from O to
Ngg —1 from the lowest scheduled resource block to the highest. The corresponding subcarriersin this set of resource

blocks are numbered in increasing order starting from the lowest frequency from 0to N2BNg; —1. The subcarriersto
which the UE shall assume the PT-RS is mapped are given by

= KEE 4 (iK gy g KE® ) N2

RB _ Neni mod Kerrs if Ngs mod Kerrs =0
® | Ngyry Mod (N Mod K ) Otherwise

where
- 1=012,..

- k=F isgiven by Table 7.4.1.2.2-1 for the DM-RS port associated with the PT-RS port according to clause

5.1.6.3in[6, TS 38.214]. If the higher-layer parameter resourceElementOffset in the PTRS-DownlinkConfig |E
is not configured, the column corresponding to 'offset00" shall be used.

- Ngym 1Sthe RNTI associated with the DCI scheduling the transmission
- Ngg isthe number of resource blocks scheduled

- Kprps € {2,4} isgivenby [6, TS 38.214].

Table 7.4.1.2.2-1: The parameter Ky .

kRE
DM-RS anéenna port DM-RS Configuration type 1 DM-RS Configuration type 2
resourceElementOffset resourceElementOffset
offset00 offset01 offsetl0 offsetll offset00 offset01 offsetl0 offsetll
1000 0 2 6 8 0 1 6 7
1001 2 4 8 10 1 6 7 0
1002 1 3 7 9 2 3 8 9
1003 3 5 9 11 3 8 9 2
1004 - - - - 4 5 10 11
1005 - - - - 5 10 11 4
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7.4.1.3 Demodulation reference signals for PDCCH

7.4.1.3.1 Sequence generation
The UE shall assume the reference-signal sequence r;(m) for OFDM symbol [ is defined by

i(l-2-c(2m))+ ji(l—Z'c(2m+1)).

rl(m):\/E \/E

where the pseudo-random sequence c¢(i) is defined in clause 5.2.1. The pseudo-random sequence generator shall be
initialized with

cinit = (27 (Ngmpnts + 1+ 1)(2Nip + 1) + 2N;p)mod23?
where [ is the OFDM symbol number within the slot, nf; is the slot number within a frame, and
- Np €{0,1,...,65535} isgiven by the higher-layer parameter pdcch-DMRS-Scramblingl D if provided;

- Np €{0,1,...,65535} isgiven by the higher-layer parameter pdcch-DMRS-Scramblingl D if configured for a
common search space in acommon MBS frequency resource;

- Np = NE!" otherwise.

7.4.1.3.2 Mapping to physical resources

The UE shall assume the sequence r;(m) is mapped to resource elements (k, 1),, , according to
A = Frmed - (3n+K)
k=nNZ® +4k"+1

k"=0,1,2
n=01,..

where the following conditions are fulfilled

- they are within the resource element groups constituting the PDCCH the UE attempts to decode if the higher-
layer parameter precoder Granularity equals sameAsREG-bundle,

- al resource-element groups within the set of contiguous resource blocks in the CORESET where the UE
attempts to decode the PDCCH if the higher-layer parameter precoder Granularity equals all ContiguousRBs.

The reference point for k is

- subcarrier 0 of the lowest-numbered resource block in the CORESET if the CORESET is configured by the
PBCH or by the control ResourceSetZero field in the PDCCH-ConfigCommon | E,

- subcarrier 0 in common resource block 0 otherwise
The quantity [ isthe OFDM symbol number within the slot.
The antenna port p = 2000.

A UE not attempting to detect aPDCCH in a CORESET shall not make any assumptions on the presence or absence of
DM-RS in the CORESET.

In absence of CSI-RS configuration, and unless otherwise configured, the UE may assume PDCCH DM-RS and
SS/PBCH block to be quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and,
when applicable, spatial Rx parameters.
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7414 Demodulation reference signals for PBCH

74.14.1 Sequence generation

The UE shall assume the reference-signal sequence r(m) for an SS/PBCH block is defined by

r(m) :i(1—2~c(2m))+ ji

72 72

where c(n) isgiven by clause 5.2. The scrambling sequence generator shall be initialized at the start of each SS/PBCH
block occasion with

(1-2-¢(2m+1))

Gt = 2" (Tsss +1)(LN,°§“/4J+1)+26 (s +1)+ (N3 mod4)

where

- for L. = 4, ieg =igg +4n, Where n isthe number of the half-frame in which the PBCH istransmitted in a
frame with ny; =0 for the first half-frame in the frame and ny; =1 for the second half-frame in the frame, and
isgg isthe two least significant bits of the candidate SS/PBCH block index as defined in [5, TS 38.213]

- for Lpay > 4, Tag =g Where isgg isthe three least significant bits of the candidate SSYPBCH block index as
defined in [5, TS 38.213]

with L., being the maximum number of candidate SSY/PBCH blocksin a half frame, as described in [5, TS 38.213].

7.4.1.4.2 Mapping to physical resources

Mapping to physical resourcesis described in clause 7.4.3.
7.4.15 CSI reference signals

7.4.15.1 General
Zero-power (ZP) and non-zero-power (NZP) CSI-RS are defined

- for anon-zero-power CSI-RS configured by the NZP-CS-RS-Resource | E or by the CSl-RS-Resource-Mobility
field in the CS-RS ResourceConfigMobility | E or by the TRS-ResourceSet |E, the sequence shall be generated
according to clause 7.4.1.5.2 and mapped to resource elements according to clause 7.4.1.5.3

- for azero-power CSI-RS configured by the ZP-CS-RS-Resource | E, the UE shall assume that the resource
elements defined in clause 7.4.1.5.3 are not used for PDSCH transmission subject to clause 5.1.4.2 of [6, TS
38.214]. The UE performs the same measurement/reception on channel /signals except PDSCH regardless of
whether they collide with ZP CSI-RS or not.

7.4.1.5.2 Sequence generation

The UE shall assume the reference-signal sequence r(m) is defined by

r(m) :i(1—2~c(2m))+ ji

72 72

where the pseudo-random sequence c(i) is defined in clause 5.2.1. The pseudo-random sequence generator shall be
initialised with

(1-2-¢(2m+1))

cinit = (2" (Ngmont; + 1+ 1)(2nip + 1) + nyp)mod23?
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at the start of each OFDM symbol where n; is the slot number within aradio frame, | isthe OFDM symbol number
within adot, and n,p equals the higher-layer parameter scramblingl D or sequenceGenerationConfig.
7.4.1.5.3 Mapping to physical resources

For each CSI-RS configured, the UE shall assume the sequence r(m) being mapped to resources elements (k, 1), ,
according to

alg,‘?’ﬂ) = BesrsW (K')-w,(1)- M ong ()

, , | kp
m =|ne |+k -{NRBJ

sC

k=nN2B +k +k’
=1+’

f =

o p forX=1

2p for X >1
n=01,...

when the following conditions are fulfilled:

- the resource element (k, 1),, ,, is within the resource blocks occupied by the CSI-RS resource for which the UE is
configured

The reference point for k = 0 issubcarrier 0 in common resource block 0.

The value of p is given by the higher-layer parameter density in the CS-RS-ResourceMapping | E or the CS-RS
CellMobility |E and the number of ports X is given by the higher-layer parameter nrofPorts. For NZP CSI-RS
configured by the TRS-ResourceSet |E, the density p = 3 and number of ports X = 1.

The UE is not expected to receive CSI-RS and DM-RS on the same resource el ements.

The UE shall assume S-grs >0 for anon-zero-power CSI-RS where f-qrs 1S Selected such that the power offset

specified by the higher-layer parameter power Control OffsetSSin the NZP-CS-RS-Resource |E or in the TRS
ResourceSet |E, if provided, isfulfilled.

The quantitiesk’, ', w; (k”), and w, (1) are given by Tables 7.4.1.5.3-1 to 7.4.1.5.3-5 where each (k, 1) in agiven row

of Table 7.4.1.5.3-1 corresponds to a CDM group of size 1 (no CDM) or size 2, 4, or 8. The CDM typeis provided by
the higher layer parameter cdm-Type in the CS-RS-ResourceMapping |E. For NZP CSI-RS configured by the TRS
ResourceSet |E, the CDM typeis'noCDM". Theindices k' and I index resource elements within a CDM group.

The time-domain locations [, € {0,1, ..., 13} and [; € {2, 3, ..., 12} are provided by the higher-layer parameters
firstOFDMSymbol InTimeDomain and firstOFDMSymbol InTimeDomain2, respectively, in the C3-RS
ResourceMapping | E or the CS-RS-ResourceConfigMobility IE and defined relative to the start of aslot. For NZP CSI-

RS configured by TRS-ResourceSet |E, the time-domain location [, € {0,1, ..., 13} is provided by the higher-layer
parameter firstOFDMSymbollnTimeDomain or firstOFDMSymbolInTimeDomain+4.

The frequency-domain location is given by a bitmap provided by the higher-layer parameter
frequencyDomainAllocation in the CS-RS-ResourceMapping |E, the CS-RS ResourceConfigMobility IE, or the TRS
ResourceSet |1 E, with the bitmap and value of k; in Table 7.4.1.5.3-1 given by

- [bs---by], k;_y = f(i) for row 1 of Table 7.4.1.5.3-1
- [oy---byl, ki—y = f(i) for row 2 of Table 7.4.1.5.3-1
- by, ki_y = 4£ (i) for row 4 of Table 7.4.1.5.3-1

- [bs--by], ki_y = 2£ (i) for all other cases
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where f (l) isthe bit number of the i ™ bitin the bitmap set to one, repeated across every [1/p] of the resource blocks

configured for CSI-RS reception by the UE. The starting position and number of the resource blocks in which the UE
shall assume that CSI-RSis transmitted are given by the higher-layer parameters freqBand and density in the CS-RS-
ResourceMapping | E for the bandwidth part given by the higher-layer parameter BWP-1d in the CSl-ResourceConfig |1E
or given by the higher-layer parameters nrofPRBsin the CS-RS-CellMobility |E where the the startPRB given by csi-
rs-MeasurementBW is relative to common resource block 0. For NZP CSI-RS configured by TRS-ResourceSet |E, the
starting position and number of the resource blocks in which the CSI-RS can be transmitted are given by the higher-
layer parameters nrofRBs, and startingRB in the TRS-ResourceSet |E, where startingRB is relative to common resource
block 0 and the density p = 3.

The UE shall assume that a CSI-RS is transmitted using antenna ports p numbered according to

p=3000+s+ jL;
j=01..,N/L-1
s=01..,L-1;

where s isthe sequence index provided by Tables 7.4.1.5.3-2 to 7.4.1.5.3-5, L e {1,2,4,8} isthe CDM group size, and
N isthe number of CSI-RS ports. The CDM group index | givenin Table 7.4.1.5.3-1 corresponds to the

time/frequency locations (E, I_) for agiven row of the table. The CDM groups are numbered in order of increasing
frequency domain allocation first and then increasing time domain allocation.

For a CSI-RS resource configured as periodic or semi-persistent by the higher-layer parameter resourceType,
configured by the higher-layer parameter CS-RS-CellMobility or configured by the higher-layer parameter TRS-
ResourceSet-r17, the UE shall assume that the CSI-RS is transmitted in slots satisfying

(Name“n, +nf =T,

offset

)mOdTCSI-RS =0

where the periodicity T.q s (inSlots) and slot offset Ty are obtained from the higher-layer parameter CSl-

Resour cePeriodicityAndOffset, slotConfig or periodicityAndOffset-r17. The UE shall assume that CSI-RS s transmitted
in acandidate sot as described in clause 11.1 of [5, TS 38.213], clause 10.4B of [5, TS 38.213].

The UE may assume that antenna ports within a CSI-RS resource are quasi co-located with QCL Type A, Type D
(when applicable), and average gain.
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Row | Ports | Density cdm-Type (E |‘) CDM group k’ |’
X p ' index ]
1 1 3 noCDM (ko,1g), (ko + 4,1), (kg +8,1) 0,0,0 0 0
2 1 1,05 noCDM (kg, Lo), 0 0 0
3 2 1,05 fd-CDM2 (kg, Lo), 0 0,1 0
4 4 1 fd-CDM2 (ko, o), (ko + 2,1g) 0,1 0,1 0
5 4 1 fd-CDM2 (ko,1g), (kg,lg+ 1) 0,1 0,1 0
6 8 1 fd-CDM2 (ko lo), (ky, 1), (ky, lo), (k3,1o) 0,1,2,3 0,1 |0
7 8 1 fd-CDM2 (ko,lo), (ki lg), (ko lg+ 1), (ky,lg + 1) 0,1,2,3 0,1 0
8 8 1 cdm4-FD2- (ko L), (kq,1g) 0,1 0,1 0,1
TD2
9 12 1 fd-CDMZ (kOJ lO)l (kl, lO)l (kz, lO)! (k3; lO)a (k4: lO)y (kSJ lO) 01112731415 Ov 1 0
10 12 1 cdm4-FD2- (ko, Lo), (kq,1lo), (kaylo) 0,1,2 0,1 0,1
TD2
11 16 1,05 fd-CDM2 (ko,1g), (ki,1g), (kg lg), (ks3, o), (ke, 1o + 1), 0,1,2,3, 0,1 0
(ky,lg+ 1), (kylg+ 1), (k3 lg+ 1) 4,5,6,7
12 16 1,05 cdm4-FD2- (ko, 1), (ki,1g), (kq, 1), (ks ly) 0,1,2,3 0,1 0,1
TD2
13 24 11 05 fd'CDMZ (kOJ lO)l (kl, lO)l (kz, lO)! (k(), lO + 1)1 (klilO + 1)1 011121314151 01 1 O
(2, 1o + 1),(ko, L), (ky,1y), (ep, 1y), (o, Iy + 1), 6,7,8,9,10,11
(ky, L + 1), (ky, L +1)
14 24 1,05 cdm4-FD2- (ko, 1g), (ki,1g), (ks 1), (ko ly), (ki 1y), (ks ly) 0,1,2,3,45 0,1 0,1
TD2
15 24 1,05 cdm8-FD2- (ko, Lo), (kq, o), (kaylo) 0,1,2 0,1 0,1,
TD4 2,3
16 32 1,05 fd-CDM2 (ko, 1), (ki,1g), (ky, 1), (ks lo),(kg, g + 1), 0,1,2,3, 0,1 0
(kb lO + 1)! (kz, lO + 1)1 (k3: lO + 1)1 (ko; ll)y 415:6171
(ky, 1), (kep 1), (ks 1), (ko, 1y + 1), (ky, 1y + 1), 8,9,10,11,
(ky, Iy + 1), (k3,1 + 1) 12,13,14,15
17 32 1,05 cdm4-FD2- (ko,lo), (kq,lg), (ko ly), (ks lo), (ko,l1), (ke lq), 0,1,2,3,45,6,7 | 0,1 0,1
TD2 (kz, ll)x (k31 ll)
18 32 1,05 cdm8-FD2- (ko, 1), (ki,1g), (kq, 1), (ks ly) 0,1,2,3 0,1 0,1,
TD4 2,3

Table 7.4.1.5.3-2: The sequences w (k') and w, (") for cdm-Type equal to 'noCDM'.

Index

wi(0) w(0)

0

1 1

Table 7.4.1.5.3-3: The sequences w; (k') and w, () for cdm-Type equal to 'fd-CDM2".

Index [we(0) w(1)] w,(0)
0 [+1 +1] 1
1 [+1 -1 1
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Table 7.4.1.5.3-4: The sequences w; (k') and w,(l’) for cdm-Type equal to ‘cdm4-FD2-TD2".

Index [wi(0) wi(1)] [w(0) wi(D)]
0 [+1 +1] [+1 +1]
1 [+1 —1] [+1 +1]
2 [+1 +1] [+1 -1
3 [+1 —1] [+1 —1]

Table 7.4.1.5.3-5: The sequences w; (k') and w, (") for cdm-Type equal to 'cdm8-FD2-TD4".

Index [we(0) wi(1)] [we(0) wi(1) wi(2) wi(3)]
0 [+1 +1] [+1 +1 +1 +1]
1 [+1 -1] [+1 +1 +1 +1]
2 [+1 +1] [+1 -1 +1 -1
3 [+1 -1] [+1 -1 +1 -1
4 [+1 +1] [+1 +1 -1 -1
5 [+1 -1] [+1 +1 -1 -1
6 [+1 +1] [+1 -1 -1 +1]
7 [+1 —1] [+1 -1 -1 +1]
7.4.1.6 RIM reference signals
7.4.1.6.1 General

RIM-RS can be used by an gNB to measure inter-cell interference and to provide information about the experienced
interference to other gNBs. Up to two different types of RIM-RS can be configured where

- thefirst RIM-RS type can be used to convey information,

- the second RIM-RS type depends on configuration only.

7.4.1.6.2 Sequence generation

The RIM-RS receiver shall assume the reference-signal sequence r(m) is defined by
r(m) = %(1 —2¢(2m)) +j%(l —2c2m+1))

where the pseudo-random sequence c(m) is defined in clause 5.2.1. The pseudo-random sequence generator shall be
initialised with

cinit = (2'°f (™) + nggip) mod 23
where
- ngp € {0,1, ...,21° — 1} isgiven by clause 7.4.1.6.4.4;

- f(nf™M) = ¥20 2i¢ (i) where the pseudo-random sequence ¢ (i) is given by clause 5.2.1, initialized with
Cinit(D) = (ynf™ + 8) mod 23! where the multiplier factor y € {0,1, ..., 23* — 1} and the offset § €
0,1,...,231 —1};

- nfM = | (e — BM) /TRM| is the number of RIM-RS transmission periods since tX* where

ref

tRIM — ¢RIM s the time in seconds relative to tXM of 00:00:00 on 1 January 1900, calculated as continuous

time without leap second and traceable to a common time reference, and
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TRM = NJ¢ /(1000 - 2#) is the RIM-RS transmission periodicity in seconds assuming that the first RIM-RS

transmission period starts at tR™M, and where Nt is given by clause 7.4.1.6.4.2.

slot

7.4.1.6.3 Mapping to physical resources

The RIM-RS receiver shall assume the reference signal being mapped to physical resources according to
a;(cp'RlM) = Brim7 (k)
k = 0,1, "'JLRIM -1

where Sriv isan amplitude scaling factor in order to control the RIM-RS transmission power and p is the antenna port.
Baseband signal generation shall be done according to clause 5.3.3.

The starting position [, for RIM-RStypei € {1,2} in slot ngf inaframeisgiven by

_ 5UDRIM slot
lo = Tyey  mod Ngmb

in dots satisfying
(1024N;§me'”ﬁ$'M + NG FnfM 4k, — (Togra + [ Tt /Nsy'omtbj)) mod N2 =0
where

- AfME{0,1, ..., Nt /(1024N ") — 1} counts the number of times the SFN periods within the RIM-RS
transmission period;

T = Ngp ™™ — NS where N "™ € {2,3,...,20 - 2+ 14 — 1} isthe symbol offset of the reference
point after the starting boundary of the uplink-downlink switching period in which the RIM-RS is mapped to and
NRM s obtained as described in clause 7.4.1.6.4.2;

symb,ref

- NPt

slot

isthe total number of slotsin a RIM-RS transmission period as defined in clause 7.4.1.6.4.2;

- Toeer 1Sthe slot offset of the uplink-downlink switching period with index if™ with respect to the starting
boundary of the RIM-RS transmission period and is defined in clause 7.4.1.6.4.2;

- P isthe RIM-RS transmission periodicity in units of uplink-downlink switching period as defined in clause

7.4.1.6.4.2.
7.4.1.6.4 RIM-RS configuration
7.4.1.6.4.1 General

A resource for RIM-RS transmission is defined by the indices if™ € {0,1, ..., P, — 1}, if™ € {0,1, ..., Nf™ — 1}, and
if™ € {0,1, ..., NS™* — 1} used asindicesinto configured lists of time, frequency, and sequence parameters,
respectively.

All RIM-RS resources occupy the same number of resource blocks, NiM. At most 32 RIM-RS resources can be
configured within a 10 ms period.

7.4.1.6.4.2 Time-domain parameters and mapping from i, to time-domain parameters

RIM-RS are transmitted periodically with the RIM-RS transmission period P, defined in units of the uplink-downlink
switching period determined from one or two configured uplink-downlink periods.

- If asingle uplink-downlink period is configured for RIM-RS purposes,

- P, isthe RIM-RS transmission periodicity in terms of uplink-downlink switching periods given by
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b |2 P 1024N55"%"
" |1024nEmen | 2R RN

where TR™ € {0.5,0.625,1,1.25, 2, 2.5,4,5,10,20} ms;

Ngt = 2#P,TRM isthe total number of slotsin aRIM-RS transmission period;

- Torser = 2MIFMT Y] isthe slot offset of the uplink-downlink switching period with index if™ with respect to
the starting boundary of the RIM-RS transmission period

- If two uplink-downlink periods are configured for RIM-RS purposes,

- P, isthe RIM-RS transmission periodicity in terms of P,/2 pairs of uplink-downlink switching periods and is
given by
_ [P (T + 1) /2] 1024Ngg

Sl noaanggme |2 (T + TEY) /2

where each pair consists of afirst period of Tery € {0.5,0.625,1,1.25, 2, 2.5, 3,4, 5,10,20} ms and a second
period of Ter € {0.5,0.625,1,1.25, 2, 2.5, 3,4, 5,10} ms and where T, + Tours divides 20 ms;
- NPt

slot

= 24P, (T, + TY,) /2 isthe total number of slotsin a RIM-RS transmission period;

- Tostser = 2P1iRM/2)(TRIM + TRM ) + 24 (iR™ mod 2)TRM isthe slot offset of the uplink-downlink
switching period with index i*™ with respect to the starting boundary of the RIM-RS transmission period

The intermediate quantity P; is given by

( NRIIIV]lj,l NRIIIVIIJ,Z
| L] [Ll R, if Fnoughindicationis disabled
- { [ NFM R | LT [y RIM RN 2 2 8
t= RIM,1 RIM,2
| 2NsetID l [ NsetID l . . . .
—_— ——————|R, if Enoughlndicationis enabled
([ NFM R | LT [y RIM RN 2 2 8

where
- N2 and N2 are the total number of setl Ds for RIM-RS type 1 and RIM-RS type 2, respectively;
- NRM e {1,2,4} isthe number of candidate frequency resources configured in the network;

- NMMT e €12, ...8} isthe number of candidate sequences assigned for RIM-RStype i € {1,2} in the network;

- R, and R, arethe number of consecutive uplink-downlink switching periods for RIM-RS type 1 and RIM-RS
type 2, respectively. If near-far functionality is not configured, R; € {1,2,4}, otherwise R; € {2,4,8} and thefirst
and second half of the R; consecutive uplink-downlink switching periods are for near functionality and far
functionality, respectively.

RIM, i
N, symb,ref

The quantity isobtained from entry 7 in alist of configured symbol offsets for RIM-RS .

7.4.1.6.4.3 Frequency-domain parameters and mapping from i; to frequency-domain parameters

The frequency-domain parameter k, in clause 5.3.3 is the frequency offset relative to a configured reference point for
RIM-RS and is obtained from entry if™ in alist of configured frequency offsets expressed in units of resource blocks.

The number of candidate frequency resources configured in the network, NX™, shall fulfil

NGHNG - 21 - 15

80-103

NGENG - 21 - 15

1
40-103 +

NfRI M <

If NMM > 1, the frequency difference between any pair of configured frequency offsetsin the list is not smaller than
NRM.
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The number of resource blocks for RIM-RS is given by
NEM = min(96, N3k, ) for =0

NRM € {min<48, N;f:BL), min<96, N;f:BL)} for p =1

7.4.1.6.44 Sequence parameters and mapping from i, to sequence parameters

The scrambling identity ngqp clause 7.4.1.6.2 is obtained from entry iX™ in alist of configured scrambling identities.

7.41.6.45 Mapping between resource triplet and set ID

The resource indices if™, if™, and i*™ are determined from the index 7 in the set ID ng.qp according to

. NsetD _
M =T .+ (I—NS;IMJ mod NtRIM) R, +T71
S

n
R
islM = Sstart T (Mgeqp mod NsRIM)
where
- NMMisgiven by
NRIM,l

setlD

RIM,1
NfRIM Ns

for RIM-RS type 1 and if Enoughlindication is disabled

r RIM,1

NRIM — _2Nsen for RIM-RS 1 and if Enoughindication bled
t = NRIMNRIMJ or - type and1 nougninaication1s enaple
f s

NRIM,Z

setID
—setD___1 for RIM-RS type 2
NRM N RIM2 oP

- NF™ € {1,2,4} is the number of candidate frequency resources configured in the network;

- N}M jsthe number of sequence candidates for the current RIM-RS resource given by

NXML - for RIM-RS type 1 and if Enoughlindication is disabled
NIM = S yRIML /9 for RIM-RS type 1 and if Enoughindicationis enabled
N2 for RIM-RS type 2

- Tuare 1Sthe starting time offset given by

( 0 for RIM-RS type 1
NRIM1
3 [NRIMLI:;?UI\Ml R; for RIM-RS type 2 and if Enoughindication is disabled
Tstart - f s

RIM,1
2NsetID
RIM,1
NfRIMNS

l R, for RIM-RS type 2 and if Enoughindication is enabled

P —

- Sqat iSQiven by

Seart = {NSRIM'1 /2 if Enoughindicationis enabled and 'enough mitigation' is to be indicated
0 otherwise

where NX™1 s the number of candidate sequences assigned for RIM-RS type 1
- R; isthe number of consecutive uplink-downlink periods for RIM-RS type i as given by clause 7.4.1.6.4.2;
- 7€{01,..,R;, —1}.

The set ID is determined from the resource triplet according to
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RIM
i =T,
— (RIM RIM |2t start RIM p7RIM ;RIM
Ngetlp = (ls - Sstart) + Ns l ] + Nt Ns lf
i

7.4.1.7 Positioning reference signals

7.4.1.7.1 General

A positioning frequency layer consists of one or more downlink PRS resource sets, each of which consists of one or
more downlink PRS resources as described in [6, TS 38.214].

7.4.1.7.2 Sequence generation

The UE shall assume the reference-signal sequence r(m) is defined by
(m) 1(1 2¢(2 ))+'1(1 2c(2m + 1))
rim) = — — 4c(am —_— — 4c(4m
V2 "2

where the pseudo-random sequence c¢(i) is defined in clause 5.2.1. The pseudo-random sequence generator shall be
initialised with
PRS

Cint = | 222 K'g;“ + 29 (NS%nt, + 1+ 1) (2(nfBS, mod 1024) + 1) + (nfRS,, mod 1024) | mod 23!

where n, is the slot number, the downlink PRS sequence ID njys., € {0,1, ...,4095} is given by the higher-layer

parameter dI-PRS Sequencel D, and [ isthe OFDM symbol within the slot to which the sequence is mapped.

7.4.1.7.3 Mapping to physical resources in a downlink PRS resource

For each downlink PRS resource configured, the UE shall assume the sequence r(m) is scaled with a factor Sprg and
mapped to resources elements (k, [),,, according to

al(fiu) = Pprs (M)
=0,1,.
1 =185 lstart el 4 Lprs — 1

when the following conditions are fulfilled:

- theresource element (k, 1),, ,, is within the resource blocks occupied by the downlink PRS resource for which the

UE is configured;

- the symbol [ is not used by any SS/PBCH block used by a serving cell for downlink PRS transmitted from the
same serving cell or any SS/PBCH block from a non-serving cell whose time frequency location is provided to
the UE by higher layers for downlink PRS transmitted from the same non-serving cell;

- the dot number satisfies the conditionsin clause 7.4.1.7 4.
and where
- theantennaport p = 5000

- IPRS isthefirst symbol of the downlink PRS within a slot and given by the higher-layer parameter di-PRS-
Resour ceSymbol Offset;

- thesize of the downlink PRS resource in the time domain Lpgs € {2,4,6,12} is given by the higher-layer
parameter di-PRS-NumSymbols;

- thecomb size K'*, € {2, 4, 6,12} is given by the higher-layer parameter di-PRS-CombS zeN-AndReOffset for a
downlink PRS resource configured for RTT-based propagation delay compensation, otherwise by the higher-
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layer parameter di-PRS-CombSizeN such that the combination {Lprs, Koy } isone of {2, 2} {4, 2}, {6, 2}, {12,
2}, {4,4},{12,4},{6,6},{12 6} and {12, 12};

- theresource-element offset k2fs,. € {0,1, ..., K2R, — 1} is obtained from the higher-layer parameter di-PRS:

CombS zeN-AndReOffset;
- thequantity k' isgiven by Table 7.4.1.7.3-1.

If the downlink PRS resource is configured for RTT based propagation delay compensation as described in clause 9 of
[6, TS 38.214], the reference point for k = 0 is subcarrier 0 in common resource block 0; Otherwise, the reference point
for k = 0 isthelocation of the point A of the positioning frequency layer, in which the downlink PRS resourceis
configured where point A is given by the higher-layer parameter dI-PRS-PointA.

Table 7.4.1.7.3-1: The frequency offset k' as a function of I — IERS,.

KRS, Symbol number within the downlink PRS resource I — IE%5;
0 1 2 3 4 5 6 7 8 9 [ 10 | 11
2 0 1 0 1 0 1 0 1 0 1 0 1
4 0 2 1 3 0 2 1 3 0 2 1 3
6 0 3 1 4 2 5 0 3 1 4 2 5
12 0 6 3 9 1 7 4 |10 ] 2 8 5 | 11
7.4.1.7.4 Mapping to slots in a downlink PRS resource set

For adownlink PRS resource in adownlink PRS resource set, the UE shall assume the downlink PRS resource being
transmitted when the slot and frame numbers fulfil

PRS
frame, PRS < (;7PRS)Tren 1
(Ns|ot n + n Toffsst offset res) mod 7} per . € {ngap i=0
and one of the following conditions are fulfilled:

- the higher-layer parameters di-PRS-MutingOptionl and dI-PRS-MutingOption2 are not provided,;

- thehigher-layer parameter dI-PRS-MutingOptionl is provided with bitmap {b*} but dI-PRS-MutingOption2 with
bitmap {b?} is not provided, and bit b} is set;

- the higher-layer parameter dI-PRS-MutingOption2 is provided with bitmap {2} but dI-PRS-MutingOption1 with
bitmap {b'} is not provided, and bit b? is set;

- the higher-layer parameters di-PRS-MutingOption1 with bitmap {b*} and dI-PRS-MutingOption2 with {b?} are
both provided, and both bit b} and b? are set.

where

- blisbiti = |(NJa™ ns + nt — TERS — TERS o) /(T o Ti2RS) | mod L in the bitmap given by the higher-layer
parameter di-PRS-Muti ngOptlonl where L € {2,4, 6,8, 16,32} isthe size of the bitmap;

slot gap

higher-layer parameter di-PRS-MutingOption2;

- bZishiti = l((Nframe‘“nf + by — THRS: — Totst res) mod Tp‘fﬁs) TPRSJ mod T8 in the bitmap given by the

- the periodicity TERS € 2#{4,5,8, 10,16, 20,32, 40, 64,80, 160, 320, 640, 1280, 2560, 5120, 10240} and the
slot offset Th, € {0,1, ..., TERS — 1} are given by the higher-layer parameter di-PRS-Periodicity-and-
ResourceSetd otOffset;

- the downlink PRS resource slot offset T v IS given by the higher-layer parameter di-PRS-

ResourceS otOffset;

- therepetition factor T3 € {1,2,4,6,8,16,32} is given by the higher-layer parameter di-PRS-
Resour ceRepetitionFactor;

- the muting repetition factor T;;%5,, is given by the higher-layer parameter di-PRS-MutingBitRepetitionFactor;
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- thetimegap Tgn> € {1,2,4,8,16,32} is given by the higher-layer parameter di-PRS-ResourceTimeGap;

For adownlink PRS resource in adownlink PRS resource set configured for RTT-based propagation delay
compensation, the UE shall assume the downlink PRS resource being transmitted as described in clause 9 of [6, TS
38.214]; otherwise, the UE shall assume the downlink PRS resource being transmitted as described in clause 5.1.6.5 of
[6, TS38.214].

7.4.2 Synchronization signals

7421 Physical-layer cell identities

There are 1008 unique physical-layer cell identities given by

NiS' = 3N + N
where N € {0,1, ...,335} and N& € {0,1,2).
7.4.2.2 Primary synchronization signal

74.22.1 Sequence generation
The sequence dpsg(n) for the primary synchronization signal is defined by

dpss () = 1- 2x(m)
m=(n+43N @ Jmod127

0<n<127
where
X(i +7)=(x(i +4)+x(i))mod 2
and
[x(6) x(5) x(4) x(3) x(2) x(1) x(0)]=1 11 0 11 0]
74222 Mapping to physical resources

Mapping to physical resourcesis described in clause 7.4.3.
7.4.2.3 Secondary synchronization signal

7.4.2.3.1 Sequence generation

The sequence dggg(n) for the secondary synchronization signal is defined by

= [1- 2%, ((n+ my)mod127)J1- 2%, ((n+ m, )mod127)]

M, = {N'D J+5N.%’

m, = N mod112
0<n<127

where

Xo(i +7)
% (i+7)

(Xo (i +4)+x,(i))mod 2
(% (i +2)+x,(i))mod 2
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and
[%(6) %0B) %((4) %B) %) x@) x©0)]=0 0 0 0 0 o0 1
[X1(6) X1(5) X1(4) X1(3) Xl(z) Xl(l) Xl(o)]:[o 00O0O0O 1]
7.4.2.3.2 Mapping to physical resources

Mapping to physical resourcesis described in clause 7.4.3.

7.4.3 SS/PBCH block

7431 Time-frequency structure of an SS/PBCH block

In the time domain, an SS/PBCH block consists of 4 OFDM symbols, numbered in increasing order from 0 to 3 within
the SS/PBCH block, where PSS, SSS, and PBCH with associated DM-RS are mapped to symbols as given by Table
7.4.3.1-1.

In the frequency domain, an SS/PBCH block consists of 240 contiguous subcarriers with the subcarriers numbered in
increasing order from 0 to 239 within the SS/PBCH block. The quantities k and | represent the frequency and time
indices, respectively, within one SS/PBCH block. The UE may assume that the complex-valued symbols corresponding

to resource elements denoted as'Set to 0' in Table 7.4.3.1-1 are set to zero. The quantity v in Table 7.4.3.1-1 isgiven

by v = N mod 4. The quantity ke isthe subcarrier offset from subcarrier 0 in common resource block NESE to

subcarrier 0 of the SS/PBCH block, where N&RE is obtained from the higher-layer parameter offsetToPointA.
- For operation with shared spectrum channel accessin FR2-2 and for operation without shared spectrum channel
access, the 4 least significant bits of kgg are given by the higher-layer parameter ssb-Subcarrier Offset and for
FR1 the most significant bit of kggy iSgiven by az, 5 inthe PBCH payload as defined in clause 7.1.1 of [4, TS
38.212].

- For operation with shared spectrum channel accessin FR1, the 4 least significant bits of kqsp are given by the
higher-layer parameter ssb-Subcarrier Offset and the most significant bit of kg iSgiven by az, s inthe PBCH
payload as defined in clause 7.1.1 of [4, TS38.212]. If kgsp > 24, kssp = ksgp ; Otherwise, kgsg = 2|kssp/2].

If ssh-SubcarrierOffset is not provided, ksgg is derived from the frequency difference between the SS/PBCH block and
Point A.

The UE may assume that the complex-valued symbols corresponding to resource elements that are part of acommon
resource block partially or fully overlapping with an SS/PBCH block and not used for SS/PBCH transmission are set to
zero in the OFDM symbols partially or fully overlapping with OFDM symbols where SS/PBCH is transmitted.

For an SS/PBCH block, the UE shall assume
- antennaport p = 4000 is used for transmission of PSS, SSS, PBCH and DM-RS for PBCH,
- the same cyclic prefix length and subcarrier spacing for the PSS, SSS, PBCH and DM-RS for PBCH,

- for SYPBCH block type A, e {0,1} and ke € {0,1, 2, ..., 23} with the quantities ke , and NESE expressed in
terms of 15 kHz subcarrier spacing, and

- for SYPBCH block type B in FR2-1, ue {3,4} and ke € {0,1, 2, ...,11} with the quantity kegz expressedin

terms of the subcarrier spacing provided by the higher-layer parameter subCarrier SpacingCommon and NS35
expressed in terms of 60 kHz subcarrier spacing;

- for SS/PBCH block type B in FR2-2, u € {3,5,6} and kgss € {0,1,2, ...,11} with the quantity ks expressed in
terms of the SSYYPBCH block subcarrier spacing and NS3 expressed in terms of 60 kHz subcarrier spacing;

- the centre of subcarrier 0 of resource block NS5 coincides with the centre of subcarrier 0 of acommon resource

block with the subcarrier spacing
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- provided by the higher-layer parameter subCarrier SpacingCommon for operation without shared spectrum
channel accessin FR1 and FR2-1; and

- same asthe subcarrier spacing of the SS/PBCH block for operation without shared spectrum access in FR2-2
and for operation with shared spectrum channel access.

- Thiscommon resource block overlaps with subcarrier 0 of the first resource block of the SS/PBCH block.

The UE may assume that SS/PBCH blocks transmitted with the same block index on the same center frequency location
are quasi co-located with respect to Doppler spread, Doppler shift, average gain, average delay, delay spread, and, when
applicable, spatial Rx parameters. The UE shall not assume quasi co-location for any other SS/PBCH block
transmissions other than what is specified in [5, TS 38.213].

Table 7.4.3.1-1: Resources within an SS/PBCH block for PSS, SSS, PBCH, and DM-RS for PBCH.

Channel OFDM symbol number | Subcarrier number k
or signal relative to the start of an SS/PBCH relative to the start of an SS/PBCH block
block
PSS 0 56, 57, ..., 182
SSS 2 56, 57, ..., 182
Setto 0 0 0,1, ...,55, 183, 184, ..., 239
2 48, 49, ..., 55, 183, 184, ..., 191
1,3 0,1, ...,239
PBCH 2 0,1, ...,47,
192,193, ..., 239
1,3 0+v,4+Vv8+v,...,236+V
DM-RS for 0+V,44+V,8+V,...44+Vv
PBCH 2
192+v196+v,...,236+V
7.4.3.1.1 Mapping of PSS within an SS/PBCH block

The UE shall assume the sequence of symbols dpgg(0),..., dpsg (126) congtituting the primary synchronization signal to
be scaled by afactor Spgg to conform to the PSS power allocation specified in [5, TS 38.213] and mapped to resource

elements (k, 1),,, inincreasing order of k where k and | are given by Table 7.4.3.1-1 and represent the frequency and
time indices, respectively, within one SS/PBCH block.

7.4.3.1.2 Mapping of SSS within an SS/PBCH block

The UE shall assume the sequence of symbols dggs(0), ..., dg55(126) constituting the secondary synchronization signal
to be scaled by afactor S.5s5 and mapped to resource elements (k, 1), , inincreasing order of k where k and | are
given by Table 7.4.3.1-1 and represent the frequency and time indices, respectively, within one SS/PBCH block.

7.4.3.1.3 Mapping of PBCH and DM-RS within an SS/PBCH block

The UE shall assume the sequence of complex-valued symbols dpgcy (0), -.., dppen (Msymb — 1) condtituting the
physical broadcast channel to be scaled by afactor fpgoy to conform to the PBCH power allocation specified in [5, TS
38.213] and mapped in sequence starting with dpgcy, (0) to resource elements (k, 1), , Which meet all the following
criteria:

- they are not used for PBCH demodulation reference signals

The mapping to resource elements (k, 1), , not reserved for PBCH DM-RS shall be inincreasing order of first the index
k and thentheindex |, where k and | represent the frequency and time indices, respectively, within one SS/PBCH
block and are given by Table 7.4.3.1-1.

The UE shall assume the sequence of complex-valued symbols r(0),...,r (143) constituting the demodulation reference
signals for the SS/PBCH block to be scaled by a factor of SPERS to conform to the PBCH power allocation specified in
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[5, TS 38.213] and to be mapped to resource elements (k, 1), , inincreasing order of first k and then | where k and |
are given by Table 7.4.3.1-1 and represent the frequency and time indices, respectively, within one SS/PBCH block.

7.4.3.2 Time location of an SS/PBCH block

The locationsin the time domain where a UE shall monitor for a possible SS/PBCH block are described in clause 4.1 of
[5, TS 38.213].

8 Sidelink

8.1 Overview

8.1.1 Overview of physical channels

A sidelink physical channel correspondsto a set of resource elements carrying information originating from higher
layers. The following sidelink physical channels are defined:

- Physical Sidelink Shared Channel, PSSCH

- Physical Sidelink Broadcast Channel, PSBCH
- Physical Sidelink Control Channel, PSCCH

- Physical Sidelink Feedback Channel, PSFCH

8.1.2 Overview of physical signals

A sidelink 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 sidelink physical signals are defined:
- Demodulation reference signals, DM-RS
- Channel-state information reference signal, CSI-RS
- Phase-tracking reference signals, PT-RS
- Sidelink primary synchronization signal, S-PSS
- Sidelink secondary synchronization signal, S-SSS

8.2 Physical resources

8.2.1 General

The OFDM symbol immediately following the last symbol used for PSSCH, PSFCH, or S-SSB serves as a guard
symbol.

The first OFDM symbol of a PSSCH and its associated PSCCH is duplicated as described in clauses 8.3.1.5 and 8.3.2.3.
The first OFDM symbol of a PSFCH is duplicated as described in clause 8.3.4.2.2

8.2.2 Numerologies

Multiple OFDM numerologies are supported as given by Table 8.2.2-1 where u and the cyclic prefix for asidelink
bandwidth part are obtained from the higher-layer parameter l-BWP.
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Table 8.2.2-1: Supported transmission numerologies.

u Af =215 [kHz] Cyclic prefix
0 15 Normal
1 30 Normal
2 60 Normal, Extended
3 120 Normal

8.2.3 Frame structure

8.2.3.1 Frames and subframes

The frame and subframe structure for sidelink transmission is defined in clause 4.3.1.

8.2.3.2 Slots

The dlot structure for sidelink transmission is defined in clause 4.3.2.

8.24 Antenna ports
An antennaport is defined in clause 4.4.1.
The following antenna ports are defined for the sidelink:
- Antenna ports starting with 1000 for PSSCH
- Antenna ports starting with 2000 for PSCCH
- Antenna ports starting with 3000 for CSI-RS
- Antenna ports starting with 4000 for S-SS/PSBCH
- Antenna ports starting with 5000 for PSFCH

For DM-RS associated with a PSBCH, the channel over which a PSBCH symbol on one antenna port is conveyed can
be inferred from the channel over which aDM-RS symbol on the same antenna port is conveyed only if the two
symbols are within a S-SS/PSBCH block transmitted within the same slot, and with the same block index according to
clause 8.4.3.1.

For DM-RS associated with a PSSCH, the channel over which a PSSCH symbol on one antenna port is conveyed can be
inferred from the channel over which aDM-RS symbol on the same antenna port is conveyed only if the two symbols
are within the same frequency resource as the scheduled PSSCH and in the same slot.

For DM-RS associated with a PSCCH, the channel over which a PSCCH symbol on one antenna port is conveyed can
be inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two
symbols are within the same frequency resource as the transmitted PSCCH and in the same slot.

8.2.5 Resource grid
The resource grid for sidelink transmission is defined in clause 4.4.2.

For sidelink, the carrier bandwidth N3¢ and the starting position N for subcarrier spacing configuration u are

obtained from the higher-layer parameter l-SCS-SpecificCarrierList.

For the sidelink, the higher-layer parameter d-TxDirectCurrentLocation indicates the location of the transmitter DC
subcarrier in the sidelink for each of the configured bandwidth parts. Valuesin the range 0 — 3299 represent the number
of the DC subcarrier, the value 3300 indicates that the DC subcarrier is located outside the resource grid, and the value
3301 indicates that the position of the DC subcarrier in the sidelink is undetermined. The DC subcarrier location offset
relative to the center of the indicated subcarrier isgiven by 7.5 4+ 5N kHz if frequencyShift7pSkhzSL is provided and by
5N kHz otherwise, where N € {—1,0,1} is given by the higher-layer parameter valueN.
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8.2.6 Resource elements

Resource elements are defined in clause 4.4.3.

8.2.7 Resource blocks
Resource blocks are defined in clause 4.4.4.

Point A for sidelink transmission/reception is obtained from the higher-layer parameter dl-AbsoluteFrequencyPointA.

8.2.8 Bandwidth part

Configuration of the single bandwidth part for sidelink transmission is described in clause 16 of [5, TS 38.213].

8.3 Physical channels

8.3.1 Physical sidelink shared channel

8.3.1.1 Scrambling

For the single codeword q = 0, the block of bits b@(0), ..., b (M — 1), where M{® = M\, + M{D,  isthe

number of bitsin codeword g transmitted on the physical channel as defined in [4, TS 38.212], shall be scrambled prior
to modulation.
Scrambling shall be done according to the following pseudo code
seti=0
setj=0
while i < M{?
if b (i) = x// SCI placeholder bits
b @) = b @D —2)
j=j+1
else
B@O@) = (b0 + ¢ @(i - MP)) mod 2
end if
izi+1
end while

where the scrambling sequence ¢(? (i) is given by clause 5.2.1 and
- for0<i<MPy,
~@ _ .
- Myt =)
- The scrambling sequence generator shall be initialized with

Cinit = 215NID + 1010
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where Np = Nif mod 2¢ and the quantity N}, equals the decimal representation of the CRC on the PSCCH
associated with the PSSCH according to Nif = Y524 p; - 21717 with p and L given by clause 8.3.2in[4, TS
38.212].

- for My, < i< MY

~(q)
- M,

(@
= Myiisci
- The scrambling sequence generator shall be initialized with
Cinit = 215NID + 1010

where Np = Nif mod 2¢ and the quantity N}, equals the decimal representation of the CRC on the PSCCH
associated with the PSSCH according to N = Y k23 p; - 2L~ with p and L given by clause 8.3.2in[4, TS
38.212].

83.1.2 Modulation

For the single codeword g = 0, the block of scrambled bits shall be modulated, resulting in a block of complex-valued

modulation symbols d9(0), ..., d® (Ms(;ib — 1) where M0, =MD+ MD .

Modulation for 0 < i < M{{,, shall be done as described in clause 5.1 using QPSK, where M9

— @
symb,1 Mbit,SCIZ/Z'

Modulation for Méﬁ?sc'z <i< Mt()?t) shall be done as described in clause 5.1 using one of the modulation schemesin
Table8.3.1.2-1where M®, . =MD /0,

Table 8.3.1.2-1: Supported modulation schemes.

Modulation scheme Modulation order Q,,
QPSK 2

16QAM 4

64QAM 6

256QAM 8
8.3.1.3 Layer mapping
Layer mapping shall be done according to clause 7.3.1.3 with the number of layersv € {1,2}, resulting in x(i) =
O . xC OO i=01, ., M —1.
8.3.1.4 Precoding
The block of vectors [x@ (i) ... x@~D(i)]" shall be precoded according to clasue 6.3.1.5 where the precoding
matrix W equals the identity matrix and M3 = Moo
8.3.1.5 Mapping to virtual resource blocks

For each of the antenna ports used for transmission of the PSSCH, the block of complex-valued symbols

z2®(0), ..., 2P (Mg, — 1) shall be multiplied with the amplitude scaling factor Bgiks' in order to conform to the
transmit power specified in [5, TS 38.213] and mapped to resource elements (k', 1),, , in the virtual resource blocks
assigned for transmission, where k' = 0 isthe first subcarrier in the lowest-numbered virtual resource block assigned

for transmission.
The mapping operation shall be done in two steps:

- firt, the complex-valued symbols corresponding to the bit for the 2™-stage SCI in increasing order of first the
index k' over the assigned virtual resource blocks and then the index 1, starting from the first PSSCH symbol
carrying an associated DM-RS and meeting all of the following criteria:

ETSI



3GPP TS 38.211 version 17.5.0 Release 17 126 ETSI TS 138 211 V17.5.0 (2023-07)
- the corresponding resource elementsin the corresponding physical resource blocks are not used for
transmission of the associated DM-RS, PT-RS, or PSCCH,;

- secondly, the complex-val ued modulation symbols not corresponding to the 2™ -stage SCI shall be in increasing
order of first theindex k' over the assigned virtual resource blocks, and then the index [ with the starting position
given by [6, TS 38.214] and meeting all of the following criteria:

- theresource elements are not used for 2-stage SCI in the first step;

- the corresponding resource elementsin the corresponding physical resource blocks are not used for
transmission of the associated DM-RS, PT-RS, CSI-RS, or PSCCH.

The resource elements used for the PSSCH in the first OFDM symbol in the mapping operation above, including any
DM-RS, PT-RS, or CSI-RS occurring in the first OFDM symbol, shall be duplicated in the OFDM symbol immediately
preceding the first OFDM symbol in the mapping.

8.3.1.6 Mapping from virtual to physical resource blocks
Virtual resource blocks shall be mapped to physical resource blocks according to non-interleaved mapping.

For non-interleaved VRB-to-PRB mapping, virtual resource block n is mapped to physical resource block n.
8.3.2 Physical sidelink control channel

8.3.2.1 Scrambling

The block of bits b(0), ..., b(My;, — 1), where My, is the number of bits transmitted on the physical channel, shall be
scrambled prior to modulation, resulting in ablock of scrambled bits 5(0), ..., b(M,;, — 1) according to

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

where the scrambling sequence c(i) is given by clause 5.2.1. The scrambling sequence generator shall beinitialized
with

Cinit = 1010

8.3.2.2 Modulation

The block of scrambled bits 5(0), ..., b(M,;; — 1) shall be modulated as described in clause 5.1 using QPSK, resulting
inablock of complex-valued modulation symbols d(0), ..., d (M, — 1) where M, = My /2.

8.3.2.3 Mapping to physical resources

The set of complex-valued modulation symbols d(0), ..., d(Mgym, — 1) shall be multiplied with the amplitude scaling

factor BEYG! in order to conform to the transmit power specified in [5, TS 38.213] and mapped in sequence starting
with d(0) to resource elements (k, 1),, , assigned for transmission according to clause 16.4 of [5, TS 38.213], and not
used for the demodulation reference signal s associated with PSCCH, in increasing order of first the index k over the
assigned physical resources, and then the index [ on antenna port p = 2000.

The resource elements used for the PSCCH in the first OFDM symbol in the mapping operation above, including any
DM-RS, PT-RS, or CSI-RS occurring in the first OFDM symbol, shall be duplicated in the immediately preceding
OFDM symbol.

8.3.3 Physical sidelink broadcast channel

8.3.3.1 Scrambling

The block of bitsb(0), ..., b(M,; — 1), where M, is the number of bits transmitted on the physical sidelink broadcast
channel, shall be scrambled prior to modulation, resulting in ablock of scrambled bits 5(0), ..., b(M,; — 1) according
to
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b(i) = (b(i) + c(i)) mod 2

where the scrambling sequence c(i) is given by clause 5.2.1. The scrambling sequence generator shall be initialized
with ¢,y = NS at the start of each S-SSY/PSBCH block.

8.3.3.2 Modulation

The block of bits 5(0), ..., b(M,; — 1) shall be QPSK modulated as described in clause 5.1.3, resulting in a block of
complex-valued modulation symbols dpgpcy (0), ..., dpspcn (Msymp — 1) where Mgy, = My, /2.

8.3.3.3 Mapping to physical resources

Mapping to physical resourcesis described in clause 8.4.3.

8.3.4 Physical sidelink feedback channel

8.34.1 General
8.3.4.2 PSFCH format 0
8.3.4.2.1 Sequence generation

The sequence x(n) shall be generated according to

x(n) =1y (n)
n=01,..,NR® -1
where ru(_‘f,"” (n) isgiven by clause 6.3.2.2 with the following exceptions:
- mgisgiven by clause 16.3 of [5, TS 38.213];
- my isgiven by clause 16.3 of [5, TS 38.213];
- 1=0;

- ' istheindex of the OFDM symbol in the slot that corresponds to the second OFDM symbol of the PSFCH
transmission in the dlot given by [5, TS 38.213];

- u =ny;pmod 30 and v = 0 with n;y given by the higher-layer parameter d-PSFCH-HoplID if configured;
otherwise, u = 0.

- Cipic = Nyp With nyp given by the higher-layer parameter -PS-CH-Hopl D if configured; otherwise, ¢;,;; = 0.

8.3.4.2.2 Mapping to physical resources

The sequence x(n) shall be multiplied with the amplitude scaling factor Bpspcy in order to conform to the transmit
power specified in [5, TS 38.213] and mapped in sequence starting with x (0) to resource elements (k, 1),,,, assigned for
transmission of the second PSFCH symbol according to clause 16.3 of [5, TS 38.213] in increasing order of the index k
over the assigned physical resources on antenna port p = 5000.

The resource elements used for the PSFCH in the OFDM symbol in the mapping operation above shall be duplicated in
the immediately preceding OFDM symbol.
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8.4 Physical signals

8.4.1 Reference signals

8.4.1.1 Demodulation reference signals for PSSCH

84.1.1.1 Sequence generation
The sequence r;(m) shall be generated according to
(m) 1(1 2¢(2 ))+'1(1 2c(2m + 1))

nm) = — — 4clam —_— — 4CzaM

NG V2
where the pseudo-random sequence c(m) isdefined in clause 5.2.1. The pseudo-random sequence generator shall be
initialized with

Cinit = (2'7 (Ngmpnty + 1+ 1)(2Nip + 1) + 2N;p) mod 23

where [ isthe OFDM symbol number within the slot, ngf isthe slot number within a frame, and N,p = Nj§ mod 21¢

where the quantity N, equals the decimal representation of CRC on the PSCCH associated with the PSSCH according
to N, = Ykt p; - 2871 with p and L given by clause 7.3.2in[4, TS 38.212].

8.4.1.1.2 Mapping to physical resources

The sequence r(m) shall be mapped to the intermediate quantity d,(jf & according to clause 6.4.1.1.3 using

configuration type 1 without transform precoding, and where wy(k"), w.(1'), and A are given by Table 8.4.1.1.2-2, and
r(m) isspecified in clause 8.4.1.1.1.

The patterns used for the PSSCH DM-RS isindicated in the SCI as described in clause 8.3.1.1 of [4, TS 38.212].
The intermediate quantity d,(flj " shall be precoded, multiplied with the amplitude scaling factor g
clause 8.3.1.5, and mapped to physical resources according to

PSSCH

owrs SPecifiedin

Po.1) ~(Po,i)
At o)
: _ [PSSCH
i) = Pomrs W -
Pp-1.H1 ~(Dy—1.14
A )

where
- the precoding matrix W is given by clause 8.3.1.4,
- the set of antennaports {py, ..., p,—, } isgiven by clause 8.3.1.4, and
- the set of antenna ports {p, ..., B,_1} isgiven by [6, TS 38.214];

and the following conditions are fulfilled:

~(Dj1)

a,, —ae within the common resource blocks allocated for PSSCH transmission.

- theresource elements
The quantity k is defined relative to subcarrier 0 in common resource block 0 and the quantity [ is defined relative to the
start of the scheduled resources for transmission of PSSCH and the associated PSCCH, including the OFDM symbol
duplicated as described in clauses 8.3.1.5 and 8.3.2.3.

The position(s) of the DM-RS symbols s given by I according to Table 8.4.1.1.2-1 where the number of PSSCH DM -

RSisindicated in the SCI, and [, is the duration of the scheduled resources for transmission of PSSCH and the
associated PSCCH, including the OFDM symbol duplicated as described in clauses 8.3.1.5 and 8.3.2.3.
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Table 8.4.1.1.2-1: PSSCH DM-RS time-domain location.

Iy in DM-RS position [
symbols PSCCH duration 2 symbols PSCCH duration 3 symbols
Number of PSSCH DM-RS Number of PSSCH DM-RS
2 3 4 2 3 4
6 1,5 1,5
7 1,5 1,5
8 1,5 1,5
9 3,8 1,47 4,8 1,4,7
10 3,8 1,4,7 4,8 1,4,7
11 3,10 1,59 1,4,7,10 4,10 1,59 1,4,7,10
12 3,10 1,59 1,4,7,10 4,10 1,59 1,4,7,10
13 3,10 1,6,11 1,4,7,10 4,10 1,6,11 1,4,7,10
Table 8.4.1.1.2-2: Parameters for PSSCH DM-RS.
P CDM group 4 A wi (k") wi (1)
k=0 k' = I'=0
1000 0 0 +1 +1 +1
1001 0 0 +1 -1 +1
8.4.1.2 Phase-tracking reference signals for PSSCH
8.4.1.2.1 Sequence generation

The precoded sidelink phase-tracking reference signal for subcarrier k on layer j is given by

@Dy — (r(m) ifj=j"orj=j"
A m) { 0 otherwise

where

- antennaportsp; or {ﬁj,, ﬁju} associated with PT-RS transmission are given by clause 8.2.3 of [6, TS 38.214];

- r(m) isgiven by clause 8.4.1.1.1 at the position of the first PSSCH symbol carrying an associated DM-RS.

8.4.1.2.2 Mapping to physical resources

The UE shall transmit phase-tracking reference signals only in the resource blocks used for the PSSCH, and only if the
procedurein [6, TS 38.214] indicates that phase-tracking reference signals are being used.

The PSSCH PT-RS shall be mapped to resource elements according to

(Po.1t) _
[P r®@)(2n + k")
o= w |
a(pp—hll) r@v-1) 2n + k’)

k,l
k=4n+2k' + A

when all the following conditions are fulfilled

- liswithin the OFDM symbols allocated for the PSSCH transmission;

- resource element (k, 1) is not used for PSCCH, nor DM-RS associated with PSSCH;

- k' and A correspond to P, ..., By_1
The precoding matrix W is given by clause 8.3.1.4.
The set of timeindices [ defined relative to the start of the PSSCH allocation is defined by
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1.seti=0and =0

2. if any symbol in theinterval max (Lo + (i — 1)Lprrs + 1, Liep), v ) Lo + iLpr-rg OVErlaps with a symbol used for
DM-RS according to clause 8.4.1.1.2

- osti=1
- set ¢ to the symbol index of the DM-RS symbol
- repeat from step 2 aslong as l,..¢ + iLpr.gs iSinside the PSSCH alocation
3. add [.s + iLpr.ps to the set of time indices for PT-RS
4. increment i by one
5. repeat from step 2 above aslong as [,r + iLpr.rs iSinside the PSSCH allocation
where Lpr.gs € {1,2,4} isgiven by clause 8.4.3 of [6, TS 38.214].

For the purpose of PT-RS mapping, the resource blocks allocated for PSSCH transmission are numbered from O to
Ngg — 1 from the lowest scheduled resource block to the highest. The corresponding subcarriersin this set of resource
blocks are numbered in increasing order starting from the lowest frequency from 0 to NREBNyz — 1. The subcarriers to
which the PT-RS shall be mapped are given by

k = kRE + (iKPT—RS + kﬁ:}%)stéB

ref
RB _ {NID mod Kpr.ps if Ngg mod Kpr.ps = 0

Ferer = Nip mod (Ngg mod Kprs) otherwise
where
- 1i=012,..

- kREjsgiven by Table 8.4.1.2.2-1 for the DM-RS port associated with the PT-RS port according to clause 8.2.3in

ref

[6, TS38.214].
- Npg isthe number of resource blocks scheduled;
- Kprps € {2,4} isgiven by [6, TS 38.214];

- Nip = N mod 2'¢ where the quantity N, equals the decimal representation of CRC on the PSCCH associated
with the PSSCH according to Nj¥, = Y524 p; - 2L~ with p and L given by clause 7.3.2in [4, TS 38.212].

PSSCH PT-RS shall not be mapped to resource elements containing PSCCH or PSCCH DMRS by puncturing PSSCH
PT-RS.

A UE is not expected to receive sidelink CSI-RS and PSSCH PT-RS on the same resource elements.

Table 8.4.1.2.2-1: The parameter kRE .

DM-RS antenna port kRE
P resourceElementOffset
offset00 | offset01 | offsetl0 | offsetll
0 0 2 6 8
1 2 4 8 10
8.4.1.3 Demodulation reference signals for PSCCH

8.4.1.3.1 Sequence generation

The sequence r;(m) shall be generated according to
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- L2 (1 - 2c2m +1
Tz(m)—ﬁ( — 2¢( m))+Jﬁ( —2c(2m +1))

where the pseudo-random sequence c(m) isdefined in clause 5.2.1. The pseudo-random sequence generator shall be
initialized with

Cinit = (217(Nss}l,?r1tbngf + l + 1)(2NID + 1) + ZNID) mod 231
where
- listhe OFDM symbol number within the dot,

- n{;isthe slot number within aframe, and

- Ny €{01,..,65535} isgiven by the higher-layer parameter sl-DMRS-Scramblel D.

8.4.1.3.2 Mapping to physical resources

The sequence r,(m) shall be multiplied with the amplitude scaling factor B75:<¢' in order to conform to the transmit
power specified in [5, 38.213] and mapped in sequence starting with r;(0) to resource elements (k, 1),,, inaslot on

antenna port p = 2000 according to

a;(f[#) — PSCCHWf‘i(kI)rl(3n+ k)

DMRS
k=nNR® +4k' +1
k'=0,1,2
n=20,1,..

where the following conditions are fulfilled

- they are within the resource elements constituting the PSCCH
The quantity wy,; (k") isgiven by Table8.4.1.3.2-1and i € {0,1,2} shall be randomly selected by the UE.
The reference point for k is subcarrier O in common resource block 0.

The quantity [ isthe OFDM symbol number within the slot.

Table 8.4.1.3.2-1: The quantity wg;(k").

r wf,i(k,)
0 1 1 1
1 1 el2/3m e—J2/3m
2 1 e—J2/3m eJ2/31
8.4.1.4 Demodulation reference signals for PSBCH
8.4.14.1 Sequence generation

The reference-signal sequence r(m) for an S-SSYPSBCH block is defined by
(m) 1(1 2¢(2 ))+'1(1 2c(2m + 1))
rim) = — — 4c(am —_— — 4c(am
V2 "2

where ¢(n) isgiven by clause 5.2. The scrambling sequence generator shall beinitialized at the start of each S-
SS/PSBCH block occasion with

_ nSL
cinit = Nip
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8.4.1.4.2 Mapping to physical resources
Mapping to physical resourcesis described in clause 8.4.3.

8.4.1.5 CSI reference signals
8.4.15.1 General
8.4.1.5.2 Sequence generation

The sequence r(m) shall be generated according to
(m) 1(1 2¢(2 ))+'1(1 2c(2m + 1))
rim) = — — 4clam —_ — 4cl4m
V2 V2

where the pseudo-random sequence c(i) is defined in clause 5.2.1. The pseudo-random sequence generator shall be
initialised with

Cinie = (2" (Ngmpnts + 1+ 1)(2myp + 1) + myp) mod 23

at the start of each OFDM symbol where nf isthe slot number within aradio frame, I is the OFDM symbol number

within asdlot, and n;, = N mod 2'° where the quantity N}, equals the decimal representation of CRC for the sidelink
control information mapped to the PSCCH associated with the CSI-RS according to N, = Y:-1 p; - 271 with p and
L given by clause 7.3.2in [4, TS 38.212].

8.4.1.5.3 Mapping to physical resources
Mapping to resource elements shall be done according to clause 7.4.1.5.3 with the following exceptions:
- only 1 and 2 antenna ports are supported, X € {1,2};
- only density p = 1 is supported;
- zero-power CSI-RSis not supported;
- the quantity Scsirs IS @n amplitude scaling factor to conform with the transmit power specified in clause 8.2.1 of
[6, TS38.214].
8.4.2 Synchronization signals

8.4.2.1 Physical-layer sidelink synchronization identities
There are 672 unique physical-layer sidelink synchronization identities given by
Niy = Ny + 336Niy
where Nipy; € {0,1, ...,335} and Ny, € {0,1}. The sidelink synchronization identities are divided into two sets, id_net
consisting of N = 0,1, ...,335 and id_oon consisting of Njj* = 336,337, ...,671.

8.4.2.2 Sidelink primary synchronization signal

8.4.2.2.1 Sequence generation

The sequence dg pss(n) for the sidelink primary synchronization signal is defined by

dspss(n) =1 —2x(m)
m = (n + 22 + 43N ,) mod 127
0<n<127

where
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x(i+7)= (x(i +4) + x(i)) mod 2
and

[x(6) x(5) x(4) xB) x2) x(1) x(0)]=[1 1 1 0 1 1 0]
8.4.2.2.2 Mapping to physical resources
Mapping to physical resourcesis described in clause 8.4.3.

8.4.2.3 Sidelink secondary synchronization signal

8.4.2.3.1 Sequence generation
The sequence ds gss(n) for the sidelink secondary synchronization signal is defined by

dssss(n) = [1 = 2x,((n + my) mod 127)][1 — 2x,((n + m,) mod 127)]

my = 15 Nib. + 5N
0 — 112 I1D,2
my = N3, mod 112
0<n<127
where
xo(i +7) = (%0 (i +4) + x0(i)) mod 2
x>{+7)= (xl(i +1)+ xl(i)) mod 2
and
[%0(6) x%0(5) x0(4) x,(3) x,(2) x,(1) x(0)]=[0 0 0 0 0 0 1]
[(6) x(5) x(4) x3) x2) x1) x@O@]=[0 0 0 0 0 0 1]
8.4.2.3.2 Mapping to physical resources
Mapping to physical resourcesis described in clause 8.4.3.
8.4.3 S-SS/PSBCH block
8.4.3.1 Time-frequency structure of an S-SS/PSBCH block

In the time domain, an S-SSY/PSBCH block consists of N353 OFDM symbols, numbered in increasing order from 0 to

Nap — 1 within the S SS/PSBCH block, where S-PSS, S-SSS, and PSBCH with associated DM-RS are mapped to
symbols as given by Table 8.4.3.1-1. The number of OFDM symbolsin an S-SS/PSBCH block N353° = 13 for normal
cyclic prefix and NS5SB = 11 for extended cyclic prefix. The first OFDM symbol in an S-SS/PSBCH block is the first

symb

OFDM symbol in the dot.

In the frequency domain, an S-SS/PSBCH block consists of 132 contiguous subcarriers with the subcarriers numbered
in increasing order from O to 131 within the sidelink S-SS/PSBCH block. The quantities k and [ represent the frequency
and time indices, respectively, within one sidelink S-SS/PSBCH block.

For an S-SS/PSBCH block, the UE shall use
- antennaport 4000 for transmission of S-PSS, S-SSS, PSBCH and DM-RS for PSBCH,;
- the same cyclic prefix length and subcarrier spacing for the S-PSS, S-SSS, PSBCH and DM-RS for PSBCH,
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Table 8.4.3.1-1: Resources within an S-SS/PSBCH block for S-PSS, S-SSS, PSBCH, and DM-RS.

Channel OFDM symbol number 1 Subcarrier number k
or signal relative to the start of an S-SS/PSBCH relative to the start of an S-SS/PSBCH block
block
S-PSS 1,2 2,3,...,127,128
S-SSS 3,4 2,3,...,127,128
Set to zero 1,2,3,4 0,1, 129, 130, 131
PSBCH 0,56, ..., Nyop — 1 0,1,.,131
DM-RS for S-SSB __ 0,4,8, ....,,128
PSBCH 0,56, ..., Ngry — 1
8.4.3.1.1 Mapping of S-PSS within an S-SS/PSBCH block

The sequence of symbols dg pss(0), ..., ds.pss(126) constituting the sidelink primary synchronization signal in one
OFDM symbol shall be scaled by afactor S5 pss to conform to the S-PSS power allocation specified in [5, TS 38.213]
and mapped to resource elements (k, 1), , in increasing order of k in each of the symbols [, where k and [ are given by
Table 8.4.3.1-1 and represent the frequency and time indices, respectively, within one S-SS/PSBCH block.

8.4.3.1.2 Mapping of S-SSS within an S-SS/PSBCH block

The sequence of symbols dg.s¢5(0), ..., ds.sss(126) congtituting the sidelink secondary synchronization signal in one
OFDM symbol shall be scaled by afactor S5 sss to conform to the S-SSS power allocation specified in [5, TS 38.213]
and mapped to resource elements (k, 1), , in increasing order of k in each of the symbols [, where k and [ are given by
Table 8.4.3.1-1 and represent the frequency and time indices, respectively, within one S-SS/PSBCH block.

8.4.3.1.3 Mapping of PSBCH and DM-RS within an S-SS/PSBCH block

The sequence of complex-valued symbols dpgpcy (0), ..., dpspen (Msymb - 1) congtituting the physical sidelink
broadcast channel shall be scaled by afactor Biya! to conform to the PSBCH power allocation specified in [5, TS
38.213] and mapped in sequence starting with dpgpcy (0) to resource elements (k, 1),,,, which meet all the following
criteria

- they are not used for PSBCH demodulation reference signals

The mapping to resource elements (k, 1), , not reserved for PSBCH DM-RS shall be inincreasing order of first the
index k and then theindex [, where k and [ represent the frequency and time indices, respectively, within one S-
SS/PSBCH block and are given by Table 8.4.3.1-1.

The sequence of complex-valued symbols r(0), ..., 7(33(Ng s — 4) — 1) constituting the demodulation reference
signals for the S-SS/PSBCH block shall be scaled by afactor of SEied! to conform to the PSBCH power allocation
specified in [5, TS 38.213] and mapped to resource elements (k, [),,, inincreasing order of first k and then [ where k

and [ are given by Table 8.4.3.1-1 and represent the frequency and time indices, respectively, within one S-SS/PSBCH
block.

8.4.3.2 Time location of an S-SS/PSBCH block

The locationsin the time domain where a UE shall monitor for a possible S-SS/PSBCH block are described in clause
16.1 of [5, TS 38.213].

8.5 Timing

Transmission of asidelink radio frame number i from the UE shall start (N7a s, + Nra offset) - Tc Seconds 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 the value of Ny o¢rset, Whichisgivenin [12, TS 38.133], after the end of a sidelink
transmission.

For sidelink transmissions:
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If the UE has a serving cell fulfilling the S criterion according to clause 8.2 of [13, TS 38.304]

- Thetiming of reference radio frame i equals that of downlink radio frame i in the cell with the same uplink
carrier frequency as the sidelink and

- Nraoffset ISQiven by clause 4.3.1 of [TS 38.211],
Otherwise

- Thetiming of reference radio framei and Ny o¢rser Value are given by clause 12.2.2, 12.2.3, 12.2.4 or 12.2.5 of
[12, TS 38.133].

Timing reference radio frame i

Sidelink radio frame i

(NT;\,SL + NL\ offset ) 1 seconds

c

Figure 8.5-1: Sidelink timing relation

The quantity Nt, s, equalsto 0.
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