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

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

z the third digit is incremented when editorial only changes have been incorporated in the document.
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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"

[11] 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) procedures in 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:

f‘ \
‘k’ U p.u Resource element with frequency-domain index k' and time-domain index | for antenna
port p and subcarrier spacing configuration [/; see clause 4.4.3
(p,u)
1 Value of resource element (k»l) for antenna portp and subcarrier spacing configuration H: see
clause 4.4.3
B Amplitude scaling for a physical channel/signal
c(n) PN sequence; see clause 5.2.1
Af Subcarrier spacing
Af RA Subcarrier spacing for random-access preambles
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Nsize, u

grid, x

start, 4
N grid, x

PT-RS
N group

Nip
Nip
NESRESET
Nese

N
N
Nzil(iframe, u
N
N;?HI?)ESET
NS}EanCH
stiftr)ame, u

Nslot

symb
N TA
N

TA, offset
common
N TA adj

UE
Nta agj
N
n;

Rx-Tx

U
Ncrp
Nprp

Neni

13 3GPP TS 38.211 V17.5.0 (2023-06)

The ratio between TS and T. ; see clause 4.1
Subcarrier index relative to a reference

OFDM symbol index relative to a reference

Subcarrier spacing configuration, A f=2"-15[kHz |

Number of coded bits to transmit on a physical channel [for codeword q]

Number of modulation symbols to transmit on a physical channel [for codeword (]
Number of modulation symbols to transmit per layer for a physical channel
Scheduled bandwidth for uplink transmission, expressed as a number of subcarriers
Scheduled bandwidth for uplink transmission, expressed as a number of resource blocks
Number of modulation symbols to transmit per antenna port for a physical channel
Number of transmission layers

Size of bandwidth part i ; see clause 4.4.4.4

Start of bandwidth part i ; see clause 4.4.4.4

Cyclic prefix length; see clause 5.3.1

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

The start of the resource grid; see clause 4.4.2

The number of PT-RS groups; see clause 6.3.1.4

Physical layer cell identity; see clause 7.4.2.1

Physical-layer sidelink identity; see clause 8.4.2.1

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

Number of resource-element groups in a CORESET; see clause 7.3.2.2

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

Number of subcarriers per resource block, see clause 4.4.4.1

Number of slots per subframe for subcarrier spacing configuration (I, see clause 4.3.2

Number of slots per frame for subcarrier spacing configuration , see clause 4.3.2

Time duration of a control resource set; see clause 7.3.2.2

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

Number of OFDM symbols per subframe for subcarrier spacing configuration [; see clause 4.3.1
Number of symbols per slot

Timing advance between downlink and uplink; see clause 4.3.1

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

Network-controlled timing correction; see clause 4.3.1

UE-derived timing correction; see clause 4.3.1

Minimum time from reception to transmission for a half-duplex UE; see clause 4.3.2
System frame number (SFN)

Common resource block number for subcarrier spacing configuration [I, see clause 4.4.4.3
Physical resource block number; see clause 4.4.4.4

Radio network temporary identifier

Slot number within a subframe for subcarrier spacing configuration [1; see clause 4.3.2
Slot number within a frame for subcarrier spacing configuration [I; see clause 4.3.2
Antenna port number

Modulation order

Number of antenna ports

3GPP



Release 17 14 3GPP TS 38.211 V17.5.0 (2023-06)

f‘u)v n) Low-PAPR base sequence; see clause 5.2.2
rff"’v(s) (n) Low-PAPR sequence; see clause 5.2.2
S‘,p ) (t) The time-continuous signal on antenna port p and subcarrier spacing configuration pt for OFDM
symbol l in a subframe; see clause 5.3.1
T. Basic time unit for NR; see clause 4.1
Tf Radio frame duration; see clause 4.3.1
s Basic time unit for LTE
Ty Subframe duration; see clause 4.3.1
Tslol Slot duration; see clause 4.3.2
Tin 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
CSI Channel-state information
CSI-RS CSI reference signal
DCI Downlink Control Information
DM-RS Demodulation reference signal
FR1 Frequency range 1 as defined 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 fields in the time domain is expressed in time
— . — 3 = = =
units T 1/(Afmax Nf) where A fmax =480 10" 1z and Nf 4096 . The constant ¢ TS/TC 64 where
— _ 3 —
Ts_ll(Afref'Nf,refJ , Afref_lsllo Hz and Nf,ref_2048
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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 IAB-node.

4.2 Numerologies

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

Table 4.2-1: Supported transmission numerologies.

p Af =2"15[ kHz] 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

431 Frames and subframes

Downlink, uplink, and sidelink transmissions are organized into frames with Tf :(Af max Nf ”OOJ' T.=10 ms
duration, each consisting of ten subframes of TSf:(Af max Nf /1000)'1“0: 1 ms duration. The number of consecutive
OFDM symbols per subframe is N:;Ef{)ame’“: NSlyont1b N zf(iframe’“ . 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 subframes

5-9.

There is one set of frames in the uplink and one set of frames in the downlink on a carrier.

. i .. — ity UE
Uplink frame number !  for transmission from the UE shall start Tta =| N 14+ Np oftser + IV %adj "+N. Taadj| T ¢
before the start of the corresponding downlink frame at the UE where

-Np, and N TA offset @re given by clause 4.2 of [5, TS 38.213], except for msgA transmission on PUSCH where
N1, =0 shall be used;

- Niang givenby 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 N CTZ“‘EEJ.O“: 0;

- N %Iiadj 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 N [Tjiadj =0.

Downlink frame i

Uplink frame i

T
TA

Figure 4.3.1-1: Uplink-downlink timing relation.
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4.3.2 Slots

. . ) . Hel ppsubframe, 41 . -
For subcarrier spacing configuration H | slots are numbered 1¢ € [0, o5 Vgl — 1 in increasing order within

H ef() yframe, 4 b . - slo .
a subframe and Ms,f © [Ys -« 5 Nglor | in increasing order within a frame. There are symb  consecutive OFDM

slot

symbols in a slot where symb  depends on the cyclic prefix as given by Tables 4.3.2-1 and 4.3.2-2. The start of slot

1 arslot
u
Ny in a subframe is aligned in time with the start of OFDM symbol g NSYmb in the same subframe.

OFDM symbols in a slot in a downlink 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].

In a slot in a downlink frame, the UE shall assume that downlink transmissions only occur in 'downlink' or 'flexible’
symbols.

In a slot in 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 simultaneousRxTxInterBandENDC, simultaneousRxTxInterBandCA or simultaneousRxTxSUL [10, TS
38.306] among all cells within a group of cells is 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 cells where N, 1, is given 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 simultaneousRxTxInterBandENDC, simultaneousRxTxInterBandCA or simultaneousRxTxSUL [10, TS
38.306] among all cells within a group of cells is not expected to receive in the downlink in one cell within the group of

cells earlier than N, . T . after the end of the last transmitted uplink symbol in the same or different cell within the

group of cells where N1, g, is given 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 a cell earlier than Ny, 1, T, after the end of the last received downlink symbol in the different cell where Ny, 1, 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 a cell earlier than N1, g, T . after the end of the last transmitted uplink symbol in the different cell

where N, g, is given by Table 4.3.2-3.

A UE not capable of full-duplex communication is not expected to transmit in the uplink earlier than Ny, 1. I . after

the end of the last received downlink symbol in the same cell where N, 1, is given by Table 4.3.2-3.

A UE not capable of full-duplex communication is not expected to receive in the downlink earlier than N, 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.

1 Negms Ngar " Ngg™"
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
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Table 4.3.2-2: Number of OFDM symbols per slot, slots per frame, and slots per subframe for
extended cyclic prefix.

slot frame, p subframe, p
H N symb N slot N slot
2 12 40 4

Table 4.3.2-3: Transition time N, 1, and N, .

Transition time FR1 FR2
NTX_RX 25600 13792
NRX_TX 25600 13792
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

subframe, y

size, i 7 RB
NaigxNsc subcarriers and N gymb OFDM symbols is

For each numerology and carrier, a resource grid of grid,x
start,
defined, starting at common resource block grid indicated by higher-layer signalling. There is one set of resource
grids per transmission direction (uplink, downlink, or sidelink) with the subscriptx 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. There is one
resource grid for a given antenna port p, subcarrier spacing configuration p1, and transmission direction (downlink,
uplink, or sidelink).
size,
grid
layer parameter carrierBandwidth in the SCS-SpecificCarrier IE. The starting position [V

For uplink and downlink, the carrier bandwidth N for subcarrier spacing configuration [ is given by the higher-

start,
grid
configuration p is given by the higher-layer parameter offsetToCarrier in the SCS-SpecificCarrier IE.

for subcarrier spacing

The frequency location of a subcarrier refers to the center frequency of that subcarrier.

For the downlink, the higher-layer parameter txDirectCurrentLocation in the SCS-SpecificCarrier IE indicates the
location of the transmitter DC subcarrier in the downlink for each of the numerologies configured in the downlink.
Values in 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 IE 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. Values in 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 uplink is undetermined.

4.4.3 Resource elements

Each element in the resource grid for antenna port p and subcarrier spacing configuration p is called a resource element
and is uniquely identified by (k s l)p, u where k' is the index in the frequency domain and [ refers to the symbol

position in the time domain relative to some reference point. Resource element (k s l)p i corresponds to a physical
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resource and the complex value a(kp l’” ). When there is no risk for confusion, or no particular antenna port or subcarrier

spacing is specified, the indices p and p may be dropped, resulting in a(k‘? 2 ordy .

4.4.4 Resource blocks
44.4.1 General

. . RB . . . .
A resource block is defined as N " =12 consecutive subcarriers in the frequency domain.

4.4.4.2 Point A

Point A serves as a common reference point for resource block grids and is obtained from:

- 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 access in FR1 and FR2-1, the lowest resource block has the
subcarrier spacing provided by the higher layer parameter subCarrierSpacingCommon;

- for operation with shared spectrum channel access in FR1 or FR2, and for operation without shared spectrum
channel access in 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 absoluteFrequencyPointA represents the frequency-location
of point A expressed as in ARFCN.

4443 Common resource blocks

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

The relation between the common resource block number néRB in the frequency domain and resource elements

(k,l) for subcarrier spacing configuration H is given by

k

o
Ncrp= NFB
SC

where k is defined relative to point A such that k=0 corresponds to the subcarrier centered around point A.
4.4.4.4 Physical resource blocks

Physical resource blocks for subcarrier spacing configuration p are defined within a bandwidth part and numbered from

Oto N Ef;’lf,i— 1 where | is the number of the bandwidth part. The relation between the physical resource block n‘liRB in

bandwidth part i and the common resource block néRB is given by

woo_ o start,p
Ncrp =Nprp+ N gwp ;

where N ;fi‘,;ti,“ . is the common resource block where bandwidth part i starts relative to common resource block 0. When

there is no risk for confusion the index [ may be dropped.

4445 Virtual resource blocks

Virtual resource blocks are defined within a bandwidth part and numbered from 0 to N gésp ;— 1 where [ is the number

of the bandwidth part.
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4446 Interlaced resource blocks

Multiple interlaces of resource blocks are defined where interlace m € {0,1 yeees M — 1] consists of common resource
blocks {m M+Am,2M+m,3M+m,.. .}, with M being the number of interlaces given by Table 4.4.4.6-1. The

relation between the interlaced resource block njy ,, € ‘[0,1 yee I in bandwidth part i and interlace m and the common

resource block néRB is given by
oo u start,pt __ pgstart,p
nCRB_MnIRB,m+NBWP,i+((m NBWP,i) mod M)

where N ;‘31,‘;,“ ; is the common resource block where bandwidth part starts relative to common resource block 0. When

there is no risk for confusion the index [ may be dropped.

The UE expects that the number of common resource blocks in an interlace contained within bandwidth part i is no less
than 10.

Table 4.4.4.6-1: The number of resource block interlaces.

u 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 a given numerology

o . i . . . - start,
Hi in bandwidth part ! on a given carrier. The starting position Npwp ; and the number of resource blocks
size,y . . . start, p start, p start, size,
Ngyp,; in @ bandwidth part shall fulfil N grid x < Ngwp. <N grid xF N grid’ x and

start, p start, p size, start, p size, . . . . . . .
Ngia x <Npwp. i+ N pwp i< Ngria 'y + Ngrid x> 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 parts in the downlink with a single downlink bandwidth part being
active at a given time. 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 parts in the uplink with a single uplink bandwidth part being active
at a given time. If a UE 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, p size, start, size,
risk of confusion, the index p1 may be dropped from Npyp™ Npwp i Neria x> and Nggg'y-

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 if[a];%“ ; of the common MBS frequency resource i is defined relative to point A and the size of the

common MBS frequency resource is given by N 15\;12155“ .- Resource blocks in a common MBS frequency resource are
numbered in the same way as resource blocks in clause 4.4.4.4 with N gwf}fi and N ﬁff,}‘f}i replaced by N ;;fgé’f ;and

N ;}Z}gs’l » Tespectively.

A UE is not expected to receive PDSCH or PDCCH associated with MBS transmissions scheduled with G-RNTI, G-
CS-RNTI or MCCH-RNTI outside the common MBS frequency resource.
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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.

between a PCell/PScell and
an SCell is determined by higher-layer parameter ca-SlotOffset for the SCell. The quantity . is defined as the
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 N&A
fulfills

For carrier aggregation of cells with unaligned frame boundaries, the slot offset NS Slm offset

slot, offset

- when the lowest subcarrier spacing configuration among the subcarrier spacings configured for the cell is y=2
for both cells or p=3 for both cells the start of slot O for the cell whose point A has a lower frequency

frame, flygoe — 1 .
slm ofsee. O N o 77 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;

coincides with the start of slot qN

- otherwise, the start of slot 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

mod N ™ Fas for the other cell

slot offset slot

where q=—1 if 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 g =1.

configured for the two cells, coincides with the start of slot qN

5 Generic functions

5.1 Modulation mapper

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

5.1.1 1/2-BPSK

In case of /2-BPSK modulation, bit b (1) is mapped to complex-valued modulation symbol d(i) according to

j%\‘imodz‘
d(f)zeT[u 2b(i)}+ j[1-2b(i)]|

5.1.2 BPSK

In case of BPSK modulation, bit b (l) is mapped to complex-valued modulation symbol d(i) according to
d(z):E[(l—zb(l)mu—zb(l)]]

513 QPSK

b(2i),b(2i +1)

In case of QPSK modulation, pairs of bits, , are mapped to complex-valued modulation symbols d(i )

according to

d(i) —[ 1- 2b(2i)) + j(1- 2b(2i +1))]

N
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514  16QAM

b(4i), b(4i +1),b(4i +2), b(4i +3)

In case of 16QAM modulation, quadruplets of bits, , are mapped to complex-valued

l

modulation symbols d( ) according to

d(i) :L{(l- 2b(4i)) [2- (1- 2b(4i +2))] + j(1- 2b(4i +1)) [2- (1- 2b(4i+3))”

Jio
5.1.5 64QAM

b(6i),b(6i +1),b(6i +2),b(6i + 3),b(6i +4),b(6i +5)

In case of 64QAM modulation, hextuplets of bits, , are mapped to

complex-valued modulation symbols d(i) according to

L
42!

5.1.6 256QAM

d(i) = (1- 2b(6i)) [4- (1- 2b(6i +2)) [ 2- (1- 2b(6i +4))]| + j(1- 2b(6i +1))[4- (1- 2b(6i +3)) 2~ (1- 2b(6i+5))]”

Tn 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

. 1 . ) . .
d(i) :ﬁl(l‘ 2b(81))[8- (1- 2b(8i +2))[4- (1- 2b(8i +4)) [2- (1- 2b(81+6))]H
|

+j(1- 2b(8i +1)) [8- (1- 2b(8i+3))[4- (1- 2b(8i +5)) [2- (1- 2b(8i+7))]]h

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 (1) according to

(1—2b(101+0))[16—(1—2b(10i+2))[8—(1—2b(10i+4))[4—(1—2b(10i+6))[2—(1—2b[10i+8J)HH

1
V682

5.2 Sequence generation

+j (1—2b(10i+1))[16—(1—2b(10i+3))[8—(1—2b(10i+5))[4—(1—2b(10i+7))[2—(1—2b(10i+9))HH

5.2.1 Pseudo-random sequence generation

Generic pseudo-random sequences are defined by a length-31 Gold sequence. The output sequence € (”) of length

M n=0,1,...,Mp~1

PN where , is defined by

c(n)=[x,(n+N)+x,(n+N )| mod2
Xl(n+31):(xl(n+3)+x1(n))mod2
(

X,(n+31)=[x,(n+3)+x,(n+2)+x,(n+1)+x,(n)|mod 2

2

where N¢=1600 and the first m-sequence Xl(n) shall be initialized with xl(O):l,xl (n)ZO,n:LZ, 30 . The
i)2'

Yol
e e . . C. .= X
initialization of the second m-sequence, XZ(n) , is denoted by it i=0 "2
the application of the sequence.

with the value depending on
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522 Low-PAPR sequence generation type 1

(a,8) _
The low-PAPR sequence Fuv (n) is defined by a cyclic shift @ of a base sequence ru’v(n) according to

r(“"s)(n):e"“”?u’v(n), 0<n<M,

u,v

where M,.=mN ?CB /2% is the length of the sequence. Multiple sequences are defined from a single base sequence

through different values of o and &.

7 [ |
Base sequences r“:"(n) are divided into groups, where u€l0,1,...,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 each length

5 Il
M,-=m NiB/Z(S, 1/2 Sm/2 =5 and two base sequences (V:0,1) of each length M,-=m NiB/ZS, 6 Sm/Z .

r r M

The definition of the base sequence 'U,V(O),- "’_W(M ZC_l) depends on the sequence length zc

5.2.2.1 Base sequences of length 36 or larger

Foer(:ZSNiB, the base sequence f“:v(o)""’ruyv(MZC_l) is given by

fu,v(n):xq[nrnodNZc]
_jnqmim+1‘\
xq(m):e Ve

where

q=[g+1/2/+v-(-1)
g=N,c(u+1)/31

N

The length Nag is given by the largest prime number such that 2c<M

zC

5.2.2.2 Base sequences of length less than 36

M,.€6,12,18,24]

For the base sequence is given by

Fo(n)=eM 0<n<M, -1

)

where the value of ¢(n) is given by Tables 5.2.2.2-1 to0 5.2.2.2-4.

For Mzc=30 , the base sequence Fu,v(o)""’f“:V(MZC_l) is given by
_ jMutd)(n+1)(n+2)
Y]
F,.ln=e , 0<n<M,.—-1
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Table 5.2.2.2-1: Definition of ¢(”) for M,:=6

u @(0),..., 9(5)

0 |3]-1]3]3]1]-3
Lials|1]|1]3]-3
2 [3|3|3|3|1]|-3
3 (111|313
401 1)1]3]1]3
5131|1333
613/1]|3|3|-3-3
" l3lal1]3]1]a
8 |3|-1|-3|1|-3|-3
913|3/1|3|3]-3
103/1]3]1]3]|3
11 (3]-1|3|1]1]3
209 11(3]1]-3|3
13(1]1]3|3|1]3
Yiil1]1]3]3]a
Biglif1]1]3]-3
161 3]1]-1]1]3]1
17 [3|3|-1] 1]-1]-3
18 3| 3|3 1|31
9 1301]1]3]-1]3
20 |3|3|3|1]|1]|-3
2113 1]3|3]-3|1
2211|3313
231111|3|3|1]-3
24110113133
25 10131133
261 101]1/1]3]1
27 (1101|311
28 | 1] 11331
29 [1]1]3]1]1]1
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Table 5.2.2.2-2: Definition of ¢(”) for My

| en| R[0T AR PP || P ||| | QDD e | QD || A | TH D | D
AT A A AT A| A ||| AR A AT DR F ||| | [P

A DA F|F AT || TR [0[RP A| ||| DDA
||| PR A A A | A || [T F | T[T || F || =[P || ||| P| |
(ﬂ\1__1__131_.1_.1__1__331__311__11__31__33111__3311__11_.1_.
A B R B o P ) e ) e Bt el et B P ) ) P Py ) B
|| ] mfen| || 0| i || || | P || || | | P o0 || | 0| | D
HW818333433334833411443343131313
0,8813111..1..1331..31..11..1..1..33133331..3313
DA T T[T DR[| D[P A| ||| |P

A M| [ Ol | || A ||| T A A [P F ||| [P

N R R R R Bl Rl sl R S R R Rl AV et R v el B R ] R R e T R A R Rl
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Table 5.2.2.2-4: Definition of ¢(”) for M, =24

u 0(0),...,0(23]
A[3[3l1]3[1]3[1]1]3]-1|-3]-1]|1]3]3]-1]23]3]3|3]3]|-3

-1(-313(1(1|-3|1(-3|-3|1(-3|-1|-1{3(|-3|3|3|3|-3|1(3|3]|-3

-1|-3(-3({1|-1{-1|-3|1|{3|-1|-3|-1|-1|-3|1|1|3|1|-3|-1|-1|3|-3

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

Wr W rwWwrfwirfw rfwrWwrfWrWrWrwW rfwWwrfWrfWrrW:r W W IrWIrfMwWrrWr MWW W Wi W W W r W W W
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5.2.3 Low-PAPR sequence generation type 2

(a

TR , _
v |n/ is defined by a base sequence ru,v( n) according to

The low-PAPR sequence r

r=9nl=f, In],0<n<M

where M=m N E‘CB /2° is the length of the sequence.

Base sequences f‘u’v( n) are divided into groups, where u € {O,l s ,29} is the group number and Vv is the base
sequence number within the group, such that each group contains one base sequence (Vv=0) of length M =m N E‘B/ 25,

C
1/2 <m/?2°%. The sequence f‘u’v(O),...,f‘u’v(M—l) is defined by

where the definition of IN‘u’V(l') depends on the sequence length.

5.2.3.1 Sequences of length 30 or larger

For M > 30, the sequence l’u’v(i) is obtained as the complex-valued modulations 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 C;,.
5.2.3.2 Sequences of length less than 30
For M =6, the sequence IN‘u, V(i) is given by

A jelilnss .
i|l=e’®"® 0<i<M—1

FU,V(
where the value of @ \i ) is given by Table 5.2.3.2-1.

For M € { 12,18, 24{‘, the sequence IN‘U’ V(i | is obtained as the complex-valued modulations symbols resulting from 1/2-

BPSK modulation as defined in clause 5.1.1 applied to the binary sequence b ( iJ given by Tables 5.2.3.2-2 to 5.2.3.2-4.
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Table 5.2.3.2-1: Definition of ¢ i| for M =6.

u| ¢l0l,...,0(5)
a]-7]-3]-|-1] 3

0 5
A|3(7]-]7|3

1 3
2 |1/3|1]|5]|-1]-5
3 [-7|-3|-7|5|-7]-3
705(1]- 3|1

4 7
5 3|3/ 1|5]|-1]1
Z|3[7]-[7]|5

6 3
Z13[1]- 1|5

’ 5
713[3]- 7|3

8 3
9 [-7|7]1|1]5|1
10 |-7|-3]-7|5]-1] 5
11 |7|-7|3|1]5 -1
5(7|-3|-]5|5

12 .
3[7[5]- |51

13 1
145|7/7/1]5|1
15|-7|3]1]|5]-1| 3
7|5[-1] - |55

16 .
17 |-7]11-3|3]7]5
18|-7|-7/3|5] 15
NEEEREE

1
20 |-7|-5|5|3|-7]1
21(1|5|1|5]3]|7
1(3[1]-]-1]3

22 .
1(7]1]-]7]1

23 .
1]-1]3]-|-7]3

24 :
10-1|-5]-|3]|-3

25 :
1(-1|3]-13|7

26 1
27 (5/3|7|5|3]|7
28 |-7|1]3|1|5]1
1(5|3]-|5]|-3

29 .
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Table 5.2.3.2-2: Definition of b|i| for M

O|H|H|O|Hd|dH|O|IO|dHOO|O|O|H|dH|d|d|O|d|(d|d|dO|O|O|O| |||
A OO O|H|O|Hd ||| |H|O|O(HO|d OO0 (O||||
A |[H|O|O(O|O0|0|0|0|H|O|H|O|0|0|O|(H(O|O|dd|[dO|d|d|d|d|O|O|O
mooo_l_l1011101110101001110100001
(b\lo1000001100100000100000111001
u,101110100100011001101000111101
o|ld|lH|o|lo|dH|o|dH|d|d|d|H|O|dH|Hd|Hd|Hd || H|O|O|H|H|O|dH|O|dHd|dH|O|
\0):000110001000000000111010100110
/M\OOOlOl101110000000101111111111
OO|0|0(O|HO|0O|d|d(d|d|O|0O|O(O|H|O|O(O| ||| ||| |||
OO|0O|HdH|OO|H|O|0(0O|0|dH|d|O(0O|0O|0O|O(O|d||d|—|O| ||| |
OO0 |dHOOd[d|dd|dOO|0|0|0O|0O|H|O|O|0O|0|0O|0O|O|(0|O0|Oo
S S IR A C D RS bt | e st el B P N BN P B IS RN
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Table 5.2.3.2-3: Definition of b|i| for M

|| A HO|O|H| ||| HO|HO|O|O|O|O||| || HO|O|O|O(O|O
O|O|H|H| ||| O|O|O(O|O|H|O||H|HO|||O|H|O||H|O|O|O|O
o|lo||o|l|||o|lo|o|o|o||d oo o oo |||
O|||H|—H|O[H|O|O|O|O||O|O| OO ||O|O|O|O|O| ||
—HOO|O|H|H|H|O| || O O|O|H|O|0|O||O|O||O||H|O|O|O|O
—AO|H|H|O|H|O|O(O|O|O|| (OO O|0|O(O|O|||(O|—HO|O|
U111100000001000000001110000001
— ||| Oo|H| | o] | H|o|—|o|o|—|o|H|o|o|—|o|-|—|o|lo|lo|—|o|o|—
b:1_10000100010011110000100000000
m01.1.01001.111.1.1.1.0011100101.01.0001
— ol w|olw|olwololw|wo|«w|ww|o]ww|wo[«|ww|ol««|olo]o
m001111000101101100101001001101
—AO|HO|O|H|H|O(O|O|O|0|O|(H|dO|O| || O O|O|O|(H|—O|
O|O|O|[H|O|O|H|O||O|O||H|O|O| OO0 |0|0|O||O|| O
o|lo|o|d|d|d|d|—|o|d|H|H|o|H|o||o|o|o|o|o||d|o|H|H| | o
O|O|0O|0|0|0(O|O|H|d|HO(O|HO|H|O|O|(HO|O||O|H|(O|O| || O|
O|O(O|H| O O|O|O|(HO|O(O|O||HO|O|O|| OO || O|
O|o|o|o||o|o|o|o||H|H|H || Oo|o|o|o|o|o|o||H|Oo|+H || Oo|o|o|o
S|o|w|ajosiwloino|o|SISISISIIISISISR 3RSV Q I QISR
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Table 5.2.3.2-4: Definition of b|i| for M

0 |0j0jO0|O]|O|0O|O|2|0|O]J1|1f2[2|21|0|0f1|0|0O]|1|0|0]1
1]0/0/0[0|0|0|0O|1|0|0O]|1|0|1[2|0]|1|1|1|0[0O]|O|1|1]|O0
2 [0|0j0|0O|O|0O|0O|0Of1|0|0O]|1|0|0J21]|0OfO|1j1]2)1|0]1]1
3 [0|0j0|0|O0|0O|0O|0Of21|1|0]|1|1|0|0O]1|0|1|0O[2)1|0]1]1
4 [1|]0|0]1/1/1(2|1|0|1/1|0|21]|1|1/0|1]|21]|0|0|Of1[2]|1
5 /1/0f1]|0]|1|1/0[21|21|0|0Of1f1[2|21|1/0j0|21|21]|0|1|1]1
6 [0|1/1|0(0|1/0|0Of2|1f2]|1/21|1|0O]21f1|1/1]0j1|1]|0]1
7 [1)0f21]1j2{1/21]1j21|1/21]|0|1|0|0O[1j1]|1/0[0|1]|1]|0]1
8 |0/0j1|0]|0|1|0|1|0|O|O|1|/0O|0O|1|0|0Oj0O|O|O]1|1|1]|O0
9 |0/0j0|0O]1|0|0Of1|21|0|1|/0Oj0O|0O|O|Of1[1]|0|0O]|0O|1|0]1
10 |1]0|1/0|0j0O|21|1|1/0|O]21[1)1f1|0]2]|1|1/1][0|0O|1|0

11 |0|0]|1]0|0|1|0|0|0f0f0Of1|1|1|0|0|0O]|2]|0O|0O[2]|0|1]|O0

12 |1]0|1/0|0f1|1)1/0j1|0|0|O|1|0O|21]|2]|1|0j0O[1]|0O]1]|1
13]1]|0/1/0/0f1|1|0f1/1|0|1]|0|1/0|21]2]|0|1/1]0[0O[1]|0

14 |1]0|1/0/0[0|1|0|0Of1[2]|1]|0|0f0O|0O]|O]|1|0Oj0O[2]|0O[1]|1
15]1]|0/0/1/0(1]|0|0|1/1|0|0|0|Of21|2]2]1|1/1[21]{0|0|1

16 |10/0|0f1]1/1]|1/0]|0|1]|0(1]|0|0|1|1]{21|0|1]1]2]|0|0|1

17 ]1(1|0f1]0J1|1/1]0|0|1/1][1|0|0|0O|O|O|O]|1[2]|0O|1]|0O
18 |0|0|0|/0|0|0|0|0|Of1[21]|21]|1|0[/0|0O0]21]|0|1|1]0]|0|0O|1

19 |1]0|0|0f1]0|1]1|/0|0O0|0O|1|0|0O[0O|O]|O|O|OJO[O[21]1]|1
20 |0|0|0|0|0O[0OJ1|1j1]|0J1|1]|0j0O|0O[2|1|0]|0O|0O|1|0|1|O
21 /0/1)1|0J1]/0|1]1/1]/0|0|0]|0j1]|0[0|0Oj0O]1|/0|0|0O]1]1
22 11|/0/1|/0|0|1|0/0|0O|0O|O|1|1j2|0]|O|1|0O[0O[0O|1|0|1]1

2311/0/0f1|1]|0|1/0|0|O0|O|O|1j2|2]2|1/1]2[2]|0|0|1]1

2411/0/0[/0|1]|1|0f1|0|1]|0|0O|1]0|O]J1|1|1|2[2|1|0|0|O

2511/0/1|/0|1|1|0/0|0O|1]|0|0O|Of2|2]1|1/1]2]|0|0|1|0|O

26 ([0]1)/0|0|1]/0|1]|0|1]21|0|0]|0Oj2]1]2|1j2]1/0|0f1]|0|O

27 /0/1)/0]1/1]/0|1]|0|1]/0]1|0]|1j2]|0[21|1/0]|0|1]|0|0O|1]1
28 10/1/0/0|0|1)1/0|1|0]|1|0|1j2|21]|O0|1|0|0O[1]|0|0|1]1

29 10/1|/0j/0|1]|0|0Of1|2|2]1j1|1j2|2]1|1|0[0[21]|0|0|1]1

OFDM baseband signal generation

5.3

OFDM baseband signal generation for all channels except PRACH

and RIM-RS

5.3.1

‘ J on antenna port P and subcarrier spacing configuration H for OFDM symbol

sgp’“)[t'
|

3 in a subframe for any physical channel or signal except PRACH is defined by

slot
symb

N

subframe, 1

slot

The time-continuous signal

le{ 01..N

12 Afle—Nty T—thr )

RB
sc

N,

size,p
grid, x

=N

j2mlk+k

e

-1
(p.n)
i

RB

sc

2/10_HT

size, 1
Neian N

Zymb,légp,w(t):

+T

start, |

gp,y)(t) tgtan,lgt<ty
0 otherwise
+N

s

p,u)(t):

(
!

S

NA+NE T,

u
symb,l ™

RB
sc

2N

size,
grid, x

/2| NP~ NSty N

size,
grid, x

H__ start,
0_(Ngrid,x

k

where t =0 at the start of the subframe,

2048x-27*

1
u

extended cyclic prefix

512k-2°*

H

0orl=7-2¢

normal cyclic prefix, [#0 and [#7-2"

144 k-2 "+16x normal cyclic prefix, I

144 x-27*

CP,1

and

Af is given by clause 4.2;
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- H is the subcarrier spacing configuration;

- M is the largest 1 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?* )(t) for the interval t*  —T . <t<t!  preceding the first OFDM symbol for PUSCH,

ext start, | ext— start, |

SRS, or PUCCH is given by

(p,u)(t):

Sext

é}p,u)(t)

where t <0 refers to the signal in the previous subframe and

- for dynamically scheduled PUSCH, SRS, and PUCCH transmissions

Textzmin(maX(T' 0) ,T!

ext? symb, (I—1)mod7-2"

G
c u _
Text_szymb,il—k}modTZ“ Ai
k=1

where 4, is given by Table 5.3.1-1 with C,; =1 for y € {0,1 }, C,=2for y=2, and C, and Cj given by the
higher-layer parameters cp-ExtensionC2 and cp-ExtensionC3, respectively, and T 1, given by clause 4.3.1. For

contention-based random access, or in absence of higher-layer configuration of C, and C ,, the value of C ;shall

be set to the largest integer fulfilling T;m< T" for each of the values of i € { 2,3}. Tex is applied to

symb,(I—1)mod7-2"
the first UL transmission scheduled by the scheduling DCI.

- for a PUSCH transmission using configured grant

2P
— 1
Text_kz_l Tsymb,ﬂl—k}mod%z“_Ai
where A, is given by Table 5.3.1-2 with the index i given by the procedure in [6, TS 38.214].

The starting position of OFDM symbol I for subcarrier spacing configuration H in a subframe is given by

. 0 1=0
start, | tu +(N5+N

Sart, 11 otherwise

H .
CPI-1 TC

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

T index i C, A,
0 - -
! C, 25-10°°
2 G, 1610 *+ Ty,
3 G, 2510 °+Tpy
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Table 5.3.1-2: The variable 4, for cyclic prefix extension with configured grants.

index i A,

0 16-10°°

1 25-10°°

2 34-10°°

3 43-10°°

4 52-10°°

5 61-10°°

6 2"
Z Tsl;mb,(l—k]\mod7-2“
k=1

5.3.2 OFDM baseband signal generation for PRACH
(p,u)( )

The time-continuous signal S on antenna port P for PRACH is defined by

LRA71 . ( Al RA RA
SEP”J)(t): Z aip,RA)ef2n<k+1<k1+kJAfRA[t—Ncp,,Tc—tman:Af/AfRA
k=0

Nga N N if L,, €/139,839)
ko =k N = Noge| N3 — N NI 124n3l NP+ Mgy N V& if Ly, €/571,1151]in FR2
NSt o — Nt IS if Lo, €(571,1151] in FR!
Ki=| Nt N1 2| NP Ntos et 2| NEP 2
RA RA RA
where tstartst<tstart+(Nu+NCP,I Tc and

- k is given by clause 6.3.3;

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

- Hpis the largest p value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList;

start
- BWP.i"is the lowest numbered resource block of the initial uplink bandwidth part and is derived by the higher-
start
layer parameter initialUplinkBWP during initial access. Otherwise, = B"P: is the lowest numbered resource
block of the active uplink bandwidth part and is derived by the higher-layer parameter BWP-Uplink;

- nsgt is the frequency offset of the lowest PRACH transmission occasion in frequency domain with respect to

physical resource block 0 of the active uplink bandwidth part. The quantity nsﬁf is given by the higher-layer
parameter msgA-RO-FrequencyStart if configured and a type-2 random-access procedure is initiated as
described in clause 8.1 of [5, TS 38.213], otherwise by msg1-FrequencyStart as described in clause 8.1 of [5 TS
38.213];

- RA js the 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;

RA
- Nrs is the number of resource blocks occupied and is given by the parameter allocation expressed in number of

RBs for PUSCH in Table 6.3.3.2-1.
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- N;aBr}{J’ﬁ,n is the start CRB index of uplink RB set n corresponding to the quantity RBTSL’”. The UE assumes
that the RB set is defined as when the UE is not provided IntraCellGuardBandsPerSCS for an UL carrier as

described in Clause 7 of [6, TS 38.214]

- N, is the index of the RB set which contains the lowest PRACH transmission occasion in frequency domain

indicated by nsrtff. The UE may assume that ns[i:t is configured such that each PRACH transmission occasion is

fully contained within an RB set.

- Lpa and N, are given by clause 6.3.3

RA RA
- Ncp =Ncp+n-16k where

for Afra€1.25,5 kHz .n=0
- forAfgps € { 15,30,60,120,480,960}1{Hz, n is the number of times the interval
RA RA

start ? tstart +

|Af oy N (/2000- T ,=0.5 ms

RA, nrRA . o o
N "+N5 ) TC) overlaps with either time instance 0 or time instance

t
in a subframe

€/1.25,5,15,30 kHz

RA
The starting position {start of the PRACH preamble in a subframe (for Afra ) or in a 60 kHz slot

(for Afp, €|60,120,480,960 kHz) is given by

tRA —
start — start,]

0 1 =0
s =

start, | t,u
start,l- 1

+(N:‘+N" )~T otherwise

CP,I-1 c

where

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

- atiming advance value N, =0 shall be assumed;
- N{and Ngp, , are given by clause 5.3.1;

= ( |
. ou=0 shall be assumed for A f ra €11.25,5] kHz, otherwise the value of H corresponds to
Afpa € { 15,30, 60,120, 480,960} kHz and the symbol position ! is given by

_ RA n,RA RA
1_10+nt Ndur +14nslot

where

o b is given by the parameter "starting symbol" in Tables 6.3.3.2-2 to 6.3.3.2-4;

RA
- ™ is the PRACH transmission occasion within the PRACH slot, numbered in increasing order from 0 to
NRA,s]ot _ 1 RA,slot
t

within a RACH slot where ~'t is given Tables 6.3.3.2-2 to 6.3.3.2-4 for
LRA€{139’571,1151J and fixed to 1 for Ly :839;

RA

- Nar i given by Tables 6.3.3.2-2 t0 6.3.3.2-4;

nRA
- st is given by

- ifAfra € {1-25’5’ 15, 60} kHz, then Mo =0
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- if Afyp, €]30,120 | kHz and either of "Number of PRACH slots within a subframe" in Tables 6.3.3.2-2 to
6.3.3.2-3 or "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 1, then nRA: 1,

slot
. RA |
otherwise n ., € 0,1/

- if Afg, € 480,960 kHz and

- the "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 1, then niﬁ =7 for
A f ra=480 kHz and n)a =15 for A f z, = 960kHz, or

RA
slot

- the "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 2, then n’x € 3,7/ for

A fga=480kHz and n*2 €[ 7,15/ for A f, = 960kHz.

slot

If the preamble format given by Tables 6.3.3.2-2 to 6.3.3.2-4 is A1/B1, A2/B2 or A3/B3, then

- if n[RA =N ?A’Slm— 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 H )[ t | on antenna port p for RIM-RS is defined by

Ly—1 ) / \ ( RIM u \
S(p,[.l)(ti_ Z a(p,RIM)ejzn\k+k1‘AfR1M(t_Ncp Tr_txtan,l,,’
1 = k

k=0

where
RIM RIM RIM RIM
tstan,logt<tstan,10+ Nu +NCP )Tc

NM=2-2048k-27"

RIM RIM RIM

Nep :NCP,IO+NCP,i

| 0 if ;=N —1

— symb
[,+1 otherwise

and
- Afrm=15-2" kHz where y € 0,1/ is the subcarrier spacing configuration for the RIM-RS;

-k is the starting frequency offset of the RIM-RS as given by clause 7.4.1.6.4.3;
- Lgm=12N EEM is the length of the RIM-RS sequence where N %M is the bandwidth of the RIM-RS in resource

blocks;

-1 o is the starting symbol given by clause 7.4.1.6.3;

tﬁﬁf,,ozt‘s‘m,l is given by clause 5.3.1 with [ =1;

- NES’VI[O: N{p,, is given by clause 5.3.1 with [ =1,
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54 Modulation and upconversion

Modulation and upconversion to the carrier frequency f 0 of the complex-valued OFDM baseband signal for antenna

port P, subcarrier spacing configuration H, and OFDM symbol [ in a subframe assumed to start at (=0 s given
by

- for PRACH
RQ{SEP’“)(I) eJZHfOt}
- for RIM-RS

(7.0 f ety ~NT ||

Re {s ]
where f ORIM is the configured reference point for RIM-RS;

- for all other channels and signals

| o jenfyfe-tt ~NE T
RE|SEP’H)(U'€ 01" “start,l” ' CRI 1
NOTE: For the uplink, the signal sgp H) (tJ 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 corresponds to 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
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- Antenna ports 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 slot.

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.

If DM-RS bundling is applied to PUSCH and/or PUCCH repetitions and/or transport-block processing over multiple
slots 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

. =0 . b‘?ﬂ(o b‘q:(M(q)—l Miq} . L
For the single codeword q , the block of bits ), ceey bit , where My is the number of bits in
codeword q transmitted on the physical channel, shall be scrambled prior to modulation, resulting in a block of
scrambled bits I;‘q:(O ), ceey th“( M gﬁt) - 1) according to the following pseudo code
Seti=0

while j < M3

(a) ()=
if b (i)=x // UCI placeholder bits

(a) ()=
if b (i)=y // UCI placeholder bits

B(q)(i)zg(q)(i—l)
else
B(q)(l):(b(q)(i)w(Q)(i))rnod2
end if
end if
i=i+1
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end while

where x and y are tags defined in [4, TS 38.212] and where the scrambling sequence c‘:q} (1 ) is given by clause 5.2.1.
The scrambling sequence generator shall be initialized with

_ | Mgntt” 2%+ NgapiD '2m+nID for msgA on PUSCH

init —

(o

15 .
Nnrt 2 +Npp otherwise

where

[ |
p€0,1,...,1023 equals the higher-layer parameter dataScramblingldentityPUSCH if configured and the
RNTI equals the C-RNTI, MCS-C-RNTI, SP-CSI-RNTT or CS-RNTI, and the transmission is not scheduled
using DCI format 0_0 in a common search space;

- np€ [0,1 ,eer,1023 } equals the higher-layer parameter msgA-DataScramblingIndex 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];

_ qagcell
mp=Nip otherwise
- Ngapmp is the index of the random-access preamble transmitted for msgA as described in clause 5.1.3A of [11,
TS 38.321]

and where ""RNTI equals the RA-RNTI for msgA and otherwise corresponds to the RNTT 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

— 7lql 7-lql
For the single codeword q=0 , the block of scrambled bits b (0 l,...,b ! (M (b?t) - 1) shall be modulated as
described in clause 5.1 using one of the modulation schemes in Table 6.3.1.2-1, resulting in a block of complex-valued

’d‘lql‘(M(q) _1)‘

modulation symbols d'? 0J,... symb

Table 6.3.1.2-1: Supported modulation schemes.

6.3.1.3

For the single codeword q=0 , the complex-valued modulation symbols for the codeword to be transmitted shall be

Transform precoding disabled Transform precoding enabled
Modulation scheme . Q Modulation scheme . Q
Modulation order ~<m Modulation order ~<m

11/2-BPSK 1
QPSK 2 QPSK 2
16QAM 4 16QAM 4
64QAM 6 64QAM 6
256QAM 8 256QAM 8

Layer mapping

mapped onto up to four layers according to Table 7.3.1.3-1. Complex-valued modulation symbols

de 0),..., diq}(Migr)nb — 1) for codeword g shall be mapped onto the layers ;| :{X‘:Oj‘(l')

i=0,1,....M layer _ 1 where v is the number of layers and M

6.3.1.4

symb

Transform precoding

layer
symb

Xfu—ll(

is the number of modulation symbols per layer.

i)

(A= A
If transform precoding is not enabled according to 6.1.3 of [6, TS38.214], (1)—X (l ) for each layer
A=0,1,...,0-1
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()
If transform precoding is enabled according to 6.1.3 of [6, TS38.214], V= 1 and ¥ (0 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‘:m( M i?,yrflrb— 1) for the single layer A =0 shall be divided into M l‘;ﬁ;/ M

£(0) (1) — (0 (i
sets, each corresponding to one OFDM symbol and X)) =x(0) .

If the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used, the block of complex-

M ii,y;{)— 1) shall be divided into sets, each set corresponding to one OFDM symbol,
l PUSCH _ e NgroupNPTRS

and where set ! contains = = 17 samp ~Tgrowp - gymbols and is mapped to the complex-valued symbols

%" (l M ;U SCH ') corresponding to OFDM symbol | prior to transform precoding, with i’ € {0,1 yeen M PUSCH _ 1}

5 sC

valued symbols X‘O“[O [

and | #M _The index M of PT-RS samples in set ! , the number of samples per PT-RS group IV §§§f§ , and the number
of PT-RS groups N ngt;li,s are defined in clause 6.4.1.2.2.2. The quantity & =1 when OFDM symbol I' contains one or

more PT-RS samples, otherwise & =0 .

Transform precoding shall be applied according to

PUSCH _ . 2mik
1 M 1~(0) PUSCH , s+ . ° MPUSCH
S o e
i=0
sc

k =0,..,M "M -1

sc

[ =0,.., MM /M - 1

symb

y(O) (l _MSIZUSCH +k) —

resulting in a block of complex-valued symbols ym: (0) yeees yio“( M1 ) The variable

symb
PUSCH _ 3 (PUSCH_/RB PUSCH
sc ~"RB sc | where RB represents the bandwidth of the PUSCH in terms of resource blocks,
and shall fulfil

PUSCH _na;, Qa3 ras
MESH =2% 3% 5

where 9293:%5 s 4 set of non-negative integers.
6.3.1.5 Precoding
0); -1 = layer _
The block of vectors l)’ (l> S (1)] , : 0’1""’M5Ymb L shall be precoded according to
(o). ;
2"(i) (i)
: =w|
Z(Pp_l)(l.) y(u—l)(i)
. ap ap _ g slayer [ |
where 1_0’1”"’M5Ymb 1 , Msymb_Msymb . The set of antenna ports 1Po...Pp-1] shall be determined

according to the procedure in [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 is given by W =1 for single-layer transmission on a single
antenna port, otherwise by Tables 6.3.1.5-1 to 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 procedure in [6, TS 38.214].

When the higher-layer parameter txConfig is not configured, the precoding matrix W =1.
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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)
0-5 L1 Lo Ll] B IR O S I I
200 V2[1] | V2l | V2l-1] | V2li] | V2]

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

TPMI W
index (ordered from left to right in increasing order of TPMI index)
1 0 0 0 1 1 1 1
0_7 10 11 10 110 Loy Lo 1jo 1
210 2|0 2|1 2|0 2|1 2|-1 20j 2|—j
0 0 0 1 0 0 0 0
0 0 0 0 1 1 1 1
815 111 111 111 11 11 111 111 11
210 2|10 210 210 211 21j 2|-1 AR
1 -1 j —j -1 LJ 1 —-j
1 1 1 1 1 1 1 1
1)j 1]j 1] j 1] j 11-1 1]-1 1(-1 1]-1
16 -2 = = = = =~ = =~ =
6-23 211 21 2(-1 21—j 2|1 2| j 2|-1 2(—j
J 1) —] -1 =) -1 J
1 1 1 1
V=il L=J =j|| L-J
24-27 = = = = -
211 21 2(-1 21—j
—J —1] J 1
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Table 6.3.1.5-3: Precoding matrix W for single-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 0 0 0 1 1 1 1
oo Lol | oaa | ol | x| | ool | o] o] | 1
2(0 2|0 2|1 2|0 2|1 2|-1 2|j AR
0 0 0 1 0 0 0 0
0 0 0 ol 1 1 1
PP 1T O A A A S U N I (S T R A L U U
2(0 210 2(0 210 2|1 2|j 2|-1 AR
g bl W
1 1 1 1 1 1 1 1
1ij L|j j 1| j 11-1 1]-1 11-1 1]-1
16 - 23 = = =~ = = = = =
211 2| j 2(-1 AR 2|1 2| j 2|-1 2|—]
J -1 -] 1 -1 —J 1 J
1 1 1 1
L=j|| Li=j =il Lj-j
24 - 27 = = =~ = -
211 20 j 2(-1 AR
) 1 j -1

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)
02 1010 11 1 11 1
V200 1 211 -1 21j —j
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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
03 10 1 110 0 110 0 111 0
210 0 210 1 210 0 210 1
00 00 01 00
00 00 1 0 10
. 11 0 110 0 110 1 10 1
210 0 211 0 2110 2110
0 1 0 1 0 —j 0 j
1 0 1 0 1 0 1 0
0 1 1o 1 110 1 1o 1
8-11 = = = =
2|-j 0 2(-j 0 2[-1 0 2(-1 0
0 1 0 -1 0 —j 0 j
10 1 0 11 1 1
110 1 110 1 1111 111 1
12-15 = = —_— —
21j 0 21 242(1 -1 242|j -j
0 1 0 -1 1 -1 i —j
1 1 1 1 1 1 1 1
L|j j Llj g I]-1 -1 1 -1 -1
16-19 —= — — _
24211 -1 202 ) - 2021 -1 22| -j
J -~ -1 1 -1 1 =j ]
1 1 1 1
L |=j ~J 1 |=j —j
20-21 — —
242[ 1 ~1 242]j -j
S 1 -1

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
100 100 1 00 11 1
0—3 110 1 0 110 1 0 110 10 Ll -1 1
210 0 1 2110 0 21-1 00 243]1 1 -1
000 0 01 0 01 1 -1 -1
1 1 1 1 1 1 1
46 111 -1 1 ;—1 1 -1 ;—1 1 -1 )
203(j j —j|| 2B[1 1 -1 | 23] j -j
I 111 —JJ
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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 1 1.0 0 1 1.0 0 11 1 1
0_3 110 1. 00 10 0 1 1 110 0 1 1 11 -1 1 -1
200 0 10 22|11 =10 0| 2v2[j —=j 0 0 11 -1 -1
0001 0 0 1 -1 0 0 j —j 1 -1 -1 1
1 1 1 1
It -1 1 -1
4 =l . - - -
iU
J =1 ] ]
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

(p) (e _
z (0)’ ol (Msymb 1> shall be multiplied with the amplitude scaling factor P PUSCH  in order to conform to

(p)
the transmit power specified in [5, TS 38.213] and mapped in sequence starting with £ (0> to resource elements
(k "1 ) p,u 10 the virtual resource blocks assigned for transmission which meet all of the following criteria:

- they are in the virtual 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 ", l) p,u allocated for PUSCH according to [6, TS 38.214] shall be in increasing
order of first the index k ' over the assigned virtual resource blocks, where k = () is the first subcarrier in the lowest-

numbered virtual resource block assigned for transmission, and then the index I , 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 VRB-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

start

by DCI format 0_0 with CRC scrambled by TC-RNTTI in active uplink bandwidth part i starting at N Bwp, » including all

resource blocks of the initial uplink bandwidth part starting at NV ;pryo, and having the same subcarrier spacing and

cyclic prefix as the initial uplink bandwidth part, in which case virtual resource block n is mapped to physical resource
start start

block n+NBWP,O_ NBWP,I..

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
6.3.2.1

Physical uplink control channel

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
PUCCH /2 PUCCH
symb symb js the length of the PUCCH transmission in OFDM

in the first hop is given by [ J where

symbols.
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Table 6.3.2.1-1: PUCCH formats.

PUCCH format Length in OFDM symbols Number of bits
PUCCH
Nsymb
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 r‘uof’va} ( 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 & 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 Z(fgh+ fss) mod 30 and the sequence number v within the group depends on the higher-layer
parameter pucch-GroupHopping:

- if pucch-GroupHopping equals 'neither'

f = n,p,mod 30
v=0

where "D is given by the higher-layer parameter hoppingld if configured, otherwise nyp, =N fﬁ,”.

- if pucch-GroupHopping equals 'enable’

fo =37 27c(8(2n +n, ) +m))mod30

m=0
f.. =n;, mod30
v =0

where the pseudo-random sequence C(i) is defined by clause 5.2.1 and shall be initialized at the beginning of
c :[nID/ 30]

each radio frame with ~ ~init where "D is given by the higher-layer parameter hoppingld if

configured, otherwise n, =N .
- if pucch-GroupHopping equals 'disable'
fgh :0
f.. =n,, mod30

\% :C( Zn:f + Mgy )

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 Cjp;; =2’/ n;p/30 [+

n;, mod 30) where "D is given by the higher-layer parameter

cell

hoppingId if configured, otherwise n;p =N, .

The frequency hopping index 1y,,,= 0 if intra-slot frequency hopping is disabled by the higher-layer parameter
intraSlotFrequencyHopping. If frequency hopping is enabled by the higher-layer parameter

intraSlotFrequencyHopping, ooy =0 for the first hop and Moy =1 for the second hop.
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6.3.2.2.2 Cyclic shift hopping

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

_27I H ' RB

O="T1s (mo+mcs+mim+ncs(nsyf,l+l )) mod N
NSC

where

- nf ¢ is the slot number in the radio frame

- | is the OFDM symbol number in the PUCCH transmission where | =0 corresponds to the first OFDM symbol
of the PUCCH transmission,

- 1'is the index of the OFDM symbol in the slot that corresponds to the first OFDM symbol of the PUCCH
transmission in the slot given by [5, TS 38.213]

- My s given 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

- mCS—O except for PUCCH format 0 when it depends on the information to be transmitted according to clause

9.2 of [5, TS 38.213].
- m,, is given by

- my,=>5 nf‘RB for PUCCH formats 0 and 1 if PUCCH shall use interlaced mapping according to any of the
higher-layer parameters uselnterlacePUCCH-PUSCH in BWP-UplinkCommon or uselnterlacePUCCH-
PUSCH in BWP-UplinkDedicated, where nI“RB is the resource block number within the interlace;

- m,, =0 otherwise

The function ncs(nc,l) is given by
7
u _ m slot
ncs(nsyf,l)— Z 2°c (8 Nsymbns’f+81+m
m=0

where the pseudo-random sequence C(i) is defined by clause 5.2.1. The pseudo-random sequence generator shall be

initialized with ~ Cinit= "D , where o s given by the higher-layer parameter hoppingld if configured, otherwise
cell

np=Nip -

6.3.2.3 PUCCH format O

6.3.2.3.1 Sequence generation

The sequence X (”) shall be generated according to

PUCCH,0 »RB (a,8] PUCCH,0 »;RB
X[ IMEC M N an|=r &2 (nn=0,1,..., MbaC™ O 2B 1

sC

= 0 for single-symbol PUCCH transmission
0,1 for double-symbol PUCCH transmission

la,é] L . . . . . .
where I‘uofv (n) is given 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 M pp,  ° is given by clause 9.2.1 of [5, TS 38.213].
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6.3.2.3.2 Mapping to physical resources

The sequence X (”) shall be multiplied with the amplitude scaling factor B PUCCHO0  in order to conform to the

transmit power specified in [5, TS 38.213] and mapped in sequence starting with X(O) to resource elements (k )1 ) p.u

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

PUCCH,0

assigned physical resources spanning M Rlé " 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.

6.3.2.4 PUCCH format 1

6.3.2.4.1 Sequence modulation

M =1

The block of bits b <0)" ' "b<M bit_l) shall be modulated as described in clause 5.1 using BPSK if bit ™~ and

QPSK if My, =2
d(O) e ‘iwsi‘( ) .
The complex-valued symbol shall be multiplied with a sequence "'u,v \") according to

bit =S resulting in a complex-valued symbol d(O)

ylnl=do)r P (nn=0,1,..., Mpg™" N2 -1

u,v

where r‘,ﬁ’v& (n) is given by clause 6.3.2.2. The quantity Mg\[éCCH’l is given by clause 9.2.1 of [5, TS 38.213].

PUCCH,1 5, RB
N.—-1

The block of complex-valued symbols y (O) seees Y (M RB s ) shall be block-wise spread with the

orthogonal sequence Wi(m) according to

! PUCCH,1 A7RB A7PUCCH,1 PUCCH,1 »7RB _ _ PUCCH,1 »+RB
z{m Mg Ng Ngpg " +m Mgg Ny +n)—Wi(m)Y(n)n—O,l,--‘,MRB Ng —1
0 no intra-slot frequency hopping

_ PUCCH,1 1 ..'—
m=0,1,.... N im 0,1 intra-slot frequency hopping

SF,m

where N gganH’l is given by Table 6.3.2.4.1-1. Intra-slot frequency hopping shall be assumed when the higher-layer
parameter intraSlotFrequencyHopping is provided, regardless of whether the frequency-hop distance is zero or not, and

interlaced mapping is not enabled, otherwise no intra-slot frequency hopping shall be assumed.

The orthogonal sequence Wi(m) is given by Table 6.3.2.4.1-2 where [ is the index 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 slots.

PUCCH,
Table 6.3.2.4.1-1: Number of PUCCH symbols and the corresponding Sin ‘

N PUCCH,
PUCCH length, S 0

NE;%CHJ No intra-slot hopping Intra-slot hopping
m =0 m=1
1

=
I
o

BIWIWIWWININININ (-

©
~N|o|o|a|jo|a|s|wlw(N|N
wlw|w NN [R Rk
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w,(m) =N
Table 6.3.2.4.1-2: Orthogonal sequences for PUCCH format 1.
PUCCHT ]
Nsa[m‘ . . . ¢_ . . .
=0 =1 =2 =3 i=4 =5 =6
1 |[o] - - - - - -
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 3 puccn,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

all of the following criteria:

- they are in the resource blocks assigned for transmission,

- they are not used by the associated DM-RS

The mapping to resource elements (k ,1 ] p,u DOt reserved for other purposes shall be in increasing 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
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.

PUCCH format 2

6.3.2.5
6.3.25.1

Scrambling

The block of bits b ( 0 ) y-eesb ( M., — 1), where M, is the number of bits transmitted on the physical channel, shall be

scrambled prior to modulation, resulting in a block of scrambled bits I;(O), cees b (M bit 1) according to the following

pseudo code

Seti=0

while i <M,

itbli|]=y

bli|=bli—1]

else

// UCI placeholder bits

bli)=(blil+c(i))mod 2

end if
i=i+1

end while
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where y is the tag defined in [4, TS38.212] and the scrambling sequence ¢ (1) is given by clause 5.2.1. The scrambling
sequence generator shall be initialized with

_ 15
Cinit =Npn1 "2 +Np
where

- n,€10,1,...,1023] equals the higher-layer parameter dataScramblingIdentityPUSCH if configured,

1l .
np=N7, otherwise

and Ny is given by the C-RNTI.

6.3.2.5.2 Modulation
The block of scrambled bits E(O), v I; (M bit 1) shall be modulated as described in clause 5.1 using QPSK,
resulting in a block of complex-valued modulation symbols d (0] ,...,d (M symb ™ 1) where M oymb = My /2.

6.3.2.5.2A Spreading

Spreading shall be applied according to
2| m NG i|=w, lild(mli=0,1,..., N2 1m=0,1,..., M, —1

resulting in a block of complex-valued symbols z [0) O/ ( N IS)ECCH’ ‘M symb 1 )
If the higher layer parameter interlacel is not configured, and the higher-layer parameter occ-Length is configured,

- N IS)IFJCCH’ ‘e {2,4} is given by the higher-layer parameter occ-Length;

- Wn(iJ is given by Tables 6.3.2.5A-1 and 6.3.2.5A-2 where n = (n0+nIRB) mOdNEECCH’z, the quantity N, is the

index of the orthogonal sequence to use given by the higher-layer parameter occ-Index, and Mgy is the interlaced
resource block number as defined in clause 4.4.4.6 within the interlace given by the higher-layer parameter

Interlace0.
otherwise Ny "?=1 and w,li]=1.
Table 6.3.2.5A-1: Orthogonal sequences w,|i| for PUCCH format 2 when N5 -“"?=2,
n w, il
0 +1 +1]
+1 —1]

Table 6.3.2.5A-2: Orthogonal sequences w, |i| for PUCCH format 2 when NIS)[FJCCH’Z:4.

w,li]
+1 +1 +1 +1]
+1 -1 +1 -1
+1 +1 -1 -1
1 —1 —1 +1

wW| N | O =S
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6.3.2.5.3 Mapping to physical resources

The block of complex-valued symbols z (O) Y/ ( N }S)ECCH’ ‘M symb ™ 1) shall be multiplied with the amplitude

scaling factor B PUCCH,2  in 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 L) U which meet all of the following criteria:

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

The mapping to resource elements [k ,1 ] p,u DOt reserved for other purposes shall be in increasing 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
antenna port P =2000

6.3.2.6 PUCCH formats 3 and 4
6.3.2.6.1 Scrambling

The block of bits b(0 ] ,-eesb ( M, .— 1), where M, is the number of bits transmitted on the physical channel, shall be

scrambled prior to modulation, resulting in a block of scrambled bits 510), cees l; (M bit — 1) according to the following
pseudo code

Seti=0
while I<M
ifbli|=y // UCI placeholder bits
bli|=bli—1]
else
bli)=(blij+c(i)|mod 2
end if
i=i+1
end while

where y is the tag defined in [4, TS38.212] and the scrambling sequence ¢ (1) is given by clause 5.2.1. The scrambling
sequence generator shall be initialized with

_ 15
Cinit =Ngn11 "2 +Nip
where

- np€ {0,1 yeee ,1023} equals the higher-layer parameter dataScramblingldentityPUSCH if configured,
- np=N{ otherwise

and Ny is given by the C-RNTI.

6.3.2.6.2 Modulation

The block of scrambled bits I;(O ), cees b (M bit 1) shall be modulated as described in clause 5.1 using QPSK unless 1/
2-BPSK is configured, resulting in a block of complex-valued modulation symbols d (0) yeensd (M 1) where

M, ,=M,,/2 for QPSK and M M, for /2-BPSK.

symb -

symb symb =
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6.3.2.6.3 Block-wise spreading

For both PUCCH format 3 and 4, ML = Mo " N&° with M hp C'"° representing the bandwidth of the

sC

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

ME[];CCH,SZZO(2 .30(3 . 50(5

[2 4l PUCCH,3 __
where  %293:%5 s 3 set of non-negative integers and €34 . For interlaced mapping, Mg =10ifa
single interlace is configured and M EECCHB =20 if two interlaces are configured.

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

y(leCUCCH,S_'_k):d(leCUCCH,s’_'_k)
k=0,1,..., MPUCCH2 4
1=0,1,...,( M,/ MPUCCH3) 1

symb
where M po“ >1 is given by clauses 9.2.3, 9.2.5.1 and 9.2.5.2 of [5, TS 38.213] and Nop " >=1.

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

PUCCH,s PUCCH,s PUCCH, s
PUCCH,s _ SF sC SC _ PUCCH,s __
y IMSC +k)_w’7 lk MPUCCH,SJ d l NPUCCH,s +k mOd NPUCCH,s k_O’l""’MSC 1
sc SF SF

1=0,1,..., | NSpCO s M, /MY 1
where

- for PUCCH format 3 with interlaced mapping, N EECCH’ = {1,2,4} if a single interlace is configured and

PUCCH, 3 1 . i
N =1, w,=1 if two interlaces are configured;

- for PUCCH format 4, M e * is given by clause 9.2.1 of [5, TS 38.213] A& Nov““™* €(2,4 | is given
by the higher-layer parameter occ-Length;

WL PUCCH, s ) )
and "n is given by Tables 6.3.2.6.3-1 and 6.3.2.6.3-2 for Ngp >1 where 1 is the index of the orthogonal
sequence to use according to clause 9.2.1 of [5, TS 38.213]. The quantity N EIFJCCH’ = [2,4} is given by the higher-layer

parameter occ-Length if provided, otherwise N IS)IFJCCH’ *=1.

Table 6.3.2.6.3-1: Orthogonal sequences Wn(m) for PUCCH format 3 with interlaced mapping and

PUCCH format 4 when N - *=2.

n w
0 |[+1 +1]
+1 —1]

n
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Table 6.3.2.6.3-2: Orthogonal sequences Wn(m) for PUCCH format 3 with interlaced mapping and

PUCCH format 4 when N2/““" =24,

n Wn
0 |[+1 +1 +1 +1]
1 |[+1 —j -1 +]j]
2 [[+1 -1 +1 —1]
3 |[+1 +j -1 —|

6.3.2.6.4 Transform precoding

The block of complex-valued symbols y (O) yeunsy ( N EECCH’ ‘M symb ™ 1) shall be transform precoded according to

PUCCH,s_; _.2mmk

M Y PUCCH,
,s
M sc

M) i 3 (M m)e
sC

— PUCCH,
k=0,..., MPUCs_1
_ PUCCH,
[=0,....,| NEUCCH:s pp

PUCCH,s| _
symb/M sC ) 1

resulting in a block of complex-valued symbols z (O) Y / ( N EECCH’S My —1 )

6.3.2.6.5 Mapping to physical resources

The block of modulation symbols z [0) yeeesZ (N EECCH M symb ™ 1) shall be multiplied with the amplitude scaling

factor p PUCCH,s  in order to conform to the transmit power specified in [5, TS 38.213] and mapped in sequence
starting with z (O) to resource elements (k , l)p u which meet all of the following criteria:

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

The mapping to resource elements (k s l)p ,u ot reserved for other purposes shall be in increasing 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 antenna port P =2000

PUCCH, s
In case of intra-slot frequency hopping according to clause 9.2.1 of [5, TS 38.213], lNSYTﬂb /2‘ OFDM symbols
PUCCH,s__| \rPUCCH,s /> PUCCH, s
shall be transmitted in the first hop and symb symb symbols in the second hop where symb is

the total number of OFDM symbols used in one slot for PUCCH transmission.

6.3.3 Physical random-access channel

6.3.3.1 Sequence generation

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

xu’v(n):xu((mcv)modLRA)

Jui(i+1
_mailis1)

x(i)=e ™ i=0,1,...,Ly—1
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from which the frequency-domain representation shall be generated according to

Lea-1 y 2mmn
L
Vuuln)= 2 x, (m)e ™
m=0
where L\ =839 =139 s Lyga= 1151, or Lra =571 depending on the PRACH preamble format as given

by Tables 6.3.3.1- 1and63312

There are 64 preambles defined in each time-frequency PRACH occasion, enumerated in increasing order of first

increasing cyclic shift C, of a logical root sequence, and then in increasing order of the logical root sequence index,
starting with the index obtained from the higher-layer parameter prach-RootSequencelndex or rootSequencelndex-BFR
or by msgA-PRACH-RootSequencelndex 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 a single
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 0 is consecutive to L, —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, is given by

VN g v=0,1,..., ILRA/NCSJ—LNCS;&O for unrestricted sets
0 N=0 for unrestricted sets
C,= dSlarl v/ngfﬁJ (v mod n?,ﬁﬁ) No v=0,1,..., w—1 for restricted sets type A and B
— =RA .
Stan+(v W\N V=W, ., WHg e —1 for restricted sets type B
asm [vfwfnshiﬂ)NCS V=WHARG . WA+ N, — 1 for restricted sets type B

w= nshlft ngroup +nsh1ft

where Nes is given by Tables 6.3.3.1-5 to 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.

The variable du is given by

g= 4 0=<q<Lg,/2
“ |Ly,—q otherwise
. o 1. lqu/modL .
where 4 is the smallest non-negative integer that fulfils RA . The parameters for restricted sets of
cyclic shifts depend on d,
For restricted set type A, the parameters are given by:
— for Nes=d,<Lg,/3
RA _
nshift_ld /Nch
dstart 2 d + nshlft N
group lL / dstart
—RA _
Mg = Max (l( -2 d group start)/NCSJ )

for Lra/3=<d,<(Lgy—N¢s)/2
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NGk =|(Lga—2d,) /NCSJ
d . =Lpy—2d,+n5% N

start shift

group =\d,/d

n§h¢ﬁ:mln(max(|<d M o) N s 0], RhAf)

start

For restricted set type B, the parameters are given by:

for

- for

- for

for

N <d <L, /5
shrft ld /NCSJ
RA
dstart =4 d + Ny N
group lL / dstart
ngrArft:maXH(LRA_4du ;ﬁupdstan)/NCS ’O)
Lpa/5<d,<|Lp,—Ngg|/4
ngrj?ftzl(LRA_“du)/Nch
dstart_L _4du+ n?hji\ftNCS
group =|d /dslart
nshift:mln (max“(du ngrﬁup start)/NCS ) ?h/r\ft)
(Lpa+Nes)/4<d,<2Lgal7
shrft \(4d -L )/NCS‘
— RA
dstart 4d L +nsh1ftN
3 —RA
ijstart -3 d + ngroup dstart+ Mghife NCS
5 RA FRA
dstart -2 d + ngroup dstart shift N CS
n start

ﬁshift:max([( ~3d, - d )/N 0|

group  start

= . RA
Ny = lmm du group dstart’4 d L shrft NCS)/NCSJ
_gl?ft: ((1_min(1,ﬁshift))(du grﬁup dstart +H11H(1, nshrft)(4d L shrft CS))/NCS shrft

2Ll 7<d,<(Lygy—Neg)/3

n?l{?ftzl( ra—3d, )/Ncs‘
d, =Ly, —3d +nshlﬁN

start
—RA

dyan= d + ngroup dstart + Mshife NCS
=0

start

start

3 Qlll

start

ﬁsRlﬁﬁ:max(Wd —Lg,

e
d - RAd -3d,—

u group start’ RA

group start
=RA
nsh i lnun

=RA _
nshrft 0

cs)/Nch

sh ft
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~ gor (Lra*Nes)/3<d,<2Lg,/5
nﬁlj?ftzl(Bdu_LRA)/NCS‘
d,=3d,~Ly,+n5e N

~ start shift =" CS
0

Stal‘[:0
RA _

aonp= 4,/
ﬁfﬁ?ﬁ:max(“LRA—Zdu—nRA d )/Ncsj,o)

group - start

start

=i QU

start

=RA _
Mgt =0
=RA _

Ny =0

for 2Lra/5<d,<(Lgp—Ncg)/2

n?l{i\ft:\(LRA_Zdu)/NCS‘
g =2(Lpy—2d, +n N

“start shift ** CS

d..=0

Mg =|(Lpa—d, )/ d |

ﬁi?ﬁzmax HBdu—LRA—ngR:;up dstm)/Nch ,0)
Age: =0

Mo =0

For all other values of du , there are no cyclic shifts in the restricted set.

_ { I
Table 6.3.3.1-1: PRACH preamble formats for Ly, =839 and Afra €1.25,5] kHz.

Format LR N A f A N NRA Support for
! CP restricted sets
0 839 1.25 kHz 24576 K 3168k Type A, Type B
1 839 125kHz | 2-24576k | 21024k | TypeA, TypeB
2 839 1.25 kHz 424576k 4688 Type A, Type B
3 839 5 kHz 4-6144k 3168 k Type A, Type B
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Table 6.3.3.1-2: Preamble formats for L,, € 139,571,1151] and A fra=15"-2" kHz where
p€0,1,2,3,5,6|.

Format Lga Af A N, NE? Support for
uel0,1,2,354 pelod pel1,,s restricted
Al 139 1151 571 15-2" kHz 2:2048k-2"* 288k-2"* -
A2 139 1151 571 15-2" kHz 4-2048k-2"* 576k-2 " -
A3 139 1151 571 15-2" kHz 6-2048k-2"* 864k-2"" -
Bl 139 1151 571 15-2" kHz 2:2048k-2"" 216k-2°" -
B2 139 1151 571 15-2" kHz 4-2048k-2"* 360K-2"* -
B3 139 1151 571 15-2" kHz 6-2048k-2"" 504k-2°" -
B4 139 1151 571 15-2" kHz 12:2048k-2°"| 936k-2* -
co 139 1151 o7l 15-2" kHz 2048k-2"" 1240k-2°* -
c2 139 1151 571 15-2" kHz 4-2048k-2"* 2048k-2""

Table 6.3.3.1-3: Mapping from logical index [ to sequence number U
L,,=839
RA

for preamble formats with

! Sequence number U in increasing order of !
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
40-59 | 146

60—-79 | 178

80-99 | 190
100 -119 | 118
120-139 | 34
140 - 159 | 132
160-179 | 66
180-199 | 104
200 — 219 | 216
220 - 239 | 158
240-259 | 82
260-279 | 13
280—-299 | 172
300 —319 | 195
320 — 339 | 153
340 -359 | 124
360-379 | 77
380-399 | 11
400-419 | 63
420 — 439 | 209
440 — 459 | 196
460 — 479 | 262
480 —499 | 379
500 - 519 | 354
520 — 539 | 359
540 — 559 | 377
560 — 579 | 259
580 —599 | 248
600 - 619 | 312
620 — 639 | 332
640 — 659 | 301
660 — 679 | 257
680 —699 | 396
700 -719 | 318
720 —739 | 378
740 — 759 | 398
760 — 779 | 253
780 — 799 | 307
800 — 819 | 404
820 —837 | 336

837 1
693| 31
661| 136
649 | 181
721 110
805| 37
707] 133
773| 53
735] 101
623 | 218
681 | 164
757] 100
826 6
667 | 175
644 | 192
686 | 213
715] 193
762| 92
828 4
776 | 67
630 | 204
643 | 155
577 | 252
460 | 390
485 | 328
480 | 295
462 | 410
580 | 237
591| 394
527 313
507 | 333
538 | 366
582 | 273
443 | 392
521 331
461 | 374
441 | 290
586 | 256
532 | 286
435]| 406
503 | 305

838
808
703
658
729
802
706
786
738
621
675| 174
739| 98
833 5
664 | 187
647 | 182
626 | 215
646 | 205
747| 58
835 3
772 72
635]| 117
684 | 214
587 | 418
449 | 363
511 315
544 | 385
429 | 407
602 | 239
445| 393
526 | 314
506 | 348
473 | 401
566 | 255
447 | 391
508 | 325
465 | 415
549 | 304
583 | 263
553 | 287
433 | 235
534 | 373

56
28
86
137
89
46
143
10
108
152

783
811
753
702
750
793 | 207
696 | 135
829 9
731 | 208
687 | 144
665| 171
741| 71
834| 33
652 | 163
657 | 157
624 | 150
634 | 206
781| 62
836| 19
767 76
722| 188
625| 126
421| 416
476 | 384
524 | 337
454 | 292
432 281
600 | 244
446 | 370
525| 353
491 | 347
438 | 371
584 | 254
448 | 382
514| 321
424 270
535| 308
576 | 242
552 | 266
604 | 267
466 | 280

112
30
78

125

103

727
809
761
714
736
632| 179
704 161
830 7
631 | 184
695| 134
668 | 170
768 | 59
806| 51
676 | 185
682 | 156
689 | 225
633 | 116
777| 69
820| 22
763 94
651 | 159
713] 131
423 | 413
455| 388
502 | 349
547] 291
558 | 414
595| 243
469 | 365
486 | 352
492 | 322
468 | 408
585| 245
457 389
518 | 346
569 | 241
531| 358
597 | 274
573 | 261
572| 302
559 | 279

148
27
43

151
61

691
812
796
688
778
660 | 145
678 | 201
832 8
655| 197
705| 138
669| 87
780| 65
788| 75
654 | 200
683 | 211
614 | 224
723 | 160
770| 54
817| 41
745| 102
680 | 198
708 | 219
426 | 411
451 | 386
490 | 335
548 | 381
425 | 247
596 | 275
474 300
487 | 343
517] 330
431]| 375
594 | 251
450| 294
493 339
598 | 231
481 | 316
565]| 402
578 | 236
537 | 309
560 | 419

80
29
39
217
55

759
810
800
622
784
694
638
831
642
701
752
774
764
639
628
615
679
785
798
737
641
620
428
453
504
458
592
564
539
496
509
464
588
545
500
608
523
437
603
530
420

42

24

20
128

15
130
173

16
191
199
169

50

99
114
154
221
186

36

38

90
113
222
376
361
324
399
277
278
299
327
338
249
412
297
351
260
293
383
303
265
240

797
815
819
711
824
709
666
823
648
640
670
789
740
725
685
618
653
803
801
749
726
617
463
478
515
440
562
561
540
512
501
590
427
542
488
579
546
456
536
574
599

40

48

21
142

14
223
106

47
121
162

88

49

96
189
123
220
167

32

44
109
183
226
395
387
323
380
271
250
364
350
341
269
372
311
306
268
288
357
356
233
258

799
791
818
697
825
616
733
792
718
677
751
790
743
650
716
619
672
807
795
730
656
613
444
452
516
459
568
589
475
489
498
570
467
528
533
571
551
482
483
606
581

35

68

95
122

12
228

83

64
141
176
107

26

97
115
139
127

79

25

52
165
180
230
283
360
320
397
272
246
362
326
340
238
282
344
289
276
284
329
355
367
229

804
771
744
717
827
611
756
775
698
663
732
813
742
724
700
712
760
814
787
674
659
609
556
479
519
442
567
593
477
513
499
601
557
495
550
563
555
510

73

74
202
203

23
227

91

57
149
119

81

17
166
194
212
147

85

18

45
111
177
232
285
310
334
369
264
417
298
319
342
234
403
345
400
409
368
317

766
765
637
636
816
612
748
782
690
720
758
822
673
645
627
692
754
821
794
728
662
607
554
529
505
470
575
422
541
520
497
605
436
494
439
430
471
522
484 | 405 434
472 | 296 | 543
610 - -
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Table 6.3.3.1-4: Mapping from logical index ! to sequence number u for preamble formats with

Loy =139
! Sequence number U in increasing order of |
0-19 1] 138 2| 137 3| 136 4] 135 5| 134 6] 133 71132 8131 91130 10| 129

20-39 111128 12| 127| 13|126| 14| 125| 15| 124| 16| 123| 17| 122| 18|121| 19|120 20| 119

40 — 59 21)118| 22| 117| 23| 116| 24| 115| 25| 114| 26| 113| 27| 112| 28|111| 29|110 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

L,,=1151.
1 Sequence nhumber ] in increasing order of |

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

L,,=571.
1 Sequence nhumber [ in increasing order of |

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: Nes for preamble formats with Afpa=1.25 .
i i Nes
zeroCorrelationZoneConfig, value
msgA-ZeroCorrelationZoneConfig Unrestricted set Restricte: settype | pestricted 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: NCS for preamble formats with Afppa=5 kHz.
. . N
zeroCorrelationZoneConfig, Cs  value
msgA-ZeroCorrelationZoneConfig Unrestricted set Restrictelc-:\i Settype | 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: Nes for preamble formats with Lga €1139,571,1151],

zeroCorrelationZoneConfig, N .. value
msgA-ZeroCorrelationZoneConfig Cs
L;,=139 L,,=571 L;,=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 preamble sequence shall be mapped to physical resources according to
GS(p)RA>:BPRACH }’u,v(k )
k=0,1,...,Lga—1

where B PRACH  is an amplitude scaling factor in order to conform to the transmit power specified in [5, TS38.213],
and P= 4000 is the antenna port. Baseband signal generation shall be done according to clause 5.3 using the

parameters in Table 6.3.3.1-1 or Table 6.3.3.1-2 with k given by Table 6.3.3.2-1.

Random access preambles can only be transmitted in the time resources obtained from Tables 6.3.3.2-2 to 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

6.3.3.2-2 10 6.3.3.2-4 is

3GPP



Release 17 59 3GPP TS 38.211 V17.5.0 (2023-06)

- 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-ConfigurationIndex, or by msgA-
PRACH-ConfigurationIndex if configured.

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

- if the higher-layer parameter prach-ConfigurationPeriodScaling-IAB is configured, the variable X used in
n,mod X=y of Tables 6.3.3.2-2 to 6.3.3.2-4 shall be replaced by X;,5 , where X;,z =0X and § is given by the

higher-layer parameter prach-ConfigurationPeriodScaling-IAB and the IAB-node does not expect X, to be
larger than 64;

- if the higher-layer parameter prach-ConfigurationFrameOffset-IAB is configured, the variable y used in
n,mod x=y of Tables 6.3.3.2-2 to 6.3.3.2-4 shall be replaced by Yiap=|y+Ay| mod x where Ay is
given by the higher-layer parameter prach-ConfigurationFrameOffset-IAB, and
xisthe value used €n,mod x=y;

- if the higher-layer parameter prach-ConfigurationSOffset-IAB 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,+ A S) mod L
where As € {0,1, e, L— 1} is given by the higher-layer parameter prach-ConfigurationSOffset-IAB, and L is

the number of subframes in a frame when using Tables 6.3.3.2-2 to 6.3.3.2-3 and the number of slots in a frame
for 60 kHz subcarrier spacing when using in Table 6.3.3.2-4.

Random access preambles can only be transmitted in the frequency resources given by either the higher-layer parameter
msgl-FrequencyStart or msgA-RO-FrequencyStart if configured as described in clause 8.1 of [5 TS 38.213]. The

PRACH frequency resources Ny, € {0,1 yeers M — 1}, where M equals the higher-layer parameter msg1-FDM or
msgA-RO-FDM if configured, are numbered in increasing order within the initial uplink bandwidth part during initial
access, starting from the lowest frequency. Otherwise, Ny, are numbered in increasing order within the active uplink
bandwidth part, starting from the lowest frequency.

For operation with shared spectrum channel access, for Ly, =139, a UE expects to be provided with higher-layer

parameter msg1-FrequencyStart or msgA-RO-FrequencyStart if configured, and higher-layer parameter msg1-FDM or
msgA-RO-FDM if configured, such that a random-access preamble is confined within a single RB set. The UE assumes
that the RB set is defined as when the UE is not provided intraCell GuardBandsPerSCS for 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 equals to one.

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

- 60 kHz for FR2.

=4, the UE may
assume the absolute value of the time difference between radio frame i in the current cell and radio frame | in the target
cell is less than 153600 T if the association pattern period in clause 8.1 of [5, TS 38.213] is not equal to 10 ms.

For handover purposes to a target cell in paired or unpaired spectrum where the target cell uses L,

For inter frequency handover purposes where the source cell is either in paired or unpaired spectrum and the target cell
is in 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 is less than 76800 T ,.
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Table 6.3.3.2-1: Supported combinations of Af, and A f, and the corresponding value of k.

Ly Ay for PRACH A tor Ny , allocation k
PUSCH 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 | p ‘ mod x= y Subframe number Starting | Number NtRA,slot Nﬁ\
Configuratio format symbol of ) )
n PRACH | humber of | PRACH
Index slots time- duratio
withina | domain n
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 1,4,7 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 0,1,2,3,4,5,6,7,8,9 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 14,7 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 1,3,57,9 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 1,3,5,7,9 0 2 6 2
108 Al/B1 2 0 4,9 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 4,9 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/B1l 1 0 14,7 0 2 7 2
116 A1/B1 1 0 0,2,4,6,8 0 2 7 2
117 A2 16 1 2,69 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 0,1,2,3,4,5,6,7,8,9 0 2 3 4
136 A2 1 0 1,3,5,7,9 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 14,7 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 1,47 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 1,3,5,7,9 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 14,7 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 1,47 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 1,3,5,7,9 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 Co 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 Co 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 Co 1 0 14,7 0 2 7 2
233 Co 1 0 0,2,4,6,8 0 2 7 2
234 Co 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 Cc2 8 1 4,9 0 1 2 6
239 Cc2 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 Cc2 2 1 2,6,9 0 2 2 6
243 Cc2 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 Cc2 1 0 4 0 1 2 6
247 Cc2 1 0 1,6 0 1 2 6
248 Cc2 1 0 4,9 0 1 2 6
249 Cc2 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 C2 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 Cc2 1 0 1,3,57,9 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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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 3,49 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 1,3,5,7,9 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 79 7 1 3 2
73 Al 2 1 79 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 79 7 1 3 2
83 Al 1 0 3,4,8,9 0 1 6 2
84 Al 1 0 3,4,8,9 0 2 6 2
85 Al 1 0 1,3,5,7,9 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 3,4,8,9 0 1 3 4
107 A2 1 0 3,4,8,9 0 2 3 4
108 A2 1 0 1,3,5,7,9 0 1 3 4
109 A2 1 0 0,1,2,3,4,5,6,7,8,9 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 49 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 3,4,8,9 0 1 2 6
130 A3 1 0 3,4,8,9 0 2 2 6
131 A3 1 0 1,3,5,7,9 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 1,3,5,7,9 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 3,4,8,9 2 1 1 12
166 B4 1 0 1,3,5,7,9 2 1 1 12
167 B4 1 0 0,1,2,3,4,56,7,8,9 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 CO 2 1 9 2 1 6 2
173 Co 2 1 8,9 2 2 6 2
174 Co 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 49 2 2 6 2
178 Co 2 1 2,3,4,7,8,9 2 1 6 2
179 Co 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 Co 1 0 7,9 8 1 3 2
185 Co 1 0 3,4,8,9 2 1 6 2
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186 Co 1 0 3,4,8,9 2 2 6 2
187 Co 1 0 1,3,5,7,9 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 Cc2 8 1 9 2 2 2 6
191 Cc2 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 Cc2 2 1 7,9 2 1 2 6
195 Cc2 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 Cc2 2 1 2,3,4,7,8,9 2 1 2 6
199 Cc2 8 1 9 8 2 1 6
200 Cc2 4 1 9 8 1 1 6
201 Cc2 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 Cc2 1 0 8,9 2 2 2 6
205 Cc2 1 0 4,9 2 1 2 6
206 c2 1 0 7,9 8 1 1 6
207 c2 1 0 3,4,8,9 2 1 2 6
208 Cc2 1 0 3,489 2 2 2 6
209 Cc2 1 0 1,3,5,7,9 2 1 2 6
210 Cc2 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 Al1/B1 2 1 4,9 8 1 3 2
213 Al1/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 4,9 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/B1l 1 0 8,9 2 2 6 2
221 Al/B1l 1 0 4,9 2 1 6 2
222 A1/B1 1 0 7,9 8 1 3 2
223 A1/B1 1 0 3,4,8,9 2 2 6 2
224 Al/B1 1 0 1,3,5,7,9 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 4,9 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 79 6 1 2 4
237 A2/B2 1 0 3,4,8,9 0 1 3 4
238 A2/B2 1 0 3,4,8,9 0 2 3 4
239 A2/B2 1 0 1,3,5,7,9 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 0 135,79 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
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Table 6.3.3.2-4: Random access configurations for FR2 and unpaired spectrum.
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PRACH | Preamble | p ; mod x=y Slot number Starting | Number N At N
Config. format symbol of ’ )

Index PRACH number of PRACH
slots time- duration
within a domain
p y 60 kHz | 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 3,57 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 3,57 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 1,3,57,...,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 1,35,7,...,37,39 0 1 2 6
88 A3 1 0 0,1,.2,...,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 1,35,7,...,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 3,5,7,..,2325 2 1 1 12
141 B4 1 0 3,5,7,...,2325 0 2 1 12
142 B4 1 0 1,3,57,...,37,39 0 1 1 12
143 B4 1 0 0,12..,39 2 1 1 12
144 Co 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 CO0 8 1 3,7,11,15,19,23,27,31,35,39 0 1 7 2
148 CO0 8 1,2 9,19,29,39 0 2 7 2
149 Co 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 CO 2 1 7,15,23,31,39 0 2 7 2
153 Co 2 1 4,9,14,19,24,29,34,39 0 1 7 2
154 Co 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 CO 1 0 3,57 0 1 7 2
158 CO 1 0 24,29,34,39 8 1 3 2
159 Co 1 0 9,19,29,39 8 2 3 2
160 Co 1 0 17,19,37,39 0 1 7 2
161 CO0 1 0 9,19,29,39 0 2 7 2
162 CO0 1 0 23,27,31,35,39 8 1 3 2
163 Co 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 Co 1 0 4,9,14,19,24,29,34,39 0 1 7 2
168 Co 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 CO0 1 0 1,35,7,...,37,39 0 1 7 2
172 CO0 1 0 0,1,2,...,39 8 1 3 2
173 Cc2 16 1 4,9,14,19,24,29,34,39 0 2 2 6
174 Cc2 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 Cc2 8 1,2 9,19,29,39 0 2 2 6
178 Cc2 4 1 4,9,14,19,24,29,34,39 0 1 2 6
179 Cc2 4 1 4,9,14,19,24,29,34,39 0 2 2 6
180 Cc2 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 Cc2 2 1 4,9,14,19,24,29,34,39 0 2 2 6
184 Cc2 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 Cc2 1 0 3,57 0 1 2 6
187 Cc2 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 Cc2 1 0 9,19,29,39 2 2 2 6
191 Cc2 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 Cc2 1 0 23,27,31,35,39 0 1 2 6
195 Cc2 1 0 4,9,14,19,24,29,34,39 7 2 1 6
196 Cc2 1 0 4,9,14,19,24,29,34,39 2 1 2 6
197 Cc2 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 Cc2 1 0 1,3,57,...,37,39 0 1 2 6
201 Cc2 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 1,3,57,...,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 1,35,7,...,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(M) ghall be generated according to

r(n) =L (1-2 c(2n)) +ji(1- 2 c(2n+1))

V2 V2

where the pseudo-random sequence € (l) is defined in clause 5.2.1. The pseudo-random sequence generator shall be
initialized with

slo riA A riA ;A
thZ( 2”(N;yr;bn;{f+1+1) (ZNIBC“’H) +2] > J+2 N{ +hsep |mod 2

where l is the OFDM symbol number within the slot, n!,f is the slot number within a frame, and

- N ?D N IlD € ‘{0,1 een ,65535} are given by the higher-layer parameters scramblingIDO0 and scramblingID1,

respectively, in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_1 or 0_2,
or by a PUSCH transmission with a configured grant;

- N ?D € {0,1, ... ,65535} is given by the higher-layer parameter scramblingIDO 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;

- N ?D , N IlD S {O, 1,... ,65535} are, for each msgA PUSCH configuration, given by the higher-layer parameters

msgA-ScramblingID0 and msgA-ScramblingID1, 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];

5
- N;’];C‘D =N ;‘;ﬂ otherwise;

f]éCID and } are given by
- if the higher-layer parameter dmrs-Uplink in the DMRS-UplinkConfig IE is provided

i | Ngep  A=00riA=2,
n = =
soID = | e N=1 A=A

where A is the CDM group defined in clause 6.4.1.1.3.

- otherwise

;A _ L
Ngeip =NsepA =0
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The quantity Ny, € 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_1 or 0_2, in [4, TS 38.212] is used;

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

determined by the mapping between preamble(s) and a PUSCH occasion and the associated DMRS resource for
a PUSCH transmission of Type-2 random access process in [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];

otherwise Ngcp =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 " (n) shall be generated according to

where

Cc

init —

r(n) =r%"(n)
n=0,1,.., M2 /20 -1

|a,6)
u,v

r (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, rua ’v& (n) is given by clause 5.2.3 with C,;, given by

_(217(Nslot n" +l+1)(2 N?];C|D+1)+2N?]SCID+nSCID) mod 231

symb " °s,f

where Ngc;p =0 unless given by the DCI according to clause 7.3.1.1.2 in [4, TS38.212] for a transmission
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 0_2 if the antenna ports field in the DCI format 0_2 is not 0 bit, or given
by the higher-layer parameter antennaPort for a PUSCH transmission scheduled by a type-1 configured grant;
and

N (I)D N IlD € {O, 1,... ,65535]’ are given by the higher-layer parameters pi2BPSK-ScramblingIDO0 and
pi2BPSK-ScramblingID1, respectively, in the DMRS-UplinkConfig IE 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 0
bit, or by a PUSCH transmission with a configured grant;

- N ?D € {0,1, ... ,65535] is given by the higher-layer parameter pi2BPSK-ScramblingIDO 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 ports field in the DCI format 0_2 is
0 bit;

Ngerp _ prcell I
- NID =N p Otherwise;

la,8]
u,v

otherwise, r (n) is given by clause 5.2.2 with a =0.

The sequence group u :( fant n?DS )mod 30, where nlllgs is given by

RS__ PUSCH ¢ PUSCH
Np =Np I nyp

UplinkConfig IE, and

is configured by the higher-layer parameter nPUSCH-Identity in the DMRS-

- 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
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- the PUSCH is neither scheduled by RAR UL grant nor scheduled by DCI format 0_0 with CRC scrambled by
TC-RNTT according to clause 8.3 in [5, TS 38.213];

RS
Nip
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;

=N ?E)‘"” if the higher-layer parameter dmrs-UplinkTransformPrecoding is configured, n/2-BPSK modulation

RS il .
- np =Ny otherwise

fgh

where and the sequence number V are given by:

- if neither group, nor sequence hopping is enabled
f gh =0
v =0

- if group hopping is enabled and sequence hopping is disabled

o =37 2mc(8(n s, +1) +m) | mod30

symb

v =0

where the pseudo-random sequence C(i> is defined by clause 5.2.1 and shall be initialized with

— RS
Cinic =\ /30 at the beginning of each radio frame

- if sequence hopping is enabled and group hopping is disabled

fgh :O
(N3 nt +1) if M, 6N

_ c =
vV =

0 otherwise
. _ RS
where the pseudo-random sequence (i) is defined by clause 5.2.1 and shall be initialized with “init ™D at
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 all 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 is the OFDM symbol number in the slot except for the case of double-symbol DMRS in which
case | is the OFDM symbol number in the slot 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 (M) shall be mapped to the intermediate quantity d (;f}’y) according to

- if transform precoding is not enabled,
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&,(f,”‘”) =w, (k)w, (1) r(2n+k’)
3 {4n +2k’+A Configuration type 1

6n+k’+A Configuration type 2

k' =0,1

[ =+l

n =0,1,...
j=01,..v-1

- if transform precoding is enabled

6 =w (k) (1) (2n+K)

k =4n+2k’+A
k' =0,1
1=I+I’
n=0,1,...

where Wf(k ) , Wt(l ] ,and 4 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 ﬁo, cees T)v,l. The intermediate
quantity aﬁfj ,u’j =084 A corresponds to any other antenna ports than P i

~% DMRS
The intermediate quantity d (kp j’# ) shall be precoded, multiplied with the amplitude scaling factor Bruscr in order to

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

[ Po» 1) ~(Po. |
a a
_ »DMRS
=PruscuW ‘
iP;H,H]‘ ~\ﬁu71,u:\
ai ay

where

- the precoding matrix W is given by clause 6.3.1.5,
[ |
- the set of antenna ports Po,.Pp-1] s given by clause 6.3.1.5, and

|~ o~
- the set of antenna ports | Po,... Pv-1] g given by [6, TS 38.214];
and the following conditions are fulfilled:

- the resource elements a(kp ;’” ) are within the common resource blocks allocated 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 h of the first DM-RS symbol depends on the mapping type:
- for PUSCH mapping type A:
l

- is defined 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

- h is given by the higher-layer parameter dmrs-TypeA-Position
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- for PUSCH mapping type B:

- l is defined 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

1,=0

The position(s) of the DM-RS symbols is given by I and duration ld where

-1 q s the 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

-1, is the 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-slot frequency hopping is not used, or

-1 q 1s the 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 not 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-AdditionalPosition 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-AdditionalPosition is equal to 'pos1' for each hop.

For PUSCH mapping type A,

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

- 1,=4 symbols in 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-AdditionalPosition is equal to 'pos3' is only supported when dmrs-TypeA-Position is equal
to 'pos2';

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

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

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

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

The time-domain index | and the supported antenna ports Pj are given by 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.
i} CDM group A we (k) w (1)
A k' =0 k' =1 I'=0 ' =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.
i} CDM group A we (k) w, (1)
A k' =0 k= I'=0 =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 l
symbols PUSCH mapping type A PUSCH mapping type B
dmrs-AdditionalPosition dmrs-AdditionalPosition
pos0 posl pos2 pos3 pos posl pos2 pos3
<4 } } } ) ?0 ly ly ly
4 ly ly ly lo ly lo ly ly
5 Iy I, I, I I b 4 b 4 b 4
6 Iy Iy Iy Iy Iy b 4 b 4 b 4
7 Iy Iy Iy Iy Iy b 4 b 4 b 4
8 ly b 7 b 7 b 7 b he | bae b 36
o b b 7 b 7 b 7 b he | bhze | bae
10 ly g | beo b 60 b b g bo48 | b 3s9
1 b hg | beog | heo b bhg | bag | b3eo
12 b bhg | bsog | hsg1| b bo1o | b 510 | b 3860
13 b boga | b711 | bsgar| b | bao | bs10| b3s9
14 ly bogg | o711 | b sgar| b | b | bhsio]| bseo
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Table 6.4.1.1.3-4: PUSCH DM-RS positions l within a slot for double-symbol DM-RS and intra-slot
frequency hopping disabled.

l in symbols DM-RS positions l
PUSCH mapping type A PUSCH mapping type B
dmrs-AdditionalPosition dmrs-AdditionalPosition
poso0 posl pos2 pos3 pos0 posl pos2 pos3
<4 - - - -
4 ly l - -
5 ly I l I
6 l I l I
7 ly l l l
8 ly I l I 5
9 l I l I 5
10 N Ly 3 ly 10' 7
11 Iy L g ly b 7
12 ly Ly 8 ly 10, 9
13 ly l0 l I 9
10
14 l 10 l L 9
10
Table 6.4.1.1.3-5: PUSCH DM-RS time index [ .
DM-RS duration 1 Supported antenna ports D
Configuration type 1 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 l within a slot for single-symbol DM-RS and intra-slot
frequency hopping enabled.

Iy in DM-RS positions |
symbols PUSCH mapping type A PUSCH mapping type B
1,=2 1,=3 1,=0
dmrs-AdditionalPosition dmrs-AdditionalPosition dmrs-AdditionalPosition
pos0 posi poso0 posl poso posl
1st an 1st 2nd 131 2nd 131 2nd 1st an 1St an
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 | 04
6.4.1.2 Phase-tracking reference signals for PUSCH
6.4.1.2.1 Sequence generation

6.4.1.2.1.1Sequence generation if transform precoding is not enabled
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If transform precoding is not enabled, the precoded phase-tracking reference signal for subcarrier k on layer J is
given by

where

~ |~ o~
- antenna ports P/ or 'Pi"Pi"l associated with PT-RS transmission are given by clause 6.2.3 of [6, TS 38.214]

. rm) is given by clause 6.4.1.1.1.1

- 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
6.4.1.2.1.2Sequence generation if transform precoding is enabled

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

transform precoding, where m depends on the number of PT-RS groups N ng(;Li)s, the number of samples per PT-RS
group ppruscH
group samp  “and " s¢ according to Table 6.4.1.2.2.2-1, shall be generated according to
ej%(mmodz)
r,(m) =w(k')—[(1- 2c(m”)) + j(1- 2c(m'))]

m
V2
m =N&"s +k’

samp

s =0,1,..,N"™®- 1

group

k'=0,1, NE2 - 1

samp

where the pseudo-random sequence C<i) is defined in clause 5.2.1 and ¥ (1> is given by Table 6.4.1.2.1.2-1. The
pseudo-random sequence generator shall be initialized with

Coe =27 [N, 41412 N, #1/+2 N, mod 27

init — symb " 's,f

where l is the 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-Identity.

Table 6.4.1.2.1.2-1: The orthogonal sequence W(i)

Ngxm Mod NETTP N&ny =2 N&ny =4
[w(0) w() W0 wl) w2) w)
0 +1 +1 +1 +1 +1 +1
1 +1 -1 +1 -1 +1 -1
2 - +1 41 -1 -1
3 - +1 -1 -1 +1
6.4.1.2.2 Mapping to physical resources

6.4.1.2.2.1Precoding 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
procedure in [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
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| :BPT—RSW(:’

_ 4n+2k+A configurationtype 1
6n+k +A  configurationtype 2

when all the following conditions are fulfilled

- I is within the OFDM symbols allocated for the PUSCH transmission

(k,1)

- resource element "’ is not used for DM-RS

k' and A correspond to Py, .-, Dy,

The quantities 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 IE, and the precoding matrix W is given by clause 6.3.1.5. The

quantity Peres

is an amplitude scaling factor to conform with the transmit power specified in clause 6.2.2 of [6, TS
38.214].

The set of time indices | defined relative to the start of the PUSCH allocation is defined by

1.set iI=0and lref:o

2. if any symbol in the interval max (l ot =1 Lyppst 1,1 o|,..., L +i Ly s overlaps with a symbol used for

DM-RS according to clause 6.4.1.1.3

- seti=1

set ‘rf to the symbol index of the DM-RS symbol in case of a single-symbol DM-RS or to the symbol index
of the second DM-RS symbol in case of a double-symbol DM-RS

- repeat from step 2 as long as het *Lyrrs s inside the PUSCH allocation

3. add het +iLprgs to the set of time indices for PT-RS
4. increment 1 by one

[, +iL

5. repeat from step 2 above as long as PT-RS js inside the PUSCH allocation

|
where Lpr-rs €124 ¢ defined 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 0 to
Ngg—1 from the lowest scheduled resource block to the highest. The corresponding subcarriers in this set of

RB
resource blocks are numbered in increasing order starting from the lowest frequency from 0 to N Nes=1  The
subcarriers to which the PT-RS shall be mapped are given by

k =kRE +(iK,, s +KR2) N

ref ref

JRB — N Mod Ky g if Ny, mod K, s =0
ref :
* | Ngyyy mod( Ny mod K,y ) otherwise

where

i =0,L2,..
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RE
o K is given 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 resourceElementOffset in PTRS-UplinkConfig is not
configured, the column corresponding to 'offset00' shall be used.

- MRNTI  is the RNTI associated with the DCI scheduling the transmission using C-RNTI, CS-RNTI, MCS-C-
RNTI, SP-CSI-RNTI, or is the CS-RNTT in case of configured grant

- Ngg is the number of resource blocks scheduled

- Kppps € 12,4/ is given by [6, TS 38.214].

RE
Table 6.4.1.2.2.1-1: The parameter Kret .
DM-RS Kist
-RS antenna port ref
DM-RS Configuration type 1 DM-RS Configuration type 2
ﬁ resourceElementOffset resourceElementOffset
offset00 offset01 offsetl0 offsetll offset00 offset01 offsetl0 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

6.4.1.2.2.2Mapping 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 " a(m) " shall be multiplied by B and mapped to N f;gf;’ Nng(;li)S complex valued symbols in
X (m) here

M)
- X 0™ qre the complex-valued symbols in OFDM symbol l before transform precoding according to

clause 6.3.1.4

group
PT-RS
_om depends on the number of PT-RS groups Noou , the number of samples per PT-RS group samp " and
PUSCH
M according to Table 6.4.1.2.2.2-1

- B is the ratio between amplitude of one of the outermost constellation points for the modulation scheme
used for PUSCH and one of the outermost constellation points for 1/2-BPSK as defined in clause 6.2.3 of [TS
38.214]

The set of time indices ! for which PT-RS shall be transmitted is defined relative to the start of the PUSCH allocation
and is defined by
.. =0

ref

1.set L =0 and

2. if any symbol in the interval max (l et T li— l)LPT_RS+ 1,1 )5 s o¢+I Lppgs overlaps with a symbol used for

DM-RS according to clause 6.4.1.1.3

- seti=1

- set lret to the symbol 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 as long as het +Lprs is inside the PUSCH allocation
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4. increment 1 by one
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PTRS to the set of time indices for PT-RS

ref +iL

PTRS is inside the PUSCH allocation

where Lppps € {1,2} J — {1,2} is given by the higher-layer parameter timeDensityTransformPrecoding in the

PTRS-UplinkConfig IE.

Table 6.4.1.2.2.2-1: PT-RS symbol mapping.

Number of sgrl':ir;r:sr:;r Index M of PT-RS samples in OFDM_ symbol l prior to
PT-RS PT-RS group transform precoding
groups Ngroup
o samp
2 2 sIMEM4 [+k—1 where s=1,3 and k=0,1
2 4 — —
PUSCH s=0 and k=0,1,2,3
M ™" howhere | 1 and k=—4,-3,-2,—1
! ? [sM°"/8 ] +k—1 where = 1,3,5,7 and k=0,1
4 4 ML 4 +n+k where
s=0 and k=0,1,2,3 n=0
s=12 and k=-2,-1,01 n=[/M.>"/8]
s=4 and k=-4,-3,-2,—1 n=0
8 4 [sMPUSCH/8j+n+k where
s=0 and k=0,1,2,3 n=0
s=1,2,34,56 and k=-2,-1,01 n=[M >
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
6.4.1.3.1.1Sequence generation
The reference signal sequence is defined by
z m’nggglCH,l MPUCCH lNRB+ MPUCCH 1N£{CB+n):Wi(m) la, 6‘( )n 0 1 ’MiléCCH,l N§CB_1

10
_ PUCCH, 1 —
m—O,l,...,NSEmv —1m= 0.1

PU
where N SF

(a,6]
r

u,v

(n) is given by clause 5.2.2.

CCH,1
. is given by Table 6.4.1.3.1.1-1, M zp

no intra-slot frequency hopping
intra-slot frequency hopping

PaCCLL by clause 9.2.1 of [5, TS 38.213], and the sequence

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

assumed.
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The orthogonal sequence Wi(m) is given by Table 6.3.2.4.1.-2 with the same index ! as used in clause 6.3.2.4.1.
PUCCH,I(:J
Table 6.4.1.3.1.1-1: Number of DM-RS symbols and the corresponding  $(n
PUCCH length, N PUCCHJ@
PUCCH,1 _ 3 m _
Nsymb No intra-slot Intra-slot hopping
hopping m =0 m=1
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

6.4.1.3.1.2Mapping to physical resources
The sequence shall be multiplied with the amplitude scaling factor B PUCCH1  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 )1 ) p,u in a slot on

antenna port P =2000 according to

a(kpl,#):ﬁPUCCH,l Z (m)l:0,2,4 e

>

where | =0 corresponds to the first OFDM symbol of the PUCCH transmission and 'k ,1 ) »,u 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

6.4.1.3.2.1Sequence generation
The reference-signal sequence Z, (m) shall be generated according to

1 1
Z mN;’ECCH’ZH):wn(i)r,(m)r,(m):ﬁﬁl—Zc(Zm))ﬂﬁ(1—20(2m+1))i:0,1,...,NEECCH’2—1

m=0,1,...

where the pseudo-random sequence C<i ) is defined in clause 5.2. The pseudo-random sequence generator shall be
initialized with

init

Co =27 [N, 41412 N0, +1)+2 N0, | mod 2”

where I is the OFDM symbol number within the slot, nf,f is the slot number within the radio frame, and Wn(i) and
N ““"? are defind in clause 6.3.2.5.2A.

The quantity N ?D € {O, 1,... ,65535] is given by the higher-layer parameter scramblingID0 in the DMRS-

UplinkConfig IE if provided and by N f]e)n otherwise. If a UE is configured with both dmrs-UplinkForPUSCH-

MappingTypeA and dmrs-UplinkForPUSCH-MappingTypeB, scramblingIDO is obtained from dmrs-
UplinkForPUSCH-MappingTypeB.
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6.4.1.3.2.2Mapping to physical resources
The sequence shall be multiplied with the amplitude scaling factor [3 pucc,2 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 ,1 ) p,u 10 @ slot on antenna

port P= 2000 according to
af,’lm:BPUCCH,zzl(m) k=3m+1

where k is defined relative to subcarrier 0 of common resource block 0 and (k 1 ]p,u 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

6.4.1.3.3.1Sequence generation
The reference-signal sequence I, (m) shall be generated according to
=

r.(m) m)

m =0,1,..., MU - 1

(a,6]

where MY ““™"* is given by clause 6.3.2.6.3 and oy

(m) depends on the configuration:

- if the higher-layer parameter dmrs-UplinkTransformPrecodingPUCCH is configured, and 71/2-BPSK is used
for PUCCH, r,*"

uv (m) is given 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 M ;léCCH’ “=1, and PUCCH format 4 with MgléCCH"Bl
when 77/2-BPSK is not used for PUCCH, sl

u,v

the symbol number and slot number according to clause 6.3.2.2.2 with

(m) is given by clause 6.3.2.2 and the cyclic shift & varies 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
Sequencfin e I Cyclic shift index ™
PUCCH, PUCCH,
N =1 Ngp =2 NEECCH’S:AL
0 0 0 0
1 6 6
2 - 3
3 - - 9

6.4.1.3.3.2Mapping to physical resources y
€34

The sequence shall be multiplied with the amplitude scaling factor P PUCCH,s , in order to conform to the
transmit power specified in [5, 38.213] and mapped in sequence starting with 11(0) 4 resource elements (k N )p,u on

antenna port P =2000 according to

aliﬁ’m :ﬁPUCCH,s n (m).

m =0,1,.., MPUCs - 1

where
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- k is defined relative to subcarrier 0 of the lowest-numbered resource block assigned for PUCCH
transmission,

- l is given 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 1=0 corresponds to the first
OFDM symbol of the PUCCH transmission.

The resource elements (k ,1 ) ». u 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 I 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
6.4.1.4.1 SRS resource

An SRS resource is configured by the SRS-Resource IE or the SRS-PosResource IE and consists of

SRS

- N S;{ = {1,2,4} antenna ports { pi}»:\[;g 71, where the number of antenna ports is given by the higher layer

parameter nrofSRS-Ports if configured, otherwise N z’;‘ S= 1, and p;=1000+i when the SRS resource is in a

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 resource is in a SRS resource set with higher-layer parameter usage in
SRS-ResourceSet set to nonCodebook’

- N S;I?b € I 1,2,4,8,10,12,14} consecutive OFDM symbols given by the field nrofSymbols contained in the

higher layer parameter resourceMapping

- I, the starting position in the time domain given by [,= N z;c);b—
l .. €E {0,1 yee ,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 [ .., > N ;ﬁ:b— 1

1—1 .. Where the offset

offset

-k o 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

l”<p')(n,l']=r$f’v’6)(n]
0<n<My5—1

1'€[0,1,..., NS 1]
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where M>"} is given by clause 6.4.1.4.3, r‘ua ’vaj‘

(n) is given by clause 5.2.2 with 6 = logz(K TC) and the transmission
comb number K- € ‘[ 2,4,8} is contained in the higher-layer parameter transmissionComb. The cyclic shift & for

antenna port P; is given as

s ,max
cs nSRS l(pl_looo)/zj d €s,max f NSRS_4 d cs,max_6
i SRS NS/ mod Ngps 1L IN,, =4 and Nggg =
_ Nsps  cs,i ap
a,=2m Ngrs = )
Ngrs we™ p;—1000)
SRS cs +nSRS pi d cs, max th .
SRS SRS mod Nggpg otherwise
Ny

where n‘;SRS (S {0,1 yeees ngs[gg“‘“ — 1} is contained in the higher layer parameter transmissionComb. The maximum

number of cyclic shifts ngpe  are given by Table 6.4.1.4.2-1.

The sequence group u = ( f gh( ngf N ,) +nIS§S) mod 30 and the sequence number V in clause 5.2.2 depends on the

higher-layer parameter groupOrSequenceHopping in the SRS-Resource IE or the SRS-PosResource IE. The SRS

sequence identity nISDR Sis given by the higher layer parameter sequenceld in the SRS-Resource IE, in which case

np> € 0,1,...,1023/, or the SRS-PosResource-r16 IE, in which case e € 0,1,...,65535/. The quantity

= { 0.1,..., nyRHfb— 1} is the OFDM symbol number within the SRS resource.
- if groupOrSequenceHopping equals neither’, neither group, nor sequence hopping shall be used and
fgh(ng,f’lv)zo

v=0

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

fgh(ns”’f,l'):(zzl:o 0(8(ni’,szlyOr;b+lO+lv)+m)-2m mod 30

v=0

where the pseudo-random sequence ¢ [l) is defined by clause 5.2.1 and shall be initialized with ¢, ;, = nlsg\ S at the

beginning of each radio frame.

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

fgh(ns,f’l’)zo

_|e[nt Nt wp 41 MRS =6 NR®

symb sc,b
0 otherwise
where the pseudo-random sequence ¢ [l) is defined by clause 5.2.1 and shall be initialized with ¢, ;, = nISDR S at the

beginning of each radio frame.

cs,max

Table 6.4.1.4.2-1: Maximum number of cyclic shifts ng;s" as a function of K.

K ng™
2 8
4 12
8 6
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6.4.1.4.3 Mapping to physical resources

When SRS is transmitted on a given SRS resource, the sequence r? ] ( n,l ’) for each OFDM symbol [ ' and for each of

the antenna ports of the SRS resource shall be multiplied with the amplitude scaling factor Pors in order to conform

)y o
to the transmit power specified in [5, 38.213] and mapped in sequence starting with r (O’I ) to resource elements

(k’l ) in a slot for each of the antenna ports pi according to

1 (p) L [ SRS [ SRS
o _ F[)’%r kL) k=01, M -1 1'=0,1,..,N_ -1
Krck'+Kk$P0 1741, ap
0 otherwise

The length of the sounding reference signal sequence is given by

SRS RB

Msc,b:mSRS,b Nsc /(KTCPF)
— ' ]

where Mggs ;, is given by a selected row of Table 6.4.1.4.3-1 with b=Bgps where Bsrs€ 01,23 is given by the

field b-SRS contained in the higher-layer parameter freqHopping if configured, otherwise Bqr=0. The row of the

(

table is selected according to the index Cors€10,L,..,63] given by the field c-SRS contained in the higher-layer

parameter freqHopping. The quantity Py € {2, 4} is given by the higher-layer parameter FreqScalingFactor if
configured, otherwise P, =1. When FreqScalingFactor is configured, the UE expects the length of the SRS sequence
to be a multiple of 6.

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

(p)_1.(p) FH RPFS
kO _kO +n0ffset noffset

where
offset) lTlOd K TC
kg Kqo/2Jmod K, if N3°=4, p,€(1001,1003, and ni™ =6
\Pi 4 cs cs,max cs,max
ko= |kt K1o/2) mod Ky if N5=4, p €(1001,1003, and néys €| nSm™/2,...,nSm ~1

L () RB Dol
kop _nshifthc +(k(TIzj)+k

Krc otherwise
o RPFS RB (
FH _ RB _
noffset - Z mSRS, b Nsc nbnOffset - NSC mSRS’BSRS( (kF+kh0P ) mod PF) /PF
b=0
and

- kp€ {0, 1,...,P— 1} is given by the higher-layer parameter StartRBIndex if configured, otherwise k ;= 0;

- Kyp is given by Table 6.4.1.4.3-3 with

, Ngrs
khop:[ 785,(5 R jl‘l‘lOdPF

=1
w ™

b ':bhop

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

If N g‘;&; < Nghie the reference point for k(op ) — (0 is subcarrier 0 in common resource block 0, otherwise the reference
point is the lowest subcarrier of the BWP.
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If the SRS is configured by the IE SRS-PosResource, the quantity k
k =0.

offset is given by Table 6.4.1.4.3-2, otherwise

offset —
The frequency domain shift value N, adjusts the SRS allocation with respect to the reference point grid and is

contained in the higher-layer parameter frquomamShzft in the SRS-Resource IE or the SRS-PosResource IE. The
transmission comb offset ch €| 0,1,..., K~ 1 is contained in the higher-layer parameter transmissionComb in the

SRS-Resource IE or the SRS—PosResource IE and nb is a frequency position index.

€ [0,1,2,3}, given by the field
=0.

Frequency hopping of the sounding reference signal is configured by the parameter bhop

b-hop contained in the higher-layer parameter freqHopping if configured, otherwise bhop

If bhop > Bgs, frequency hopping is disabled and the frequency position index 1, remains constant (unless re-
configured) and is defined by

nb=[4n /m mod N,

RRC SRS,b

forall N ;ifb OFDM symbols of the SRS resource. The quantity Mrrc s given by the higher-layer parameter

freqDomainPosition if configured, otherwise npp=0, and the values of Mgy , 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 Cors

Itb

hop< Bsrs. frequency hopping is enabled and the frequency position indices 1, are defined by

[ 4 ngge/Mggs »/ mod Ny, b<by,,

= |Fy[nggs|+[ 4/ Mg, /) mod N, otherwise

where N is given by Table 6.4.1.4.3-1,

mode —p. Ny nggsmod IT,._, N,.
(Nb/Z) e} o + =Y Lo if N, even
Fy(ngps)=| Hb':b,mpr' ZHb':blmpr'
t N, 2| |ngomy 2, N,,,J if N, odd
op

and where N Doy 1 regardless of the value of IV ;. The quantity Ingzg 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
Nggs=1[1"/R | within the slot in which the N3X oym .

repetition factor given by the field repetitionFactor if configured, otherwise R=N

symbol SRS resource is transmitted. The quantity R <N SSanfb is the

SRS
symb*

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

frame, y SRS
N slot I’lf'l'l’l Toffset . N symb + _'
Ngps= T ¢rs R R
frame, p +nH — —
for slots that satisfy N ot ALY T oftsee | m0d T'5ps=0 . The periodicity Tors in slots and slot offset

T e are given in clause 6.4.1.4.4.
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Table 6.4.1.4.3-1: SRS bandwidth configuration.
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Cors Bgrs=0 Bgps=1 Bgps=2 Bgrs=3
mSRS,O NO mSRS,l Nl SRS,2 N2 SRS,3 N3
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
63 272 1 16 17 8 2 4 2
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Table 6.4.1.4.3-2: The offset k. for SRS as a function of Kicandl'.

offset

SRS

K 0 Now—1
TC koffset 2+ Moffset
SRS __ SRS __ SRS __ SRS _ SRS _
-l\[syrnb_1 Nsymb_2 Nsymb_4 Nsymb_8 ]Vsyrnb_]-2
2 0 0,1 0,1,0,1 - -
4 - 0,2 0,2,1,3 0,2,1,30,213 0,2,1,30,2/1,30,2,1,3
8 - - 0,4,2,6 0,4,2,6,1,53,7 0,4,2,6,1,5,3,7,0,4,2,6

Table 6.4.1.4.3-3: The quantity khop as a function of k

hop*
I’(hop khOP
pP.=1 P.=2 | P.=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

Tog (in slots) and slot offset T e are configured according to the higher-layer parameter periodicityAndOffset-
p or periodicityAndOffset-sp in the SRS-Resource IE, or periodicityAndOffset-p or periodicityAndOffset-sp in the SRS-
PosResource IE. Candidate slots in which the configured SRS resource may be used for SRS transmission are the slots
satisfying

(Nframe,pn

slot f )mod Tsrs=0

B
+ns,f Toffset

SRS is transmitted 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 corresponds to 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
- Phase-tracking reference signals, PT-RS

- Positioning reference signal, PRS
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- 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:
- Antenna ports 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 slot, 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
7.3.1.1 Scrambling
qe 0,1

Up to two codewords can be transmitted. In case of single-codeword transmission, q=0

For each codeword { , the UE shall assume the block of bits b“”(O ), cees b“q“(M fi‘t— 1 ), where M sﬁg is the number

of bits in codeword q transmitted on the physical channel, are scrambled prior to modulation, resulting in a block of
scrambled bits h (0., b“q“(M“,fi“t— 1)according to

B (i]=(b9)(i)+c'V(i)|mod 2

where the scrambling sequence c‘q“ (1) is given by clause 5.2.1. The scrambling sequence generator shall be initialized
with

_ oI5, ol4
Cinit =Ngnmr 2 +q° 2 +nyp

where
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[ |
p€0,1;...,1023 equals the higher-layer parameter dataScramblingldentityPDSCH if configured and the
RNTT equals the C-RNTI, MCS-C-RNTI, or CS-RNTI, and the transmission is not scheduled using DCI format
1_0 in a common search space;

- np€ {0,1 ,...,1023 } equals the higher-layer parameter dataScramblingldentityPDSCH if configured in a

common MBS frequency resource and the RNTI equals the 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;

- n,€10,1,...,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 CORESETPoollndex equal to 1;

if the higher-layer parameters dataScramblingldentityPDSCH and dataScramblingldentityPDSCH2 are
configured together with the higher-layer parameter CORESETPoolIndex containing two different values, and
the RNTI equals the C-RNTI, MCS-C-RNTI, or CS-RNTI, and the transmission is not scheduled using DCI
format 1_0 in a common search space;

1l .
np=Njp otherwise

and where "RNTI 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 b (0 Jyeues I;‘:ql( M f;t — 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 7 (0],..., d( M:S‘;:mb -1).

Table 7.3.1.2-1: Supported modulation schemes.

Modulation scheme Modulation order
Q,
QPSK 2
16QAM 4
64Q0AM 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 several layers according to Table 7.3.1.3-1. Complex-valued modulation symbols

d‘ql(O),,,_,d[q:‘(M[sginb—l) for codeword  shall be mapped onto the layers ;| :{X‘:OI‘(I‘) X{“_l‘(i)}T,

i=0,1,....M ii,ﬁ;— 1 where U is the number of layers and M ii,y;; 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 . layer
i=0,,..., M -1
1 : Pli=d"l)_ Mom=m,
(0)(+y— 4(0)
2 1 N I Ve ST
X(i)=d"(3i)
3 1 A(i)=d"(3i+1)  MES=MO) /3
xi)=d")(3i+2)
X(O)(l :d(o)(4i)
(1)1 gl0)( 4
4 | e
x?(i)=d")(4i+3)
xO(i)=d")(2i)
A (i)=d"(2i+1)
5 2 x(i)=d"(3i) Mf;{;{)—Msymblz M(Symb/B
X¥(i)=d"(3i+1)
X(1)=d"(3i+2)
X(i)=d"(3i)
XV(i)=d")(3i+1)
(2)(1) = g(0)( 2
6 2 XX<3()I()i)jd(1()?;:)2) Miayﬁ— £yr)nb/3 M(syl)nb/3
X(i)=dV (3i+1)
x(i)=d"(3i+2)
X9(i)=d"(3i)
AV(i)=d)(3i+1)
X(i)=d")(3i+2)
7 2 Ai)=dV(ai) MBS =MU)13=M) 4
XH(i)=dY (4i+1)
K (i)=d"(4i+2)
x%(i)=d"(4i+3)
XO(i)=d""(4i)
X V(i)=d")(4i+1)
X2(i)=d"(4i+2)
Bl(i\=a0)(4;
K(i)=d"(4i+1)
X9(i)=d"V(4i+2)
X7(i)=d" (4i+3)
7.3.14 Antenna port mapping
The block ofvectors{x‘m(i) X (i )] ,1=0,1,.. ,Mf;if,{,—l shall be mapped to antenna ports according to
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. 1 |
where 1=0,1,. M symb 1 M, symb— s;};s{). The set of antenna ports Po,....Po1] shall be determined according
to the procedure in [4, TS 38.212].

7.3.1.5 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‘p { O) . y‘p ‘( M symb ™ 1) conform to the downlink power allocation specified in [6, TS 38.214]

and are mapped in sequence starting with y 1‘( 0) to resource elements ( k ', | )p . in the virtual resource blocks assigned
for transmission which meet all of the following criteria:

- they are in the virtual 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-
ResourceSet 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-RS is a CSI-RS configured by the higher-layer parameter CSI-
RS-Resource-Mobility in the MeasObjectNR IE or except if the non-zero-power CSI-RS is an aperiodic non-
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 ', ) ». allocated for PDSCH according to [6, TS 38.214] and not reserved for
other purposes shall be in increasing order of first the index k ' over the assigned virtual resource blocks, where k = ()
is the first subcarrier in the lowest-numbered virtual resource block assigned for transmission, and then the index .

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
CORESET CORESET .
start Where Nstart

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
CORESET
start

is mapped to physical resource block n+ N is the lowest-numbered physical resource block in

lowest number among the two linked control resource sets is used to determine [N
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 with the CRC scrambled by SI-RNTI in Type0-
PDCCH common search space in CORESET 0, the set of N ;f,f,mm resource blocks in CORESET 0 are

3GPP



Release 17 102 3GPP TS 38.211 V17.5.0 (2023-06)

divided into N, q.=/ N gésp,inn /L | resource-block bundles in increasing order of the resource-block

number and bundle number where [.=2 is the bundle size and N gif,mm[ is the size of CORESET 0.

- resource block bundle N4, — 1 consists of N}typi mod L resource blocks if Ny mod L>0
and L resource blocks otherwise,

- all 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 N gii,tp’ ;» other than Type0-PDCCH common search space in CORESET 0, the set of
N pywpinic Virtual resource blocks { 0,1,..., Nywpini — 1|, where Ny, .. is the size of CORESET 0 if

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 IV 4 virtual resource-block bundles in increasing order of the

virtual resource-block number and virtual bundle number and the set of N Ei\z,sp it Physical resource blocks

[ A7CORESET »rCORESET CORESET , nrsize | o .
|V sart s Nt +1,...,Noa + N gwpinig— 1] are divided into N ,undie Physical resource-block

bundles in increasing order of the physical resource-block number and physical bundle number, where

i CORESET : . :
Nypae=T (N;@Pimﬁ(NS;iP AN ) mOdL)/L |, L=2 is the bundle size, and Ng‘tg?ESET is the

lowest-numbered physical resource block 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 searchSpaceLinking 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
CORESET

sets is used to determine N,

- resource block bundle O consists of L,.— ( (N strt |y [y CORESET

swpiT N g )mod L) resource blocks,

. i CORESET .
- resource block bundle N 4. —1 consists of ( N swpinic Nowe i+ Noan ) mod L resource blocks if

i CORESET .
N awpinict Nwei+ Noan ) mod L>0 and L resource blocks otherwise,

- all other resource block bundles consists of L resource blocks.

- for all other PDSCH transmissions, the set of N E@P,i resource blocks in bandwidth part !  with starting

+(N ;ff,rvtp .mod L l.))/ L, ] resource-block bundles in

ps start - . _ size
position Nyyp; are divided into N ) = [ (N BWP.i

increasing order of the resource-block number and bundle number where Li is the bundle size for

bandwidth part i provided by the higher-layer parameter vrb-ToPRB-Interleaver for DCI formats 1_0 and
1_1 in a UE-specific search space, or vrb-ToPRB-Interleaver DCI-1-2 for DCI format 1_2, and

L - (Ng“:;;,,,. modL,)

- resource block bundle 0 consists of ' " resource blocks,

1 (NE%’I. +N§\f\,ep’i)modL.

N - . .
- resource block bundle " bundle "~ consists of ! resource blocks if

(s 4 nsize JmodL, >0 L .
BWP,i 7 T BWP,i i and ! resource blocks otherwise,

- all other resource block bundles consists of L resource blocks.

| A
- Virtual resource blocks in the interval / €10.L-., Npunie ™ 1]

to

are mapped to physical resource blocks according

- virtual resource block bundle Nbunie= 1 is mapped to physical resource block bundle Nbungie= 1

e
JEOL..N

—0l [
- virtual resource block bundle bundle 21 is mapped to physical resource block bundle f ( J |

where
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f(jl=rC+c
Jj=CR#r
r=0,1,...,R-1
c=01,...,C-1
R=2
Clebundle/R‘

- The UE is not expected to be configured with L, =2 simultaneously with a PRG size of 4 as defined 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 5.1.2.3 in [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

tart i . . tart i . . .
Nawp; and Npwp ; in this clause are replaced by Nyps ; and Nyygs ;» respectively, and L; is the 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 N gi',f,tp’i

. . . [ t i . —
and Niyp ; in this clause are replaced by Ny ; and Nygs ;» 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) as indicated in Table
7.3.2.1-1.

Table 7.3.2.1-1: Supported PDCCH aggregation levels.

Aggregation level Number of CCEs
1
2
4
8
16

=
=411 NN

7.3.2.2 Control-resource set (CORESET)

CORESET

A control-resource set consists of N g resource blocks in the frequency domain and INCORESET 2 { 1,2,3J‘

symb
symbols in 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 a time-first manner, starting with 0 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:

. (o7 . )
- REGbundle ! isdefined as REGs LI+, "1L+L_1; where L is the REG bundle size,

i=0,1,..., Ngpa " /L—1,and Ngga - =Ngp " Ngoy - is the number of REGs in the CORESET
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. ' . . . |
- CCE J consists of REG bundles }‘f<61/L)’f(61/L+1)""’f(61/L+6/L_1)J where f() is an
interleaver

For non-interleaved CCE-to-REG mapping, L.=6 and f (X)Z X.

For interleaved CCE-to-REG mapping, L € 2,6 |for Ney "'=1and L€ { Ny 0" ,6} for Nepp ' € 12,3]. The

interleaver is defined by
flx|=[rC+c+ngy mod(NgggESET/L)xchHr=O,1,... ,R—1c=0,1,...,C—1C=Ngpa>*"/(LR)

R€ 23,6

where
The UE is not expected to handle configurations resulting in the quantity C not being an integer.

For a CORESET configured by the ControlResourceSet IE:

N ggRESET is given by the higher-layer parameter frequencyDomainResources;

CORESET

CORESET
N symb

symb
layer parameter dmrs-TypeA-Position equals 3;

is given by the higher-layer parameter duration, where N =3 is supported 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-BundleSize for
interleaved mapping;

- R is given by the higher-layer parameter interleaverSize;
- Ny €0,1,...,274 is given by the higher-layer parameter shiftIndex if provided, otherwise Ny =No';
- 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 precoderGranularity
equals sameAsREG-bundle;

- the same precoding being used across the all resource-element groups within the set of contiguous resource
blocks in the CORESET, and that no resource elements in the CORESET overlap with an SSB or LTE cell-
specific reference signals as indicated by the higher-layer parameter Ite-CRS-ToMatchAround, Ite-CRS-
PatternListl, or lte-CRS-PatternList2, if the higher-layer parameter precoderGranularity equals
allContiguousRBs.

For CORESET 0 configured by the ControlResourceSetZero 1E:
- NESRESET and N Sy?n[;ESET are defined by clause 13 of [5, TS 38.213];
- the UE may assume interleaved mapping
- L=6;
- R=2;
- Ngyp=N IC]eDH s
- 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.
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7.3.2.3 Scrambling

The UE shall assume the block of bits b (0 ), ...,b (M ;t— 1), where M Et is the number of bits transmitted on the

physical channel, is scrambled prior to modulation, resulting in a block of scrambled bits lN)(O ), cees lN) (M bjit — 1)

according to

bli|=(blil+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
:(nRNT[ 2%+ )mod 2%

Cinit

where

| {
- for a UE-specific search space as defined in clause 10 of [5, TS 38.213], Mp €| 0’1”"’6553§’

layer parameter pdcch-DMRS-ScramblingID if configured;

equals the higher-

- for a PDCCH with the CRC scrambled by G-RNTI, G-CS-RNTI, or MCCH-RNTT in a common search space as
defined in clause 10 of [5, TS 38.213], n;, € {0,1 ,-..,05535 } equals the higher-layer parameter pdcch-DMRS-
ScramblingID if configured in a common MBS frequency resource;

11 .
- np=Npp otherwise
and where

- M g given by the C-RNTI for a PDCCH in a UE-specific search space if the higher-layer parameter pdcch-
DMRS-ScramblingID is configured, and

ey =0 otherwise.
7.3.2.4 PDCCH modulation

The UE shall assume the block of bits b(0 [JO b (M bit— 1) to be QPSK modulated as described in clause 5.1.3,
1).

resulting in a block of complex-valued modulation symbols d (0) oo, d (M symb ™

7.3.2.5 Mapping to physical resources

The UE shall assume the block of complex-valued symbols d (0] yeenrd (M 1) to be scaled by a factor

syrnb_
B PDCCH  and mapped to resource elements [k 1 ]p,  used for the monitored PDCCH and not used for the associated

PDCCH DMRS in increasing order of first k , then [ . The antenna port P =2000
7.3.3 Physical broadcast channel
7.3.3.1 Scrambling

' Q
The UE shall assume the block of bitsD [\0 ), ...,b (M bit 1), where M bit  is the number of bits transmitted on the

physical broadcast channel, are scrambled prior to modulation, resulting in a block of scrambled bits

B(O),...,B(ME[—I) according to

bli|=(blil+c(i+v M) mod2

where the scrambling sequence C(i) is given by clause 5.2. The scrambling sequence shall be initialized with

Cinit = Nfgn at the start of each SS/PBCH block where
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- for i,maxz 4, v is the two least significant bits of the candidate SS/PBCH block index
- for j_,max >4, v is the three least significant bits of the candidate SS/PBCH block index
with limax being the maximum number of candidate SS/PBCH blocks in a half frame, as described in [5, TS 38.213].

7.3.3.2 Modulation

The UE shall assume the block of bits E(O ), ceey b (M bjit - 1) are QPSK modulated as described in clause 5.1.3,

resulting in a block of complex-valued modulation symbols d gy 0J,...,d acn( M. aymb ™~ 1).

7.3.3.3 Mapping to physical resources

Mapping to physical resources is described in clause 7.4.3.
7.4 Physical signals

7.4.1 Reference signals

7.4.1.1 Demodulation reference signals for PDSCH
74.1.1.1 Sequence generation

The UE shall assume the sequence r (n] is defined by

F(m) =—=(1- 2 c(2n)) + j—=(1- 2 c(2n +1))

N 7

where the pseudo-random sequence ¢ | i|is defined in clause 5.2.1. The pseudo-random sequence generator shall be
initialized with

n I4

slo A A 9 :
Cmit:(zn(Nslyr;bngf"'l"'l)(ZNHS)CID"'I)"'ZN[ §j+2 NI]S)CID"'néCID mod 2™

where [ is the OFDM symbol number within the slot, n_f’ ¢ Is the slot number within a frame, and

- N ?D , N IlD € [0,1 een ,65535}' are given by the higher-layer parameters scramblingID0 and scramblingID1,

respectively, in the DMRS-DownlinkConfig IE 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-RNTT;

- N ?D € [0,1, ... ,65535} is given by the higher-layer parameter scramblingIDO 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;

- N ?D , N 1113 € {0,1 yeen ,65535}' are given by the higher-layer parameters scramblingID0 and scramblingID1,

respectively, in the DMRS-DownlinkConfig IE if provided in a common MBS frequency resource for multicast
and the PDSCH is scheduled by PDCCH using DCI format 4_2 with the CRC scrambled by G-RNTTI or G-CS-
RNTI;

- N ?D € {0,1, . ,65535} is given by the higher-layer parameter scramblingIDO0 in the DMRS-DownlinkConfig

IE if provided in a common MBS frequency resource and the PDSCH is scheduled by PDCCH with the CRC
scrambled by G-RNTI, G-CS-RNTI, or MCCH-RNTT,

5
_ s — ppeell fear
NID =N,, otherwise;

i : :
- Ngop/AAare given by
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- if the higher-layer parameter dmrs-Downlink in the DMRS-DownlinkConfig IE is provided
i _| Nggp  A=0orA=2
Ngcmn =
I =nsep A=1

14

A=A
where A is the CDM group defined in clause 7.4.1.1.2.

- otherwise by

A
Nscip =Mscip

A=0
The quantity Ny € ‘}:0, 1} is given by the DM-RS sequence initialization field, if present, in the DCI associated with

the PDSCH transmission if DCI format 1_1, 1 2, or4_2in [4, TS 38.212] is used, otherwise Ngp =0.

7.4.11.2 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.

DMRS
The UE shall assume the sequence | (m) is scaled by a factor Bevsc to conform with the transmission power

specified in [6, TS 38.214] and mapped to resource elements (k ,1 ) p,u according to

alh =Bomseaw; (K w, (1) r(2n+k)
K = 4n+2k’+A Configuration type 1
| 6n+k’+A Configuration type 2

k" =0,1
1=I+I'
n =0,1,...
where Wf(‘k J , Wr(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 ks

- 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-RNTT;

- otherwise, subcarrier 0 in common resource block 0

The reference point for [ and the position l of the first DM-RS symbol depends on the mapping type:

- for PDSCH mapping type A:
- [ is defined relative to the start of the slot
=3 . . T , , 1.=2 .
0 if the higher-layer parameter dmrs-TypeA-Position is equal to 'pos3' and 0 otherwise

- for PDSCH mapping type B:

- l is defined relative to the start of the scheduled PDSCH resources
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[,=0

l

The position(s) of the DM-RS symbols is given by l and duration ‘d where

- for PDSCH mapping type A, | is the 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, q 1s the 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-AdditionalPosition equals to 'pos3' is only supported when dmrs-TypeA-Position is equal to 'pos2';

-1 ¢=3and [ 4 =4 symbols in Tables 7.4.1.1.2-3 and 7.4.1.1.2-4 respectively is only applicable when dmrs-
TypeA-Position is equal to 'pos2';

- single-symbol DM-RS, I, =11 except if all of the following conditions are fulfilled in which case [, =12:

- the higher-layer parameter Ite-CRS-ToMatchAround, lte-CRS-PatternList1, or lte-CRS-PatternList2 is
configured; and

- the higher-layer parameter dmrs-AdditionalPosition is equal to 'pos1' and 1023 ; and
- the UE has indicated it is capable of additional DMRS-DL-AIt
For PDSCH mapping type B

- if the PDSCH duration I, € [2,3,4,5,6,7,8,9,10,11,12,13} OFDM symbols for normal cyclic prefix or
l,€ {2,4,6 } OFDM symbols 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, l shall be incremented

such that the first DM-RS symbol occurs immediately after the CORESET and until no collision with any
CORESET occurs, and

- if the PDSCH duration [ is 2 symbols, the UE is not expected to receive a DM-RS symbol beyond the
second symbol;

- if the PDSCH duration I, is 5 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-RS is not
transmitted;

- if the PDSCH duration l, is 7 symbols for normal cyclic prefix or 6 symbols for extended cyclic prefix:
- if one additional single-symbol DM-RS is 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 is in 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 [; € {5,6,7,8,9,10,11,12,13} OFDM symbols, the UE is not expected to receive
the front-loaded DM-RS beyond the 4th symbol;

- if the PDSCH duration l; is 12 or 13 symbols, the UE is not expected to receive DM-RS mapped to symbol
12 or later in the slot;

- for all values of the PDSCH duration ld other than 2, 5, and 7 symbols, the UE is not expected to receive
DM-RS beyond the (I;—1):th symbol;

- if the PDSCH duration q 1s less than or equal to 4 OFDM symbols, only single-symbol DM-RS is supported.
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- if the higher-layer parameter Ite-CRS-ToMatchAround, Ite-CRS-PatternList1, or Ite-CRS-PatternList2 is
configured, the PDSCH duration 1 =10 symbols for normal cyclic prefix, the subcarrier spacing configuration
=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-PatternList1, or Ite-CRS-PatternList2, then | shall be incremented by one in all slots.

The time-domain index | ' 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 IE 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 IE is equal 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 DMRS ports associated with a TCI state as
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.

Table 7.4.1.1.2-1: Parameters for PDSCH DM-RS configuration type 1.

p CDM group A wg (k) w, (1)
A k'=0 k' = 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.
p CDM group A wi (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 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
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Table 7.4.1.1.2-3: PDSCH DM-RS positions I for single-symbol DM-RS.

4 in symbols DM-RS positions ’
PDSCH mapping type A PDSCH mapping type B
dmrs-AdditionalPosition dmrs-AdditionalPosition
pos0 posl pos2 pos3 pos0 posl pos2 pos3
2 ) ) ) ) h l lo lo
3 Io lo 10 lo lo lo lo lo
4 Io lo 10 lo ’0 ’o lo lo
5 L, l, l, I, [ l,,4 | [,,4 l,,4
6 l I L I I A | l4 | 1.4
! Io Io Io Io l ly,4 10,4 10,4
8 L, A L, | 1,6 |1,,3,6]1,,3,6
9 L, L o1 b L I, 1,,7 | 1,,4,7| 1,,4,7
10 L, h o b L 6o I, 1,,7 | 1,,4,7] 1,,4,7
6,9
11 L, L o b [ b 69| L |18 |1548]1,369
6,9
12 I L o L | b sg| Lo |19 [155,9136°
6,9 11
13 l I I L sg | L | 109 |1,,5,9]1,,3,6,°
[1 7,11 11
14 l l l L 58 i i i i
[1 7,11 11

Table 7.4.1.1.2-4: PDSCH DM-RS positions I for double-symbol DM-RS.

L, in symbols DM-RS positions I
PDSCH mapping type A PDSCH mapping type B
dmrs-AdditionalPosition dmrs-AdditionalPosition
pos0 posl1 pos2 pos0 posl1 pos2
<4 - -
4 L, I, - -
5 lo lo lo lo
6 Io lo ly ly
7 I I ] I
8 I, I, I, l,,5
9 ly ly [, l,,5
10 L, L, 4 I, l,,7
11 I L, o I, l,,7
12 L, L, 4 I, 1,,8
13 I - I, ,,8
10
14 Iy Iy i )
10
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Table 7.4.1.1.2-5: PDSCH DM-RS time index [ ' and antenna ports p.

Single or double symbol 1’ 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
7.4.1.2.1 Sequence generation

The phase-tracking reference signal for subcarrier ks given by
re=r(2m+k’)

where T (2 m+k ) is the demodulation reference signal given by clause 7.4.1.1.2 at position 10 and subcarrier

k
74.1.2.2 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 procedure in [6, TS 38.214] indicates phase-tracking reference signals being used.

If present, the UE shall assume the PDSCH PT-RS is scaled by a factor 3 pT-Rs, i 10 conform with the transmission

power specified in clause 4.1 of [6, TS 38.214] and mapped to resource elements (k ,1 ) », ydccording to

(p,u) _
Ay _BPT—RS,irk

when all the following conditions are fulfilled

- [ is within the OFDM symbols allocated for the PDSCH transmission

- resource element (k s ) p.u s not used for DM-RS, non-zero-power CSI-RS (except for those configured for

mobility measurements or with resourceType in corresponding CSI-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]

The set of time indices | defined relative to the start of the PDSCH allocation is defined by

[ =0

1. seti=0and 'ref

2. if any symbol in the interval mE(|1X (l ref T (i_ 1 Lpprpst L1 |se e s Leg+1 Lppgs overlaps with a symbol used for
DM-RS according to clause 7.4.1.1.2

- seti=1

- set Iref to the symbol 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 as long as [ s+ Ly s is inside the PDSCH allocation

ref

3. add ] ,+1I Ly s to the set of time indices for PT-RS

4. increment | by one
5. repeat from step 2 above as long as [ ;+1 Lpy s is inside the PDSCH allocation

[ |
where Lprrs€1:24)
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For the purpose of PT-RS mapping, the resource blocks allocated for PDSCH transmission are numbered from 0 to

Npg—1 from the lowest scheduled resource block to the highest. The corresponding subcarriers in this set of
RB
resource blocks are numbered in increasing order starting from the lowest frequency from 0 to Ny Neg—1 . The

subcarriers to which the UE shall assume the PT-RS is mapped are given by

k =k +(iK,, s +K5®) NE®

ref ref

RB __ nRNTI mOd KPT»RS lf NRB mOd KPT-RS :O

ref

Mgy Mod ( Ny mod Ky, ) otherwise

where
- 1=0,1,2,...
KRE
- "rf js given 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 IE
is not configured, the column corresponding to 'offset00' shall be used.
- RNTI  is the RNTI associated with the DCI scheduling the transmission
- Neg is the number of resource blocks scheduled
- Kppps € 12,4/ is given by [6, TS 38.214].
K RE
Table 7.4.1.2.2-1: The parameter "ref .
ket
re!
DM-RS an}t)enna port DM-RS Configuration type 1 DM-RS Configuration type 2
resourceElementOffset resourceElementOffset
offset00 offset01 offset10 offsetll offset00 offset01 offset10 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
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

r(m)—L L
"R T

where the pseudo-random sequence ¢ ( i ) is defined in clause 5.2.1. The pseudo-random sequence generator shall be

[1-2-c(2m)| [1-2-c(2m+1)|
initialized with
Coe =27 [N, 41412 N, #1/+2 N, mod 27

where [ is the OFDM symbol number within the slot, ns ¢ is the slot number within a frame, and

- Np€ {0,1, ... ,65535} is given by the higher-layer parameter pdcch-DMRS-ScramblingID if provided;
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- Np€ {0,1, e ,65535} is given by the higher-layer parameter pdcch-DMRS-ScramblingID if configured for a
common search space in a common MBS frequency resource;

1l .
N,=Nj, otherwise.

7.4.1.3.2 Mapping to physical resources

The UE shall assume the sequence I, (m] is mapped to resource elements (k ,1 ) p,u according to

" =P 1 (3 k)
k =nNE® +4k"+1

k' =0,1,2

n=0,1,...

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 precoderGranularity equals sameAsREG-bundle,

- all 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 precoderGranularity equals allContiguousRBs.

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 controlResourceSetZero field in the PDCCH-ConfigCommon IE,

- subcarrier 0 in common resource block 0 otherwise
The quantity [ is the OFDM symbol number within the slot.
The antenna port p=2000.

A UE not attempting to detect a PDCCH 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.

74.1.4 Demodulation reference signals for PBCH

74141 Sequence generation

The UE shall assume the reference-signal sequence ' (m) for an SS/PBCH block is defined by
—i +j L
V2 V2

where C(n) is given by clause 5.2. The scrambling sequence generator shall be initialized at the start of each
SS/PBCH block occasion with

r(m)=—=[1-2-c(2m)+j-=(1-2-c(2m+1)]

.. =2" (T +1)({N§§”/4J +1) +2°(T, +1) +( N mod 4)

init
where

- for Limax= 4, sp Zlssn + Ay where Myt is the number of the half-frame in which the PBCH is transmitted in
n,=0 n=1

a frame with for the first half-frame in the frame and for the second half-frame in the
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frame, and I8 is the two least significant bits of the candidate SS/PBCH block index as defined in [5, TS
38.213]

- for Lnax>4, s lssn where sB is the three least significant bits of the candidate SS/PBCH block index as
defined in [5, TS 38.213]

with imax being the maximum number of candidate SS/PBCH blocks in a half frame, as described in [5, TS 38.213].
7.4.1.4.2 Mapping to physical resources

Mapping to physical resources is described in clause 7.4.3.

7.4.1.5 CSl reference signals

7.4.15.1 General

Zero-power (ZP) and non-zero-power (NZP) CSI-RS are defined

- for a non-zero-power CSI-RS configured by the NZP-CSI-RS-Resource IE or by the CSI-RS-Resource-Mobility
field in the CSI-RS-ResourceConfigMobility TE or by the TRS-ResourceSet IE, 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 a zero-power CSI-RS configured by the ZP-CSI-RS-Resource IE, 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 channels/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

L elamlei L
_\/E(l 2C(2 )) J\/E

where the pseudo-random sequence C(i) is defined in clause 5.2.1. The pseudo-random sequence generator shall be
initialised with

r(m) [1-2-c(2m+1)|

Ce= (2 [N #1412+ 1]+ | mod 2™

init — symb " 's,f

at the start of each OFDM symbol where néf ¢ is the slot number within a radio frame, [ is the OFDM symbol number

within a slot, and M equals the higher-layer parameter scramblingID 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 ] p,u
according to

(p,u)

ah ZﬁCSIRSWf(k') -Wt(l') Tin, (m)
. .| kp
m [naJ +k'+ 5
k =nN2B +k +k’
1=[+1
p forX =1
:{Zp for X >1

n =0,1,...
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when the following conditions are fulfilled:

- the resource element (k , l) p, u is within the resource blocks occupied by the CSI-RS resource for which the UE is
configured

The reference point for k =0 is subcarrier 0 in common resource block 0.

The value of p is given by the higher-layer parameter density in the CSI-RS-ResourceMapping IE or the CSI-RS-
CellMobility IE and the number of ports X is given by the higher-layer parameter nrofPorts. For NZP CSI-RS
configured by the TRS-ResourceSet IE, 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 elements.

The UE shall assume B csirs™0 for a non-zero-power CSI-RS where B CSIRS s selected such that the power
offset specified by the higher-layer parameter powerControlOffsetSS in the NZP-CSI-RS-Resource IE or in the TRS-
ResourceSet 1E, if provided, is fulfilled.

The quantities K ', 1, wilk ) , and wlll are given by Tables 7.4.1.5.3-1 to 7.4.1.5.3-5 where each (k J)ina
given 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 type is
provided by the higher layer parameter cdm-Type in the CSI-RS-ResourceMapping IE. For NZP CSI-RS configured by
the TRS-ResourceSet IE, the CDM type is 'noCDM'. The indices k " and | ' index resource elements within a CDM

group.

The time-domain locations [, € {0,1, cees 13} and | € {2,3, cees 12} are provided by the higher-layer parameters

firstOFDMSymbolInTimeDomain and firstOF DMSymbolInTimeDomain2, respectively, in the CSI-RS-
ResourceMapping IE or the CSI-RS-ResourceConfigMobility IE and defined relative to the start of a slot. For NZP CSI-

RS configured by TRS-ResourceSet IE, the time-domain location [, € {0,1, cees 13} is provided by the higher-layer
parameter firstOFDMSymbolInTimeDomain or firstOF DMSymbolInTimeDomain+4.

The frequency-domain location is given by a bitmap provided by the higher-layer parameter
frequencyDomainAllocation in the CSI-RS-ResourceMapping IE, the CSI-RS-ResourceConfigMobility 1E, or the TRS-

ResourceSet IE, with the bitmap and value of k; in Table 7.4.1.5.3-1 given by

- [bB'”bO} , ki—1:f(i) for row 1 of Table 7.4.1.5.3-1
- {bllmbol , ki ,=f (1) for row 2 of Table 7.4.1.5.3-1
bk =A4Fi] for row 4 of Table 7.4.1.5.3-1

- [bS'"bO} , ki = 2f(i) for all other cases

where f (l] is the bit number of the i[h bit in 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-RS is transmitted are given by the higher-layer parameters freqBand and density in the
CSI-RS-ResourceMapping IE for the bandwidth part given by the higher-layer parameter BWP-Id in the CSI-
ResourceConfig IE or given by the higher-layer parameters nrofPRBs in the CSI-RS-CellMobility TE where the the
startPRB given by csi-rs-MeasurementBW is relative to common resource block 0. For NZP CSI-RS configured by
TRS-ResourceSet IE, 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 IE, 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=0,1,...,N/L-1
s=0,1,...,L-1;
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[ |
where S is the sequence index provided by Tables 7.4.1.5.3-2 to 7.4.1.5.3-5, Lel1,248 is the CDM group size,
and N is the number of CSI-RS ports. The CDM group index |  given in Table 7.4.1.5.3-1 corresponds to the

, _ k1 . : . .
time/frequency locations \k ) lﬁ for a given 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 CSI-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

frame, _
(N o ing +nl - T, )mod T grs =0

slot offset

where the periodicity Tesins (in slots) and slot offset T e are obtained from the higher-layer parameter CSI-
ResourcePeriodicityAndOffset, slotConfig or periodicityAndOffset-r17. The UE shall assume that CSI-RS is transmitted
in a candidate slot 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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Table 7.4.1.5.3-1: CSI-RS locations within a slot.

Ro | Ports | Density | cdm-Type Gic 7) CDM group k’ I

W X P ’ index J

1 1 3 noCDM (ko,lo)- (k0+ 4, 10)’ (k0+ 8,10) 0,0,0 0 0

2 1 1,0.5 | noCDM (koJo): 0 0 0

3 2 1,05 fd-CDM2 (ko,lo)‘ 0 0,1 |0

4 4 1 fd-CDM2 (ko;lo):(ko"' 2,10) 01 0,1 |0

5 4 1 fd-CDM2 (ko,lo)x(ko;lo*‘l) 0,1 0,1 |0

6 8 1 fd-CDM2 (ko:lo): (kplo), (kz:lo)’ (k3’10) 0,1,2,3 0,1 1|0

7 8 1 fd-CDM2 (ko’lo)x (kplo),(ko:lo"'l)x (kplo"'l) 0,1,2,3 0,1 |0

8 8 1 _(I:_tljDrg4-FD2- (ko’lo)’ (kp 10) 0,1 0,1 |01

9 12 1 fd-CDM2 (ko:lo): (kplo), (kz’ 10), (k3’ 10),(](4,10), 01,2345 0,1 |0
L

10 |12 1 _cro||3r24-FD2- (ko:lo)- (kl’lo), (kz’ 10) 01,2 0,1 (0,1

1 16 1,05 fd-CDM2 (ko;lo)- (kplo), (kz,lo), (k:vlo)v(ko:lo"'l)x g,é,g,? 0,1 |0
Ky, Lo+ 1), (ko g+ 1], (Ko, L +1] o

12 16 1,05 _c;%rg4-FD2- (ko:lo): (kplo)’ (kz: 10), (k3, 10) 01,23 0,1 |01

13 |24 1,05 fd-CDM2 (ko:lo)- (kplo), (k2:lo)v (k0,10+1), g,%,g,g,ibs,ll 0,1 |0
ki lo# 1), (Ko, Lo+ 1 ko, 1| (Ko, 1) (K 1y |
ko L+ 1], [k, 1 +1], (ky, 1 +1]

14 |24 1,05 _cr%r24-FD2- (ko’lo)l (kplo)v (kz: 10)’ (ko:l1)- (kp 11): 01,2345 0,1 |01
Lo

15 | 24 1,05 _cl:_(ljDr28-FD2- (kO:Io)- (kplo), ks, 10) 0,1,2 0,1 gz é

16 |32 | 1,05 |fd-CDM2 koo lo). [y o). (ko o). (K ) [ Ko, 1g+ 1, 0123, 0.1 |0
Ky, Lo+ 1) (K, g+ 1), (Ko, g+ 1, (ko L), | 89,1011,
(koo 1 (ks 1), (ko 1), (K, 1 #1), 121314.15
ko, L+1, (kg 1+ 1), (kg 1+

17 | 32 1,05 _cro||3r24-FD2- (ko,lo): (kvlo), (kz: 10), (k3, 10), (ko:l1)1 (7),1,2,3,4,5,6, 0,1 |01
(koL (Ko, L) (ks

18 | 32 1,05 'Cr%n;S-FDZ- (ko’lo): (kplo)- (kz:lo)y (ks’lo) 01,23 01 213

Table 7.4.1.5.3-2: The sequences Wf(k) and th for cdm-Type equal to 'noCDM'.

Index

w0 w,[0

0

1 1
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Table 7.4.1.5.3-3: The sequences Wf(k) and Wr[l | for cdm-Type equal to 'fd-CDM2'.

index | [wil0] w{1] w[0]
0 +1 +1]
1 +1 -1 1

Table 7.4.1.5.3-4: The sequences Wf(k) and wll for cdm-Type equal to 'cdm4-FD2-TD2'.

ndex | wil0] wil1l] | [w,0] w,1]
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 Wf(kJ and Wr“) for cdm-Type equal to 'cdm8-FD2-TD4'.

Index Wf(OJ Wf(1) Wt(O) Wt(l) Wt(z) Wt(:
0 +1 +1 +1 +1 +1 +1
1 +1 -1 +1 +1 +1 +1
2 +1 +1 +1 -1 41 -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

74.16.1 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

- the first 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 1-2c¢(2m)| 1-2c(2m+1]]

V2 V2
where the pseudo-random sequence ¢ (m] is defined in clause 5.2.1. The pseudo-random sequence generator shall be
initialised with
c —(210f (nFIM) +nsc1D) mod 2°*

init —

where
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Ngcip € {0,1, 20— 1} is given by clause 7.4.1.6.4.4;

20
- n"™|=>" 2'¢(i| where the pseudo-random sequence C |i| is given by clause 5.2.1, initialized with
t \
i=0
éinit (i): (y n?IM+6) mod 2°" where the multiplier factor yE {0,1 e, 23 _ 1} and the offset

s€l0,1,...,2%—1};

RIM RIM__RIM|/—RIM | . o i RIM
- n. o =| (tRS — s )/ T e | is the number of RIM-RS transmission periods since t,.; where
RIM__RIM RIM

- tps — L. isthetime inseconds relative to ¢ of 00:00:00 on 1 January 1900, calculated as continuous

ref
time without leap second and traceable to a common time reference, and

1000 - 2# ) is the RIM-RS transmission periodicity in seconds assuming that the first RIM-RS

RIM
ref >

RIM__ a7 P,
- Tper =N slot/

transmission period starts at ¢ and where N 5;[ is given by clause 7.4.1.6.4.2.

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(kp’RIM):BRIMr(kJ
k=0,1,...,Lyy—1

where gy is an 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-RS type i € ‘[ 1,2} in slot ns ¢ in a frame is given by

__ m UD,RIM slot
IO - Toffset mod Nsymb

in slots satisfying

+[ TUD,RIM/ Nslot

frame, i 7 RIM frame, _RIM u _( T
1024 N nf + N nf + ns,f T offset symb

slot slot

offset -/)) mod Nfl’:)t:O

where

- fl?IM (S {0,1, ...,N 1:1:)1/ 1024 N frame’“) - 1} counts the number of times the SFN periods within the RIM-RS

slot
transmission period;

- ToM=N PRV N ﬁ?ﬁﬁ;}ef where NUPM™ € (2,3 ...,20-2- 14 —1] is the 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
N ;Irl;’r'ef is obtained as described in clause 7.4.1.6.4.2;

- N S;t is the total number of slots in a RIM-RS transmission period as defined in clause 7.4.1.6.4.2;

- T offse

boundary of the RIM-RS transmission period and is defined in clause 7.4.1.6.4.2;

. is the slot offset of the uplink-downlink switching period with index | FIM with respect to the starting

- P, is the RIM-RS transmission periodicity in units of uplink-downlink switching period as defined in clause
7.4.1.6.4.2.

74164 RIM-RS configuration

7.4.1.6.4.1General
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A resource for RIM-RS transmission is defined by the indices i? Me {0,1, e, P— 1}, i?IM € {0,1 yeors N F\IM - 1}’,

and i?IM €0,1,...,N ?IM’ — 1} used as indices into configured lists of time, frequency, and sequence parameters,
respectively.

All RIM-RS resources occupy the same number of resource blocks, N EQM. At most 32 RIM-RS resources can be
configured within a 10 ms period.

7.4.1.6.4.2Time-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 a single uplink-downlink period is configured for RIM-RS purposes,

- P, is the RIM-RS transmission periodicity in terms of uplink-downlink switching periods given by

4 frame,
2P Thay 1024 Ngo""

tT 1024 Nframe,p 2p TRIM

slot per,1

where Th" €/0.5,0.625,1,1.25,2,2.5,4,5,10,20 ms;

N

= o Pt Tﬁelfdl is the total number of slots in a RIM-RS transmission period;

T oo =2" if{ ™ TPR:KI 1 is the slot offset of the uplink-downlink switching period with index i ? ™ with respect

to the starting boundary of the RIM-RS transmission period

- If two uplink-downlink periods are configured for RIM-RS purposes,

- P, is the RIM-RS transmission periodicity in terms of P,/2 pairs of uplink-downlink switching periods and
is given by

4 RIM RIM frame,
p :I. 2uf)t(Tper,l-l-’-rper,z)/z ] 1024 Nslot '
‘ 1024 NG 7 TR 4 TR /2

per,1 per,2

where each pair consists of a first period of T{fjfﬁe 10.5,0.625,1,1.25,2,2.5,3,4,5,10,20 | ms and a

second period of T, € 0.5,0.625,1,1.25,2,2.5,3,4,5,10 | ms and where T o', + Thar's divides
20 ms;

P . . - .
Ng,,=2"P, (ng\f[ 1+T§£\j{ 2)/ 2 is the total number of slots in a RIM-RS transmission period;

ToffseIZZF [ii™/2 ] ( TPR:?jIl+T§eI£/’I 2)+ 2" (iF\IM mod 2 T[}:‘el?’d 1 is the slot offset of the uplink-downlink

switching period with index i FIM with respect to the starting boundary of the RIM-RS transmission period

The intermediate quantity Pt is given by

RIM, 1 RIM,2
[ e IR, +[ —mrn=—=] R, if EnoughlIndication is disabled
D — Nf Ns , Nf s ’
t RIM, 1 RIM,2
2N eip N¢ap . L .
[ ﬁ] A ﬁ | R, if EnoughlIndication is enabled
Nf Ns , Nf s ’
where
NRIMI RIM,2 P
«enp and N p- are the total number of setIDs for RIM-RS type 1 and RIM-RS type 2, respectively;
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RIM

'Nf

€ [1,2,4} is the number of candidate frequency resources configured in the network;
- N fIM’ ‘e { 1,2,... ,8} is the number of candidate sequences assigned for RIM-RS type [ € { 1,2} in the network;

- R, and R, are the 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, € l 1,2,4}, otherwise R, € {2,4,8} and the
first and second half of the R; consecutive uplink-downlink switching periods are for near functionality and far
functionality, respectively.

RIM, i
symb,re!

The quantity N ; is obtained from entry " in a list of configured symbol offsets for RIM-RS i.

7.4.1.6.4.3Frequency-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 i ?IM in a list of configured frequency offsets expressed in units of resource blocks.
The number of candidate frequency resources configured in the network, N ?‘IM, shall fulfil

Ny " Nig2"15 Nii" Ni2" 15

NyY<l 3 3
40-10 80-10

[+1

If N ?IM> 1, the frequency difference between any pair of configured frequency offsets in the list is not smaller than
RIM
Ngg -
The number of resource blocks for RIM-RS is given by
Niw'=min|96, N5t for p=0
RIM . ize, . ize, —
Nig' € min{48, N335t |, min96, Nyt || for p=1

7.4.1.6.4.4Sequence parameters and mapping from I s to sequence parameters

The scrambling identity Nng, clause 7.4.1.6.2 is obtained from entry i E{IM in a list of configured scrambling identities.

7.4.1.6.4.5Mapping between resource triplet and set ID

.RIM .RIM .RIM

The resource indices i, , i; ,and i,  are determined from the index f in the set ID N, according to

n n
.RIM _ setlD RIM , .RIM _ setlD RIM | .RiM_ RIM
I =Tt [NRIMI mod N, 7| R+fi; = [ RIM RIMI mod N; Is =Sgarnt|Neeqp Mod N
S t S
where

- N tR ™'is given by

NRIM,l
[ ﬁ | for RIM-RS type 1 and if Enoughlndication is disabled
f s

RIM __ 2N iltll\/]gl . .. .
N ={[ —=——===1 for RIM-RS type 1 and if EnoughIndication is enabled

RIM A7RIM,1
N f s

N RM2
[ﬁ ] for RIM-RS type 2
f s

RIM

- Nf

€ [1,2,4} is the number of candidate frequency resources configured in the network;
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- N ?IM is the number of sequence candidates for the current RIM-RS resource given by

NS™!' for RIM-RS type 1 and if EnoughIndication is disabled

S

N™M={ N¥™1/2  for RIM-RS type 1 and if EnoughlIndication is enabled
NE™?  for RIM-RS type 2

S

T

start 1S the starting time offset given by

0 for RIM-RS type 1
RIM, 1
[ Nm+ﬂDmM,1 IR, for RIM-RS type 2 and if EnoughIndication is disabled
f

start s

RIM,1

[ 2 N setID
RIM ,7RIM,1
N f S

IR, for RIM-RS type 2 and if EnoughlIndication is enabled

St is given by

_ N2 if Enoughlndication is enabled and 'enough mitigation' is to be indicated

S =
sart 0 otherwise

where N E‘IM’l is the number of candidate sequences assigned for RIM-RS type 1

R; is the number of consecutive uplink-downlink periods for RIM-RS type i as given by clause 7.4.1.6.4.2;
- F€[0,1,...,R-1].

The set ID is determined from the resource triplet according to
{RIM__ o
__|:RIM RIM t start RIM RIM .RIM
nsetID_(ls _Sstart)+Ns [ R j+Nt Ns Ly
7.4.1.7 Positioning reference signals
74.1.7.1 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

r[m)zi(1—2c(2m))

+ _] i

V2 V2

where the pseudo-random sequence ¢ (i ) is defined in clause 5.2.1. The pseudo-random sequence generator shall be
initialised with

[1-2c(2m+1]|

PRS

o= 222[%j+210(N?y°;bnif+l+ 1)(2(nf§§eq mod 1024)+1)+(nf§feq mod 1024) mod 2%

where ng ¢ is the slot number, the downlink PRS sequence ID nlpé Sseq € {0,1 een ,4095} is given by the higher-layer
parameter dI-PRS-SequencelD, and [ is the OFDM symbol within the slot to which the sequence is mapped.

3GPP



Release 17 123 3GPP TS 38.211 V17.5.0 (2023-06)

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 8 prs and

mapped to resources elements (k N p, u dccording to

a‘,f)}“hz BPRSr(m)mZO, 1,..k=mK"™ +((kPRS +k') mod K™*®

IPRS
comb offset comb

__1PRS 1PRS
l_lstart:lstart+1:--" start+LPRS_1

when the following conditions are fulfilled:

- the resource element (k s l) p.u is within the resource blocks occupied by the downlink PRS resource for which
the UE is configured;

- the symbol I 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 slot number satisfies the conditions in clause 7.4.1.7.4.

and where

the antenna port p=>5000

PRS
[ start

ResourceSymbolOffset;

is the first symbol of the downlink PRS within a slot and given by the higher-layer parameter dI-PRS-

- the size of the downlink PRS resource in the time domain Lppq € {2,4,6,12{‘ is given by the higher-layer
parameter dI-PRS-NumSymbols;

- the comb size K Cpsnslb € {2, 4, 6,12} is given by the higher-layer parameter dI-PRS-CombSizeN-AndReOffset for a
downlink PRS resource configured for RTT-based propagation delay compensation, otherwise by the higher-
layer parameter dI-PRS-CombSizeN such that the combination | Logs, K Sfrgb } is one of {2, 2},{4, 2}, {6, 2}, {12,
2}, {4, 4}, {12, 4}, {6, 6}, {12, 6} and {12, 12},

{

- the resource-element offset kggsset € 10,1 ,ee, K CP(ljrib_ 1] is obtained from the higher-layer parameter dI-PRS-
CombSizeN-AndReOffset;

- the quantity k ' is given 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 is the location of the point A of the positioning frequency layer, in which the downlink PRS resource is
configured where point A is given by the higher-layer parameter dI-PRS-PointA.

PRS
start”

Table 7.4.1.7.3-1: The frequency offset k ' as a function of | —]

chfnfb Symbol number within the downlink PRS resource l—lft};rst
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 a downlink PRS resource in a downlink PRS resource set, the UE shall assume the downlink PRS resource being
transmitted when the slot and frame numbers fulfil

PRS
frame, p g PRS _ PRS PRS [ .4-PRS| ey 1
Nslot nf +ns,f Toffset Toffset,res lTlOd Tper € | l Tgap Ji:O
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and one of the following conditions are fulfilled:

- the higher-layer parameters dI-PRS-MutingOptionl and dI-PRS-MutingOption2 are not provided;

- the higher-layer parameter dI-PRS-MutingOption1 is provided with bitmap {b 1}‘ but dI-PRS-MutingOption2 with
bitmap bz} is not provided, and bit bl.1 is set;

- the higher-layer parameter dI-PRS-MutingOption2 is provided with bitmap {bz} but dI-PRS-MutingOptionl with
bitmap { bl} is not provided, and bit bl.2 is set;

- the higher-layer parameters dI-PRS-MutingOptionl with bitmap {bl} and dI-PRS-MutingOption2 with { bz} are

both provided, and both bit b; and b’ are set.

where

- blisbiti=] (N5 et~ Toiton—Tottoses) /| Toning Toae’ |/ mod L in the bitmap given by the higher-

muting * per

layer parameter dI-PRS-MutingOptionl where L € {2, 4,6,8, 16, 32} is the size of the bitmap;

- blisbiti=] (( N e nf+n§”f— TS PR ) mod T;[;S)/TPRS] mod TF:;S in the bitmap given by the

slot offset  ~ offset,res gap

higher-layer parameter dI-PRS-MutingOption2;

- the periodicity Thw’ € 2|4, 5,8,10, 16,20, 32, 40, 64, 80,160, 320, 640, 1280, 2560, 5120, 10240|
and the slot offset Tgfpf\sset € {0, 1,..., ngs_ 1 } are given by the higher-layer parameter dI-PRS-Periodicity-and-
ResourceSetSlotOffset;

PRS

- the downlink PRS resource slot offset Toffset,res

ResourceSlotOffset;

is given by the higher-layer parameter dI-PRS-

f’el;s € { 1,2,4,6,8,16,32} is given by the higher-layer parameter dI-PRS-

ResourceRepetitionFactor;

- the repetition factor T

PRS

- the muting repetition factor T’ /i,

is given by the higher-layer parameter dI-PRS-MutingBitRepetitionFactor;

PRS

aap € { 1,2,4,8,16,32} is given by the higher-layer parameter dI-PRS-ResourceTimeGap;

- thetime gap T
For a downlink PRS resource in a downlink 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, TS 38.214].

7.4.2 Synchronization signals

7421 Physical-layer cell identities

There are 1008 unique physical-layer cell identities given by
Nip'=3Nip+Nip
1) ~| | @)~ |
where Ny €10,1,...,335/and N\ € 0,1,2].

7.4.2.2 Primary synchronization signal

74221 Sequence generation

The sequence dPSS(n) for the primary synchronization signal is defined by
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dpss(n|=1—2x(m)|

m=(n+43 N{?)|mod 127

0<n<127
where
x|i+7)=|x(i+4)+x[i||mod 2
and
x16] x[5] x[4] x[3] x2] x[1] xlo]]=0 1 10 1 1 0
7.4.2.2.2 Mapping to physical resources

Mapping to physical resources is described in clause 7.4.3.
7.4.2.3 Secondary synchronization signal

7.4.2.3.1 Sequence generation

The sequence dSSS(n) for the secondary synchronization signal is defined by

5| =[1-2x, [+ my|mod 127 [1~2x, [ n+m, | mod 127 |
o (2)
ID 2
m0:1SE+5N1‘D
m1:N(Hl))mod112
0<n<127
where
Xoli+7|=(x,li+4)+x [i]| mod 2
Xy (i+7)=(x,i+1)+x, i]jmod 2
and
[XO(G) x5 x4 x,(3) x,02] x,(1) XO(O)}ZKO 0000 0 1]
x,6] x5 x4 x[3] x(2) x,[1] xl0f=l0 0 0 0 0 0 1]
7.4.2.3.2 Mapping to physical resources

Mapping to physical resources is described in clause 7.4.3.

7.4.3 SS/PBCH block
7.4.3.1 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 VvV in Table
cell

7.4.3.1-1 is given by V=N, mod 4. The quantity Kssp is the subcarrier offset from subcarrier 0 in common

resource block N (S;{% to subcarrier 0 of the SS/PBCH block, where N (S;% is obtained from the higher-layer parameter
offsetToPointA.
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For operation with shared spectrum channel access in FR2-2 and for operation without shared spectrum channel
access, the 4 least significant bits of Kssp are given by the higher-layer parameter ssb-SubcarrierOffset and
for FR1 the most significant bit of Kssp is given by éA+5 in the PBCH payload as defined in clause 7.1.1 of
[4, TS 38.212].

For operation with shared spectrum channel access in FR1, the 4 least signiﬁcant bits of l,<SSB are given by the
higher-layer parameter ssb-SubcarrierOffset and the most significant bit of kSSB is given by a, ass in the PBCH
payload as defined in clause 7.1.1 of [4, TS 38.212]. If kSSB 224, kgp —kSSB ; otherwise, K¢qp =2 kSSB/2_/

If ssb-SubcarrierOffset is not provided, K, 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 a common
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

antenna port 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,

kep€0,1,2, .., 23] . ok 558

‘ |
for SS/PBCH block type A, e, 1] and with the quantities "SSB | and Ncrg

expressed in terms of 15 kHz subcarrier spacing, and

[ | [ \
for SS/PBCH block type B in FR2-1, HEBA and Kesp€O0 L2011 g e quantity Kssp
expressed in terms of the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon
and N (S;% expressed in terms of 60 kHz subcarrier spacing;

for SS/PBCH block type B in FR2-2, j1 €|3,5,6 | and kg € 10,1,2,...,11 | with the quantity K¢, expressed

in terms of the SS/PBCH block subcarrier spacing and N éi% expressed in terms of 60 kHz subcarrier spacing;

. SSB . . .
the centre of subcarrier 0 of resource block N, coincides with the centre of subcarrier 0 of a common
resource block with the subcarrier spacing

- provided by the higher-layer parameter subCarrierSpacingCommon for operation without shared spectrum
channel access in FR1 and FR2-1; and

- same as the subcarrier spacing of the SS/PBCH block for operation without shared spectrum access in FR2-2
and for operation with shared spectrum channel access.

This common 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].
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grh:i;rr‘lzll OFDM symbol number I Subcarrier number k
relative to the start of an SS/IPBCH relative to the start of an SS/IPBCH 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 5 0,1,..,47,
192, 193, ..., 239
MRS § 1,3 0+v,4+v,8+v,...,236+v
- or
PBCH ) 0+v,4+v,8+v,...,44+v
192+v,196+v,...,236+v
74311 Mapping of PSS within an SS/PBCH block

dPSS(O)""’dPSS(126)

The UE shall assume the sequence of symbols constituting the primary synchronization signal

to be scaled by a factor P PSS to conform to the PSS power allocation specified in [5, TS 38.213] and mapped to

resource elements (k s l)p ,u in increasing 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

dSSS(O)""’dSSS(126)

The UE shall assume the sequence of symbols constituting the secondary synchronization

signal to be scaled by a factor P 'sss and mapped to resource elements (k > l)p ,u in increasing 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 dppcy (0 ) yeeosdppen (M 1) constituting the

symb
physical broadcast channel to be scaled by a factor B ‘PBCH  to conform to the PBCH power allocation specified in [5,

TS 38.213] and mapped in sequence starting with dPBCH(O) to resource elements (k > I)p .+ which meet all the
following criteria:

- they are not used for PBCH demodulation reference signals

The mapping to resource elements (k s l)p u ot reserved for PBCH DM-RS shall be in increasing order of first the

index k and then the index I , where k and l
one SS/PBCH block and are given by Table 7.4.3.1-1.

represent the frequency and time indices, respectively, within

The UE shall assume the sequence of complex-valued symbols (0)"‘-’r(143) constituting the demodulation
reference signals for the SS/PBCH block to be scaled by a factor of BPDII;/EES to conform to the PBCH power allocation

specified in [5, TS 38.213] and to be mapped to resource elements (k s l)p ,u in increasing 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 locations in 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].
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8 Sidelink

8.1 Overview

8.1.1 Overview of physical channels

A sidelink physical channel corresponds to 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 I and the cyclic prefix for a sidelink
bandwidth part are obtained from the higher-layer parameter sl-BWP.

Table 8.2.2-1: Supported transmission humerologies.

u Af=2"-15 [kHz] Cyclic prefix
0 15 Normal

1 30 Normal

2 60 Normal, Extended
3 120 Normal
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8.2.3 Frame structure

8.23.1 Frames and subframes

The frame and subframe structure for sidelink transmission is defined in clause 4.3.1.

8.2.3.2 Slots

The slot structure for sidelink transmission is defined in clause 4.3.2.

8.2.4 Antenna ports

An antenna port 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 a DM-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 a DM-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 N ;irzig’“

obtained from the higher-layer parameter sl-SCS-SpecificCarrierList.

start, g

and the starting position N grid for subcarrier spacing configuration I are

For the sidelink, the higher-layer parameter sl-TxDirectCurrentLocation indicates the location of the transmitter DC
subcarrier in the sidelink for each of the configured bandwidth parts. Values in 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 is given by 7.5+5 N kHz if frequencyShift7p5khzSL is provided and

by 5N kHz otherwise, where N € ‘L— 1,0,1} is given by the higher-layer parameter valueN.

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 sl-AbsoluteFrequencyPointA.
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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 g =0, the block of bits b (0],..., b (M gt)— 1 ), where M (b?t): M l(:)?t),SCIZ"- M (bci’t),data is the

number of bits in 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
set j=0
while j < M,

if b(Q) (1'): x // SCI placeholder bits

~

b'9(i)|=b'(i—2]
j=j+1

else
5<Q)(i)=(b(q)(i)+c‘:qj‘(i —M}‘f}))modZ

end if

i=i+1

end while
where the scrambling sequence c\q‘ (1) is given by clause 5.2.1 and

- for0<i< Ms;i]t),SCIZ

M\‘_ql.: ]

1,J

- The scrambling sequence generator shall be initialized with
15
Cinit=2 Np+1010

where Ny =N },g mod 2'® and the quantity N fD equals the decimal representation of the CRC on the
L-1

PSCCH associated with the PSSCH according to N= Y p,-2" '~ with p and L given by clause 8.3.2
i=0

in [4, TS 38.212].

- forM (btilt),SCIZ <i<My)

lq) _ arsld
M= Myisci

- The scrambling sequence generator shall be initialized with
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Coin=2"Np+1010

where Ny =N },g mod 2'® and the quantity N fD equals the decimal representation of the CRC on the

L-1
PSCCH associated with the PSSCH according to N= Y p,-2" "~ with p and L given by clause 8.3.2
i=0

in [4, TS 38.212].

8.3.1.2 Modulation
For the single codeword q =0, the block of scrambled bits shall be modulated, resulting in a block of complex-valued
modulation symbols d'? 0,..., d" (M gr)nb — 1) where M (S‘;l)nb: Mg‘;znb’l + M(s‘;l)nbz,

S

Modulation for 0 <i<M (bcilt),scu shall be done as described in clause 5.1 using QPSK, where M (?/r)nb,lz M (bqit),SCI2/ 2.
Modulation for M (b?t),scu <i<M E,?g shall be done as described in clause 5.1 using one of the modulation schemes in
Table 8.3.1.2-1 where M(ngnb,zz gﬂ)da[a/Qm.

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 layers v € [ 1,2}’, resulting in

. . —1)7 AT 1

X(‘I)Z[X(O)(l) X 1)(1)] i=0,1,..., Mg,—1.
8.3.14 Precoding
The block of vectors { X(O) (1) . x(“’l)( i ) ]T shall be precoded according to clasue 6.3.1.5 where the precoding
matrix W equals the identity matrix and M?gmb: M 1:;,{3{,
8.3.15 Mapping to virtual resource blocks

For each of the antenna ports used for transmission of the PSSCH, the block of complex-valued symbols

Z(p) (0), cees Z(p ) (M ggmb— 1) shall be multiplied with the amplitude scaling factor ﬁPDiiE? in order to conform to the

transmit power specified in [5, TS 38.213] and mapped to resource elements (k " l) in the virtual resource blocks

p.u
assigned for transmission, where = () is the first subcarrier in the lowest-numbered virtual resource block assigned for

transmission.
The mapping operation shall be done in two steps:

- first, 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 [, starting from the first PSSCH symbol
carrying an associated DM-RS and meeting all of the following criteria:

- the corresponding resource elements in the corresponding physical resource blocks are not used for
transmission of the associated DM-RS, PT-RS, or PSCCH;

- secondly, the complex-valued modulation symbols not corresponding to the 2™ -stage SCI shall be in increasing
order of first the index 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:
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- the resource elements are not used for 2"-stage SCI in the first step;

- the corresponding resource elements in 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 l,...,b ( M., — 1), where M, is the number of bits transmitted on the physical channel, shall be

scrambled prior to modulation, resulting in a block of scrambled bits B(O ) . b (M bit — 1) according to
bli)=(bliJ+c(i)|mod 2

where the scrambling sequence ¢ (i ) is given by clause 5.2.1. The scrambling sequence generator shall be initialized
with

¢, =1010
8.3.2.2 Modulation

The block of scrambled bits B(O), cees I; (M bit 1) shall be modulated as described in clause 5.1 using QPSK,
resulting in a block of complex-valued modulation symbols d (0] ,...,d (M symb ™ 1) where M oymb = My /2.

8.3.2.3 Mapping to physical resources
The set of complex-valued modulation symbols d (0),...,d (M 1) shall be multiplied with the amplitude

scaling factor BPDS{\%SH in order to conform to the transmit power specified in [5, TS 38.213] and mapped in sequence

symb -

starting with d [0) to resource elements (k , ) »,u assigned for transmission according to clause 16.4 of [5, TS 38.213],
and not used for the demodulation reference signals 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 a block of scrambled bits B[O ), cees b (M bit — 1)
according to

bli|=|blil+c(i)|mod 2

where the scrambling sequence ¢ (i ) is given by clause 5.2.1. The scrambling sequence generator shall be initialized
with ¢,,;, = N at the start of each S-SS/PSBCH block.

init ™
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8.3.3.2 Modulation

The block of bits I;(O [ b (Mbit - 1) shall be QPSK modulated as described in clause 5.1.3, resulting in a block of
1) where M, =M,, /2.

complex-valued modulation symbols dpegep (0], ..., d psper (M symb ™ symb

8.3.3.3 Mapping to physical resources

Mapping to physical resources is described in clause 8.4.3.

8.34 Physical sidelink feedback channel

8.34.1 General
8.3.4.2 PSFCH format O
8.34.2.1 Sequence generation

The sequence X | n) shall be generated according to

x(n|=riin|

n=0,1,...,NX’—1

where rLa ’V‘S:‘ (n) is given by clause 6.3.2.2 with the following exceptions:
- M is given by clause 16.3 of [5, TS 38.213];
- I, is given by clause 16.3 of [5, TS 38.213];
- [=0;

- I 'is the index of the OFDM symbol in the slot that corresponds to the second OFDM symbol of the PSFCH
transmission in the slot given by [5, TS 38.213];

- u=n;y mod 30 and v=0 with 1, given by the higher-layer parameter sl-PSFCH-HoplID if configured;
otherwise, u=0.

- €y, =Nyp with Ny given by the higher-layer parameter sl-PSFCH-HoplID if configured; otherwise, C;;, =0.
8.3.4.2.2 Mapping to physical resources

The sequence x (n) shall be multiplied with the amplitude scaling factor 3pgpcy in order to conform to the transmit

power specified in [5, TS 38.213] and mapped in sequence starting with x (O) to resource elements (k N p,u 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.

8.4 Physical signals

8.4.1 Reference signals
8.4.1.1 Demodulation reference signals for PSSCH
84.11.1 Sequence generation

The sequence I, [m) shall be generated according to
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r,im|= 2m)) 1-2c2m+1]|

1 1
E(1—2c +JE(

where the pseudo-random sequence ¢ (m] is defined in clause 5.2.1. The pseudo-random sequence generator shall be
initialized with

cmit:(zn(NZlyﬁb n£f+l+1)(2 Np+1]+2 Nm) mod 2

where [ is the OFDM symbol number within the slot, n: ¢ is the slot number within a frame, and N, =N 1)1(3 mod2'®

where the quantity N fD equals the decimal representation of CRC on the PSCCH associated with the PSSCH according
-1
X _ L—1-i . . .
to N;p= Z p;2 with p and L given by clause 7.3.2 in [4, TS 38.212].
i=0

8.4.1.1.2 Mapping to physical resources

The sequence r (m) shall be mapped to the intermediate quantity a(,f’ ;’“ ) according to clause 6.4.1.1.3 using
configuration type 1 without transform precoding, and where Wf( k '), w, (l '), and A are given by Table 8.4.1.1.2-2, and

r(m) is specified in clause 8.4.1.1.1.

The patterns used for the PSSCH DM-RS is indicated in the SCI as described in clause 8.3.1.1 of [4, TS 38.212].

(Bjm)

The intermediate quantity d | shall be precoded, multiplied with the amplitude scaling factor BP];\;’E? specified in

clause 8.3.1.5, and mapped to physical resources according to

(Po:n) ~(Bo. 1)
a a
__ PSSCH
=PBomrs W
(p,_h) ~(B,_,, 1)
a a
where

- the precoding matrix W is given by clause 8.3.1.4,

- the set of antenna ports {po yeees pp_l} is given by clause 8.3.1.4, and

- the set of antenna ports {}N)O yenes ﬁu—J is given by [6, TS 38.214];

and the following conditions are fulfilled:

- the resource elements a(kp ;’” ) are within the common resource blocks allocated for PSSCH transmission.

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 is given by l according to Table 8.4.1.1.2-1 where the number of PSSCH DM-
RS is indicated 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 1,4,7 4,8 1,4,7
10 3,8 1,4,7 4,8 1,4,7
11 3,10 1,5,9 1,4,7,10 4,10 1,5,9 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 A A wf(k’) wt(l']
k=0 k=1 =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

r'Pm|=¢
where

- antenna ports }N? jor T? i T9 j} associated with PT-RS transmission are given by clause 8.2.3 of [6, TS 38.214];

- r (m) is given 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
procedure in [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

(o> )
a
__ PSSCH ;7 :
=Pomrs W &
“prlrl'lj‘
ag

k=4n+2k +A
when all the following conditions are fulfilled

- | is within the OFDM symbols allocated for the PSSCH transmission;
- resource element (k N ] is not used for PSCCH, nor DM-RS associated with PSSCH;

- k'"and A correspond to Py,---5 D,

The precoding matrix W is given by clause 8.3.1.4.

3GPP



Release 17 136 3GPP TS 38.211 V17.5.0 (2023-06)

The set of time indices | defined relative to the start of the PSSCH allocation is defined by

1.seti=0and [ ;=0

2. if any symbol in the interval max (l ot i— 1 Lyppst 1,1 (|, +i Ly s overlaps with a symbol used for
DM-RS according to clause 8.4.1.1.2

- seti=1
- set | to the symbol index of the DM-RS symbol
- repeat from step 2 as long as [ ;+I Ly g is inside the PSSCH allocation

3.add [ +1I Ly to the set of time indices for PT-RS

4. increment [ by one
5. repeat from step 2 above as long as | ;+I Ly s is inside the PSSCH allocation
where Lypps € {1,2,4} is given 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 0 to
Nyg—1 from the lowest scheduled resource block to the highest. The corresponding subcarriers in this set of resource

blocks are numbered in increasing order starting from the lowest frequency from 0 to N ?CB Ng—1. The subcarriers to
which the PT-RS shall be mapped are given by
RBIRB_ Ny mod Koppgs if Ny mod Kppps=0

__1.RE, (. RB =

ref ref

where
- 1=0,1,2,...

- ki];: is given by Table 8.4.1.2.2-1 for the DM-RS port associated with the PT-RS port according to clause 8.2.3
in [6, TS 38.214].

- Npgg is the number of resource blocks scheduled;

K ppps € 2,4/ is given by [6, TS 38.214];

- Np=N 1)1(3 mod 2'° where the quantity N fD equals the decimal representation of CRC on the PSCCH
L-1
associated with the PSSCH according to N fD: Z D 281 with p and L given by clause 7.3.2 in [4, TS
i=0
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.
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Table 8.4.1.2.2-1: The parameter k ., .
DM-RS antenna port kRE
ref
ﬁ 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

r,(m| 1-2c¢(2m)| 1-2c2m+1]]

= | +j=|
V2 V2

where the pseudo-random sequence ¢ (m] is defined in clause 5.2.1. The pseudo-random sequence generator shall be
initialized with
Con =27 [N 0¥ +141](2N +1)+2N )| mod 2”
where

- | is the OFDM symbol number within the slot,

- nt ¢ 1s the slot number within a frame, and

- N, €[0,1,...,65535} is given by the higher-layer parameter sl-DMRS-ScramblelID.
8.4.1.3.2 Mapping to physical resources

The sequence r, (m) shall be multiplied with the amplitude scaling factor BESI’ERCSH in order to conform to the transmit

power specified in [5, 38.213] and mapped in sequence starting with ", (0) to resource elements (k ,1 ) p,u i asloton
antenna port p=2000 according to

alP=prccy (k')r(3n+k k=nN+4 K +1k'=0,1,2n1=0,1,...
where the following conditions are fulfilled

- they are within the resource elements constituting the PSCCH
The quantity W ; (k ') is given by Table 8.4.1.3.2-1 and [ € {0,1,2} shall be randomly selected by the UE.
The reference point for k is subcarrier 0 in common resource block 0.
The quantity [ is the OFDM symbol number within the slot.

Table 8.4.1.3.2-1: The quantity w ;(k').

kr Wf,i(k')
i=0 i=1 i=2
1 1 1
1 ej2/3n e*j2/37'l
5 1 JREE NEED
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8.4.1.4 Demodulation reference signals for PSBCH
8.4.14.1 Sequence generation

The reference-signal sequence r (m] for an S-SS/PSBCH block is defined by

rim|= 1 (1 2c(2m)

72 5

where ¢ (n) is given by clause 5.2. The scrambling sequence generator shall be initialized at the start of each
S-SS/PSBCH block occasion with

[1-2c(2m+1]|

_ ArSL
Cinit=N1p

8.4.1.4.2 Mapping to physical resources

Mapping to physical resources is described in clause 8.4.3.

8.4.1.5 CSl reference signals
8.4.1.5.1 General
8.4.1.5.2 Sequence generation

The sequence r (m) shall be generated according to

rimj=—=(1-2c(2m|| 1-2c[2m+1]|

—=| +j=|
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

c

init

:(210(N51°t n +l+1)(2nID+1)+nID) mod 2%

symb " 's,f

at the start of each OFDM symbol where ng ; is the slot number within a radio frame, [ is the OFDM symbol number

within a slot, and n;p =N EJ mod 2'° where the quantity N fD equals the decimal representation of CRC for the sidelink
L-1
. . . . . X _
control information mapped to the PSCCH associated with the CSI-RS according to N ;,= Z p;-2
i=0

"1 with p and

L given by clause 7.3.2 in [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-RS is not supported;

- the quantity Bqrs is an amplitude scaling factor to conform with the transmit power specified in clause 8.2.1 of
[6, TS 38.214].

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
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Niy=Nip1+336 Nip,
where N %’1 € {0,1, ...,335 } and N %]2 € {0,1}. The sidelink synchronization identities are divided into two sets,
id_net consisting of N% =0,1,...,335 and id_oon consisting of N% =336,337,...,671.
8.4.2.2 Sidelink primary synchronization signal
8.4.2.2.1 Sequence generation

The sequence d S—PSS(n ] for the sidelink primary synchronization signal is defined by

ds pssIn|=1—2x(mm=(n+22+43 N3}, ,) mod 1270 <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[o]]=1 1 1 0 1 1 0
8.4.2.2.2 Mapping to physical resources

Mapping to physical resources is described in clause 8.4.3.

8.4.2.3 Sidelink secondary synchronization signal

8.4.2.3.1 Sequence generation

The sequence d s-sss(n) for the sidelink secondary synchronization signal is defined by

551/ =[1 =2, ([n+m,) mod 127)|[1-2.x,( n+m,| mod 127)},7,0:15[%Hsl\rf;2

m, =Ny, mod 1120<n<127

where

Xoli+7 |=[xoli+4 )+ x,[i]| mod 2x,[i+7)=[x,[i+1]+x,(i]| mod 2
and

%61 %[5 x,(4] x,(3] x,[2] x,(1) x,0/=[0 0 0 0 0 0 1
(x,6] x,[5] x[4] x,03] x[2] x[1] x/ol]=[o0 0 0 0 0 0 1

8.4.2.3.2 Mapping to physical resources

Mapping to physical resources is 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-SS/PSBCH block consists of N fy'rsniB OFDM symbols, numbered in increasing order from 0 to

Nj o' —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 symbols in an S-SS/PSBCH block N Ssy-IsnsbB: 13 for normal
cyclic prefix and N Sy'TSHSbB =11 for extended cyclic prefix. The first OFDM symbol in an S-SS/PSBCH block is the first

OFDM symbol in the slot.
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In the frequency domain, an S-SS/PSBCH block consists of 132 contiguous subcarriers with the subcarriers numbered
in increasing order from 0 to 131 within the sidelink S-SS/PSBCH block. The quantities k and I represent the frequency
and time indices, respectively, within one sidelink S-SS/PSBCH block.

For an S-SS/PSBCH block, the UE shall use
- antenna port 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,

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 | Subcarrier number k
or signal relative to the start of an S-SS/IPSBCH relative to the start of an S-SS/IPSBCH 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

S-SSB 0,1,..,131

PSBCH 0,5,6, ..., Nooy — 1

DM-RS for S-SSB 0,4,8,....,128
PSBCH 0,56, ..., Nsymb -1

8.43.1.1 Mapping of S-PSS within an S-SS/PSBCH block

The sequence of symbols d pss(0],..., dg pss| 126 | constituting the sidelink primary synchronization signal in one
OFDM symbol shall be scaled by a factor B¢ pss to conform to the S-PSS power allocation specified in [5, TS 38.213]

and mapped to resource elements (k N )p _u In increasing order of k in each of the symbols I, 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 d g (0 ly...,d 5-5SS ( 126 constituting the sidelink secondary synchronization signal in one
OFDM symbol shall be scaled by a factor B s to conform to the S-SSS power allocation specified in [5, TS 38.213]

and mapped to resource elements (k s l)p)“ in increasing order of k in each of the symbols I, 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 dpspcy (0] - - - pspcn (M symb ™ 1) constituting the physical sidelink

broadcast channel shall be scaled by a factor BE?\EI({:;{ 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 ) l)p ,u which meet all the following
criteria:

- they are not used for PSBCH demodulation reference signals

The mapping to resource elements (k s l)p u not reserved for PSBCH DM-RS shall be in increasing order of first the

index k and then the index!, where k and I represent the frequency and time indices, respectively, within one
S-SS/PSBCH block and are given by Table 8.4.3.1-1.

S-SSB
—4

symb )— 1) constituting the demodulation reference

The sequence of complex-valued symbols r (0) eees r(33 (N

signals for the S-SS/PSBCH block shall be scaled by a factor of Bgﬁgg to conform to the PSBCH power allocation

specified in [5, TS 38.213] and mapped to resource elements (k , l)p,y in increasing 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.
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8.4.3.2 Time location of an S-SS/PSBCH block

The locations in 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 a sidelink radio frame number i from the UE shall start (N sttt N, offse,) - T, 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 N TA, offset» Which is given in [12, TS 38.133], after the end of a sidelink
transmission.

For sidelink transmissions:
If the UE has a serving cell fulfilling the S criterion according to clause 8.2 of [13, TS 38.304]

- The timing 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

= Ny ofse is given by clause 4.3.1 of [TS 38.211],
Otherwise

- The timing of reference radio frame i and N TA, offset 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

(NTASL + Noygroa) T, seCONGS

C

Figure 8.5-1: Sidelink timing relation

The quantity N, g equals to 0.
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