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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”
3 Definitions, symbols and abbreviations

3.1 Definitions

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

3.2 Symbols

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

(k,l)pyy Resource element with frequency-domain index k and time-domain index | for antenna port p
and subcarrier spacing configuration y; see clause 4.4.3

aﬁﬁ"’) Value of resource element (k,I) for antenna port p and subcarrier spacing configuration p; see
clause 4.4.3

p Amplitude scaling for a physical channel/signal

c(n) PN sequence; see clause 5.2.1

Af Subcarrier spacing

Afga Subcarrier spacing for random-access preambles

K The ratio between T and T_; see clause 4.1

K Subcarrier index relative to a reference

I OFDM symbol index relative to a reference
Subcarrier spacing configuration, Af = 2# - 15 [kHz]
Mk(ft) Number of coded bits to transmit on a physical channel [for codeword q]

Ms(ﬁ]b Number of modulation symbols to transmit on a physical channel [for codeword q]
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layer

symb

PUSCH
Msc

PUSCH
Msymb
v

size
NBWP,L'

start
NBWP,L'

u
NCP,l
size,u
grid,x
start,u
Ngrid,x
PT-RS
Ngroup
cell
NID
SL
NI(]I)ORESET
NRB
CORESET
NS,
u
Nsamp
RB
Nsc b
subframe,u
Nslot
frame,u
Nslot
CORESET
Nsymb
PUCCH
Nsymb
subframe,u
Nsymb

N, ss;g;[b
Nrp

N. TA,offset
Npxtx
ng

ngRB
NprB
NRNTI

slot

TA
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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 y, see clause 4.3.2
Number of slots per frame for subcarrier spacing configuration u, 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 u; 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

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 u, 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 y; see clause 4.3.2
Slot number within a frame for subcarrier spacing configuration u; see clause 4.3.2
Antenna port number

Modulation order

Number of antenna ports

Low-PAPR base sequence; see clause 5.2.2

Low-PAPR sequence; see clause 5.2.2

The time-continuous signal on antenna port p and subcarrier spacing configuration y for OFDM
symbol | in a subframe; see clause 5.3.1

Basic time unit for NR; see clause 4.1

Radio frame duration; see clause 4.3.1

Basic time unit for LTE

Subframe duration; see clause 4.3.1

Slot duration; see clause 4.3.2

Timing advance between downlink and uplink; see clause 4.3.1
Precoding matrix for spatial multiplexing

Abbreviations

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

BWP

Bandwidth part
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CCE Control channel element

CORESET Control resource set

CRB Common resource block

Csl Channel-state information

CSI-RS CSiI 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
units T, =1/(Af s - N¢ ) Where Af,., = 480 - 10% Hz and N; =4096 . The constant x =T, /T, =64 where

Ty =/(Afres - Nirer ), Afrer =15-10° Hz and Ny o = 2048,

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

4.2 Numerologies

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

Table 4.2-1: Supported transmission numerologies.

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

1 30 Normal

2 60 Normal, Extended
3 120 Normal

4 240 Normal
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4.3 Frame structure

43.1 Frames and subframes

Downlink, uplink, and sidelink transmissions are organized into frames with Ty = (Afmax N¢ /100)‘TC =10ms duration,
each consisting of ten subframes of Ty = (Afmax N¢ /1000)-TC =1ms duration. The number of consecutive OFDM

symbols per subframe is Nssy“rgfjame'” = N3Ot Nuo™ ™, 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.

Uplink frame number i for transmission from the UE shall start Ty5 = (NTA + Na offeet )I'C before the start of the
corresponding downlink frame at the UE where Nra o5t IS given by [5, TS 38.213], except for msgA transmission on
PUSCH where N, = 0 shall be used.

Downlink frame i

Uplink frame i

(Vs + Mo

' TA TAoffsat

I,

- -

Figure 4.3.1-1: Uplink-downlink timing relation.

4.3.2 Slots

N subframe,u

For subcarrier spacing configuration 4 , slots are numbered nf' € {0, ..., N3,

1 }in increasing order within a

subframe and n’; € {0, ..., NJo"** — 1 } in increasing order within a frame. There are Nss)',?}]b consecutive OFDM

» Hslot

symbols in a slot where Nss)',?;b depends on the cyclic prefix as given by Tables 4.3.2-1 and 4.3.2-2. The start of slot n

in a subframe is aligned in time with the start of OFDM symbol n{’ N:)',?Lb 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 Ng,.rT. after the end of the last received downlink symbol in the same or different cell within the
group of cells where N1, 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 Ny, T. after the end of the last transmitted uplink symbol in the same or different cell within the
group of cells where Ny, 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, T. after the
end of the last received downlink symbol in the same cell where Ny, 1« iS given by Table 4.3.2-3.
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A UE not capable of full-duplex communication is not expected to receive in the downlink earlier than Ny, rT. after
the end of the last transmitted uplink symbol in the same cell where Ny, gy 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.
" M N | g
0 14 10 1
1 14 20 2
2 14 40 4
3 14 80 8
4 14 160 16

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

slot frame,u subframe,
ld Nsymb Nslot Nslot
2 12 40 4

Table 4.3.2-3: Transition time Ny 1 and Nyy gy

Transition time FR1 FR2
NTy-Rx 25600 13792
NRy-Tx 25600 13792

4.4 Physical resources
44.1 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.

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.

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

H R size, 1 nj RB : subframe,u . .
For each numerology and carrier, a resource grid of Ngiq'i'Ng:~ subcarriers and N, OFDM symbols is defined,

start, i

starting at common resource block Ngrid indicated by higher-layer signalling. There is one set of resource grids per

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

For uplink and downlink, the carrier bandwidth N;riiz(‘;‘” for subcarrier spacing configuration u is given by the higher-
layer parameter carrierBandwidth in the SCS-SpecificCarrier IE. The starting position Ngsff;t'“ for subcarrier spacing
configuration u is given by the higher-layer parameter offsetToCarrier in the SCS-SpecificCarrier IE.

The frequency location of a subcarrier 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 u is called a resource element
and is uniquely identified by (k, ), , 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, 1),, , corresponds to a physical resource and

the complex value a,(fl'”). When there is no risk for confusion, or no particular antenna port or subcarrier spacing is

specified, the indices p and u may be dropped, resulting in a,(f_’l) or ay;.

4.4.4 Resource blocks
4441 General

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

4,442 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 has the subcarrier spacing provided by the higher-layer
parameter subCarrierSpacingCommon and 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;

- 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 u. The center of subcarrier 0 of common resource block 0 for subcarrier spacing configuration u coincides
with ‘point A",

The relation between the common resource block number ng; in the frequency domain and resource elements (K, I)
for subcarrier spacing configuration y is given by

n.n = —k
CRB NST;B

where K is defined relative to point A such that k = 0 corresponds to the subcarrier centered around point A.
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4444 Physical resource blocks

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

u . start,u
Negp = Mprg + Npwp i

where Nur# 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 u may be dropped.
4445 Virtual resource blocks

Virtual resource blocks are defined within a bandwidth part and numbered from 0 to N§i5 ; — 1 where i is the number
of the bandwidth part.

4446 Interlaced resource blocks

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

u _ u start,u _ start,u
Nerp = MNgp m + Npwp, + ((m NBWP,i) mod M)

where Ngp ¥ is the common resource block where bandwidth part starts relative to common resource block 0. When

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

The UE expects that the number of common resource blocks in an interlace contained within bandwidth part i 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
4; in bandwidth part i on a given carrier. The starting position Ny, and the number of resource blocks Ny in a

BWP,i
- - start,u start,u start,u size,u start,u start,u size,u start,u size,u
bandwidth part shall fulfil Ngrid_x < Ngwpi < Ngrid‘x + Ngrid‘x and Ngrid‘x < Ngwpi + Npwp; < Ngrid,x + 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,u size,u start,u size,u
risk of confusion, the index u may be dropped from Ngyp'i', Npwp.is Norigx » a0 Noyig'y -
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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.

For carrier aggregation of cells with unaligned frame boundaries, the slot offset Nga, o between a PCell/PScell and
an SCell is determined by higher-layer parameter ca-SlotOffset for the SCell. The quantity u g 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 N5 ogset
fulfills

- when the lowest subcarrier spacing configuration among the subcarrier spacings configured for the cell is u = 2

for both cells or u = 3 for both cells, the start of slot 0 for the cell whose point A has a lower frequency

coincides with the start of slot gNS% e mod N.jo"“#ofet for the other cell where ¢ = —1 if point A of the

slot

PCell/PSCell has a frequency lower than the frequency of point A for the SCell, otherwise g = 1;

- 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

configured for the two cells, coincides with the start of slot gNS2 ..., mod N ¥efiet for the other cell where

slot, offse slot
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
q=1.

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 n/2-BPSK modulation, bit b(i) is mapped to complex-valued modulation symbol d(i) according to

j%(i mod 2)

d(i) = ‘*T[(l—Zb(i))+ j(1-20(i))]

5.1.2 BPSK

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

1

d(i) =
0] >

[(1—2b(i))+ j(L- 20(i))]

5

5.1.3 QPSK

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

d(i) =%[(1—2b(2i))+ j(1-2b(2i +1))]
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5.1.4 16QAM

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

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

T
5.1.5 64QAM

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

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

ﬁ

516 256QAM
In case of 256QAM modulation, octuplets of bits, b(8i),b(8i +1),b(8i + 2),b(8i + 3),b(8i + 4),b(8i + 5),b(8i + 6),b(8i + 7)

, are mapped to complex-valued modulation symbols d(i) according to

(u)_J_{(l 20(8i))[ 8- (1 20(8i +2))[ 4~ (1~ 2b(8i +4))[ 2~ (1~ 2b(8i +6)) ] |

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

5.2 Sequence generation

5.2.1 Pseudo-random sequence generation

Generic pseudo-random sequences are defined by a length-31 Gold sequence. The output sequence c(n) of length M py
,wheren=01,...,Mpy —1, is defined by

c(n) = (x,(n+Ng)+X,(n+Ng))mod 2
%, (n+31) = (x,(n+3) + x,(n))mod 2
X, (N +31) = (X, (N +3) + X, (N +2) + X, (N +1) + X, (n))mod 2

where N. = 1600 and the first m-sequence x;(n) shall be initialized with x;(0) =1,%(n) =0,n=12,...,30. The

30 . i . .
initialization of the second m-sequence, X,(n), is denoted by C;; = Ziio X,(i)-2" with the value depending on the

application of the sequence.
5.2.2 Low-PAPR sequence generation type 1

The low-PAPR sequence ru(f’,’s) (n) is defined by a cyclic shift « of a base sequence T, (n) according to
@9 (n)=el"r, ,(n), 0<n<M
u,v ZC

where M. = mNRB /29 is the length of the sequence. Multiple sequences are defined from a single base sequence
through different values of a and 6.
Base sequences T, (n) are divided into groups, where u e {0,1,...,29} is the group number and v is the base sequence

number within the group, such that each group contains one base sequence (v = 0) of each length M;c = mNRB /29,
1/2<m/2° <5 and two base sequences (v = 0,1) of each length M;. = mNRB /28, 6 <m/2° . The definition of the
base sequence T, (0),...,i, , (M zc —1) depends on the sequence length M. .

3GPP
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5.2.2.1 Base sequences of length 36 or larger

ForMzc = 3N&®, the base sequence T, (0),...,T, , (M zc —1) is given by

v (n) =g (nmod Nz )
aqm(m-+1)

,ji

Xg(m)=e N
where

a=|g+y2)+v (-2
q=Ng -(u +1)/31

The length N is given by the largest prime number such that N, < M 4.

5.2.2.2 Base sequences of length less than 36

For M. 1{6,12,18,24} the base sequence is given by
Fou(m)=el?M7%  0<n<M,e -1
where the value of ¢(n) is given by Tables 5.2.2.2-1 t0 5.2.2.2-4.

For M. =30, the base sequence T, (0)....,7, ,(Mzc —1) is given by

7j;z(u+1)(n+l)(n+2)
iy(n)=e 3 , 0<n<My -1

3GPP



ATIS.3GPP.38.211.V1620

19

Release 16
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Table 5.2.2.2-1: Definition of ¢(n) for M,

L 9(5)

¢(0),..

-3
-3

-3
-1

-3

-3

-1
-3
-1

-3

-3

-1
-1
-1
-1

-1/-3

-1/-3

-3

-3|-3

-3|-3

-3|3

-113

-1-3

-3|-1

-1
-3
-1

-113

-3|-1]3

-3

31

313

-1

313

-1|3

-3|-1]-3

-1/3(3

-1

3131

-1/-3(-3|-3

831101

83111

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

3131183
-3]-3|1

-3/1(3]3
-1)-113
-1|3
-113

31

-1133

-3

;111

-11-3]1

3|1

-1

-1(-1(-1|3

3]-1]1
-31-3]1

-3

-3 3
-3

11113
111

3|1

-3]1(3
-3

-3
-3

31131

-3

-3
-3
-3

3111

-3 3

3|1

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

12 11]1|3

13[1]1]3]3

141111

15111
16
17
18
19
20
21

22 1|1

23|11

24 11|13

25111

26 |11

27 |11

28 1|1

29111
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Table 5.2.2.2-2: Definition of ¢(n) for M, =12.

|| || || P QDD 0| D)0 || DD D0 | D) 00| | P | D
Al || T DA || AT A || T || AP | A [T PR F ||| || P
AR A [T AT ||| TP D] A 0| T P[DQ P A ||| P|P| [ D[]0
Al A DA || A | A [ AT | F|F| ||| || [P || |||
ST 2| o [T T ||| | S [ en [ || || T on || [ | | T
SHPR| T P[P | PR | R T 0| P[0 | | | P| 0| 0| P || 0
A G I b K e B Kt B G B S e R B B Rl S S R R Bl e e B K
~ R S S R R R R R R e e e ) R R R R I I R B
e e e i i i e i e e K B B B e B e B S R Rl R R R
DA T T | [T DRD || DT A [PV |P
| o] |2 p|en| || sl il sl i oo | | | A P A 0| 0| | | 0| | D | 0
op| o] o] eaenen| || || eplep 0| | @@ | i | 00| D[ oo | P | P em| D[ D || D | | D
Blo|Hlajm|siw|o|~loo| IS NG T 31E|5|3S|RININ|IRINIQIQIN|R|R
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Table 5.2.2.2-3: Definition of ¢(n) for M

T | T[T DR[| DT | A [P AT DA ||| T ||
THR|PR| T || R || Q[0 || [T on | T | T | m| QD0
oo | QRN R PR R P F | T oo| oo | T e | | Q)| | oo |
AT o|F AT DR[| Q[T || QD| | [P A [ ||| ||| | ™
AT | T || | Q)| P oo | Do | | Dl en| T T e | | QD)D)
Al ||| T[T R AR ||| A [PR[PD[n| [ A|D| D] ||
TR R PR || || P oo| || T | D | QD 0| 0| Q) DD | Qe | D
~
| T[T A A || R | T | R T oo [T T | T T T T PR | | T || TP
|
SRR | ||| [T P[PPI | Q||| || | PR 0| D] ||| 0| 0
Joo| P Al e0| ||| | Qoo || 0P| D 0D | | D | | 0| D e | | D | e <
~
=22 7| 2] oo | | 2| o0 0] | | 0 [ cp| @@ en] 0| ep| @ en| 1| 1| |t |
“ealen]eafen| |l |m| ||| a]m|m| ||| m|m]m| <]
A ||| AR |[T[A|D|DR ||| D[P A0 A [ D|T|0|[P |||
||| P | QD 00| | D DD | ) oo | Qe | | Q) )<
QLT T | T | || Q| 0| QDD | I DI D) D) | | | Q| Q0| O <
Tl || S| Q| Q|| Q00| QD DD 0| DI en | | T | Q| | T | |
| P | P | Qoo | | QD Hfoo| AT A o) | P Q| QD Do
T | PP | | Q| | Q|| QD[P0 | CRIDI DI 0| DI | P | | Q| QDD
o|ld|N|m|<|w|o|~|ojo|o|d|lN|m|s|w|o|~|o|lo
S|O[HIN|™M SOOI | G| S| | | | [ | | A [ QNN N QNN e N
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Table 5.2.2.2-4: Definition of ¢(n) for M - =24

0(0),...,9(23
3[-1[-3[-1]1[3[-3[-1][-3[3[3][3]-3][-3]-3
1[-3[-1]-1]3[3]3[3[3]-3]1[3]3]-3]3
-al-3[1-a|3[1]a|3]1[-3]-1]-1][3]-3]3
-1 [a[3]-3]1]-3]-3][-3]-1]3[-3]-1]-3]-3
3|13 [1[a[3]1[3|1[1][3[1]-1]-3]3
-1l-a|-3[1|3]1[1]-3[1]-3]1]-3]-3]-3]-3
1[-1]-3]-1]-3[-3|-3[-3[-1]-1]-1[1]1]-3]-3
-a[-3[1-3] 3] a[-1]-1][-3][-1]-1]-3]3]3]3
1[1]-3]a1[3|-1[1[1]1]-3]-3]-3]-3]-3
-11[-3[3[-3][-3[3]-1][-3[1[3[-3][1[-3]-3
1[-3[-a]-a]3]1|1[3]1[1]-3[3]1]3]3
311133 ]1[-3]-3][1[1[-3]1]3]3
-1[-3[-1[3-3][3[-1]-1[3[3][-3]-3]3][-3]-3
3|13(-3]3[3]-3][-1][1[3]-3][-1]-1]-3]-3
1[-1]3[3[1][-3]3]-3[-1]-1]-3]-3]-3]3[-3
311131 ]3[-1|3 1|1 [1]-1]-3]3
Alafafa[ala[3]-3[1]3]1[1]1][-1]3
33 |3[-a|ala[-1]-1][-3]3[-1[1]1][-3]3
3[-3|-3[-3[-3[1[-3][3[1[1[3][1]1][-3]-3
3|1 [-a|3]3[1[-3[1[1[1[-3]3][1]3
-1|3[3]1[-3[3]3][3[3[1[1][-1]1][-3]-3
-1[-3[ 31|33 [-1|-1][1]-1]1[-3]-3]-3]-3
-1[-3[-1]-3[-3]-3[-3]1[3[1]1[3]3][3]3
3|-al1[a]1-1[1[3]-3][3[3]1]-1]3
1|3 3]-1[3[3]3]3[1[3[1]1]1]-3]3
311211333 ]1[1[1]1][1]3
-1|-3[1 (31 [1]-3]-3]-3]-1]-3]-1]-3]-3
1[131][3]3]-1[3[1]3[1]1]-3]3
3[-3[-a[1[3]1]-3][3[1[-1][-3]-3]-3]-3]-3
a1[-3]-al-3[3]1[3]1]1[-3][3]3]3]3

-1(-3(3[-1/3[1[3]-1
-11-3]13]1]1]-3]/1]-8
-11-3|-83]1]-1]-1|-3|1

-1/3(-3[-83]-1]3|-1|-1
-3(-1/1[-3]-3]/1|1]-3
-313(1(3]-1]1]-3]1
-311(3(-1]1]-1/3]-8
-3/1(-3]3|-1]-1|-1|-3

O NoO|g|~wW|N|FR(O|R

10 [-3|-3|-3|-1|3|-3|3]|1
11 |-3(3|-1|3|1|-1]-1|-1
12 13[-3|3]-1]-3|]1|3]1
13 1-3]/3|-1|3]-1]3|3]|1
14 1-3]/1|-3]-1]-113|1|3
151-3]-1|-1]-3|1|-3|-3|-1
16 |-3][-3|1]-1|3|3|-3|-1
17 13(-1|3]-1]1|-3|1]1
18 |-3]/1|-3]1|-3|-3|1]-3
19 |-3]-83|3|3[1|-1]-1|-1
20 |-3|-3|-1|-1]-1|-3|1]-1
21 |3[-1]1-1[3|-3|1]|1
22 |-3]1]-3]3[-3]1]-3]3
23 |-3[-1]1|-3|-1]-1]1 |1
24 |-3|3|-1|-3|-1|-1]-1|3
25 |-3|1|-1|-3|-83|-1|1]-3
26 |-1[3[-1|-1|3|3[-1|-1
27 |3 [-3]-83]-1|3[3|-3]|-1
28 |-3]1]-3]1(-3]/1]1]3
29 |3|-83|-1|1]3|-1[-1|-3

[N
H
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[N
\
w
1
[N
[EEN
[ERN
\
w
RIR|OPIR| P s ww|kw|w|dh|wF |k |w|d |-
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5.2.3 Low-PAPR sequence generation type 2

(@.8)
v

The low-PAPR sequence r, ;" (n) is defined by a base sequence 7, ,,(n) according to

re?m) =fym), 0<n<M
where M = mNRB /29 is the length of the sequence.

Base sequences 7, ,(n) are divided into groups, where u € {0,1, ...,29} is the group number and v is the base sequence
number within the group, such that each group contains one base sequence (v = 0) of length M = mNRXB /29
1/2 < m/25. The sequence 7, ,,(0), ..., 7, ,(M — 1) is defined by

M-1
_ 1O, . _jmn
ru,v(n) = \/_M ; Tu,v(l)e M
n=0,...M-1
where the definition of 7, ,(i) depends on the sequence length.

5.2.3.1 Sequences of length 30 or larger

For M > 30, the sequence 7, ,,(i) is obtained as the complex-valued modulations symbols resulting from 7/2-BPSK
modulation as defined in clause 5.1.1 applied to the binary sequence c(i) given by clause 5.2.1, initialized with c;y,.

5.2.3.2 Sequences of length less than 30
For M = 6, the sequence 7, ,,(i) is given by

fi,() =e/?Om8 0<i<M—1
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where the value of ¢ (i) is given by Table 5.2.3.2-1.
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For M € {12,18, 24}, the sequence 7, , (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 b (i) given by Tables 5.2.3.2-2 t0 5.2.3.2-4.

Table 5.2.3.2-1:

Definition of (i) for M = 6.

9(0), ..., 9(5)

-1

-7

-3

-5

-1

-1

3

7

-3

7

-1

3

1

5

-1

7

-3

7

5

-7

7

5

-1

-7

-3

3

-3

1

5

-1

7

-3

7

-3

7

7

-3

1

-5

-1

7

-3

3

-3

-7

O (No|g|~|WIN|FR(O|R

7

-7

-1

1

-5

7

-3

7

5

-1

7

-7

-3

1

5

5

7

-3

-5

5

-3

7

-5

-1

-5

5

-7

7

1

5

7

3

1

5

-1

7

-5

'
=

-7
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1

3

7

-7

5
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-1
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Table 5.2.3.2-2: Definition of b(i) for M = 12.

OlH|HO|dH|H|O|O[H|O|O0(O|I0|dHd|dA[dA|dH|O(H|dA|d|dH(O|O|O(O| |||
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@000110001000000000111010100110
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Table 5.2.3.2-3:; Definition of b(i) for M = 18.
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Table 5.2.3.2-4; Definition of b(i) for M = 24

u b(0), ..., b(23)
0 |oJoJolo[ofoJo[1]oo]z]1]1]1]2[o]o]z]o]0]2]0]0]L
1 [o]oolo]o]oolz]o]olz]o]z[z[o]z][1]1]0]0]0[1]1]0
2 |o]oJolo]oojolo]z[olo]z]olo[z]o]ola]2]z]2]o]2]1
3 |o]ojolo]ofojolo]z[z]o]z]2]olo]z]o]z]o]z]2]0]2]1
ANNARRRANARNARANARNRNARAR
ANANAANAANDAAARANDAANARE
ANARNNANDARRAAADARARNARRE
AANARAARAAARNARDARARRARRER
8 |ojol1]o]o[z]o]1]ololo]z]olo[2]0]ololol0]2]1]1]0
9 [o]oJolo[zofol1]z]o]z]0]ololo]o]z[1]o]0]ol1]0]L
MANANNNARANDAARARNARRANNAR
11 [o]o]1]o]o[z]olo]o]ojol1][z[1]o0]0]0]1[0]0[2]0]1]0
FHANARDARANARNRNARARRARNARAR
13 [1]o|z]o]ofz[z]o]z[z]olz]o[z]o]z]2]o[2]1]0l0]1]0
MANANNNARNARRNNNRDARNANAER
HANNANANDARNRNDARARRARANRER
RNNDARAARDANANDARADARARRER
AADANARANDARARRRRRRARDAR
18 [o]o]o[o]o]o]oofolz[2]1[1]0]0olz]o[2[2]0]0]0]1
19 [1]ololo|z]ol1[2]0]olo[1][oolo[0]ololo]0]0l2]2[1
20 [0jolo[o]ool1[z[z]o]1][2]olo]0]z|2]0]0]0[2]0][1]0
FINAANANARANINNANNNRARNRRAR
FIANANNANNRRNARANNARRNARAR
23 [1/olo[1]1]o[1]oofolo]olz|z]z]2[z]2]22]0]0]1]1
ZiANNNARRANARNANRARRARARNLNR
AAANANARRNNNARNDARARRARNARNR
ZANANNARANARRNRARARRARNNARNR
AANANARADANARANARRARRNARRAR

ol1]o]ojolz]z]olz]o]z]olz]2]zolz]0]0[2]0]0]1]1

JANNARNARRARARARRRNARRDAR

5.3 OFDM baseband signal generation

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

The time-continuous signal S|(p’”) (t) on antenna port p and subcarrier spacing configuration u for OFDM symbol

le {0,1,..., N Subframe, |\ slot —1} in a subframe for any physical channel or signal except PRACH is defined by

slot symb

=(p.) © u m
Sl(p"u) (t) = {sl (t) tstart,l st< tstart,l + Tsymb,l

‘ 0 otherwise
NgridalVse =1
5—,5@#)(0 _ Z a,(f[#) ejZn(k+k‘é—N;Zig'zN?cB/Z)Af(t—NEP'ch—tgtart'l
k=0
uo_ start,u size,u RB start,u size,u RB _
kO - (Ngrid,x + Ngrid,x/z)NSC - (Ngrid,x0 + Ngrid,xo/z) NSC 2ko7H
Tg'ymb,l = (Nlit + NéLP,l)TC
where t = 0 at the start of the subframe,

N/ =2048k-27#

512k-27# extended cyclic prefix
N&p | =1144x-27# +16x normal cyclicprefix, | =0orl=7.2*

1445 -27# normal cyclicprefix, | =0and | = 7-2#
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and

- Af isgiven by clause 4.2;
- u isthe subcarrier spacing configuration;

- Wg is the largest u value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList.

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 <tk . preceding the first OFDM symbol for

ext start,l start,!

PUSCH, SRS, or PUCCH is given by
Se(ft‘li) (t) — S_‘l(p'ﬂ) (t)

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

- for dynamically scheduled PUSCH, SRS, and PUCCH transmissions

Te=min (max(Te’xt, 0), Tsl;/mb,(l—l)modTZM)

Ci
o H _A.
Text - E k=1 Tsymb,(l—k)mod 728 Al

where A; is given by Table 5.3.1-1 with ¢; = 1 for u € {0,1}, C; = 2 for u = 2, and C, and C; given by the
higher-layer parameters cp-ExtensionC2-r16 and cp-ExtensionC3-r16, respectively, and Ty, 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, < TS’;mb,(l_l)momu for each of the values of i € {2,3}.

- for a PUSCH transmission using configured grant

2K
— H — A
TEXt - Zk—l Tsymb,(l—k)mod 721 Al

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 | for subcarrier spacing configuration x in a subframe is given by

H

=0
t = i
start,| {tétlart,l—l + (Nﬁl + |\|(/3‘PYI_1).TC otherwise

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

Teoxt index i C; A;
0 - -
1 G 25-107°
2 C, 161076 + Tpy
3 C, 25-1070 + Ty
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Table 5.3.1-2: The variable A; for cyclic prefix extension with configured grants.

index i A;

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

28

T#
k=1 symb,(I-k)mod 7-2#

OO IWIN|F

5.3.2 OFDM baseband signal generation for PRACH

The time-continuous signal Sl(p”‘) (t) on antenna port p for PRACH is defined by

Lra—1
sl(p’”)(t) = Z a]((p.RA) o2kt Kky +1)8f o (=GB Te—thimn)
k=0
K = Af/Afra
ki = k” + (Nge\i{/tpl _ Nztsgﬂ)lech + nstartNRB + nRANRANRB _ N:rzlzu NRB/Z
u o start,u size,u start, i size SHo RB
ko = (Nyig” + Nyig"/2)NEE — ( wid T Noy /2) NRB2#—H

where ti <t <t3 +(Nu +N&p )I'c 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 isthe
subcarrier spacing of the active uplink bandwidth part;

Uy is the largest u value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList;

Ngtf,‘\'}tpvi is the lowest numbered resource block of the initial uplink bandwidth part and is derived by the higher-

layer parameter initialUplinkBWP during initial access. Otherwise, N;tf}‘{,tpyi is the lowest numbered resource
block of the active uplink bandwidth part and is derived by the higher-layer parameter BWP-Uplink;

na is the frequency offset of the lowest PRACH transmission occasion in frequency domain with respect to
phy5|cal resource block 0 of the active uplink bandwidth part. The quantity n3™ is given by the higher-layer
parameter frequencyStartMsgA-PUSCH if configured and a type-2 random-access procedure is initiated as
described in clause 8.1 of [5, TS 38.213], otherwise by msgl-FrequencyStart as described in clause 8.1 of [5 TS
38.213];

Nga IS 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;

NSBA 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.

Lra and N, are given by clause 6.3.3
N&, = N& + n- 16K where
- for Afgs € {1.255}kHz , n =0

- for Afga € {15,30,60,120} kHz , n is the number of times the interval [¢4., t?4  + (NRA + N&)T.)
overlaps with either time instance 0 or time instance (Af,,N¢ /2000)-T, =0.5ms in a subframe
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The starting position t&4, of the PRACH preamble in a subframe (for Afg, e {1.25,5,15,30} kHz) or in a 60 kHz slot
(for Afg, {60,120} kHz ) is given by

RA _ tu
tstan - tstan,l

0 1=0
=
start,| téz:aml_l +(N:‘ + NélP,I—l).T OtherWlse

C

where
- the subframe or 60 kHz slot is assumed to start at t = 0;
- atiming advance value Ny, = 0 shall be assumed;
- Ng and N&,,_, are given by clause 5.3.1;

1 =0 shall be assumed for Afz, € {1.25,5} kHz, otherwise it is given by Afga € {15, 30, 60,120} kHz and the
symbol position | is given by

I =1y +nRANRA + 140828

where

l, is given by the parameter “starting symbol" in Tables 6.3.3.2-2 to0 6.3.3.2-4;
- ni is the PRACH transmission occasion within the PRACH slot, numbered in increasing order from 0 to

N4 —1 within a RACH slot where N is given Tables 6.3.3.2-2 to 6.3.3.2-4 for Ly, € {139,571,1151}
and fixed to 1 for L., =839;

- N jsgiven by Tables 6.3.3.2-2 t0 6.3.3.2-4;

dur

- nf% isgiven by
- if Afga € {1.25,5,15,60} kHz, then nf4 =0

- if Afga € {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 nj; =1

- otherwise, ng, €{0,1}

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

- ifnft = NtRA'SlOt — 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 Al, A2 and A3 is
transmitted in the PRACH transmission occasion

5.3.3  OFDM baseband signal generation for RIM-RS
The time-continuous signal sl(p‘”)(t) on antenna port p for RIM-RS is defined by
SZ(P.H) (t) = Zil;[gl_l a]((P'RIM) ej2”(k+k1)AfRIM(t_Ng}’MTC_t?tart,lo)
where
thns, < t < tiag, + (V™ + NEVT,

NRM = 2. 2048k - 27#
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RIM
NEM = (?r!.l\ldo + Nepg
r_[o ifly = Nyo, — 1
lo+1 otherwise

and
- Afaim = 15 - 2% kHz where u € {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;

- Lgin = 12N8M is the length of the RIM-RS sequence where NRM is the bandwidth of the RIM-RS in resource
blocks;

- [ is the starting symbol given by clause 7.4.1.6.3;

RIM 4 #

tsaryl, = etargy 1S Given by clause 5.3.1 with I = [;

- NG, = N¢y, is given by clause 5.3.1 with I = [,

54 Modulation and upconversion

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

- for PRACH
Re{sl(p'”) (t)e j2TL’f0t}
- for RIM-RS
Re {Sl(p.u) OF jz”ff}{IM(f-ts‘fan,lo _ NglI)MTC)}

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

- for all other channels and signals

Re{sl( ) (t) e i2, (tfts;tlart‘l -N& e )}

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:
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- 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
- Antenna ports starting with 1000 for SRS, PUSCH
- Antenna ports starting with 2000 for PUCCH
- Antenna port 4000 for PRACH

If intra-slot frequency hopping is not enabled by higher layer parameter 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 if the two symbols
correspond to the same slot.

If intra-slot frequency hopping is enabled by higher layer parameter 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.

6.3 Physical channels

6.3.1 Physical uplink shared channel
6.3.1.1 Scrambling

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

Seti=0
while i < M
if b(@ (i) =x // UCI placeholder bits
b@ (i) =1
else
if b (i) =y // UCI placeholder bits
b @ (i) =b @ (-1
else
b @ (i) = (b@ (i) + ¢ (i) Jmod 2
end if
end if
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izi+1l
end while

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

= {nRNTl - 2% + ngapp - 21° + nyp  for msgA on PUSCH
M U 215 + nyp otherwise

where

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

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

- np =N 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 ngyy, equals the RA-RNTI for msgA and otherwise corresponds to the RNTI associated with the PUSCH
transmission as described in clause 6.1 of [6, TS 38.214] and clause 8.3 of [5, TS 38.213].

6.3.1.2 Modulation

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

Table 6.3.1.2-1: Supported modulation schemes.

Transform precoding disabled Transform precoding enabled
Modulation scheme Modulation order Q, Modulation scheme | Modulation order Qn
1/2-BPSK 1
QPSK 2 QPSK 2
16QAM 4 16QAM 4
64QAM 6 64QAM 6
256QAM 8 256QAM 8
6.3.1.3 Layer mapping

For the single codeword g =0, the complex-valued modulation symbols for the codeword to be transmitted shall be
mapped onto up to four layers according to Table 7.3.1.3-1. Complex-valued modulation symbols

d@(0), ...,d@ (MS(;’%b — 1) for codeword q shall be mapped onto the layers x(i) = [x@ ) ... x@ V)T, i=
0,1,.., Msliffg — 1 where v is the number of layers and Mi?}r’flﬁ is the number of modulation symbols per layer.
6.3.1.4 Transform precoding

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

If transform precoding is enabled according to 6.1.3 of [6, TS38.214], v = 1 and X (i) depends on the configuration
of phase-tracking reference signals.
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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® (Mslifne{) - 1) for the single layer A = 0 shall be divided into My /MEUSCH

sets, each corresponding to one OFDM symbol and £ (i) = x© (i) .

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

valued symbols x((0), ..., x©® (Mgf:g - ) shall be divided into sets, each set corresponding to one OFDM symbol,

and where set | contains M27 —g NZP PN T8 symbols and is mapped to the complex-valued symbols
@ (IMEYSCH 4 i) corresponding to OFDM symbol | prior to transform precoding, with i’ € {0,1, ..., MPYSCH — 1} and
i m. The index m of PT-RS samples in set | , the number of samples per PT-RS group N5 ", and the number of

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

more PT-RS samples, otherwise g =0.

Transform precoding shall be applied according to

MPUSCH ] _j 27ik
(0) PUSCH 2O (1. PUSCH . = M PUSCH
(1-M2SEH k) = \/W z KO1-MPSH 1ie
sC
k — O M PUSCH _1
!;)fg/M PUSCH __
resulting in a block of complex-valued symbols y©(0), ..., y© (Mi‘;f;’,z - 1). The variable M 275" = MEFSH . NRB

M E5>H represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil

where
M PUSCH 2&2 .30:3 '50(5

where a,,a3, a5 is a set of non-negative integers.

6.3.1.5 Precoding
The block of vectors [y(o) (i .. y@?d (i)]T ,1=01,..., Ms'?lmyel; —1 shall be precoded according to
Z(Po)(i) y(O) (i)
: =W :
Z(pp—l) (I) y(Ufl) (I)
where i =01,.,M3, —1, M¥ =M= The set of antenna ports 1Po... P,_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.

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)

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

TPMI index w
(ordered from left to right in increasing order of TPMI index)
1 0 0 0 1 1 1 1
1|0 1|1 1|0 1|0 1|0 1/ 0 1(0 1] 0
=7 | 2lo| | 20| | 2|1| | 2lo| | 2|1| | 2|-1| | 2| | 2|-i
10] 0 10] 1 0 0 0 | 0|
[0] 0 (0] [0 ] (1] 1 (1] (1]
11 11 11 1] 1 1] 1 111 1|1 11 1
8=15 1 Slo| | 2|0 | 20| |2|o]||2]2|] 2|i| |2|-1|]|2|-]
1] -1 L] -] | -1] J L1 -]
(1 1 [ 1] [ 1] 1] 1 (1] 1
1 j} 1]] 1] ] 1] j 1(-1] | 1|1 -1 | 1|-1
16 - 23 - = - — — - = =
2|1 2] 21-1 2|1—-1] 2 2| ] 2|1-1 21—]
] 1 ISR -] -1 L
1 1 1 [ 1]
11-] - 11— 11—
24720 gl 2 g 2|1 | 2]-i ) ) ' )
-1 -1 L] L 1]

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

TPMI index w
(ordered from left to right in increasing order of TPMI index)
1 0 0 0 1 1 1 1
1|0 11 1|0 1(0 1|0 10 1|0 1l 0
=7 1 30| | 20| | 21| | 2lo] | 2|1| | 2|-1| | 2|i| | 2|-]
10] 0 10] 1 0] 0 0 | 0|
[0] [0 ] (0] [0 ] 1] 1 (1] [ 1]
11 1] 1 11 1] 1 1)1 11 1] 1 1] 1
8= 1 Glol | 2|0l | 20| | 2|0 21| | 2|i| |2|-1|]| 2|-]
11 -1 L] -] 1] j | —1] =]
! (1] (1] (1] 1 1 (1] [ 1]
1] 1] ] 1] ] 1] ] 11-1] | 1]-1 -1| | 1/-1
16 - 23 - - = = ]z = = =
2|1 2| ] 2| -1 2|—] 2|1 2| ] 2|-1 20—
J -1 =] | 1] -1 -] | 1] L] ]
1 1 (1] 1
11— 11— 11— 11—
24=20 050 205 2=l | 2l-j ) ) ) )
-] 1 L] | -1]
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Table 6.3.1.5-4: Precoding matrix W for two-layer transmission using two antenna ports with
transform precoding disabled.

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

N I I P R )

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

TPMI index w
(ordered from left to right in increasing order of TPMI index)
10 10 10 00
1/0 1 1/0 O 1/0 0 1/1 0
0-3 200 0 200 1 200 0 200 1
10 0] 10 0] 01 10 0]
[0 0] [0 0] 1 0 (1 0]
111 0 110 O 110 1 110 1
4t 200 0 2(1 0 2[1 0 2/1 0
10 1] 10 1] 0 —j 10 ]
1 0 1 0 1 0 1 0
110 1 110 1 110 1 110 1
8-11 = . - . = =
2|-j 0 AR 2|-1 0 2|-1 0
0 1 0 -1 0 —j 0
10 1 0 1 1 1 1
1/0 1 110 1 1|1 1 1|1
ot 2[j 0 2[j o 242[1 -1 242]0 -]
01 0 -1 1 -1 j =]
1 1 1 1 1 1 1 1
11 ] S 1 ]|-1 -1 1 ]-1 -1
16 -19 —= —= . —= —=
42|11 -1 220 - 24211 -1 V2| i -
J =i {1 1 -1 1 - ]
1 1 1 1
O 1 /-] -]
S RPN -1 I R 241 - ' '
- 1 -1
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Table 6.3.1.5-6: Precoding matrix W for three-layer transmission using four antenna ports with
transform precoding disabled.

TPMI W
index (ordered from left to right in increasing order of TPMI index)
1 00 1 00 1 00 1 1 1
110 1 0 110 1 0 110 1 0 111 -1 1
0-3 2/0 0 1 21 00 2|-1 0 0 23|11 1 -1
0 0O 0 01 0 01 1 -1 -1
1 1 1 1 1 1 1 1 1
111 -1 1 1 (-11 -1 1 (/-1 1 -1
SR IV -1 R R N IO 1 I N 1 I R '
-1 - -11 1 -5 d

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_a 10 1 0 0 110 0 1 110 0 1 1 111 -1 1 -1
B 210 010 2211 -1 0 0 2J21i -j 0 0 41 1 -1 -1
0001 0 0 1 -1 0 0 j —j 1 -1 -1 1
11 1 1
111 -1 1 -1
4 = o - - -
] 1 -1 -1
T I B
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
27(0),...,2P (M, —1) shall be multiplied with the amplitude scaling factor Spygcyy in order to conform to the

transmit power specified in [5, TS 38.213] and mapped in sequence starting with z(P (0) to resource elements (k', 1), ,
in the virtual resource blocks assigned for transmission which meet 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', 1),, , 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' = 0 is the first subcarrier in the lowest-
numbered virtual resource block assigned for transmission, and then the index |, with the starting position given by [6,
TS 38.214].

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

For non-interleaved VRB-to-PRB mapping, virtual resource block n is mapped to physical resource block n except for
PUSCH scheduled by RAR UL grant or PUSCH scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI in
active uplink bandwidth part i starting at Ngyp ;, including all resource blocks of the initial uplink bandwidth part
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starting at Ngwp o, 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 block n + N§{i5 o — Ngwp.:-

6.3.2 Physical uplink control channel
6.3.2.1 General

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

in the first hop is given by \_nylrf,%CH /ZJ where N&IE™ is the length of the PUCCH transmission in OFDM symbols.

Table 6.3.2.1-1: PUCCH formats.

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

PUCCH formats 0, 1, 3, and 4 use sequences rlf“,",“s) (n) given by clause 5.2.2 with § = 0 where the sequence group u
and the sequence humber v depend on the sequence hopping in clause 6.3.2.2.1 and the cyclic shift a depends on the
cyclic shift hopping in clause 6.3.2.2.2.

6.3.2.2.1 Group and sequence hopping

The sequence group u = (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’
fgh — 0

fss =n;p mod 30
v=0

where n, is given by the higher-layer parameter hoppingld if configured, otherwise n;, = Nge!.

- if pucch-GroupHopping equals ‘enable’

f, = (Z;:OZmC(B(ZnS{’f + nhop)+m))mod30
fo =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
each radio frame with c;;; =|n,5/30 | where n,y is given by the higher-layer parameter hoppingld if
configured, otherwise n;p = NI

- if pucch-GroupHopping equals 'disable’
f, =0
f, =n,, mod30

v=c(2nf +n,, )
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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 ¢;;; = 2°|nyp/30] + (n;p mod 30) where nj is given by the higher-layer parameter
hoppingld if configured, otherwise njp = Nge!.

The frequency hopping index ny,,, = 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, n,,, =0 for the first hop and n,,, =1 for the second hop.

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

2n

al = —"n
RB
NSC

((mo + my + my, + ncs(n‘:’f,l + l’)) mod NECB)

where
- n¥ is the slot number in the radio frame

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

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

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

- my, is given by

- My = 5nfpg 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 niy is the resource block number within the interlace;

- my, = 0 otherwise

The function ng(ng,l) is given by
ncs(ngf, ) =3l-02™ c(stsylgﬁbn;ff +8l+m)

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

6.3.2.3 PUCCH format 0
6.3.2.3.1 Sequence generation
The sequence x(n) shall be generated according to
x(l NRB 4+ n): r(«2)(n)
n=04..,NB -1

|0 forsingle -symbol PUCCH transmission
~log for double - symbol PUCCH transmission
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where rlf,‘,","s) (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].

6.3.2.3.2 Mapping to physical resources

The sequence x(n) shall be multiplied with the amplitude scaling factor Bpcco in order to conform to the transmit

power specified in [5, TS 38.213] and mapped in sequence starting with x(0) to resource elements (k, [),, , assigned

for transmission according to clause 9.2.1 of [5, TS 38.213] in increasing order of first the index k over the assigned
physical resources spanning one resource block, 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

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

if My =2, resulting in a complex-valued symbol d(0) .

The complex-valued symbol d(0) shall be multiplied with a sequence rlf‘?‘,‘s) (n) according to

y(n)=d(0)-r{% (n)
n=01..,N38 1
(a,8)

where 3, (n) is given by clause 6.3.2.2. The block of complex-valued symbols y(0)...., y(NSFéB —1) shall be block-
wise spread with the orthogonal sequence w; (m) according to

2{NEENELEH + mNE® )= (m) - y(n)

n=01..,N3® -1
m=01.. Ng o -1

, _]0 nointra -slot frequency hopping
101 intra -slot frequency hopping enabled

where Ngpro " 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 w; (m) is given by Table 6.3.2.4.1-2 where i 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(O) is repeated for the subsequent slots.

3GPP



Release 16 40 ATIS.3GPP.38.211.V1620

Table 6.3.2.4.1-1: Number of PUCCH symbols and the corresponding N&=".

PUCCH length, N PUCCH1
N PUCCH.L SF.m
symb No intra-slot hopping Intra-slot hopping
m=0 m=0 m=1

4 2 1 1

5 2 1 1

6 3 1 2

7 3 1 2

8 4 2 2

9 4 2 2

10 5 2 3

11 5 2 3

12 6 3 3

13 6 3 3

14 7 3 4

; PUCCH 1
Table 6.3.2.4.1-2: Orthogonal sequences W,(m) = @2 MINEE ¢ BUCCH format 1.
NPUC,CHJ
SEm i=0 i—1 ) i—3 i—4 i-5 i-6

1 [l - - - - - -
2 [00] [0 1] - - - - -
3 [000] [012] [021] - - - -
4 [0000] [0202] [0022] [0220] - - -
5 [00000] [01234] [02413] [03142] [04321] - -
6 [000000Q] [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 Bpccy; 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, [),,, which meet
all of the following criteria:

- they are in the resource blocks assigned for transmission according to clause 9.2.1 of [5, TS 38.213],
- they are not used by the associated DM-RS

The mapping to resource elements (k, 1), , not reserved for other purposes shall be in increasing order of first the index
k over the assigned physical resource block, 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.

6.3.2.5 PUCCH format 2
6.3.2.5.1 Scrambling

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

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

where the scrambling sequence ¢(@ (i) is given by clause 5.2.1. The scrambling sequence generator shall be initialized
with
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_ 515
Cinit = MRNTL 277 + Npp
where

- Npe {0,1,...,1023} equals the higher-layer parameter dataScramblingldentityPUSCH if configured,

- np = NS otherwise
and ngyqy is given by the C-RNTI.
6.3.2.5.2 Modulation

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

6.3.2.5.2A Spreading
Spreading shall be applied according to

z(mNgy ““ + ) = w,, ())d (m)
i =0,1,.., Ny -1
m=0,1, .., Moy — 1

resulting in a block of complex-valued symbols z(0), ..., z(Ngg "> Mgypmp — 1).

If the higher layer parameter interlacel is not configured, and the higher-layer parameter OCC-Length-r16 is
configured,

- N&M? € (2,4} is given by the higher-layer parameter OCC-Length-r16;

- wy (i) is given by Tables 6.3.2.5A-1 and 6.3.2.5A-2 where n = (ny + nypg) mod Nep ““™?, the quantity n, is the
index of the orthogonal sequence to use given by the higher-layer parameter OCC-Index-r16, and nzg is the

interlaced resource block number as defined in clause 4.4.4.6 within the interlace given by the higher-layer
parameter InterlaceO0.

otherwise Ngr ““? = 1 and w,, (i) = 1.
Table 6.3.2.5A-1: Orthogonal sequences w, (i) for PUCCH format 2 when NE €“H? = 2.
n Wn(l)
0 [+1 +1]
1 [+1 -—1]

Table 6.3.2.5A-2: Orthogonal sequences w, (i) for PUCCH format 2 when NE‘F’CCH’Z =4.

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

factor SBpyccho inorder to conform to the transmit power specified in [5, TS 38.213] and mapped in sequence starting
with z(0) to resource elements (k, 1), , which meet all of the following criteria:

- they are in the resource blocks assigned for transmission,

- they are not used by the associated DM-RS.
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The mapping to resource elements (k, 1), , not 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), ..., b(My;; — 1), where My, is the number of bits transmitted on the physical channel, shall be
scrambled prior to modulation, resulting in a block of scrambled bits 5(0), ..., b(M,; — 1) according to

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

where the scrambling sequence c(i) is given by clause 5.2.1. The scrambling sequence generator shall be initialized
with

_ 015
Cinit = Mgyt 27 + Nyp
where

- NpEe€ {0,1,...,1023} equals the higher-layer parameter dataScramblingldentityPUSCH if configured,

- np = NS otherwise
and ngny IS given by the C-RNTI.
6.3.2.6.2 Modulation

The block of scrambled bits 5(0), ..., b(M,; — 1) shall be modulated as described in clause 5.1 using QPSK unless 7/2-
BPSK is configured, resulting in a block of complex-valued modulation symbols d(0), ..., d (Mg, — 1) where
Msymb = Mbit/Z for QPSK and Msymb = Mbit fOI' n/Z-BPSK

6.3.2.6.3 Block-wise spreading

For both PUCCH format 3 and 4, MEVC“Hs = MPUC“Hs NRB with M) " representing the bandwidth of the PUCCH in
terms of resource blocks according to clauses 9.2.3, 9.2.5.1 and 9.2.5.2 of [5, TS 38.213] and shall for non-interlaced
mapping fulfil

M PUCCHs _ 2%2.3%.5% for PUCCH format 3
1 for PUCCH format 4

where a,,a, a5 is a set of non-negative integers and s € {3,4}. For interlaced mapping, My < "

interlace is configured and My, ™3

= 10 ifasingle
= 20 if two interlaces are configured.

For PUCCH format 3, if interlaced mapping is not configured, no block-wise spreading is applied and
y(lMSPCUCCH,s . k): d(IMSIiUCCH,B N k)
k=04..,MJ7CH2 _1
1=01.. ( symb/M PUCCH3)
where Mpg“"? > 1 is given by clauses 9.2.3, 9.2.5.1 and 9.2.5.2 of [5, TS 38.213] and Ngy *“*? = 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, _ SF sc
y(IMg M + k) = wy <[k Miuccm]) d (l NSPFUCCHS + k mod NSPFUCCHS

k=01,.., MPUCCHs _ 1
1=01,.., (Nsl’]:UCCH.SMsymb/M;UCCH,s) -1
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where

- for PUCCH format 3 with interlaced mapping, N& c¢H3

Nga ©** =1, w, = 1 if two interlaces are configured;

€ {1,2,4} if a single interlace is configured and

- for PUCCH format 4,M % = 1, NFUCCHA € (2 43

and w, is given by Tables 6.3.2.6.3-1 and 6.3.2.6.3-2 for Ne ““* > 1 where n is the index of the orthogonal sequence
to use according to clause 9.2.1 of [5, TS 38.213].

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

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

n w,
0 [+1 +1 +1 +1]
1 [+1 - -1 +j]
2 [+1 -1 +1 -1]
3 [+1 +j -1 —j]

6.3.2.6.4 Transform precoding

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

M PUCCHs 4 . 27amk
PUCCH S 1 ¥ PUCCH s - M PUCCH:s
2(1-M! +K) = — 2 y(I-M! +m)e Ms

PUCCH,s
VMg m=0

k — 0 M PUCCH,S _1
ey Wlge
| = 0,_“7(N§’FUCCH,SMSymb /M Buec s)

resulting in a block of complex-valued symbols z(0), ..., z(Ngg " Myymp, — 1).

6.3.2.6.5 Mapping to physical resources

The block of modulation symbols z(0), ..., z(Ngg ““** Mgy, — 1) shall be multiplied with the amplitude scaling factor
Ppucch,s N 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, 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), , not 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.
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In case of intra-slot frequency hopping according to clause 9.2.1 of [5, TS 38.213], LN5§%§CH*S/2J OFDM symbols shall

PUCCH,s PUCCH,s
N symb - \_N symb

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

N PUCCH,s

omo IS the total

be transmitted in the first hop and / ZJ symbols in the second hop where

6.3.3 Physical random-access channel

6.3.3.1 Sequence generation

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

Xyy (M) =X, ((n+C,)mod Lga)
L ai(i+))
x,()=e " i=01..Lgs—1

from which the frequency-domain representation shall be generated according to

Lga—1 . 27mn

-]
yu,v(n): Z Xu,v(m)'e bea
m=0

where Lga =839, Lga =139, Lgsy = 1151, or Ly, = 571 depending on the PRACH preamble format as given by
Tables 6.3.3.1-1 and 6.3.3.1-2.

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 Ly, — 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

WNg v=0,1,.,|Lga/Ngs |-1, Ncs #0 for unrestricted sets
0 Neg =0 for unrestricted sets
C\=1{start Lv/ nie J+ (v mod nf% )N cs V=01..,w-1 for restricted sets type A and B
dgare +(V=W)Ncs V=W, ,W+nre -1 for restricted sets type B
e + (v -w-nie )N s V=wnRA L w+nRA +RRA —1 for restricted sets type B
W =N niae + o

where Ncg is given by Tables 6.3.3.1-5 to 6.3.3.1-7, 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 d, is given by

d = q 0<g<Llgp/2
Y |Lga—Qq otherwise

where g is the smallest non-negative integer that fulfils (qu)mod Lgra =1. The parameters for restricted sets of cyclic
shifts depend on d, .

For restricted set type A, the parameters are given by:
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ni =1dy/Nes |
dstart :Zd +nsh'rftNCS

group \_LRA / dstartj
nshrft - maxﬂ,(LRA - 2d group stan)/NCSJ )

3

néi = (Lra —2d,)/Ncs |
dstart =Lga—2d, + nsh'rft Nes

group |_d / dstartJ
nee = mln max(]‘(du — i Astart) / NCSJO) N )
For restricted set type B, the parameters are given by:
- for Ngg <d, <Lga/5

ni =1dy/Nes |
dstart :4d +nsh'rftNCS

group LLRA / dstartj
nsh'rft = maxﬂ_( Lra — 4d T group dstart )/N cs J )

- for Lra/5<d, <(Lga —Ngg)/4

3

NG = |_(LRA —4d, )/NCSJ
dstart = I-RA _4d + n;/r_f\t NCS

group |_d / dstart J
nshift = min (max(]_(du - n;{;\up dstart )/NCS JO) nsﬁiﬁt )

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

shlft |_(4d LRA )/ NCSJ
dstart = 4du —Lga + ns%?t Nes
astart =Lga —3d, + ngRrng Otart + ﬁs}?\{r?t Nes

cTstan =Lga —2d, + ngroup Ogtart + nsh,ﬁ Nes

roup = L0 /dtar |

ARe = m.'slx(L(LRA —~3d, — i dstar )/ N CSJO)

g = Lm'”<d —Nigoup Asiart 40y, — Lga — v Nes )/ N ch

ﬁsﬁiﬁ = L((l mln(l A ) dy —Ngyoup dstart )+ min(l (A X4d —Lga — N Nes ))/ NCSJ [

- for 2Lga/7<d, < (Lra —Ncs)/3

3
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ni = (Lra —3d,)/Nes |

dgart = Lra —3dy, + N Nes

7 =RA
dstart - d + ngroup dstart + N NCS
dstart =0

3

group Ld / dstartJ
nshift = max(l_(4d I-RA ngroup start )/ NCSJ )
ﬁsﬁa = Lmin (du - ngroup dstart ' LRA - 3du - nshift NCS )/NCSJ

=RA
Nghire =0

- for 2Lga/5<d,

nis =(3d, - Lga)/Nes |

Ogare =3dy —Lga + nsFF{;t Nes
astart =0
astart =0

ngréup = Ldu /dstartJ
ﬁs?{r?t = max(],(LRA - 2du geroAup dstan )/N (o] JO)

=RA
Nghirg =0
=RA

Ngpire =0

<(Lga —Ngs)/2

nig =[(Lra —2d,)/Ncs |

Ogtart = 2(Lga —2d) + n;% Ncs
astart =0
astart =0

n;’é\up = |_(LRA -d, )/dstartJ

ﬁsﬁ% = max¢(3du - I-RA ngRrﬁdestart )/NCSJO)

=RA
Nghirg =0
=RA

Nhire =0

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

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

Format Lra Af RA N, NEPA Support for
restricted sets
0 839 1.25 kHz 24576k 3168k Type A, Type B
1 839 1.25 kHz 2 -24576k 21024k Type A, Type B
2 839 1.25 kHz 4 - 24576k 4688k Type A, Type B
3 839 5 kHz 4-6144k 3168k Type A, Type B
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Table 6.3.3.1-2: Preamble formats for Ly, € {139,571,1151} and AfR4 = 15 - 2# kHz where p €

{0,1,2,3}.
Format Lra Af RA N, NEA Support for
restricted
pe{0,1,23} | p=0 | p=1 sets

Al 139 1151 571 15.-2# kHz 2-2048«-27# 288k -27H -
A2 139 1151 571 15.2# kHz 4.2048x-27# 576k -27" -
A3 139 1151 571 15-2# kHz 6-2048x-27# 864x-27# -
B1 139 1151 571 15.2# kHz 22048k -27# 216x-27# -
B2 139 1151 571 15.2# kHz 4.2048k-27# 360x-27# -
B3 139 1151 571 15.2# kHz 6-2048x-27# 504x-27# -
B4 139 1151 571 15.2# kHz 12-2048x-27# 936k -27# -
Co 139 1151 571 15.2# kHz 2048k -27# 1240k -27# -
Cc2 139 1151 571 15.2# kHz 4.2048x-27# 2048k -27#

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

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

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

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

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

80—-99 | 190| 649 181 | 658| 137| 702| 125| 714| 151 | 688 | 217 | 622| 128 | 711| 142| 697 | 122 | 717 | 203 | 636
100-119 | 118 721| 110| 729| 89| 750| 103| 736| 61| 778| 55| 784| 15| 824| 14|825| 12| 827| 23|816
120-139 | 34| 805| 37| 802| 46| 793| 207| 632| 179| 660 145| 694| 130| 709 | 223 | 616 | 228 | 611 | 227 | 612
140-159 | 132| 707 | 133 | 706| 143| 696| 135| 704| 161 | 678 | 201 | 638| 173 | 666 | 106| 733| 83| 756| 91| 748
160—-179 | 66| 773| 53| 786| 10| 829 9| 830 7] 832 8| 831| 16| 823| 47| 792| 64| 775| 57|782
180—-199 | 104| 735| 101 | 738| 108| 731| 208| 631 | 184 | 655| 197 | 642| 191| 648 | 121| 718 | 141 | 698 | 149|690
200-219 | 216| 623 | 218 | 621 | 152| 687 | 144| 695| 134| 705| 138 | 701 | 199| 640| 162| 677 | 176| 663 | 119| 720
220—239 | 158 | 681 | 164 | 675| 174| 665| 171| 668| 170| 669 | 87| 752| 169| 670| 88| 751| 107 | 732| 81| 758
240-259 | 82| 757| 100| 739| 98| 741| 71| 768| 59| 780| 65| 774| 50| 789| 49| 790| 26| 813| 117|822
260-279 | 13| 826 6| 833 5|834| 33|806| 51| 788| 75| 764| 99| 740| 96| 743| 97| 742]| 166|673
280—299 | 172| 667 | 175| 664 | 187 | 652| 163 | 676| 185| 654 | 200 | 639 | 114| 725| 189 | 650 | 115| 724 | 194 | 645
300-319 | 195| 644| 192 | 647 | 182| 657 | 157| 682 | 156| 683 | 211| 628 | 154| 685| 123 | 716 | 139| 700 | 212 | 627
320—339 | 153| 686 | 213 | 626 | 215| 624 | 150 | 689 | 225| 614 | 224 | 615| 221 | 618 | 220| 619| 127| 712| 147|692
340-359 | 124 | 715| 193 | 646| 205| 634 | 206| 633 | 116| 723 | 160| 679| 186| 653 | 167 | 672| 79| 760| 85| 754
360—-379 | 77| 762| 92| 747| 58| 781| 62| 777| 69| 770| 54| 785| 36| 803| 32| 807| 25| 814| 18|821
380—-399 | 11| 828 4] 835 31 836| 19820 22|817| 41| 798| 38|801| 44| 795| 52| 787| 45|794
400-419 | 63| 776| 67| 772| 72| 767| 76| 763| 94| 745|102 | 737| 90| 749| 109| 730| 165| 674| 111|728
420—-439 | 209| 630| 204 | 635 117| 722| 188 | 651 | 159| 680| 198 | 641 | 113| 726 | 183| 656 | 180 | 659 | 177 | 662
440459 | 196| 643 | 155| 684 | 214| 625| 126| 713| 131| 708 | 219 | 620| 222 | 617 | 226 | 613 | 230 | 609 | 232 | 607
460 —479 | 262 | 577 | 252 | 587 | 418 | 421 | 416 | 423| 413 | 426 | 411| 428 | 376 | 463 | 395| 444 | 283 | 556 | 285 | 554
480 —499 | 379| 460 | 390| 449 | 363 | 476| 384 | 455| 388 | 451 | 386 | 453 | 361 | 478 | 387 | 452| 360 | 479| 310|529
500—-519 | 354 | 485| 328 | 511 | 315| 524 | 337 | 502 | 349| 490 | 335| 504 | 324| 515| 323 | 516 | 320| 519 | 334 | 505
520 —539 | 359 | 480 | 295| 544 | 385| 454 | 292| 547| 291 | 548 | 381 | 458 | 399 | 440| 380 | 459 | 397 | 442| 369 | 470
540 — 559 | 377 | 462 | 410 | 429| 407 | 432 | 281 | 558 | 414 | 425| 247 | 592 | 277 | 562 | 271 | 568 | 272 | 567 | 264 | 575
560 —579 | 259 | 580 | 237 | 602| 239| 600 | 244 | 595| 243 | 596 | 275| 564 | 278 | 561 | 250 | 589 | 246 | 593 | 417 | 422
580 —-599 | 248 | 591 | 394 | 445| 393 | 446| 370| 469 | 365| 474 | 300| 539 | 299 | 540 | 364 | 475| 362 | 477 | 298| 541
600 —619 | 312| 527 | 313 | 526| 314 | 525| 353 | 486 | 352 | 487 | 343 | 496 | 327 | 512| 350| 489 | 326 | 513 | 319 520
620 — 639 | 332 | 507 | 333 | 506| 348| 491 | 347 | 492| 322| 517 | 330 | 509 | 338 | 501 | 341 | 498 | 340 | 499 | 342 | 497
640 —-659 | 301 | 538 | 366 | 473| 401 | 438 | 371| 468 | 408 | 431 | 375| 464 | 249| 590 | 269 | 570 | 238 | 601 | 234 | 605
660 — 679 | 257 | 582 | 273 | 566 | 255| 584 | 254 | 585| 245| 594 | 251 | 588 | 412 | 427 | 372 | 467 | 282 | 557 | 403 | 436
680 —699 | 396 | 443 | 392 | 447 | 391 | 448 | 382| 457 | 389 | 450 | 294 | 545| 297 | 542 | 311 | 528 | 344 | 495| 345|494
700—719 | 318 521 | 331 | 508| 325| 514| 321 | 518| 346| 493 | 339 | 500| 351 | 488 | 306 | 533 | 289 | 550 | 400 | 439
720—739 | 378 | 461 | 374 | 465| 415| 424| 270| 569| 241 | 598 | 231 | 608 | 260| 579 | 268 | 571 | 276 | 563 | 409 | 430
740—759 | 398 | 441| 290 | 549| 304 | 535| 308 | 531 | 358 | 481 | 316| 523 | 293 | 546 | 288 | 551 | 284 | 555| 368 | 471
760 —779 | 253 | 586 | 256 | 583 | 263 | 576 | 242| 597 | 274 | 565 | 402 | 437 | 383 | 456 | 357 | 482| 329 | 510| 317 | 522
780—799 | 307 | 532 | 286 | 553 | 287 | 552| 266 | 573 | 261 | 578 | 236 | 603 | 303 | 536 | 356 | 483 | 355| 484 | 405 434
800 —819 | 404 | 435| 406 | 433| 235| 604 | 267 | 572| 302 | 537 | 309 | 530 | 265| 574 | 233 | 606 | 367 | 472 | 296 | 543
820—-837 | 336| 503 | 305| 534 | 373| 466| 280) 559 | 279| 560 | 419 | 420| 240| 599 258 | 581 | 229 | 610 - -
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Table 6.3.3.1-4: Mapping from logical index i to sequence number u for preamble formats with
Lgra =139.

i Sequence number u in increasing order of i

0-19 1] 138 2| 137 3| 136 41 135 5[ 134 6] 133 71132 8[131 9[130 10| 129
20-39 11| 128| 12| 127| 13| 126| 14| 125| 15| 124| 16| 123| 17| 122 18|121| 19120 20| 119
40-59 21| 118| 22| 117| 23| 116| 24| 115| 25| 114| 26| 113| 27| 112 28(111| 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 Lg, =

1151.
i Sequence number uin increasing order of i

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

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

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

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

740-759 371 780 372 779 373 778 374 77 375 776 376 775 377 774 378 773 379 772 380 771

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

571.
i Sequence number u in increasing order of i

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

200-219 101 470 102 469 103 468 104 467 105 466 106 465 107 464 108 463 109 462 110 461
220-239 111 460 112 459 113 458 114 457 115 456 116 455 117 454 118 453 119 452 120 451
240-259 121 450 122 449 123 448 124 447 125 446 126 445 127 444 128 443 129 442 130 441
260-279 131 440 132 439 133 438 134 437 135 436 136 435 137 434 138 433 139 432 140 431
280-299 141 430 142 429 143 428 144 427 145 426 146 425 147 424 148 423 149 422 150 421
300-319 151 420 152 419 153 418 154 417 155 416 156 415 157 414 158 413 159 412 160 411
320-339 161 410 162 409 163 408 164 407 165 406 166 405 167 404 168 403 169 402 170 401
340-359 171 400 172 399 173 398 174 397 175 396 176 395 177 394 178 393 179 392 180 391
360-379 181 390 182 389 183 388 184 387 185 386 186 385 187 384 188 383 189 382 190 381
380-399 191 380 192 379 193 378 194 377 195 376 196 375 197 374 198 373 199 372 200 371
400-419 201 370 202 369 203 368 204 367 205 366 206 365 207 364 208 363 209 362 210 361
420-439 211 360 212 359 213 358 214 357 215 356 216 355 217 354 218 353 219 352 220 351
440-459 221 350 222 349 223 348 224 347 225 346 226 345 227 344 228 343 229 342 230 341
460-479 231 340 232 339 233 338 234 337 235 336 236 335 237 334 238 333 239 332 240 331
480-499 241 330 242 329 243 328 244 327 245 326 246 325 247 324 248 323 249 322 250 321
500-519 251 320 252 319 253 318 254 317 255 316 256 315 257 314 258 313 259 312 260 311
520-539 261 310 262 309 263 308 264 307 265 306 266 305 267 304 268 303 269 302 270 301
540-559 271 300 272 299 273 298 274 297 275 296 276 295 277 294 278 293 279 292 280 291
560-569 281 290 282 289 283 288 284 287 285 286 - - - - - - - - - -

Table 6.3.3.1-5: Ng for preamble formats with AfR* = 1.25 kHz.

zeroCorrelationZoneConfig Ngs value
Unrestricted set Restricted set type A Restricted set type B

0 0 15 15
1 13 18 18
2 15 22 22
3 18 26 26
4 22 32 32
5 26 38 38
6 32 46 26
! 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: Ng for preamble formats with AfR4 = 5 kHz.

zeroCorrelationZoneConfig Nes value
Unrestricted set Restricted set type A Restricted 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: N for preamble formats with Ly, € {139,571,1151}.

zeroCorrelationZoneConfig N¢s value
LRA = 139 LRA = 571 LRA = 1151
0 0 0 0
1 2 8 17
2 4 10 21
3 6 12 25
4 8 15 30
5 10 17 35
6 12 21 44
7 13 25 52
8 15 31 63
9 17 40 82
10 19 51 104
11 23 63 127
12 27 81 164
13 34 114 230
14 46 190 383
15 69 285 575
6.3.3.2 Mapping to physical resources

The preamble sequence shall be mapped to physical resources according to

algp'RA) = BerachYuy (K)
k = O,l,..., LRA _1

where Spracy 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 t0 6.3.3.2-4 and
depends on FR1 or FR2 and the spectrum type as defined in [8, TS38.104]. The PRACH configuration index in Tables

6.3.3.2-210 6.3.3.2-4 is

- for Table 6.3.3.2-3 given by the higher-layer parameter prach-ConfigurationindexNew if configured, otherwise
by the higher-layer parameter prach-Configurationindex, or by msgA-PRACH-Configurationindex-r16 if

configured; and
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- 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-r16 if configured.

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

- if the higher-layer parameter prach-ConfigurationPeriodScaling is configured, the variable x used in
ngpy mod x = y of Tables 6.3.3.2-2 to 6.3.3.2-4 shall be replaced by x;,5 , Where x5 = 8x and § is given by
the higher-layer parameter prach-ConfigurationPeriodScaling and the IAB-node does not expect x5 to be
larger than 64;

- if the higher-layer parameter prach-ConfigurationFrameOffset is configured, the variable y used in
ngpy mod x = y of Tables 6.3.3.2-2 to 6.3.3.2-4 shall be replaced by y;,g = (v + Ay) mod x where Ay is given
by the higher-layer parameter prach-ConfigurationFrameOffset, and x is the value used in nggy mod x = y;

- if the higher-layer parameter prach-ConfigurationSOffset is configured, the subframe number s, from Tables
6.3.3.2-2 t0 6.3.3.2-3 and the slot number s, from Table 6.3.3.2-4 shall be replaced by (s, + As) mod L where
As € {0,1, ..., L — 1} is given by the higher-layer parameter prach-ConfigurationSOffset, 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 frequencyStartMsgA-PUSCH if configured as described in clause 8.1 of [5 TS 38.213]. The
PRACH frequency resources ng, € {0,1, ..., M — 1}, where M equals the higher-layer parameter 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, ng, are numbered in increasing order within the active uplink bandwidth
part, starting from the lowest frequency.

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

For handover purposes to a target cell in paired or unpaired spectrum where the target cell uses L., = 4, 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 1536007, if the association pattern period in clause 8.1 of [5, TS 38.213] is not equal to 10 ms.

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

Lra AfRA for PRACH | Af for PUSCH N5 , allocation k
expressed in number of
RBs for PUSCH
839 1.25 15 6 7
839 1.25 30 3 1
839 1.25 60 2 133
839 5 15 24 12
839 5 30 12 10
839 5 60 6 7
139 15 15 12 2
139 15 30 6 2
139 15 60 3 2
139 30 15 24 2
139 30 30 12 2
139 30 60 6 2
139 60 60 12 2
139 60 120 6 2
139 120 60 24 2
139 120 120 12 2
571 30 15 96 2
571 30 30 48 2
571 30 60 24 2
1151 15 15 96 1
1151 15 30 48 1
1151 15 60 24 1
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Table 6.3.3.2-2: Random access configurations for FR1 and paired spectrum/supplementary uplink.
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56 2 2 0 1 0 - - 0
57 2 2 0 5 0 - - 0
58 2 1 0 1 0 - - 0
59 2 1 0 5 0 - - 0
60 3 16 1 1 0 - - 0
61 3 16 1 4 0 - - 0
62 3 16 1 7 0 - - 0
63 3 16 1 9 0 - - 0
64 3 8 1 1 0 - - 0
65 3 8 1 4 0 - - 0
66 3 8 1 7 0 - - 0
67 3 4 1 1 0 - - 0
68 3 4 1 4 0 - - 0
69 3 4 1 7 0 - - 0
70 3 4 1 9 0 - - 0
71 3 2 1 1 0 - - 0
72 3 2 1 4 0 - - 0
73 3 2 1 7 0 - - 0
74 3 2 1 9 0 - - 0
75 3 1 0 1 0 - - 0
76 3 1 0 4 0 - - 0
77 3 1 0 7 0 - - 0
78 3 1 0 1,6 0 - - 0
79 3 1 0 2,7 0 - - 0
80 3 1 0 3,8 0 - - 0
81 3 1 0 1,4,7 0 - - 0
82 3 1 0 2,5,8 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 1,3,5,7,9 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 1,4,7 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 Al1/B1 2 0 4 0 2 7 2
110 Al1/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 Al1/B1 1 0 1,4,7 0 2 7 2
116 Al/B1 1 0 0,2,4,6,8 0 2 7 2
117 A2 16 1 2,6,9 0 1 3 4
118 A2 16 1 4 0 2 3 4
119 A2 8 1 2,6,9 0 1 3 4
120 A2 8 1 4 0 2 3 4
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121 A2 4 0 2,6,9 0 1 3 4
122 A2 4 0 4 0 2 3 4
123 A2 2 1 2,6,9 0 1 3 4
124 A2 2 0 1 0 2 3 4
125 A2 2 0 4 0 2 3 4
126 A2 2 0 7 0 2 3 4
127 A2 1 0 4 0 1 3 4
128 A2 1 0 1,6 0 1 3 4
129 A2 1 0 4,9 0 1 3 4
130 A2 1 0 1 0 2 3 4
131 A2 1 0 7 0 2 3 4
132 A2 1 0 2,7 0 2 3 4
133 A2 1 0 1,4,7 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 1,3579 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 1,4,7 0 2 2 6
164 A3 1 0 0,2,4,6,8 0 2 2 6
165 A3 1 0 0,1,2,3,4,5,6,7,8,9 0 2 2 6
166 A3 1 0 135,79 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 1,4,7 0 2 7 2
195 Bl 1 0 0,2,4,6,8 0 2 7 2
196 Bl 1 0 0,1,2,3,4,5,6,7,8,9 0 2 7 2
197 Bl 1 0 1,3,57,9 0 2 7 2
198 B4 16 0 4,9 0 2 1 12
199 B4 16 1 4 0 2 1 12
200 B4 8 0 4,9 0 2 1 12
201 B4 8 1 4 0 2 1 12
202 B4 4 0 4,9 0 2 1 12
203 B4 4 0 4 0 2 1 12
204 B4 4 1 4,9 0 2 1 12
205 B4 2 0 4,9 0 2 1 12
206 B4 2 0 1 0 2 1 12
207 B4 2 0 4 0 2 1 12
208 B4 2 0 7 0 2 1 12
209 B4 1 0 1 0 2 1 12
210 B4 1 0 4 0 2 1 12
211 B4 1 0 7 0 2 1 12
212 B4 1 0 1,6 0 2 1 12
213 B4 1 0 2,7 0 2 1 12
214 B4 1 0 4,9 0 2 1 12
215 B4 1 0 14,7 0 2 1 12
216 B4 1 0 0,2,4,6,8 0 2 1 12
217 B4 1 0 0,1,2,3,4,5,6,7,8,9 0 2 1 12
218 B4 1 0 135,79 0 2 1 12
219 Cco 8 1 4 0 2 7 2
220 Cco 4 1 4,9 0 1 7 2
221 Cco 4 0 4 0 2 7 2
222 COo 2 0 4,9 0 1 7 2
223 COo 2 0 1 0 2 7 2
224 Cco 2 0 4 0 2 7 2
225 Cco 2 0 7 0 2 7 2
226 COo 1 0 4 0 1 7 2
227 COo 1 0 1,6 0 1 7 2
228 COo 1 0 4,9 0 1 7 2
229 Cco 1 0 1 0 2 7 2
230 Cco 1 0 7 0 2 7 2
231 COo 1 0 2,7 0 2 7 2
232 COo 1 0 1,4,7 0 2 7 2
233 COo 1 0 0,2,4,6,8 0 2 7 2
234 Cco 1 0 0,1,2,3,4,56,7,8,9 0 2 7 2
235 Cco 1 0 1,3,5,7,9 0 2 7 2
236 C2 16 1 4,9 0 1 2 6
237 C2 16 1 4 0 2 2 6
238 C2 8 1 4,9 0 1 2 6
239 c2 8 1 4 0 2 2 6
240 c2 4 0 4,9 0 1 2 6
241 C2 4 0 4 0 2 2 6
242 C2 2 1 2,6,9 0 2 2 6
243 C2 2 0 1 0 2 2 6
244 c2 2 0 4 0 2 2 6
245 Cc2 2 0 7 0 2 2 6
246 C2 1 0 4 0 1 2 6
247 C2 1 0 1,6 0 1 2 6
248 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 C2 1 0 2,7 0 2 2 6
252 Cc2 1 0 1,4,7 0 2 2 6
253 Cc2 1 0 0,2,4,6,8 0 2 2 6
254 c2 1 0 0,1,2,3,4,5,6,7,8,9 0 2 2 6
255 C2 1 0 1,3,5,7,9 0 2 2 6
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Table 6.3.3.2-3: Random access configurations for FR1 and unpaired spectrum.

3GPP



Release 16

60

ATIS.3GPP.38.211.V1620

PRACH
Configuration
Index

Preamble
format

Subframe number

Starting
symbol

Number
of
PRACH
slots
within a
subframe

RAslot
N t

number of
time-
domain
PRACH
occasions
within a
PRACH
slot

NRA

dur

PRACH
duration

BSlojo|Nlo|u|swnk|o

[EEN
[EEN

IR
N

IRy
w

[EEN
D

NIW|™|O|O N0 O ||~ OO[O(O|©

=
(6]

Ly
o

=
[o)]

Ly
o

[
~

En
©

=
[oe]

bt
©

IRy
©

N
\l

N
o

o0
©

N
=

4,8,9

N
N

3,49

N
w

7,8,9

N
i

3,4,8,9

N
&)

6,7,8,9

N
]

1,4,6,9

N
~

135,79

N
[ee]

N
©

w
o

w
e

w
N

w
w

w
I

w
)]

w
o]

w
by}

w
(e¢]

w
©

N
o

SN
iy

N
N

D
w

N
N

I
a1

N
(o]

N
~

i
(o]

N
[{e]

a
o

(2}
iy

a1
N

a1
w

(63}
I

NWAROO|INO|O|R|R(O|O[O|O[O|O(D OO |00 |N(N|N(N (NN

[¢)]
(4]

WWWWWWWWWWWWWWWIWININININININ|FP(FP PP IPP(O|O0|0(0|0|0|0|0|0|0(0|0|0|0|0|0|0|0o|0|o|o|o|O|o|o|o|o

o I R R P T TN TN o1 =S TN LT TN EN o] g e ST N o) P e e e e e e T s e R P R P P R T T T T T PN LTINS EN foo] P
o|lo|o|lo|o|o|o|o|o|r|o|r|o|r|k|k|lo|r|o|k|k|k|o|k ok~ |- lolo|lo|o|lolo|o|o|o|o|o|o|lo|o|o|o|o|o|o|o|o|r|o|r|o|k |k |-

iy
o

O|O|0|0|0 0|00 |0|0|0|0(O|0(0|0O(N|N(N[(O|0O(0|0(0|0(0|0O|0O|0O|0|0|0|(0|0|0|0|0|0|0(N|Oo|O|0|0|0|0|Oo|0|Oo|o|0o|0|o|o|o|o

O|O|0|O|0|O|0(0O|O|O|O|0|O|o|o|0|0|0|0|O|0|O|0|(0 |00 |O|Oo|o|o|o|o|o|O|o|O|o|o|0o|o|Oo|o|O|o|O|0o|o|o|o|o|o|o|o|o|o|o

3GPP




Release 16 61 ATIS.3GPP.38.211.V1620
56 3 1 0 1,6 7 - - 0
57 3 1 0 4,9 0 - - 0
58 3 1 0 3,8 0 - - 0
59 3 1 0 2,7 0 - - 0
60 3 1 0 8,9 0 - - 0
61 3 1 0 4,8,9 0 - - 0
62 3 1 0 3,4,9 0 - - 0
63 3 1 0 7,8,9 0 - - 0
64 3 1 0 3,4,8,9 0 - - 0
65 3 1 0 1,4,6,9 0 - - 0
66 3 1 0 1,3,5,7,9 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 7,9 7 1 3 2
73 Al 2 1 7,9 0 1 6 2
74 Al 2 1 8,9 0 2 6 2
75 Al 2 1 4.9 0 2 6 2
76 Al 2 1 2,3,4,7,8,9 0 1 6 2
77 Al 1 0 9 0 2 6 2
78 Al 1 0 9 7 1 3 2
79 Al 1 0 9 0 1 6 2
80 Al 1 0 8,9 0 2 6 2
81 Al 1 0 4,9 0 1 6 2
82 Al 1 0 7,9 7 1 3 2
83 Al 1 0 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 4,9 7 1 1 6
114 A3 2 1 7,9 7 1 1 6
115 A3 2 1 7,9 0 1 2 6
116 A3 2 1 4,9 0 2 2 6
117 A3 2 1 8,9 0 2 2 6
118 A3 2 1 2,3,4,7,8,9 0 1 2 6
119 A3 1 0 2 0 1 2 6
120 A3 1 0 7 0 1 2 6
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121 A3 2 1 9 0 1 2 6
122 A3 1 0 9 0 2 2 6
123 A3 1 0 9 7 1 1 6
124 A3 1 0 9 0 1 2 6
125 A3 1 0 2,7 0 1 2 6
126 A3 1 0 8,9 0 2 2 6
127 A3 1 0 4,9 0 1 2 6
128 A3 1 0 7,9 7 1 1 6
129 A3 1 0 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 B1 4 1 9 2 1 6 2
134 B1 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 B1 2 1 4.9 2 2 6 2
138 B1 1 0 9 2 2 6 2
139 B1 1 0 9 8 1 3 2
140 B1 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 B1 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 0,1,2,3,4,5,6,7,8,9 0 2 1 12
168 B4 1 0 0,1,2,3,4,5,6,7,8,9 2 1 1 12
169 CO 16 1 9 2 2 6 2
170 CO 8 1 9 2 2 6 2
171 (&{0] 4 1 9 2 1 6 2
172 (&{0] 2 1 9 2 1 6 2
173 (&{0] 2 1 8,9 2 2 6 2
174 CO 2 1 7,9 2 1 6 2
175 (&0} 2 1 7,9 8 1 3 2
176 (&{0] 2 1 4,9 8 1 3 2
177 (&{0] 2 1 4,9 2 2 6 2
178 (&{0] 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 (&{0] 1 0 9 2 1 6 2
182 (&{0] 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 (&{0] 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 C2 8 1 9 2 2 2 6
191 C2 4 1 9 2 1 2 6
192 C2 2 1 9 2 1 2 6
193 C2 2 1 8,9 2 2 2 6
194 C2 2 1 7,9 2 1 2 6
195 C2 2 1 7,9 8 1 1 6
196 Cc2 2 1 4,9 8 1 1 6
197 C2 2 1 4,9 2 2 2 6
198 C2 2 1 2,3,4,7,8,9 2 1 2 6
199 C2 8 1 9 8 2 1 6
200 C2 4 1 9 8 1 1 6
201 C2 1 0 9 2 2 2 6
202 C2 1 0 9 8 1 1 6
203 C2 1 0 9 2 1 2 6
204 C2 1 0 8,9 2 2 2 6
205 C2 1 0 4.9 2 1 2 6
206 C2 1 0 7,9 8 1 1 6
207 C2 1 0 3,4,8,9 2 1 2 6
208 C2 1 0 3,4,8,9 2 2 2 6
209 C2 1 0 1,3,5,7,9 2 1 2 6
210 (o 1 0 0,1,2,3,4,5,6,7,8,9 8 1 1 6
211 Al1/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 Al1/B1 2 1 7,9 2 1 6 2
215 Al1/B1 2 1 4,9 2 2 6 2
216 Al1/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 Al1/B1 1 0 9 2 1 6 2
220 Al1/B1 1 0 8,9 2 2 6 2
221 Al1/B1 1 0 4,9 2 1 6 2
222 Al/B1 1 0 7,9 8 1 3 2
223 Al/B1 1 0 3,4,8,9 2 2 6 2
224 Al1/B1 1 0 1,3,5,7,9 2 1 6 2
225 Al1/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 7,9 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 4,9 2 1 2 6
243 A3/B3 2 1 7,9 0 1 2 6
244 A3/B3 2 1 7,9 2 1 2 6
245 A3/B3 2 1 4,9 0 2 2 6
246 A3/B3 2 1 8,9 0 2 2 6
247 A3/B3 1 0 9 0 2 2 6
248 A3/B3 1 0 9 2 1 2 6
249 A3/B3 1 0 9 0 1 2 6
250 A3/B3 1 0 8,9 0 2 2 6
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251 A3/B3 1 0 4,9 0 1 2 6
252 A3/B3 1 0 7,9 2 1 2 6
253 A3/B3 1 0 3,4,8,9 0 2 2 6
254 A3/B3 1 0 1,3,5,7,9 0 1 2 6
255 A3/B3 1 0 0,1,2,3,4,5,6,7,8,9 2 1 2 6
256 0 16 1 7 0 - - 0
257 0 8 1 7 0 - - 0
258 0 4 1 7 0 - - 0
259 0 2 0 7 0 - - 0
260 0 2 1 7 0 - - 0
261 0 2 0 2 0 - - 0
262 0 2 1 2 0 - - 0
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Table 6.3.3.2-4: Random access configurations for FR2 and unpaired spectrum.
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PRACH Preamble Ngey MOd X =y Slot number Starting Number NtRAxS'm NdRA
Config. format symbol of ' R

Index PRACH number of PRACH
slots time- duration
withina | domain
X 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 12 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 1,3,5,7,...,37,39 0 1 3 4
58 A2 1 0 0,1,2,...,39 5 1 2 4
59 A3 16 1 4,9,14,19,24,29,34,39 0 2 2 6
60 A3 16 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6
61 A3 8 1 4,9,14,19,24,29,34,39 0 2 2 6
62 A3 8 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6
63 A3 8 1,2 9,19,29,39 0 2 2 6
64 A3 4 1 4,9,14,19,24,29,34,39 0 1 2 6
65 A3 4 1 4,9,14,19,24,29,34,39 0 2 2 6
66 A3 4 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6
67 A3 2 1 4,9,14,19,24,29,34,39 0 1 2 6
68 A3 2 1 4,9,14,19,24,29,34,39 0 2 2 6
69 A3 2 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6
70 A3 1 0 19,39 7 1 1 6
71 A3 1 0 3,5,7 0 1 2 6
72 A3 1 0 9,11,13 2 1 2 6
73 A3 1 0 24,29,34,39 7 1 1 6
74 A3 1 0 9,19,29,39 7 2 1 6
75 A3 1 0 17,19,37,39 0 1 2 6
76 A3 1 0 9,19,29,39 0 2 2 6
77 A3 1 0 7,15,23,31,39 0 1 2 6
78 A3 1 0 23,27,31,35,39 7 1 1 6
79 A3 1 0 23,27,31,35,39 0 1 2 6
80 A3 1 0 3,5,7,9,11,13 0 1 2 6
81 A3 1 0 3,5,7,9,11,13 7 1 1 6
82 A3 1 0 4,9,14,19,24,29,34,39 0 1 2 6
83 A3 1 0 4,9,14,19,24,29,34,39 7 1 1 6
84 A3 1 0 13,14,15, 29,30,31,37,38,39 7 2 1 6
85 A3 1 0 3,7,11,15,19,23,27,31,35,39 7 1 1 6
86 A3 1 0 3,7,11,15,19,23,27,31,35,39 0 1 2 6
87 A3 1 0 1,3,5,7,...,37,39 0 1 2 6
88 A3 1 0 0,1,2,...,39 7 1 1 6
89 B1 16 1 4,9,14,19,24,29,34,39 2 2 6 2
90 B1 8 1 4,9,14,19,24,29,34,39 2 2 6 2
91 B1 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 B1 2 1 3,7,11,15,19,23,27,31,35,39 2 1 6 2
95 B1 1 0 19,39 8 1 3 2
96 Bl 1 0 3,5,7 2 1 6 2
97 B1 1 0 24,29,34,39 8 1 3 2
98 Bl 1 0 9,19,29,39 8 2 3 2
99 B1 1 0 17,19,37,39 2 1 6 2
100 B1 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 B1 1 0 1,3,5,7,...,37,39 2 1 6 2
111 Bl 1 0 0,1,2,...,39 8 1 3 2
112 B4 16 1,2 4,9,14,19,24,29,34,39 0 2 1 12
113 B4 16 1,2 3,7,11,15,19,23,27,31,35,39 0 1 1 12
114 B4 8 1,2 4,9,14,19,24,29,34,39 0 2 1 12
115 B4 8 1,2 3,7,11,15,19,23,27,31,35,39 0 1 1 12
116 B4 8 1,2 9,19,29,39 0 2 1 12
117 B4 4 1 4,9,14,19,24,29,34,39 0 1 1 12
118 B4 4 1 4,9,14,19,24,29,34,39 0 2 1 12
119 B4 4 1,2 3,7,11,15,19,23,27,31,35,39 0 1 1 12
120 B4 2 1 7,15,23,31,39 2 2 1 12
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121 B4 2 1 4,9,14,19,24,29,34,39 0 1 1 12
122 B4 2 1 4,9,14,19,24,29,34,39 0 2 1 12
123 B4 2 1 3,7,11,15,19,23,27,31,35,39 0 1 1 12
124 B4 1 0 19, 39 2 2 1 12
125 B4 1 0 17,19, 37, 39 0 1 1 12
126 B4 1 0 24,29,34,39 2 1 1 12
127 B4 1 0 9,19,29,39 2 2 1 12
128 B4 1 0 9,19,29,39 0 2 1 12
129 B4 1 0 7,15,23,31,39 0 1 1 12
130 B4 1 0 7,15,23,31,39 0 2 1 12
131 B4 1 0 23,27,31,35,39 0 1 1 12
132 B4 1 0 23,27,31,35,39 2 2 1 12
133 B4 1 0 9,11,13,15,17,19 0 1 1 12
134 B4 1 0 3,5,7,9,11,13 2 1 1 12
135 B4 1 0 4,9,14,19,24,29,34,39 0 1 1 12
136 B4 1 0 4,9,14,19,24,29,34,39 2 2 1 12
137 B4 1 0 13,14,15, 29,30,31,37,38,39 2 2 1 12
138 B4 1 0 3,7,11,15,19,23,27,31,35,39 0 1 1 12
139 B4 1 0 3,7,11,15,19,23,27,31,35,39 2 1 1 12
140 B4 1 0 3,57,..,2325 2 1 1 12
141 B4 1 0 3,57, ..,2325 0 2 1 12
142 B4 1 0 1,3,5,7,...,37,39 0 1 1 12
143 B4 1 0 0,12..,39 2 1 1 12
144 Cco 16 1 4,9,14,19,24,29,34,39 0 2 7 2
145 Cco 16 1 3,7,11,15,19,23,27,31,35,39 0 1 7 2
146 Cco 8 1 4,9,14,19,24,29,34,39 0 1 7 2
147 co 8 1 3,7,11,15,19,23,27,31,35,39 0 1 7 2
148 co 8 1,2 9,19,29,39 0 2 7 2
149 Cco 4 1 4,9,14,19,24,29,34,39 0 1 7 2
150 Cco 4 1 4,9,14,19,24,29,34,39 0 2 7 2
151 Cco 4 1 3,7,11,15,19,23,27,31,35,39 0 1 7 2
152 COo 2 1 7,15,23,31,39 0 2 7 2
153 COo 2 1 4,9,14,19,24,29,34,39 0 1 7 2
154 Cco 2 1 4,9,14,19,24,29,34,39 0 2 7 2
155 Cco 2 1 3,7,11,15,19,23,27,31,35,39 0 1 7 2
156 Cco 1 0 19,39 8 1 3 2
157 COo 1 0 3,57 0 1 7 2
158 COo 1 0 24,29,34,39 8 1 3 2
159 Cco 1 0 9,19,29,39 8 2 3 2
160 Cco 1 0 17,19,37,39 0 1 7 2
161 COo 1 0 9,19,29,39 0 2 7 2
162 COo 1 0 23,27,31,35,39 8 1 3 2
163 COo 1 0 7,15,23,31,39 0 1 7 2
164 Cco 1 0 23,27,31,35,39 0 1 7 2
165 Cco 1 0 3,5,7,9,11,13 8 1 3 2
166 COo 1 0 4,9,14,19,24,29,34,39 8 1 3 2
167 COo 1 0 4,9,14,19,24,29,34,39 0 1 7 2
168 COo 1 0 13,14,15, 29,30,31,37,38,39 8 2 3 2
169 Cco 1 0 3,7,11,15,19,23,27,31,35,39 8 1 3 2
170 Cco 1 0 3,7,11,15,19,23,27,31,35,39 0 1 7 2
171 COo 1 0 1,3,5,7,...,37,39 0 1 7 2
172 COo 1 0 0,1,2,...,39 8 1 3 2
173 C2 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 Cc2 8 1 4,9,14,19,24,29,34,39 0 2 2 6
176 C2 8 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6
177 C2 8 1,2 9,19,29,39 0 2 2 6
178 C2 4 1 4,9,14,19,24,29,34,39 0 1 2 6
179 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 C2 1 0 3,5,7 0 1 2 6
187 C2 1 0 24,29,34,39 7 1 1 6
188 C2 1 0 9,19,29,39 7 2 1 6
189 C2 1 0 17,19,37,39 0 1 2 6
190 C2 1 0 9,19,29,39 2 2 2 6
191 C2 1 0 7,15,23,31,39 2 1 2 6
192 C2 1 0 3,5,7,9,11,13 7 1 1 6
193 C2 1 0 23,27,31,35,39 7 2 1 6
194 C2 1 0 23,27,31,35,39 0 1 2 6
195 C2 1 0 4,9,14,19,24,29,34,39 7 2 1 6
196 Cc2 1 0 4,9,14,19,24,29,34,39 2 1 2 6
197 C2 1 0 13,14,15, 29,30,31,37,38,39 7 2 1 6
198 C2 1 0 3,7,11,15,19,23,27,31,35,39 7 1 1 6
199 C2 1 0 3,7,11,15,19,23,27,31,35,39 0 1 2 6
200 C2 1 0 1,3,5,7,...,37,39 0 1 2 6
201 C2 1 0 0,1,2,...,39 7 1 1 6
202 Al1/B1 16 1 4,9,14,19,24,29,34,39 2 1 6 2
203 Al1/B1 16 1 3,7,11,15,19,23,27,31,35,39 2 1 6 2
204 Al1/B1 8 1 4,9,14,19,24,29,34,39 2 1 6 2
205 Al1/B1 8 1 3,7,11,15,19,23,27,31,35,39 2 1 6 2
206 Al1/B1 4 1 4,9,14,19,24,29,34,39 2 1 6 2
207 Al1/B1 4 1 3,7,11,15,19,23,27,31,35,39 2 1 6 2
208 Al1/B1 2 1 4,9,14,19,24,29,34,39 2 1 6 2
209 Al1/B1 1 0 19,39 8 1 3 2
210 Al1/B1 1 0 9,19,29,39 8 1 3 2
211 Al1/B1 1 0 17,19,37,39 2 1 6 2
212 Al1/B1 1 0 9,19,29,39 2 2 6 2
213 Al1/B1 1 0 23,27,31,35,39 8 1 3 2
214 Al1/B1 1 0 7,15,23,31,39 2 1 6 2
215 Al1/B1 1 0 23,27,31,35,39 2 1 6 2
216 Al1/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 Al1/B1 1 0 1,3,5,7,...,37,39 2 1 6 2
220 A2/B2 16 1 4,9,14,19,24,29,34,39 2 1 3 4
221 A2/B2 16 1 3,7,11,15,19,23,27,31,35,39 2 1 3 4
222 A2/B2 8 1 4,9,14,19,24,29,34,39 2 1 3 4
223 A2/B2 8 1 3,7,11,15,19,23,27,31,35,39 2 1 3 4
224 A2/B2 4 1 4,9,14,19,24,29,34,39 2 1 3 4
225 A2/B2 4 1 3,7,11,15,19,23,27,31,35,39 2 1 3 4
226 A2/B2 2 1 4,9,14,19,24,29,34,39 2 1 3 4
227 A2/B2 1 0 19,39 6 1 2 4
228 A2/B2 1 0 9,19,29,39 6 1 2 4
229 A2/B2 1 0 17,19,37,39 2 1 3 4
230 A2/B2 1 0 9,19,29,39 2 2 3 4
231 A2/B2 1 0 23,27,31,35,39 6 1 2 4
232 A2/B2 1 0 7,15,23,31,39 2 1 3 4
233 A2/B2 1 0 23,27,31,35,39 2 1 3 4
234 A2/B2 1 0 4,9,14,19,24,29,34,39 6 1 2 4
235 A2/B2 1 0 4,9,14,19,24,29,34,39 2 1 3 4
236 A2/B2 1 0 3,7,11,15,19,23,27,31,35,39 2 1 3 4
237 A2/B2 1 0 1,3,5,7,...,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 1,3,5,7,...,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

6.4.1.1.1.1 Sequence generation when transform precoding is disabled

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

r(n) :i(1—2~c(2n))+ jiz(l—Z-c(Zn +1)).

2 2

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

7 i ) -
Cnit = (zﬂ(zvssy‘g;bn;ff +1+1) (ZNI’];SC'D + 1) + 217 H + 2N 5P + ﬁg}cm> mod 231

where | is the OFDM symbol number within the slot, nf is the slot number within a frame, and

- N3, N} € {0,1, ...,65535} are given by the higher-layer parameters scramblinglDO and scramblinglD1,
respectively, in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format0_1 or 0_2,
or by a PUSCH transmission with a configured grant;

- N €{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;

- N2, N} €{0,1,...,65535} are, for each msgA PUSCH configuration, given by the higher-layer parameters
msgA-ScramblinglD0 and msgA-ScramblinglD1, respectively, in the msgA-DMRS-Configuration IE if provided
and the PUSCH transmission is triggered by a Type-2 random access procedure as described in clause 8.1A of
[5, TS 38.213];

ﬁgCID cell fear
- Ny =N~ otherwise;
- fidep and A are given by

- if the higher-layer parameter dmrs-Uplink-r16 in the DMRS-UplinkConfig IE is provided

r_lz ={ nSCID AZOOIAZZ
SCID_ 1-ngep A=1
A=2
where A is the CDM group defined in clause 6.4.1.1.3.

- otherwise

-
Ngcp = Mscp
A=0

The quantity ngcp € {0,1} is
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indicated by the DM-RS initialization field, if present, either in the DCI associated with the PUSCH transmission
if DCI format0_1 or 0_2, in [4, TS 38.212] is used;

indicated by the higher layer parameter dmrs-Seqlnitialization, if present, for a Type 1 PUSCH transmission with
a configured grant or for a PUSCH transmission of Type-2 random access process in [5, TS 38.213];

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];

otherwise ngcyp = 0.

6.4.1.1.1.2 Sequence generation when transform precoding is enabled

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

r(n)=r%"(n)

n=0,1,.., M2 /27 1

(a,8)

where r,;3,°’ (n) with § = 1 depends on the configuration:

if the higher-layer parameter dmrs-UplinkTransformPrecoding-ri16 is configured, n/2-BPSK modulation is used
for PUSCH, and the PUSCH transmission is not a msg3 transmission, and the transmission is not scheduled

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

Cinit = (217(N;;g§bngjf+ L+ 1) (2N + 1) + 2N;5 + ngepp )mod 231

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

- N3, N} € {0,1, ...,65535} are given by the higher-layer parameters pi2BPSK-ScramblinglDO and pi2BPSK-
ScramblinglD1, 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 €{0,1, ...,65535} is given by the higher-layer parameter pi2BPSK-ScramblinglDO 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;

- NP = Nl otherwise;

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

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

nfS = niySCH if nfYSCH is configured by the higher-layer parameter nPUSCH-Identity in the DMRS-
UplinkConfig IE, and

- the higher-layer parameter dmrs-UplinkTransformPrecoding-r16 is not configured or the higher-layer
parameter dmrsUplinkTransformPrecoding-rl16 is configured and n/2-BPSK modulation is not used for
PUSCH, and

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

nfy = NP if the higher-layer parameter dmrs-UplinkTransformPrecoding-r16 is configured, n/2-BPSK

modulation is used for PUSCH, the PUSCH transmission is not a msg3 transmission, and the transmission is not
scheduled using DCI format 0_0 in a common search space;

nks = N otherwise
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where £, and the sequence number v are given by:

- if neither group, nor sequence hopping is enabled

f

gh
v=0

- if group hopping is enabled and sequence hopping is disabled
f :(Z;:OZmC(S(N:;f;bn;’f +1)+m))mod30
v=0

where the pseudo-random sequence c(i) is defined by clause 5.2.1 and shall be initialized with ¢, = |_n,RDS/30J
at the beginning of each radio frame

- if sequence hopping is enabled and group hopping is disabled
f, =0
. (NNt +1) if Mo > 6NS®
0 otherwise
where the pseudo-random sequence c(i) is defined by clause 5.2.1 and shall be initialized with ¢,;, =n[¥ at
the beginning of each radio frame.
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 except for the case of double-symbol DMRS in which case [ is the
OFDM symbol number of the first symbol of the double-symbol DMRS.

6.4.1.1.2 (void)

6.4.1.1.3 Precoding and mapping to physical resources

The sequence r(m) shall be mapped to the intermediate quantity d,(fl"'“) according to

- if transform precoding is not enabled,

a " =w, (K )w, (I)r(2n+k’)
4n+2k'+A Configuration type 1
:{ 6n+k'+A Configuration type 2
k'=0,1
I=1+I'
n=0,1,..
j=01,..,0v-1

- if transform precoding is enabled
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Al =w (k) (1)r(20+K)
k=4n+2k'+A
k'=0,1
=1 +I'
n=0,1,..

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

B ) -
ak’l] = 0 if A corresponds to any other antenna ports than D
The intermediate quantity d,(i"'#) shall be precoded, multiplied with the amplitude scaling factor g2)%%° in order to

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

Do) ~ (o)
A1 Akl
_ DMRS
: = BruscutW |
(Po-14) ~(Bp-1.4)
Ay, Ay

where

- the precoding matrix W is given by clause 6.3.1.5,

- the set of antenna ports {p, _p,_, | is given by [6, TS 38.214];

and the following conditions are fulfilled:

~(@).1)

a,, —are within the common resource blocks allocated for PUSCH transmission.

- the resource elements

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

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

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

- | 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

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

- | 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

- IO == 0
The position(s) of the DM-RS symbols is given by | and duration I; where

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

- if the higher-layer parameter maxLength in DMRS-UplinkConfig is not configured, or for a msgA transmission
msgA-MaxLength in msgA-DMRS-Configuration 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-Configuration 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 ‘posl’ for each hop.

For PUSCH mapping type A,
- the case dmrs-AdditionalPosition equal to 'pos3' is only supported when dmrs-TypeA-Position is equal to 'pos2’;
- Iy = 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 equal to 'pos3' is only supported when dmrs-TypeA-Position is equal to
'pos2’;

- 'dmrs-AdditionalPosition" in Tables 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 p, 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.
p CDM group A we (k") w (1)
A k'=0 k'=1 I'=0 I'=
0 0 0 +1 +1 +1 +1
1 0 0 +1 -1 +1 +1
2 1 1 +1 +1 +1 +1
3 1 1 +1 -1 +1 +1
4 0 0 +1 +1 +1 -1
5 0 0 +1 -1 +1 -1
6 1 1 +1 +1 +1 -1
7 1 1 +1 -1 +1 -1
Table 6.4.1.1.3-2: Parameters for PUSCH DM-RS configuration type 2.
P CDM group A w; (k) w (1)
A k'=0 k'=1 I'=0 I'=1
0 0 0 +1 +1 +1 +1
1 0 0 +1 -1 +1 +1
2 1 2 +1 +1 +1 +1
3 1 2 +1 -1 +1 +1
4 2 4 +1 +1 +1 +1
5 2 4 +1 -1 +1 +1
6 0 0 +1 +1 +1 -1
7 0 0 +1 -1 +1 -1
8 1 2 +1 +1 +1 -1
9 1 2 +1 -1 +1 -1
10 2 4 +1 +1 +1 -1
11 2 4 +1 -1 +1 -1

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

frequency hopping disabled.

lyin DM-RS positions |
symbols PUSCH mapping type A PUSCH mapping type B
dmrs-AdditionalPosition dmrs-AdditionalPosition
pos0 posl pos2 pos3 pos0 posl pos2 pos3
<4 - - - - Iy ly ly ly
4 ly Iy ly ly ly ly ly ly
5 ly Iy ly ly ly ly, 4 ly, 4 ly, 4
6 ly Iy Iy ly Iy ly, 4 ly, 4 ly, 4
7 ly ly Iy ly Iy ly, 4 ly, 4 ly, 4
8 ly o, 7 l, 7 ly, 7 ly ly, 6 ly, 3,6 ly,3,6
9 ly ly, 7 ly, 7 lg, 7 Iy ly, 6 ly, 3,6 ly, 3,6
10 ly lp, 9 lp, 6,9 lp, 6,9 lo lp, 8 lp, 4,8 lp, 3,6,9
11 ly ly, 9 ly, 6,9 ly, 6,9 ly ly, 8 ly, 4,8 ly,3,6,9
12 Iy lp, 9 l,, 6,9 | 1,,58,11 | 1 lp,20 | 1,,510 | 1,,3,6,9
13 ly lp, 11 | 1,,7,11 | 1,,5,8,11 ly l,,20 | 1,,5,20 | 1,,3,6,9
14 ly ly, 11 lg, 7,11 | 1,,5,8,11 Iy ly, 10 ly, 5,10 lh,3,6,9

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

frequency hopping disabled.
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lq in symbols DM-RS positions |
PUSCH mapping type A PUSCH mapping type B
dmrs-AdditionalPosition dmrs-AdditionalPosition
pos0 posi pos2 pos3 poso posi pos2 pos3
<4 - - - -
4 ly ly - -
5 ly ly ly ly
6 ly ly ly ly
7 ly ly ly ly
8 Iy ly ly ly, 5
9 ly ly ly ly, 5
10 ly l), 8 ly ly, 7
11 ly ly, 8 ly ly, 7
12 lo ly. 8 ly ly, 9
13 ly ly, 10 ly ly, 9
14 ly ly, 10 ly lo, 9
Table 6.4.1.1.3-5: PUSCH DM-RS time index .
DM-RS duration U Supported antenna ports p
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 | within a slot for single-symbol DM-RS and intra-slot
frequency hopping enabled.

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

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

@)y = (T(m) ifj=j"orj=j"
rrm) { 0 otherwise

where

- antennaports p, or {51,,51.,.} associated with PT-RS transmission are given by clause 6.2.3 of [6, TS 38.214]

- r(m) isgiven by clause 6.4.1.1.1.1
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- at the position of the first DM-RS symbol in absence of PUSCH intra-slot frequency hopping

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

6.4.1.2.1.2 Sequence generation if transform precoding is enabled

If transform precoding is enabled, the phase-tracking reference signal r,(m’) to be mapped in position m before
transform precoding, where m depends on the number of PT-RS groups N22-RS the number of samples per PT-RS

group !

group ng;mp and MPYSCH according to Table 6.4.1.2.2.2-1, shall be generated according to

] Z (mmod2)

0 (M) = w(k 5 & [(a-2c(m))+ j(1-2c(m))]

m

m’ = NI*Ps' 1k’

samp

S':O,l NPTRS 1

group

k=01, N3P -1

samp

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

Cinie = (217 (Nt + L+ 1) (2Npp + 1) + 2Nip)mod23*

where | is the lowest OFDM symbol number in the PUSCH allocation in slot nf that contains PT-RS according to
clause 6.4.1.2.2.2 and Ny is given by the higher-layer parameter nPUSCH-Identity.

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

N Mod Ny Nemp =2 Nemp =4
[w©) w] [w©) w®) w2 we)]
0 [+1 +1] [+1 +1 +1 +1]
1 [+1 —1] [+1 -1 +1 1]
2 - [+1 +1 -1 1]
3 - [+1 -1 -1 +1]

6.4.1.2.2 Mapping to physical resources

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

The UE shall transmit phase-tracking reference signals only in the resource blocks used for the PUSCH, and only if the
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

Do) ~
a” @) (2n + k')
: = PrrrsW B :
(pp 1.H) r@o-1(2n + k')
At

K = {471 + 2k’ + A configuration type 1
“lén+k'+A configuration type 2

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

- resource element (k,1) is not used for DM-RS
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- k' and A correspond to fy, ..., By,

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-UplinkConfig, and the precoding matrix W is given by clause 6.3.1.5. The quantity Bprrg iSan

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

lseti=0and I =0

2. if any symbol in the interval max (L.t + (i — 1)Lprrs + 1, Leep), -+ Lrer + iLpr.ps OVerlaps with a symbol used for
DM-RS according to clause 6.4.1.1.3

- seti=1

- set |, tothe 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 fromstep 2aslongas I . +iL, is inside the PUSCH allocation

ref PT-RS

3.add I +il,; s to the set of time indices for PT-RS

ref

4. increment i by one

5. repeat from step 2 above as long as |, + il ¢ I inside the PUSCH allocation

ref

where Lpr.gs € {1,2,4} is 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 resource

blocks are numbered in increasing order starting from the lowest frequency from 0 to NREN.; —1. The subcarriers to
which the PT-RS shall be mapped are given by

ref ref

Neni mod KPT-RS if NRB mod KPT—RS =0
Nenmy MOd (N g mod Ko )  otherwise

k= K& +(iKppps + kS )NE®

RB _
ref T

where
- 1=012,...

- krFéfE 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

6.2.31in [6, TS 38.214]. If the higher-layer parameter resourceElementOffset in PTRS-UplinkConfig is not
configured, the column corresponding to 'offset00' shall be used.

- nNrnT 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-RNTI in case of configured grant

- Ngg is the number of resource blocks scheduled

- Kprgs € {2,4} is given by [6, TS 38.214].

3GPP



Release 16 79 ATIS.3GPP.38.211.V1620

Table 6.4.1.2.2.1-1: The parameter k. .

DM-RS antenna port krFéF
DM-RS Configuration type 1 DM-RS Configuration type 2
P 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
6.4.1.2.2.2 Mapping to physical resources if transform precoding is enabled

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

The sequence r,,(m’) shall be multiplied by B’ and mapped to N5 P Naois complex valued symbols in % (m) where

samp

- %@ (m) are the complex-valued symbols in OFDM symbol | before transform precoding according to clause
6.3.1.4

- mdepends on the number of PT-RS groups NPT-Rs, the number of samples per PT-RS group Ng;ﬁ]l;,p , and

group
M PUSCH according to Table 6.4.1.2.2.2-1

- B’ isthe 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 n/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

l.seti=0and I =0

2. if any symbol in the interval max(l.ef + (i — 1)Lpr.ps + 1, Ler), -, Ler + iLpr.ps OVerlaps with a symbol used for
DM-RS according to clause 6.4.1.1.3

- oseti=1

- set | tothe 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 fromstep 2aslongas I . +iL, is inside the PUSCH allocation

ref PT-RS

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

ref

4. increment i by one

5. repeat from step 2 above as long as |, + il ¢ i inside the PUSCH allocation

ref

where Lpr.gs € {1,2} is given by the higher-layer parameter timeDensityTransformPrecoding in PTRS-UplinkConfig.
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Table 6.4.1.2.2.2-1: PT-RS symbol mapping.

Number of Number of Index m of PT-RS samples in OFDM symbol | prior to
PT-RS samples per transform precoding
groups PT-RS group
NPT-RS roul
grou ngampp
2 2 s|MPUSCH /4] + k — 1 wheres = 1,3 and k = 0,1
2 4 PUSCH {S = 0 al’ld k = 0,1,2,3
SMs ™"+ kWheTe 0 _ 1 and k= —4,-3,-2,—1
4 2 PUSCH
|s Mg > /8| + k — 1 wheres = 1,3,5,7and k = 0,1
4 4 sMEYSCH /4 + n + k where
s=0 and k=0,1,2,3 n=20
[s =12 and k=-2,—-1,0,1 n = |MFUSCH /8|
s=4 and k=-4-3,-2,-1 n=0
8 4 [s MEUSCH /8| + n + k where
s=0 and k=0,1,23 n=20
{s =123456 and k=-2,—-1,0,1 n = |MEUSCH /16|
s=8 and k=-4-3,-2,—-1 n=0
6.4.1.3 Demodulation reference signal for PUCCH
6.4.1.3.1 Demodulation reference signal for PUCCH format 1
6.4.1.3.1.1 Sequence generation

The reference signal sequence is defined by
2(MNGENGTE™ +mNGE +n) = w ()7 (n)
n=0,1,.., N> -1
m=0,1,... N2t _q

, [0 nointra-slot frequency hopping
10,1 intra-slot frequency hopping enabled

(a,8)

where NPVCGH s given by Table 6.4.1.3.1.1-1 and the sequence 7,

SE.m/ (n) is given by clause 5.2.2.

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.

The orthogonal sequence w; (m) is given by Table 6.3.2.4.1.-2 with the same index I asused in clause 6.3.2.4.1.
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Table 6.4.1.3.1.1-1: Number of DM-RS symbols and the corresponding N;:L’J,ifCH’l

PUCCH length, N PUCCH,1
N PUCCH SFm’
symb 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
6.4.1.3.1.2 Mapping to physical resources

The sequence shall be multiplied with the amplitude scaling factor g, 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),, , in a slot on antenna
port p=2000 according to

() _
UGy = Bpuccn? (m)

1=024,..

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

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

6.4.1.3.2 Demodulation reference signal for PUCCH format 2
6.4.1.3.2.1 Sequence generation

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

CCH2 | ; .
7 (mNge ““? + 1) = w, (D), (m)

(m) 1(1 2c(2 ))+'1(1 2c(2m+1))
num) =— — sClzm ] —= — 4Czm
V2 V2

i=0,1,.., Neg -1

m=20,1, ..
where the pseudo-random sequence c(i) is defined in clause 5.2. The pseudo-random sequence generator shall be
initialized with

Cinit = (217(N51°tbngf +1+1)(2NJ + 1) + 2N)) mod 231

sym

where | is the OFDM symbol number within the slot, ngff is the slot number within the radio frame, and w,, (i) and
Ngw ©“™"? are defind in clause 6.3.2.5.2A.

The quantity N, € {0,1, ...,65535} is given by the higher-layer parameter scramblinglDO0 in the DMRS-UplinkConfig
IE if provided and by NSS! otherwise. If a UE is configured with both dmrs-UplinkForPUSCH-MappingTypeA and
dmrs-UplinkForPUSCH-MappingTypeB, scramblinglDO is obtained from dmrs-UplinkForPUSCH-MappingTypeB.
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6.4.1.3.2.2 Mapping to physical resources

The sequence shall be multiplied with the amplitude scaling factor Spyccy,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),, , in a slot on antenna
port p=2000 according to

o) _
akz,7l# = Bruccu221(m)

k=3m+1

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

6.4.1.3.3 Demodulation reference signal for PUCCH formats 3 and 4
6.4.1.3.3.1 Sequence generation
The reference-signal sequence r; (/) shall be generated according to

f(m) =157 (m)

m=0,1,.., M2 —1

(a,8)

where M{ ““"* is given by clause 6.3.2.6.3 and 1,5’ (m) depends on the configuration:

- if the higher-layer parameter dmrs-UplinkTransformPrecodingPUCCH-r16 is configured, and /2-BPSK is
used for PUCCH, rlf,‘f;a)(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, r,ff,",’s) (m) is given by clause 6.3.2.2 and the cyclic shift a varies with the symbol number and slot

number according to clause 6.3.2.2.2 with
- mg = 0 for PUCCH format 3 without interlaced mapping;

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

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

format 4.
Orthogonal Cyclic shift index mj
sequence index n
q Ngll.:JCCH,s -1 NgIL:JCCH,s -2 con
S _
Ngr =4
0 0 0 0
1 6 6
2 - 3
3 - - 9
6.4.1.3.3.2 Mapping to physical resources

The sequence shall be multiplied with the amplitude scaling factor Soycc s, S € {3,4}, in order to conform to the
transmit power specified in [5, 38.213] and mapped in sequence starting with r (0) to resource elements (k, [),, , on
antenna port p = 2000 according to

(pop) _
ak,|# —:BPUCCH,S 'rl(m)-
PUCCH,s
m=0,1,...,M s 1

where

3GPP



Release 16 83 ATIS.3GPP.38.211.V1620

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

- | isgiven by Table 6.4.1.3.3.2-1 for the case with and without intra-slot frequency hopping and with and
without additional DM-RS as described in clause 9.2.1 of [TS 38.213], where | =0 corresponds to the first
OFDM symbol of the PUCCH transmission.

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

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

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

4 1 0,2 1 0,2

5 0,3 0,3

6 1,4 1,4

7 1,4 1,4

8 1,5 1,5

9 1,6 1,6

10 2,7 1,3,6,8

11 2,7 1,3,6,9

12 2,8 1,4,7,10

13 2,9 1,4,7,11

14 3,10 1,58, 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-r16 IE and consists of

SRS _
- Nfg*s € {1,2,4} antenna ports {pi};ng 1, where the number of antenna ports is given by the higher layer

parameter nrofSRS-Ports if configured, otherwise N§§5 =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’

- N3RS € {1,2,4,8,12} consecutive OFDM symbols given by the field nrofSymbols contained in the higher layer

symb
parameter resou rceMapping

- |y, the starting position in the time domain given by I, = Nss;f,fb — 1 — lyreer Where the offset [ € {0,1, ...,13}
counts symbols backwards from the end of the slot and is given by the field startPosition contained in the higher

layer parameter resourceMapping and loer = Ny — 1

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

6.4.1.4.2 Sequence generation

The sounding reference signal sequence for an SRS resource shall be generated according to
. r (a,6)
r®(n, 1) =,y (n)
0<n<M® -1

I'e{01,..,Noa, — 1}

where M3X; is given by clause 6.4.1.4.3, rlf“,","” (n) is given by clause 5.2.2 with § = log,(Kr¢) 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
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cs,i

R

a, =272
Cs,max

SRS

CS max !
cs,i cs SRS ( pl 1000) cs,max
Nsrs = (nSRS + N SRS mod Nsgs
ajl

where n& e {o 1. ,nSud™ _1} is contained in the higher layer parameter transmissionComb. The maximum number of
cyclic shifts ngyg™* are given by Table 6.4.1.4.2-1.

The sequence group u = (f(n,, 1) + ni5°) mod 30 and the sequence number v in clause 5.2.2 depends on the
higher-layer parameter groupOrSequenceHopping in the SRS-Resource IE or the SRS-PosResource-rl6 IE. The SRS
sequence identity nStS is given by the higher layer parameter sequenceld in the SRS-Resource IE, in which case nj}° €

{0,1, ..., 1023}, or the SRS-PosResource-r16 IE, in which case nj}° € {0,1, ..., 65535}. The quantity ‘€

{0,1, ..., N3k, — 1} is the OFDM symbol number within the SRS resource.

- if groupOrSequenceHopping equals 'neither’, neither group, nor sequence hopping shall be used and

fn(n2,17)=0
v=0

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

(n 1 ( n;'ng;%b+|O+|')+m).2m)mod3o

0

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

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

Hoqr)—
(024 17)=
u slot SRS RB
v c(nsvasymb+I0+I’) Mgp = 6Ng
0 otherwise

where the pseudo-random sequence c(i) is defined by clause 5.2.1 and shall be initialized with ¢;,;; = n{&° at

the beginning of each radio frame.

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

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

When SRS is transmitted on a given SRS resource, the sequence r®?(n, ") for each OFDM symbol |" and for each of
the antenna ports of the SRS resource shall be multiplied with the amplitude scaling factor Bqzs in order to conform to

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

in a slot for each of the antenna ports p; according to

B P (K1) k'=0,1...,MF° -1 1I"=0,1,..,N>* —1

1
a( ) _ \/N_ sc,b symb
Krck +k§P) 1741 ap

0 otherwise
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The length of the sounding reference signal sequence is given by
M3 = mgps )N / K

where mggs , is given by a selected row of Table 6.4.1.4.3-1 with b = Bggs Where Bggg € {0,1,2,3} is given by the field

b-SRS contained in the higher-layer parameter freqHopping if configured, otherwise Bsgs = 0. The row of the table is
selected according to the index Cqzg {0,1,...,63} given by the field c-SRS contained in the higher-layer parameter

freqHopping.

The frequency-domain starting position képi) is defined by

Bsrs
kPO = RS0+ ) KnMSSm,
b=0

where
E(()pi) = nshifthIéB + (k'%z()jl) + k(l)ffset) mod KTC
@D _ {(ETC + Krc/2) mod Ky ifnys € {ngpe /2, ..., népe ¥ — 1} and N5&5 = 4 and p; € {1001, 1003}
T ~ )3 .
krc otherwise

If NS5 < ngpiq the reference point for k((]pi) = 0 is subcarrier 0 in common resource block 0, otherwise the reference
point is the lowest subcarrier of the BWP.

If the SRS is configured by the IE SRS-PosResource-r16, the quantity ké'ffset is given by Table 6.4.1.4.3-2, otherwise
k(l)’ffset =0
The frequency domain shift value ny;; adjusts the SRS allocation with respect to the reference point grid and is

contained in the higher-layer parameter freqDomainShift in the SRS-Resource IE or the SRS-PosResource-r16 IE. The
transmission comb offset k¢ € {0,1, ..., Kyc — 1} is contained in the higher-layer parameter transmissionComb in the
SRS-Resource IE or the SRS-PosResource-r16 IE and n, is a frequency position index.

Frequency hopping of the sounding reference signal is configured by the parameter by, € {0,1,2,3}, given by the field
b-hop contained in the higher-layer parameter freqHopping if configured, otherwise by, = 0.

If b, > Bgrs » frequency hopping is disabled and the frequency position index n, remains constant (unless re-
configured) and is defined by

Ny = |_4nRRc/mSRs,b Jmod Np

for all Nssy‘;fb OFDM symbols of the SRS resource. The quantity ngrc is given by the higher-layer parameter

freqDomainPosition if configured, otherwise nggc = 0, and the values of mgzg,, and Ny, for b =Bgg are given by the
selected row of Table 6.4.1.4.3-1 corresponding to the configured value of Cgyg .

If by, <Bgrs: frequency hopping is enabled and the frequency position indices ny, are defined by

B | 4ngrc/Msgs ) mod N, b < by,
b (Fy(nsgs) + [4nRRC/mSRs_bJ) mod N, otherwise

where N, is given by Table 6.4.1.4.3-1,

Neps MOd T2, N, Neps ModTT2_, N,
(N, 12| " d b=t N | | Msrs d 50N |\ even
Py (Nsgs) = b'=by,p N 2y, Ny

[N, /2JLnSRS myd, Nb.J if N, odd

and where Np, = 1 regardless of the value of Ny,. The quantity nszs 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
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Ngrs = [I//R] within the slot in which the NSRS symbol SRS resource is transmitted. The quantity R < Nwy, is the

repetition factor given by the field repetitionFactor contained in the higher-layer parameter resourceMapping if
configured, otherwise R = N3, .

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

Ngrs =

frame, u SRS .
Nslot Ne + ns,f _Toffset . Nsymb n |_
R R

TSRS

for slots that satisfy (N Mamesne + 0 —Tosteet )mod Tsrs = 0. The periodicity Tggg in slots and slot offset Ty, 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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Csrs Bgrs =0 Bgrs =1 Bgrs =2 Bgrs =3
Msgs,0 Ny Msgs,1 Ny Mggs, 2 N, Mgrs, 3 N
0 4 1 4 1 4 1 4 1
1 8 1 4 2 4 1 4 1
2 12 1 4 3 4 1 4 1
3 16 1 4 4 4 1 4 1
4 16 1 8 2 4 2 4 1
5 20 1 4 5 4 1 4 1
6 24 1 4 6 4 1 4 1
7 24 1 12 2 4 3 4 1
8 28 1 4 7 4 1 4 1
9 32 1 16 2 8 2 4 2
10 36 1 12 3 4 3 4 1
11 40 1 20 2 4 5 4 1
12 48 1 16 3 8 2 4 2
13 48 1 24 2 12 2 4 3
14 52 1 4 13 4 1 4 1
15 56 1 28 2 4 7 4 1
16 60 1 20 3 4 5 4 1
17 64 1 32 2 16 2 4 4
18 72 1 24 3 12 2 4 3
19 72 1 36 2 12 3 4 3
20 76 1 4 19 4 1 4 1
21 80 1 40 2 20 2 4 5
22 88 1 44 2 4 11 4 1
23 96 1 32 3 16 2 4 4
24 96 1 48 2 24 2 4 6
25 104 1 52 2 4 13 4 1
26 112 1 56 2 28 2 4 7
27 120 1 60 2 20 3 4 5
28 120 1 40 3 8 5 4 2
29 120 1 24 5 12 2 4 3
30 128 1 64 2 32 2 4 8
31 128 1 64 2 16 4 4 4
32 128 1 16 8 8 2 4 2
33 132 1 44 3 4 11 4 1
34 136 1 68 2 4 17 4 1
35 144 1 72 2 36 2 4 9
36 144 1 48 3 24 2 12 2
37 144 1 48 3 16 3 4 4
38 144 1 16 9 8 2 4 2
39 152 1 76 2 4 19 4 1
40 160 1 80 2 40 2 4 10
41 160 1 80 2 20 4 4 5
42 160 1 32 5 16 2 4 4
43 168 1 84 2 28 3 4 7
44 176 1 88 2 44 2 4 11
45 184 1 92 2 4 23 4 1
46 192 1 96 2 48 2 4 12
47 192 1 96 2 24 4 4 6
48 192 1 64 3 16 4 4 4
49 192 1 24 8 8 3 4 2
50 208 1 104 2 52 2 4 13
51 216 1 108 2 36 3 4 9
52 224 1 112 2 56 2 4 14
53 240 1 120 2 60 2 4 15
54 240 1 80 3 20 4 4 5
55 240 1 48 5 16 3 8 2
56 240 1 24 10 12 2 4 3
57 256 1 128 2 64 2 4 16
58 256 1 128 2 32 4 4 8
59 256 1 16 16 8 2 4 2
60 264 1 132 2 44 3 4 11
61 272 1 136 2 68 2 4 17
62 272 1 68 4 4 17 4 1
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| 63 | 272 | 1 | 16 | 1z | 8 | 2 | a4 | 2 ]

Table 6.4.1.4.3-2: The offset kﬁ:ﬁset for SRS as a function of Ky¢ and l'.

Krc Neymb—1
T kgffset‘ e koffyse:
=t | NS =2 | AR = | A s NS, = 12
2 0 0,1 0,1,0,1 - -
4 - 0,2 0,213 0,2,1,30,2,1,3 0,21,3021,30,21,3
8 - - 0,4,2,6 0,4,26,1,53,7 0,4,26,1,53,7,0,4,2,6
6.4.1.4.4 Sounding reference signal slot configuration

For an SRS resource configured as periodic or semi-persistent by the higher-layer parameter resourceType, a periodicity
Ters (in slots) and slot offset Ty, are configured according to the higher-layer parameter periodicityAndOffset-p or
periodicityAndOffset-sp in the SRS-Resource IE, or periodicityAndOffset-p-rl6 or periodicityAndOffset-sp-rl6 in the
SRS-PosResource-r16 IE. Candidate slots in which the configured SRS resource may be used for SRS transmission are
the slots satisfying

(st{oatme"‘nf + %% —Tottset )mod Ters =0

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
- 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.

3GPP



Release 16 90 ATIS.3GPP.38.211.V1620

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.

7.3 Physical channels

7.3.1 Physical downlink shared channel
7.3.1.1 Scrambling

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

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

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

where the scrambling sequence ¢ @ (i) is given by clause 5.2.1. The scrambling sequence generator shall be initialized
with

_ 15 14
Cinit = Mgty " 27° +q - 277 +nyp
where

- NpEe€ {0,1,...,1023} equals the higher-layer parameter dataScramblingldentityPDSCH if configured 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;

- np €{0,1,...,1023} equals

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

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

if the higher-layer parameters dataScramblingldentityPDSCH and AdditionaldataScramblingldentityPDSCH are
configured together with the higher-layer parameter CORESETPoollndex 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;

- np = NS otherwise

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

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

modulation symbols d@(0), ..., d@ (M, - 1).

Table 7.3.1.2-1: Supported modulation schemes.

Modulation scheme Modulation order
Qnm
QPSK 2
16QAM 4
64QAM 6
256QAM 8

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(@(0), ..., d(‘”(MS(j%b -
1) for codeword g shall be mapped onto the layers x(i) = [x@ () .. x® D)% i=0,1, Mi?ff; — 1 wherewv is

layer

the number of layers and M is the number of modulation symbols per layer.

3GPP



Release 16 92 ATIS.3GPP.38.211.V1620

Table 7.3.1.3-1: Codeword-to-layer mapping for spatial multiplexing.

Codeword-to-layer mapping

Number of layers | Number of codewords i =0,L...,MS"§‘,}’§£ 1
! ! X0 =d@) Mg =M
© iy = g @ (2i
5 1 X (I) d (2|) M layer _ Ms()(/)r)nb /2

O =d@@ity O™
X(O)(i) =d© (3i)
2 1 xO()=d@@i+) MBS -MO, /3
x®@(@i)=d@@3i+2)
X(O)(i) -d©@ (4i)
Dy = 4O 45
xP (i) =d™ (4i+1) layer _ p (0)
D) =dO@ivz) o Mam /A
x® (i) =d @ 4i +3)
x© (i) = d © (2i)
x® (i) =d@(2i+1)
5 2 X(Z)(i)zd(l)(Si) Mslil)r,nek; = Ms(%b/zz Ms(;an/B
x® (i) =d® 3i+1)
x@(i)=dP3i+2)
X(O)(i) -d©@ (3i)
x® (i) =d 9 @3i+1)
@ iy = 4O (35
X (i) =d™(3i+2) layer ©) ©)
6 2 x® (i) =d® (3i) Mgymb = Mgymp /3 = Mg /3
x@ (i) =d®@Ei+1)
xO () =dP@i+2)
%ma):dmwm)
x® (i) =d@Gi+1)
x@ (1) =d@@i+2)
7 2 x® (i) = d (i) Mgrs =MG 3=ME), /4
x® (i) =d® (4i+2)
x® (@) =d®@i+2)
x® (i) =d® (4i+3)
%ma):dwkm)
x® (i) = d O (4i +2)
x@ (i) =d@@4i+2)
@ (i) = 4 © (4i
X (i) =d ™ (4i+3) layer 0) @
8 2 X iy = d © (2i) Mg =MGhe /4=MG, /4
x® (i) =d D (4i+1)
x® @) =d®4i+2)
x (i) = d© (4i +3)

7.3.14 Antenna port mapping

The block of vectors [x@ (i) ... x® V@], i=01, Mfy‘fjg — 1 shall be mapped to antenna ports according to
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y(pO)(i) x(© (i)

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

where i = 0,1,..., M3, — 1, M3, = M. The set of antenna ports {p,  p, ;| shall be determined according to the

procedure in [4, TS 38.212].

7.3.15 Mapping to virtual resource blocks

The UE shall, for each of the antenna ports used for transmission of the physical channel, assume the block of complex-
valued symbols y®(0), ..., y® (Mg, — 1) conform to the downlink power allocation specified in [6, TS 38.214] and
are mapped in sequence starting with y®(0) to resource elements (k’, D), 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 according to clause 7.4.1.5 if the corresponding physical resource
blocks are for PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or
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’, 1),, , 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' =0 is the
first subcarrier in the lowest-numbered virtual resource block assigned for transmission, and then the index 1.

7.3.1.6 Mapping from virtual to physical resource blocks

The UE shall assume the virtual resource blocks are mapped to physical resource blocks according to the indicated
mapping scheme, non-interleaved or interleaved mapping. If no mapping scheme is indicated, the UE shall assume non-
interleaved mapping.

For non-interleaved VRB-to-PRB mapping, virtual resource block n is mapped to physical resource block n, except
for PDSCH transmissions scheduled with DCI format 1_0 in a common search space in which case virtual resource
block n is mapped to physical resource block n + NSORESET where NSORESET is the lowest-numbered physical resource
block in the control resource set where the corresponding DCI was received.

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 Ngyp ;.. resource blocks in CORESET 0 are

divided into Nyyngc = [Ngiz\;P,init/L] resource-block bundles in increasing order of the resource-block number
and bundle number where L = 2 is the bundle size and N iy, is the size of CORESET 0.

- resource block bundle Ny, — 1 consists of N§&s ;. mod L resource blocks if N ;e mod L > 0 and
L resource blocks otherwise,
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- 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 Ngiyp ;, other than Type0-PDCCH common search space in CORESET 0, the set of
NS5 imie Virtual resource blocks {0,1, ..., N§uip iy — 1}, where Nus iy, 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 Ny,,q. Virtual resource-block bundles in increasing order of the
virtual resource-block number and virtual bundle number and the set of ng,izw‘?l,’imt physical resource blocks
{NGORESET, NSORESET 4 1, ..., NGORESET 4 N§¥s, inie — 17} are divided into Nyuq. physical resource-block
bundles in increasing order of the physical resource-block number and physical bundle number, where
Noundte = [(N35p.inie + (NS, + NSORESET) mod L) /L], L = 2 is the bundle size, and NSORESET is the
lowest-numbered physical resource block in the control resource set where the corresponding DCI was
received.

- resource block bundle 0 consists of L — ((Ng{,?,gﬁi + NSORESET) mod L) resource blocks,

- resource block bundle Ny,qi. — 1 consists of (Ngize, ;i + N, + NSORESET) mod L resource blocks if
(NS, e + NSE, + NSORESET) 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§{%s ; resource blocks in bandwidth part i with starting
position NS, are divided into Npyuqie = [(Ng‘i,f,%li + (NS mod Li))/Li] resource-block bundles in
increasing order of the resource-block number and bundle number where L; is the bundle size for bandwidth
part i provided by the higher-layer parameter vrb-ToPRB-Interleaver and

- resource block bundle 0 consists of L; —(N étf}\'}tpvi mod Li) resource blocks,

- resource block bundle Ny,4 —1 consists of (N Bwe.i + N, )mod L; resource blocks if

(N S+ NS )mod L; >0 and L; resource blocks otherwise,

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

- Virtual resource blocks in the interval j e {O,L..., Nyunge —1} are mapped to physical resource blocks according
to

- virtual resource block bundle Ny,4 —1 is mapped to physical resource block bundle Np,ge —1

- virtual resource block bundle j e {0,...,Npqe —2} is mapped to physical resource block bundle f(j)
where

f(j)=rC+c
j=CR+r
r=01..,R-1
c=01..C-1
R=2
C:LNbundle/RJ

- 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.
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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 (CCESs) 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

I IN|F-

[EnY
(<2}

7.3.2.2 Control-resource set (CORESET)

A control-resource set consists of Ngg"***T resource blocks in the frequency domain and Ngoi™>*" € {1,2,3} 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:

- REG bundle i is defined as REGs {iL,iL+1,...,iL+L—1} where L is the REG bundle size, i =
0,1, ..., NSQEESET /L — 1, and NggtPSET = NggRESETNSORESET is the number of REGs in the CORESET
- CCE | consists of REG bundles {f (6j/L), f(6j/L+1),..,f(6j/L+6/L—1)} where f() isan interleaver
For non-interleaved CCE-to-REG mapping, L = 6 and f(x) = x.

For interleaved CCE-to-REG mapping, L € {2,6}for NSoirsfT = 1 and L € {NSon-"FT, 6} for NORFSET € {2,3}. The
interleaver is defined by

f(x) = (rC + ¢ + ngyp) mod (NGRESET /1)
x=cR+r
r=01,..,R—-1
c=01..,C-1
C = Nige ™" /(LR)

where R € {2,3,6}.

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:

NSORESET js given by the higher-layer parameter frequencyDomainResources;

CORESET

- NSWSET is given by the higher-layer parameter duration, where NSoR™"" = 3 is supported only if the higher-

layer parameter dmrs-TypeA-Position equals 3;

- interleaved or non-interleaved mapping is given by the higher-layer parameter cce-REG-MappingType;
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- L equals 6 for non-interleaved mapping and is given by by the higher-layer parameter reg-BundleSize for
interleaved mapping;
- R s given by the higher-layer parameter interleaverSize;
- ngr € {0,1, ...,274} is given by the higher-layer parameter shiftindex if provided, otherwise ng,; = N&;
- 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 or
additionalLTE-CRS-ToMatchAroundList, if the higher-layer parameter precoderGranularity equals
allContiguousRBs.

For CORESET 0 configured by the ControlResourceSetZero IE:

NggRESET and NSORSFT are defined by clause 13 of [5, TS 38.213];

- the UE may assume interleaved mapping

- L=¢6;
- R=2;
- N = N5

- the UE may assume normal cyclic prefix when CORESET 0 is configured by MIB or SIB1;

- the UE may assume the same precoding being used within a REG bundle.
7.3.2.3 Scrambling

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

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

where the scrambling sequence c(i) is given by clause 5.2.1. The scrambling sequence generator shall be initialized
with
where

- for a UE-specific search space as defined in clause 10 of [5, TS 38.213], np € {0,1,...,65535} equals the higher-
layer parameter pdcch-DMRS-ScramblinglD if configured,

- np = NS otherwise
and where

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

Ngnm =0 otherwise.

7.3.2.4 PDCCH modulation

The UE shall assume the block of bits 5(0), ..., b(My;, — 1) to be QPSK modulated as described in clause 5.1.3,
resulting in a block of complex-valued modulation symbols d(0), ..., d (Mgym, — 1).
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7.3.25 Mapping to physical resources

The UE shall assume the block of complex-valued symbols d(0), ..., d (M, — 1) to be scaled by a factor Sppccy and
mapped to resource elements (k, 1), , 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

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

physical broadcast channel, are scrambled prior to modulation, resulting in a block of scrambled bits 5(0), ..., b(M,;, —
1) according to

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

where the scrambling sequence c(i) is given by clause 5.2. The scrambling sequence shall be initialized with ¢;;; =
N at the start of each SS/PBCH block where

- for L., = 4, v is the two least significant bits of the candidate SS/PBCH block index

- for L., > 4, v is the three least significant bits of the candidate SS/PBCH block index
with L., being the maximum number of candidate SS/PBCH blocks in a half frame, as described in [5, TS 38.213].
7.3.3.2 Modulation

The UE shall assume the block of bits 5(0), ..., b(My;, — 1) are QPSK modulated as described in clause 5.1.3, resulting
in a block of complex-valued modulation symbols dpgcy (0), .., dpgcu (Mgymp — 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
74111 Sequence generation

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

1 .1
r(n)=—=(1-2-c(2n))+ j—
NG
where the pseudo-random sequence c(i) is defined in clause 5.2.1. The pseudo-random sequence generator shall be
initialized with

(1-2-c(2n+1)).

7 i 7 -
Cnit = (217(N;y'3;bn§ff +1+1) (ZNI’;SC'D + 1) + 217 H + 2N, 4 ﬁglcm> mod 231
where | is the OFDM symbol number within the slot, n¥; is the slot number within a frame, and

N, N} € {0,1, ...,65535} are given by the higher-layer parameters scramblinglDO and scramblingID1,

respectively, in the DMRS-DownlinkConfig IE if provided and the PDSCH is scheduled by PDCCH using DCI
format1_1or 1 2 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI
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- NJ €{0,1,...,65535} is given by the higher-layer parameter scramblinglDO0 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;

7
- NSO = NEU otherwise;

- 7de;p and 2 are given by
- if the higher-layer parameter dmrs-Downlink-r16 in the DMRS-DownlinkConfig IE is provided

A7 :{ Nscp A=0o0rdA=2
scib 1-ngep A=1

A=2
where A is the CDM group defined in clause 7.4.1.1.2.

- otherwise by
-1 _
Ngcip = Nscip

A=0

The quantity ngqp € {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 or 1_2 in [4, TS 38.212] is used, otherwise ngc;p = 0.

7.4.1.1.2 Mapping to physical resources

The UE shall assume the PDSCH DM-RS being mapped to physical resources according to configuration type 1 or
configuration type 2 as given by the higher-layer parameter dmrs-Type.

The UE shall assume the sequence r(m) is scaled by a factor e, to conform with the transmission power specified
in [6, TS 38.214] and mapped to resource elements (k, 1), , according to

ah ) = BroseaWe (K'Y w, (I)r(2n+k")
_|4n+2k"+A  Configuration type 1
| 6n+k’+A  Configuration type 2

k'=0,1
I=1+I'
n=0,1..

where w; (k'), w, (1), and A are given by Tables 7.4.1.1.2-1 and 7.4.1.1.2-2 and the following conditions are fulfilled:
- the resource elements are within the common resource blocks allocated for PDSCH transmission
The reference point for k is

- subcarrier 0 of the lowest-numbered resource block in CORESET 0 if the corresponding PDCCH is associated
with CORESET 0 and Type0-PDCCH common search space and is addressed to SI-RNTI;

- otherwise, subcarrier 0 in common resource block 0
The reference point for | and the position I, 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
- |y =3if the higher-layer parameter dmrs-TypeA-Position is equal to '‘pos3' and 1, =2 otherwise

- for PDSCH mapping type B:
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- | is defined relative to the start of the scheduled PDSCH resources

- IO=O

The position(s) of the DM-RS symbols is given by | and duration I; 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, I, is 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’;

- ly=3andly =4 symbolsin 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, [; = 11 except if all of the following conditions are fulfilled in which case [; = 12:

- the higher-layer parameter lte-CRS-ToMatchAround or additionalLTE-CRS-ToMatchAroundList is
configured; and

- the higher-layer parameter dmrs-AdditionalPosition is equal to 'pos1' and [, = 3; and
- the UE has indicated it is capable of additionaDMRS-DL-AIt
For PDSCH mapping type B

- if the PDSCH duration l4 € {2,3,4,5,6,7,8,9,10,11,12,13} OFDM symbols for normal cyclic prefix or [; €
{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, I 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 [y 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
expects the additional DM-RS to be transmitted on the fifth symbol;

- if the PDSCH duration I, is 7 symbols for normal cyclic prefix or 6 symbols for extended cyclic prefix:
- the UE is not expected to receive the front-loaded DM-RS beyond the fourth symbol, and

- 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 [y is 12 or 13 symbols, the UE is not expected to receive a DM-RS symbol mapped to
symbol 12 or later in the slot;

- for all values of the PDSCH duration 4 other than 2, 5, and 7 symbols, the UE is not expected to receive a
DM-RS symbol beyond the (I3 — 1):th symbol;

- if the PDSCH duration 4 is less than or equal to 4 OFDM symbols, only single-symbol DM-RS is supported.

- if the higher-layer parameter Ite-CRS-ToMatchAround or additionalLTE-CRS-ToMatchAroundList is configured,
the PDSCH duration Iy = 10 symbols for normal cyclic prefix, the subcarrier spacing configuration u = 0,
single-symbol DM-RS is configured, and at least one PDSCH DM-RS symbol in the PDSCH allocation collides
with a symbol containing resource elements as indicated by the higher-layer parameter Ite-CRS-ToMatchAround
or additionalLTE-CRS-ToMatchAroundList, then [ shall be incremented by one in all slots.
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The time-domain index I' and the supported antenna ports p are given by Table 7.4.1.1.2-5 where

- single-symbol DM-RS is used if the higher-layer parameter maxLength in the DMRS-DownlinkConfig 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.
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Table 7.4.1.1.2-1: Parameters for PDSCH DM-RS configuration type 1.

p CDM group A w; (K) w, (1)
A K'=0 k=1 I'=0 I'=
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 w; (K') w, (1)

A k=0 k'=1 I"'=0 I"'=1

1000 0 0 +1 +1 +1 +1
1001 0 0 +1 -1 +1 +1
1002 1 2 +1 +1 +1 +1
1003 1 2 +1 -1 +1 +1
1004 2 4 +1 +1 +1 +1
1005 2 4 +1 -1 +1 +1
1006 0 0 +1 +1 +1 -1
1007 0 0 +1 -1 +1 -1
1008 1 2 +1 +1 +1 -1
1009 1 2 +1 -1 +1 -1
1010 2 4 +1 +1 +1 -1
1011 2 4 +1 -1 +1 -1

Table 7.4.1.1.2-3: PDSCH DM-RS positions | for single-symbol DM-RS.

ly in symbols

DM-RS positions I
PDSCH mapping type A

PDSCH mapping type B

dmrs-AdditionalPosition

dmrs-AdditionalPosition

pos0 posl pos2 pos3 pos0 posl pos2 pos3
2 - - - - ly ly ly ly
3 ly ly ly ly lo- lo- lo ly
4 ly Iy Iy ly ly ly lo ly
5 l, lo lo I, - | lo4 | lo4 | lo4
6 ly Iy Iy ly Iy ly,4 lo, 4 lo, 4
7 ly Iy Iy ly ly ly,4 lo, 4 lo, 4
8 ly ly, 7 ly, 7 ly, 7 lo- lo,6- | 16,3,6 | 10,3,6
9 ly ly, 7 ly, 7 ly, 7 lo- l,7- | lo47 | lo47
10 lo lh,9 | 1,,6,9 lh,6,9 lo- lo,7- | lo47 | lo,47
11 lo lh,9 | 1,6,9 o, 6,9 lo- lo,8- | 10,48 | 1,,3,6,9
12 ly lh,9 | 1,,6,9 ] 1,,5,8,11 lo- lo,9- | 10,5,9 | 10,3,6,9
13 ly ly, Iy lo,7, | 1,58, 11 Lo- lo,9- | 10,59 | 10,3,6,9
11
14 ly Iy, 4 ly, 7, ly,5,8,11 - - - -
11

3GPP




Release 16

102

ATIS.3GPP.38.211.V1620

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

lq in symbols DM-RS positions |

PDSCH mapping type A PDSCH mapping type B
dmrs-AdditionalPosition dmrs-AdditionalPosition
pos0 posl pos2 pos0 posl pos2

<4 - R

4 IO Io - -

5 ly Iy lo- Lo-

8 l ly ly- lo, 5-

9 IO Io lO_ lO' 5-

10 IO IO y 8 lO_ lo, 7'

11 IO IO , 8 lO_ lOr 7-

12 IO IO y 8 lO_ lo, 8'

13 IO IO , 10 IO- lOr 8-

14 IO Io, 10 - -

Table 7.4.1.1.2-5: PDSCH DM-RS time index I’ and antenna ports p.

Single or double symbol U Supported antenna ports p
DM-RS Configuration type 1 Configuration type 2
single 0 1000 — 1003 1000 — 1005
double 0,1 1000 — 1007 1000 — 1011

7.4.1.2
74121

Sequence generation

Phase-tracking reference signals for PDSCH

The phase-tracking reference signal for subcarrier k is given by

ne=r(2m+k’)

where r(2m+Kk’) is the demodulation reference signal given by clause 7.4.1.1.2 at position 1, and subcarrier k

7.4.1.2.2

Mapping to physical resources

The UE shall assume phase-tracking reference signals being present only in the resource blocks used for the PDSCH,
and only if the 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 fSprrs; to conform with the transmission power
specified in clause 4.1 of [6, TS 38.214] and mapped to resource elements (k, [),, ,according to

when all the following conditions are fulfilled

(pu
Akl

) _
= BPT-RS,iTk

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

- resource element (k, 1), isnotused for DM-RS, non-zero-power CSI-RS (except for those configured for
mobility measurements or with resourceType in corresponding 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
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1. seti=0and Il 4 =0

2. if any symbol in the interval max(ls + (i — 1)Lpp.ps + 1, Lep), -, Lees + iLpr_gs OVerlaps with a symbol used for
DM-RS according to clause 7.4.1.1.2

- seti=1

- set | 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 [..¢ + iLpr.gs IS inside the PDSCH allocation
3. add [ + iLpr.gs to the set of time indices for PT-RS
4. increment i by one
5. repeat from step 2 above as long as [..s + iLpr.gs is inside the PDSCH allocation
where Lprgs € {124} .

For the purpose of PT-RS mapping, the resource blocks allocated for PDSCH transmission are numbered from 0 to
Ngg —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 NXBNgg —1. The subcarriers to

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

k= KEF +(iKop.ps + K7 JNE?

ref ref
KRB — Nenmi mod KPT-RS if NRB mod KPT-RS =0
| Nery Mod (N g mod Ky ) Otherwise
where
- i=012,..
- k,F;fE is 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.

- Nrnm 1S the RNTI associated with the DCI scheduling the transmission
- Ngg is the number of resource blocks scheduled
- Kprgs € {2,4} is given by [6, TS 38.214].

Table 7.4.1.2.2-1: The parameter k=¥ .

i
DM-RS anFt)enna port DM-RS Configuration type 1 DM-RS Configuration type 2
resourceElementOffset resourceElementOffset
offset00 offset01 offsetl0 offsetll offset00 offset01 offsetl0 offsetll
1000 0 2 6 8 0 1 6 7
1001 2 4 8 10 1 6 7 0
1002 1 3 7 9 2 3 8 9
1003 3 5 9 11 3 8 9 2
1004 - - - - 4 5 10 11
1005 - - - - 5 10 11 4
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7.4.1.3 Demodulation reference signals for PDCCH
7.4.13.1 Sequence generation

The UE shall assume the reference-signal sequence r,(m) for OFDM symbol | is defined by

r(m)= %(1— 2-c(2m))+ j%(l—Z-c(Zm +1)).

where the pseudo-random sequence c(i) is defined in clause 5.2.1. The pseudo-random sequence generator shall be
initialized with
Cinie = (217 (Nt + L+ 1) (2Nip + 1) + 2Njp )mod23!

syml

where | is the OFDM symbol number within the slot, nf; is the slot number within a frame, and
Np e {0,1,...,65535} is given by the higher-layer parameter pdcch-DMRS-ScramblingID if provided
N, =NZ' otherwise.

7.4.1.3.2 Mapping to physical resources

The UE shall assume the sequence r,(m) is mapped to resource elements (k, [),, , according to
" = fowrs -5 (3n+K')
k=nNS® +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.

7.4.1.4 Demodulation reference signals for PBCH

74.14.1 Sequence generation

The UE shall assume the reference-signal sequence r(m) for an SS/PBCH block is defined by
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r(m) =%(1—2-c(2m))+ j%

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

(1-2-c2m+1))

Coie = 2 (Esp +1) (| Ni3' /4 | +1) + 2° (Tgg +1)+ (N}3' mod 4)
where

- for L.y = 4, T =l + 4N, Where ny; is the number of the half-frame in which the PBCH is transmitted in a
frame with n,; =0 for the first half-frame in the frame and ny; =1 for the second half-frame in the frame, and
issg IS the two least significant bits of the candidate SS/PBCH block index as defined in [5, TS 38.213]

- for L.y > 4, Ly =i Where igg is the three least significant bits of the candidate SS/PBCH block index as
defined in [5, TS 38.213]

with L., 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 CSI reference signals

74.151 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 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

F(m) = = (1-2-c2m)+ =

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

(1-2-c(2m+1))

Cinie = (210 (Ngmpnls + 1+ 1)(2nyp + 1) + nyp )mod23?

at the start of each OFDM symbol where n, is the slot number within a radio frame, | is the OFDM symbol number
within a slot, and n,5 equals the higher-layer parameter scramblinglD or sequenceGenerationConfig.

7.4.15.3 Mapping to physical resources

For each CSI-RS configured, the UE shall assume the sequence r(m) being mapped to resources elements (k, 1), ,
according to
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alg,pI’#) = Besirs Wi (K')-wy (I'): g, (m")

m'=|na |+ k'{ ’\:(’EBJ

SC

k=nNRB +k +k’

=1+l

| p forX=1
|2p forX>1
n=01...

when the following conditions are fulfilled:

- the resource element (k, 1), , is within the resource blocks occupied by the CSI-RS resource for which the UE is
configured

The reference point for k = 0 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.

The UE is not expected to receive CSI-RS and DM-RS on the same resource elements.

The UE shall assume fcqrs >0 for a non-zero-power CSI-RS where fqqrs is Selected such that the power offset
specified by the higher-layer parameter powerControlOffsetSS in the NZP-CSI-RS-Resource IE, if provided, is fulfilled.

The quantities k', I', w; (k'), and w,(1’) are given by Tables 7.4.1.5.3-1 to 7.4.1.5.3-6 where each (IZ, f) in a 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. The indices k" and [’ index resource elements
within a CDM group.

The time-domain locations [, € {0,1,...,13} and [; € {2, 3, ..., 12} are provided by the higher-layer parameters
firstOFDMSymbolIinTimeDomain and firstOFDMSymbolIinTimeDomain2, respectively, in the CSI-RS-
ResourceMapping IE or the CSI-RS-ResourceConfigMobility IE and defined relative to the start of a slot.

The frequency-domain location is given by a bitmap provided by the higher-layer parameter
frequencyDomainAllocation in the CSI-RS-ResourceMapping IE or the CSI-RS-ResourceConfigMobility IE with the
bitmap and value of k; in Table 7.4.1.5.3-1 given by

- [by--by], ki_y = £(@) for row 1 of Table 7.4.1.5.3-1

- [y by ], kiy = £(i) for row 2 of Table 7.4.1.5.3-1
- [by---by], ki—y = 4£ (i) for row 4 of Table 7.4.1.5.3-1
- [bg---by], ki_y = 2£ (i) for all other cases

where f(i) is the bit number of the i™ 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 IE where the the startPRB given by csi-
rs-MeasurementBW is relative to common resource block 0.

The UE shall assume that a CSI-RS is transmitted using antenna ports p numbered according to

p=3000+s+ jL;
j=01...,N/L-1
s=01...,L-1
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where s is the sequence index provided by Tables 7.4.1.5.3-2t0 7.4.1.5.3-5, L {1,2,4,8} is the CDM group size, and

N is the number of CSI-RS ports. The CDM group index j given in Table 7.4.1.5.3-1 corresponds to the

time/frequency locations (lz, f) 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 or configured by the higher-layer parameter
CSI-RS-CellMobility, the UE shall assume that the CSI-RS is transmitted in slots satisfying

frame, 1 “
(Nslot nf + ns,f _Toffset

)modTCS,_RS =0

where the periodicity T, s (in slots) and slot offset T, are obtained from the higher-layer parameter CSI-

ResourcePeriodicityAndOffset or slotConfig. The UE shall assume that CSI-RS is transmitted in a candidate slot as
described in clause 11.1 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.

Table 7.4.1.5.3-1: CSI-RS locations within a slot.

Row | Ports | Density | cdm-Type (E |') CDM group k' |’
X P index ]
1 |1 3 NOCDM (ko o), (ko + 4, 1), (ko + 8,15 0,0,0 0 0
2 1 1,05 | noCDM (ko) Lo, 0 0 0
3 |2 1,05 | fd-CDM2 (ko, Lo), 0 0,1 |0
4 |4 1 fd-CDM2 (ko Lo), (ko + 2,19 0.1 0,1 |0
5 |4 1 fd-CDM2 (korlo), koylo + 1) 0.1 01 |0
6 8 1 fd-CDM2 ko, Lo), Cky,Lo), (Ko, lo), (k3 1g) 0,1,2,3 0,1 |0
7 8 1 fd-CDM2 (koo Lo), (k, Lo), (ko Lo + 1), (ky, Lo + 1) 0,1,2,3 0,1 |0
8 8 1 cdm4-FD2- (koy Lo), (ka, 1o) 0,1 0,1 |01
TD2
9 12 l fd_CDMZ (kOP lO)l (klﬁ lO)l (kz, lO)! (kg, lO)! (k4-r lO)! (kSJ lO) 01172131415 01 1 0
10 12 1 cdm4-FD2- (ko, Lo), (k, 1), (ka,lo) 0,1,2 0,1 0,1
TD2
11 |16 | 1,05 |fd-CDM2 (kor Lo), (ks 1), (egr 1)y (kao L), Ckioy Lo + 1), 01,23, 01 |0
(ki,lg+ 1), (ko lg+ 1), (ks lp+ 1) 45,6,7
12 |16 | 1,05 | cdmaFD2- (ks Lo)s (ks Lo), Uegr Lo), (ks Lo) 0,1,2,3 0,1 |01
TD2
13 24 1,05 fd-CDM2 (ko, Lo), (ky, Lo), (ka, lp), (o, Lo + 1), (kq,1p + 1), 0,1,2,3,4,5, 0,1 |0
(ka, 1o +1),(ko, 1y), (ks 1y), (ka, 1), (ko by + 1), 6,7,8,9,10,11
(ky, h +1), (kp Ly +1)
14 24 1,05 cdm4-FD2- (ko, Lo),s (ki, L), (ka, o), (koo ly), (ke L), (ko L) 0,1,2,3,4,5 0,1 0,1
TD2
15 |24 |1,05 | cdmsFD2 (ko lo), Gy 1), (g 1) 01,2 01 |01,
TD4 2,3
16 |32 |1,05 |fd-CDM2 (o Lo)s (ks L), Uego L)y (kao L) (kg Io + 1), 01,23, 0,1 |0
(ki log + 1), (kp, Lo + 1), (ks, Lo + 1), (koo ly), 4,5,6,7,
(klf ll)! (kZ' ll)! (k3' ll)l (kOJ ll + 1)1 (klr ll + 1)1 819710!111
(ky, i + 1), (kg 1y + 1) 12,13,14,15
17 |32 | 1,05 | cdmaFD2- (ko lo), Gy L), (g 1), ey o), (kor1y), Gy L), | 01,23,456,7 | 0,1 | 0,1
TD2 (ka,1y), (ks, 1)
18 32 1,05 cdm8-FD2- (ko, ly), (kq,lg), (ko ly), (ks lg) 0,1,2,3 0,1 0,1,
TD4 2,3
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Table 7.4.1.5.3-2: The sequences w; (k') and w,(l') for cdm-Type equal to ‘noCDM'".

Index wi(0) w;(0)
0 1 1

Table 7.4.1.5.3-3: The sequences w (k') and w,(l') for cdm-Type equal to 'fd-CDM2".

Index [(wi(0) w(1)] w(0)
0 [+1 +1] 1
1 [+ 1 - ] 1

Table 7.4.1.5.3-4: The sequences w; (k') and w,(I) for cdm-Type equal to ‘cdm4-FD2-TD2".

Index [wi(0) we(1)] (w(0) wi(1)]
0 [+1 +1] [+1 +1]
1 [+1 -] [+1 +1]
2 [+1 +1] [+1 -]
3 [+1 -] [+1 -]

Table 7.4.1.5.3-5: The sequences w; (k') and w,(l') for cdm-Type equal to 'cdm8-FD2-TD4".

Index [wi(0) wi(1)] (wi(0) wi(1) wi(2) w(3)]
0 [+1 +1] [+1 +1 +1 +1]
1 [+1 —1] [+1 +1 +1 +1]
2 [+1 +1] [+1 -1 +1 -]
3 [+1 1] [+1 -1 +1 -1
4 [+1 +1] [+1 +1 -1 -]
5 [+1 1] [+1 +1 -1 -]
6 [+1 +1] [+1 -1 -1 +1]
7 [+1 1] [+1 -1 -1 +1]

7.4.1.6 RIM reference signals

7.4.16.1 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
1 .1
r(m) = \/—5(1 — ZC(Zm)) +Jﬁ(1 —2c(2m + 1))

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

Cinie = 2 f (™) + ngepp) mod 231

where
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- ngep € {0,1, ...,21° — 1} is given by clause 7.4.1.6.4.4;

- f(mfM) = ¥20 2tz (i) where the pseudo-random sequence &(i) is given by clause 5.2.1, initialized with
Cinie () = (ynf™ + §) mod 231 where the multiplier factor y € {0,1, ..., 231 — 1} and the offset § €
0,1,..,231 —1};

- nfM= [(tR‘M tRM) /TRM| is the number of RIM-RS transmission periods since t3" where

- thM — tRIM s the time in seconds relative to &M of 00:00:00 on 1 January 1900, calculated as continuous
time W|thout leap second and traceable to a common time reference, and

- TR = Njt./(1000 - 2#) is the RIM-RS transmission periodicity in seconds assuming that the first RIM-RS

transmission period starts at tXM, and where N Pt s given by clause 7.4.1.6.4.2.

slot
7.4.1.6.3 Mapping to physical resources

The RIM-RS receiver shall assume the reference signal being mapped to physical resources according to

a™ ™ = Brpur (k)
k = 0,1, ""LRIM -1

where Bgiy 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 ngf in a frame is given by

UD,RIM slot
lo =T mod Ngp

in slots satisfying

(1024Nf”’m“‘ AR 4 NI RIM (T + [T ™ /N J)) mod N% =0

slot slot offset symb slot —

where

- AfMe{0,1, ..., NI, /(1024N52*) — 1} counts the number of times the SFN periods within the RIM-RS
transmission perlod

Toer = Negg = Ngirro Where N2 € {23, ...,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

Ny ves i Obtained as described in clause 7.4.1.6.4.2;

- NZ, is the total number of slots in a RIM-RS transmission period as defined in clause 7.4.1.6.4.2;

- T.sser 1S the slot offset of the uplink-downlink switching period with index if™ with respect to the starting

boundary of the RIM-RS transmission period and is defined in clause 7.4.1.6.4.2;

- P, is the RIM-RS transmission periodicity in units of uplink-downlink switching period as defined in clause
7.4.1.6.4.2.

7.4.1.6.4 RIM-RS configuration
7.4.1.6.4.1 General

A resource for RIM-RS transmission is defined by the indices if™ € {0,1, ..., P, — 1}, if™ € {0,1, ..., NF™ — 1}, and
RIM ¢ {O 1, ..., NRMI 1} used as indices into configured lists of time, frequency, and sequence parameters,
respectlvely

All RIM-RS resources occupy the same number of resource blocks, NJiM. At most 32 RIM-RS resources can be
configured within a 10 ms period.
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7.4.1.6.4.2 Time-domain parameters and mapping from i, to time-domain parameters

RIM-RS are transmitted periodically with the RIM-RS transmission period P, defined in units of the uplink-downlink
switching period determined from one or two configured uplink-downlink periods.

- Ifasingle 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

[ 2#PTRM 11024N5EH
© 1024 e | 200N

where TRI™ € {0.5,0.625,1,1.25,2,2.5,4,5,10,20} ms;

NPt

slot

= 2FPT is the total number of slots in a RIM-RS transmission period;

Tofrser = 2#i8M Ty is the slot offset of the uplink-downlink switching period with index if™ with respect to
the starting boundary of the RIM-RS transmission period

- If two uplink-downlink periods are configured for RIM-RS purposes,

- P, isthe RIM-RS transmission periodicity in terms of P,/2 pairs of uplink-downlink switching periods and is
given by
20P (TRM + TRIM) /2] 1024N2H

slot
=

1024Nframe,u U (TRIM + TRIM)/Z

slot per,1 per,2

where each pair consists of a first period of Tyarg € {0.5,0.625,1,1.25, 2, 2.5, 3,4,5,10,20} ms and a second

period of T,ars € {0.5,0.625,1,1.25, 2, 2.5, 3,4, 5,10} ms and where T + Toerh divides 20 ms;

- Nyt = 2#P (TRM + TRIM) /2 is the total number of slots in a RIM-RS transmission period;

- Tottser = 2H[E8M/2) (TR + TRM ) + 24(i8™ mod 2)Tan 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

The intermediate quantity P, is given by

NRIM1 NRIM2
[LHD] R, + [LHD] R, if Enoughindicationis disabled

RIM, 1 RIM,2
NleM Ns , NleM Ns ,
t= RIM,1 RIM,2
21\157&”) Nse¢ R, if Enoughlndicationis enabled
NRIMNRIT | 1T | R RIMZ | 142 8
f S f S

where
NRME and N2IM2 are the total number of setIDs for RIM-RS type 1 and RIM-RS type 2, respectively;
- N € {1,2,4} is the number of candidate frequency resources configured in the network;
- NRMie 92 ..,8}is the number of candidate sequences assigned for RIM-RS type i € {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; € {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
N symb,ref

The quantity is obtained from entry 7 in a list of configured symbol offsets for RIM-RS i.

7.4.1.6.4.3 Frequency-domain parameters and mapping from i; to frequency-domain parameters

The frequency-domain parameter k, in clause 5.3.3 is the frequency offset relative to a configured reference point for

RIM-RS and is obtained from entry if™ in a list of configured frequency offsets expressed in units of resource blocks.
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The number of candidate frequency resources configured in the network, NX™, shall fulfil

size,k prse | o |
Ngrid NRB 2 15

40-103

NIEENGS - 24 - 15

80 - 103

NFM < +1

If NMM > 1, the frequency difference between any pair of configured frequency offsets in the list is not smaller than
NRM,

The number of resource blocks for RIM-RS is given by
NEM = min(96, Nyieh, ) for =0
NEM € {min(48, Noieh ), min(96, N3 )} for w=1
7.4.1.6.4.4 Sequence parameters and mapping from i, to sequence parameters
The scrambling identity ngcp clause 7.4.1.6.2 is obtained from entry i®™ in a list of configured scrambling identities.
7.4.1.6.45 Mapping between resource triplet and set ID

The resource indices if™, iR™ and i}™ are determined from the index 7 in the set ID ng.yp according to

n
= T+ (|oaie] mod NEM) R + 7
N

n
.RIM setlD RIM
i =||——=| mod N
f <l NtRlM NRM f

‘RIM _— RIM
ls - Sstart + (nsetlD mod Ns )
where

- N is given by
RIM,1
NsetlD
RIM a7RIM,1
Nf Ns

r 2NRIM,1

NRM = NRIMS—;IR[;W for RIM-RS type 1 and if Enoughindication is enabled
f s

for RIM-RS type 1 and if Enoughlndication is disabled

NRIM.Z

setlD
—————| for RIM-RS e2
NfRIM NSRIM.Z typ

- NRM € {1,2,4} is the number of candidate frequency resources configured in the network;

- NRM™ s the number of sequence candidates for the current RIM-RS resource given by

NSRIM'1 for RIM-RS type 1 and if Enoughlndication is disabled
NEM = S NRIML /5 for RIM-RS type 1 and if Enoughindicationis enabled
NXMZ - for RIM-RS type 2

- Tyare IS the starting time offset given by

0 for RIM-RS type 1
NERIM1

[%l R, for RIM-RS type 2 and if Enoughindication is disabled
Tstart = Nf Ns

RIM,1
2NsetID
RIM,1
NfRIMNS

l R, for RIM-RS type 2 and if EFnoughindication is enabled

- Sgar IS given by

- {NSRIM‘l/Z if Fnoughindication is enabled and 'enough mitigation' is to be indicated
sart 0 otherwise
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NSRIM,l

where is the number of candidate sequences assigned for RIM-RS type 1

- 7€{0,,..,R; — 1} where R; is the number of consecutive uplink-downlink periods for RIM-RS type i as given
by clause 7.4.1.6.4.2;

The set ID is determined from the resource triplet according to

itRIM - Tstart
nsetID = (isRlM - Sstart) + NSRIM [ R. J + NtRIMNSRIMiFIM
L
7.4.1.7 Positioning reference signals
7.4.1.7.1 General

A positioning frequency layer consists of one or more downlink PRS resource sets, each of which consists of one or
more downlink PRS resources as described in [6, TS 38.214].

7.4.1.7.2 Sequence generation

The UE shall assume the reference-signal sequence r(m) is defined by

1
r(m) = 2c(2m)) +j—2(1 —2c(2m+1))

1
— (1 —
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

PRS

N,
Conie = | 2% l—lozsjf] + 210 (N nt + 1+ 1) (2(nf53., mod 1024) + 1) + (nffs., mod 1024) | mod 23?

where nf; is the slot number, the downlink PRS sequence ID ns., € {0,1, ...,4095} is given by the higher-layer

parameter dI-PRS-Sequenceld-r16, and [ is the OFDM symbol within the slot to which the sequence is mapped.
7.4.1.7.3 Mapping to physical resources in a downlink PRS resource

For each downlink PRS resource configured, the UE shall assume the sequence r(m) is scaled with a factor Spgs and
mapped to resources elements (k, 1),, , according to

al(f,)i”) = Pprs 7(M)

m=0,1,..
k= mKERS, + ((kPES, + k) mod KIXS,)
when the following conditions are fulfilled:

- the resource element (k, 1), , is within the resource blocks occupied by the downlink PRS resource for which the
UE is configured;

- the symbol [ is not used by any SS/PBCH block used by a serving cell for downlink PRS transmitted from the
same serving cell or any SS/PBCH block from a non-serving cell indicated by the higher-layer parameter ssbh-
PositionsInBurst-r16 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

IFRS is the first symbol of the downlink PRS within a slot and given by the higher-layer parameter dI-PRS-
ResourceSymbolOffset-r16;
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- the size of the downlink PRS resource in the time domain Lpgs € {2,4,6,12} is given by the higher-layer
parameter dI-PRS-NumSymbols-r16;

- the comb size KRS € {2, 4, 6,12} is given by the higher-layer parameter dI-PRS-CombSizeN-r16 such that the
combination {Lpgs, Kl } is one of {2, 23.{4, 2}, {6, 2}, {12, 2}, {4, 4}, {12, 4}, {6, 6}, {12, 6} and {12, 12};

- the resource-element offset kff: € {0,1, ..., KBRS, — 1} is given by the higher-layer parameter dl-PRS-ReOffset-
rle;

- the quantity k' is given by Table 7.4.1.7.3-1.

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-r16.

Table 7.4.1.7.3-1: The frequency offset k' as a function of I — IE&S,.

KBRS, Symbol number within the downlink PRS resource I — I8,
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 4 110 ] 2 8 5 |11
74.1.7.4 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

frame, . T o—1
(Ngorne + nfly = Toie — Toferres) mod TikS € (i85} ™
and one of the following conditions are fulfilled:

- the higher-layer parameter dI-PRS-MutingPatternList-rl6 is not provided,;

- the higher-layer parameter mutingOption1-r16 is provided with bitmap {5} but mutingOption2-r16 with bitmap
{b?} is not provided, and bit b} is set;

- the higher-layer parameter mutingOption2-r16 is provided with bitmap {52} but mutingOption1-r16 with bitmap
{b'} is not provided, and bit b? is set;

- the higher-layer parameters mutingOption1-r16 with bitmap {b*} and mutingOption2-r16 with {b?} are both
provided, and both bit b} and b? are set.

where

slot

parameter mutingOption1-r16 where L € {2, 4, 6,8, 16,32} is the size of the bitmap;

- blisbiti = |(Nya " ne+ nt— THRS, — TIRS o) /(TERS . TERS)|mod L in the bitmap given by the higher-layer

- bZisbiti = l((meme"‘nf +nt = Thfer — Totferres) Mod TPZ'ES) /TPRSJ mod T,*RS in the bitmap given by the

slot offset,res gap rep

higher-layer parameter mutingOption2-r16;

- the periodicity Tplzlis € 21{4,5,8,10, 16, 20,32, 40, 64, 80, 160, 320,640, 1280, 2560, 5120, 10240} and the
slot offset T, € {0,1, ..., Th> — 1} are given by the higher-layer parameter dI-PRS-Periodicity-and-
ResourceSetSlotOffset-r16;

- the downlink PRS resource slot offset T res IS given by the higher-layer parameter dI-PRS-

ResourceSlotOffset-r16;

- the repetition factor T.33° € {1,2,4,6,8,16,32} is given by the higher-layer parameter dI-PRS-
ResourceRepetitionFactor;
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- the muting repetition factor T0, .

rie;

is given by the higher-layer parameter dI-PRS-MutingBitRepetitionFactor-

- the time gap Tg‘;‘ES € {1,2,4,8,16,32} is given by the higher-layer parameter dI-PRS-ResourceTimeGap-rl16;

For a downlink PRS resource in a downlink PRS resource set configured, the UE shall assume the downlink PRS
resource being transmitted as described in clause 5.1.6.4 of [6, TS 38.214].

7.4.2 Synchronization signals
7.4.2.1 Physical-layer cell identities
There are 1008 unique physical-layer cell identities given by
Nig' =3Nf5 +Ni3
where N\ € {0,1, ...,335} and N € {0,1,2}.
7.4.2.2 Primary synchronization signal
7.4.2.2.1 Sequence generation
The sequence dpgg(n) for the primary synchronization signal is defined by

dpss(n)=1-2x(m)
m= (n +43N2 )mod 127

0<n<127
where
X(i +7)=(x(i +4)+x(i))mod 2
and
[x(6) x(8) x(4) x(3) x(2) x@) x(O)]=p 11011 0
74222 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 dggg(n) for the secondary synchronization signal is defined by

dsss (n) = [1—2x4 (N + My )mod 1271 - 2%, ((n + m; )mod 127)]

my =15 Nip +5N 9
0~ 112 ID

m, = N mod112

0<n<127
where
Xo (i +7)=(xo (i +4)+x,(i))mod 2
%, (i+7) = (x,(i +2)+x(i))mod 2
and
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[%(6) %(5) %(4) %B) %) %) %©)]=0 0 0 0 0 0 1]
[X1(6) X1(5) X1(4) X1(3) X1(2) X, (1) Xl(o)]:[o 00000 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
7.43.1 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 v in Table 7.4.3.1-1 is given

by v = N mod 4. The quantity kseg is the subcarrier offset from subcarrier 0 in common resource block NSJE to

subcarrier 0 of the SS/PBCH block, where NS85 is obtained from the higher-layer parameter offsetToPointA and the 4
least significant bits of kesg are given by the higher-layer parameter ssh-SubcarrierOffset and for SS/PBCH block type

A the most significant bit of kgsg iS given by aj, s in the PBCH payload as defined in clause 7.1.1 of [4, TS 38.212].

For operation with shared spectrum channel access, the 4 least significant bits of kg are given by the higher-layer
parameter ssb-SubcarrierOffset and the most significant bit of kg is given by @z, s in the PBCH payload as defined in
clause 7.1.1 of [4, TS 38.212]. If kggg = 24, kgsg = kssp ; Otherwise, kgg = Z[ESSB/ZJ. If ssb-SubcarrierOffset is not
provided, kggp 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,

- for SS/PBCH block type A, z€{0,1} and kegg € {0,1,2,...,23} with the quantities ksgg , and NEsg expressed in
terms of 15 kHz subcarrier spacing, and

- for SS/PBCH block type B, u € {34} and kgsg 0,1, 2, ...,11} with the quantity kssz expressed in terms of the

subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon and N&35 expressed in
terms of 60 kHz subcarrier spacing;

- the centre of subcarrier 0 of resource block N&38 coincides with the centre of subcarrier 0 of a common resource

block with the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon. 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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Table 7.4.3.1-1: Resources within an SS/PBCH block for PSS, SSS, PBCH, and DM-RS for PBCH.

Channel OFDM symbol number | Subcarrier number k
or signal relative to the start of an SS/PBCH relative to the start of an SS/PBCH block
block
PSS 0 56, 57, ..., 182
SSS 2 56, 57, ..., 182
Setto 0 0 0,1, ...,55, 183,184, ..., 239
2 48,49, ..., 55, 183, 184, ..., 191
1,3 0,1, ...,239
PBCH 2 0,1, ...,47,
192,193, ..., 239
1,3 0+v,44+Vv,8+V,...,236+V
DM-RS for 0+V,4+V,8+V,....44+v
PBCH 2
192 +v,196+V,...,236 +V
743.1.1 Mapping of PSS within an SS/PBCH block

The UE shall assume the sequence of symbols dpgg(0),...,dpgg (126) constituting the primary synchronization signal to
be scaled by a factor Spgg to conform to the PSS power allocation specified in [5, TS 38.213] and mapped to resource

elements (k, I),,,, 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

The UE shall assume the sequence of symbols dggs (0),...,dsss (126) constituting the secondary synchronization signal
to be scaled by a factor S.ss5 and mapped to resource elements (k, 1), , 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 dpgcy (0), ..., dppen (Msymb — 1) constituting the
physical broadcast channel to be scaled by a factor Spgey to conform to the PBCH power allocation specified in [5, TS

38.213] and mapped in sequence starting with dpgcyy (0) to resource elements (k, 1),,,, which meet all the following
criteria:

- they are not used for PBCH demodulation reference signals

The mapping to resource elements (k, 1), , not reserved for PBCH DM-RS shall be in increasing order of first the index
k and then the index |, where k and | represent the frequency and time indices, respectively, within one SS/PBCH
block and are given by Table 7.4.3.1-1.

The UE shall assume the sequence of complex-valued symbols r(0),...,r(143) constituting the demodulation reference

signals for the SS/PBCH block to be scaled by a factor of SPaERS to conform to the PBCH power allocation specified in
[5, TS 38.213] and to be mapped to resource elements (k, [),,, 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 clause 8.3.2.3 and in
clause 8.3.3.3. The first OFDM symbol of a PSFCH is duplicated as described in clause 8.3.4.2.2

8.2.2 Numerologies

Multiple OFDM numerologies are supported as given by Table 8.2.2-1 where u and the cyclic prefix for a sidelink
bandwidth part are obtained from the higher-layer parameter subcarrierSpacing-SL and cyclicPrefix-SL, respectively.

Table 8.2.2-1: Supported transmission numerologies.

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.

8.2.5 Resource grid
The resource grid for sidelink transmission is defined in clause 4.4.2.

For sidelink, the carrier bandwidth N;jfg"‘ for subcarrier spacing configuration u provided by the higher-layer parameter

subcarrierSpacing-SL is given by the higher-layer parameter carrierBandwidth-SL. The starting position Ngsff;t‘“ for
subcarrier spacing configuration u is given by the higher-layer parameter offsetToCarrier-SL.

For the sidelink, the higher-layer parameter txDirectCurrentLocation-SL in the SidelinkTxDirectCurrentBWP IE
indicates the location of the transmitter DC subcarrier in the sidelink 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
sidelink is undetermined.

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 absoluteFrequencyPointA-SL.

8.2.8 Bandwidth part

Configuration of the single bandwidth part for sidelink transmission is described in clause 16 of [5, TS 38.213].
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8.3 Physical channels

8.3.1 Physical sidelink shared channel
8.3.1.1 Scrambling

For the single codeword q = 0, the block of bits b@(0), ..., b@ (MY — 1), where M{ = M{P ., + MSD, 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
setj=0
while i < M
if b(@ (i) = x// SCI placeholder bits
b@ (i) = b @D(i —2)
j=j+1
else
b)) = (bDQ) + D — AP)) mod 2
end if
i=i+1
end while

where the scrambling sequence ¢@ (i) is given by clause 5.2.1 and
- for0 <i< M,

~( _ .
M;;" =]

- The scrambling sequence generator shall be initialized with
Cinit = 215NID + 1010

where N = N mod 2° and the quantity N equals the decimal representation of the CRC on the PSCCH
associated with the PSSCH according to N = Y524 p; - 2L~ with p and L given by clause 8.3.2 in [4, TS
38.212].

(@) . (@)
for My scin <0< My

~

@ _ @
- My =M bit,SCI2
- The scrambling sequence generator shall be initialized with
Cil’lit = 215NID + 1010

where N = N mod 2° and the quantity N equals the decimal representation of the CRC on the PSCCH
associated with the PSSCH according to N = Y524 p; - 2L~ with p and L given by clause 8.3.2 in [4, TS
38.212].
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8.3.1.2 Modulation

For the single codeword g = 0, the block of scrambled bits shall be modulated, resulting in a block of complex-valued

modulation symbols d(©(0), ..., d(® (Ms(;zb - 1) where MSD, =MD+ M.

Modulation for 0 < i < M{{x.,, shall be done as described in clause 5.1 using QPSK, where M{" | = M{{x /2.

Modulation for M,Ei‘{’)scu <i< Mé‘ft) shall be done as described in clause 5.1 using one of the modulation schemes in

Table 6.3.1.2-1 where M(" ) =MD, /Qy.

Table 6.3.1.2-1: 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 x(i) =
@@ . x@ DO i=01, .., M2~ 1.
8.3.1.4 Precoding
The block of vectors [x@ (i) ... x®@~D(i)]" shall be precoded according to clasue 6.3.1.5 where the precoding
matrix W equals the identity matrix and M, = My,
8.3.1.5 Mapping to virtual resource blocks

For each of the antenna ports used for transmission of the PSSCH, the block of complex-valued symbols
z2®(0), ..., 2® (Mg, — 1) shall be multiplied with the amplitude scaling factor Byxs' in order to conform to the

transmit power specified in [5, TS 38.213] and mapped to resource elements (k’, 1),, , in the virtual resource blocks
assigned for transmission, where k' = 0 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 a 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 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:

- 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 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.
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For non-interleaved VRB-to-PRB mapping, virtual resource block n is mapped to physical resource block n.
8.3.2 Physical sidelink control channel
8.3.2.1 Scrambling

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

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

where the scrambling sequence c(i) is given by clause 5.2.1. The scrambling sequence generator shall be initialized
with

Cinie = 1010
8.3.2.2 Modulation

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

8.3.2.3 Mapping to physical resources

The set of complex-valued modulation symbols d(0), ..., d (Mg, — 1) shall be multiplied with the amplitude scaling
factor Bpsccy in order to conform to the transmit power specified in [5, TS 38.213] and mapped in sequence starting
with d(0) to resource elements (k, 1), , assigned for transmission according to clause 16.4 of [5, TS 38.213], and not
used for the demodulation reference 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 shall be
duplicated in the immediately preceding OFDM symbol.

8.3.3 Physical sidelink broadcast channel
8.3.3.1 Scrambling

The block of bits b(0), ..., b(My;;, — 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 5(0), ..., b(My; — 1) according
to

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

where the scrambling sequence c(i) is given by clause 5.2.1. The scrambling sequence generator shall be initialized
with ¢;,;; = NS& at the start of each S-SS/PSBCH block.

8.3.3.2 Modulation

The block of bits 5(0), ..., b(M,; — 1) shall be QPSK modulated as described in clause 5.1.3, resulting in a block of
complex-valued modulation symbols dpspcy (0), .., dpsgcn (Msymb — 1) where Mgy, = My /2.

8.3.3.3 Mapping to physical resources

Mapping to physical resources is described in clause 8.4.3.

8.3.4 Physical sidelink feedback channel

8.34.1 General
8.3.4.2 PSFCH format 0
8.3.4.2.1 Sequence generation

The sequence x(n) shall be generated according to
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x(n) = 10 (n)
n=0,1,.., NRB -1

where rlf,‘,","s) (n) is given by clause 6.3.2.2 with the following exceptions:

- mg is given by clause 16.3 of [5, TS 38.213];
- myg is given by clause 16.3 of [5, TS 38.213];

- Listhe OFDM symbol number in the PSFCH transmission where [ = 0 corresponds to the first OFDM symbol
of the PSFCH transmission;

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

8.3.4.2.2 Mapping to physical resources

The sequence x(n) shall be multiplied with the amplitude scaling factor Bpspcy in order to conform to the transmit
power specified in [5, TS 38.213] and mapped in sequence starting with x(0) to resource elements (k, [),,, assigned for
transmission according to clause 16.3 of [5, TS 38.213] in increasing order of first the index k over the assigned
physical resources, and then the index [ on antenna port p = 5000.

The resource elements used for the PSFCH in the first 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
84.1.11 Sequence generation

The sequence r;(m) shall be generated according to
(m) 1(1 2c(2 ))+'1(1 2c2m+1))
n(m) =—=(1-2c(Zm —=1—-2c(Zm
NG "2

where the pseudo-random sequence c(1m) is defined in clause 5.2.1. The pseudo-random sequence generator shall be
initialized with

Cinie = (2V7 (Ngowpntis + 1+ 1) (2Nip + 1) + 2Npp) mod 231

where [ is the OFDM symbol number within the slot, ngf is the slot number within a frame, and Ny, = N§ mod 21¢

where the quantity NX equals the decimal representation of CRC on the PSCCH associated with the PSSCH according
to NX = Yk-d p; - 2L-1=F with p and L given by clause 7.3.2 in [4, TS 38.212].

8.4.1.1.2 Mapping to physical resources

The sequence r(m) shall be mapped to the intermediate quantity d,(cij'#) according to clause 6.4.1.1.3 using

configuration type 1 without transform precoding, and where w¢(k"), w.(1'), 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].

PSSCH

~ (D)
a y DMRS

The intermediate quantity @, " shall be precoded, multiplied with the amplitude scaling factor g
clause 8.3.1.5, and mapped to physical resources according to

specified in

(Po.t) ~(Po.it)
Ay )

. _ [PSSCH

X : ) = PBorirs W ) : )
Pp-1H ~(Du—1.14
. Al
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where
- the precoding matrix W is given by clause 8.3.1.4,
- the set of antenna ports {py, ..., p,_1 } is given by clause 8.3.1.4, and
- the set of antenna ports {p,, ..., P,—1} IS given by [6, TS 38.214];

and the following conditions are fulfilled:

(@)

- the resource elements @, ;" 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 [ according to Table 8.4.1.1.2-1 where 14 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.

Table 8.4.1.1.2-1: PSSCH DM-RS time-domain location.

ly in DM-RS position 1
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 1,59 1,4,7,10 4,10 1,59 1,4,7,10
12 3,10 1,59 1,4,7,10 4,10 1,5,9 1,4,7,10
13 3,10 1,6,11 1,4,7,10 4,10 1,6,11 1,4,7,10
Table 8.4.1.1.2-2: Parameters for PSSCH DM-RS.
P CDM group 4 y) we(k") w (1)
kK'=0 k=1 I'=0 I'=1
1000 0 0 +1 +1 +1 +1
1001 0 0 +1 -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

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

where

- antenna ports p; or {ﬁjl,ﬁju} 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 a DM-RS symbol.

8.4.1.2.2

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.

Mapping to physical resources

The PSSCH PT-RS shall be mapped to resource elements according to
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®ot) -
)’ r®0(2n + k")
| =pgmew|
a(pp—llﬂ) r@uv-1(2n + k')

k,l
k=4n+2k'+A
when all the following conditions are fulfilled
- Lis within the OFDM symbols allocated for the PSSCH transmission;
- resource element (k, 1) is not used for sidelink CSI-RS, PSCCH, nor DM-RS associated with PSSCH,;
- k" and A correspond to P, ..., Py—1
The precoding matrix W is given by clause 8.3.1.4.
The set of time indices [ defined relative to the start of the PSSCH allocation is defined by
lseti=0andl.=0

2. if any symbol in the interval max (Lo + (i — 1)Lprrs + 1, Ler) Overlaps with a symbol used for DM-RS
according to clause 8.4.1.1.3

- seti=1
- set . to the symbol index of the DM-RS symbol
- repeat from step 2 as long as [,..¢ + iLpr.gs IS inside the PSSCH allocation
3. add l.f + iLpr.gs to the set of time indices for PT-RS
4. increment i by one
5. repeat from step 2 above as long as l,s + iLpy.gs IS inside the PSSCH allocation
where Lpr.gs € {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
Ngg — 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 NRBNg; — 1. The subcarriers to
which the PT-RS shall be mapped are given by

k = kyot + (iKprps + kpot )N
{NID mod KPT-RS if NRB mod KPT-RS =0

RB _
k Nip mod (Ngg mod Kpp.rg) otherwise

ref —

where
- i=01.2,..

- kRE s given by Table 8.4.1.2.2-1 for the DM-RS port associated with the PT-RS port according to clause 8.2.4 in

ref

[6, TS 38.214].
- Ngg is the number of resource blocks scheduled;
- Kprgs € {2,4} is given by [6, TS 38.214];

- Np = N mod 21 where the quantity N5, equals the decimal representation of CRC on the PSCCH associated
with the PSSCH according to N = Y524 p; - 2L~ with p and L given by clause 7.3.2 in [4, TS 38.212].

PSSCH PT-RS shall not be mapped to resource elements containing PSCCH or PSCCH DMRS by puncturing PSSCH
PT-RS.

A UE is not expected to receive sidelink CSI-RS and PSSCH PT-RS on the same resource elements.
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Table 8.4.1.2.2-1: The parameter kRE

ref *

DM-RS antenna port kRE
p resourceElementOffset
offset00 | offset01 | offsetl0 | offsetll
0 0 2 6 8
1 2 4 8 10
8.4.1.3 Demodulation reference signals for PSCCH
8.4.1.31 Sequence generation

The sequence r;(m) shall be generated according to
(m) 1(1 2¢(2 ))+'1(1 2c2m+1))
mnim) =— — 4c(2m —_— — 4c(zm
NG T2

where the pseudo-random sequence c(im) is defined in clause 5.2.1. The pseudo-random sequence generator shall be
initialized with
Cinie = (2V7 (NN + 1+ 1)(2Nip + 1) + 2Npp) mod 23
where
- lis the OFDM symbol number within the slot,

- nfis the slot number within a frame, and

- N,p €{01,..,65535} is given by the higher-layer parameter sl-DMRS-ScramblelD.

8.4.1.3.2 Mapping to physical resources

The sequence r;(m) shall be multiplied with the amplitude scaling factor ﬁgiﬁgs” in order to conform to the transmit

power specified in [5, 38.213] and mapped in sequence starting with r;(0) to resource elements (k, ),,, in a slot on
antenna port p = 2000 according to

az(f,)[#) _ PSCCHWf‘i(kI)rl(:gn + k’)

— FDMRS
k=nN2B +4k"+1
k'=0,1,2
n=0,1,..

where the following conditions are fulfilled
- they are within the resource elements constituting the PSCCH
The quantity we; (k') is given by Table 8.4.1.3.2-1 and i € {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 wg;(k").

y Wi (K

i=0 i=1 i=2
0 1 1 1
1 1 ej2/37r e—j2/37r
2 1 e—j2/3rr ej2/3rr
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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

1
r(m) = 1—2c(2m)) +j—2(1 —2c(2m+1))

=

V2 V2

where c(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

Cinit = NI%L
8.4.1.4.2 Mapping to physical resources

Mapping to physical resources is described in clause 8.4.3.

8.4.15 CSI reference signals
8.4.1.5.1 General
8.4.1.5.2 Sequence generation

The sequence r(m) shall be generated according to
(m) 1(1 2c(2 ))+'1(1 2c2m+1))
rim) = — —sc(im —_— —suc(2m
V2 "2

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

Cinit = (21°(Nssy'§§bn§ff +141)@2np + 1) + nyp) mod 23¢

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

within a slot, and Nj, = N¥ mod 21 where the quantity N equals the decimal representation of CRC for the sidelink
control information mapped to the PSCCH associated with the CSI-RS according to N, = Y =1 p; - 21~ 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 Bcsirs 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 identities
There are 672 unique physical-layer sidelink identities given by
Niy = Nip;y + 336Niky,

where Nijy; € {0,1, ...,335} and Nj3, € {0,1}. The sequences are divided into two sets, id_net consisting of N3 =
0,1, ...,335 and id_oon consisting of N3 = 336,337, ...,671.

3GPP



Release 16 127 ATIS.3GPP.38.211.V1620

8.4.2.2 Sidelink primary synchronization signal
8.4.2.2.1 Sequence generation
The sequence ds.pss(n) for the sidelink primary synchronization signal is defined by

dspss(n) =1 — 2x(m)
m = (n + 22 + 43N}, ) mod 127

0<n<127
where
x(i+7) = (x(i +4) +x(i)) mod 2
and
[x(6) x(5) x(4) x(3) x(2) x(1) x(0]=[1 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 dg g5 (n) for the sidelink secondary synchronization signal is defined by

ds sss(m) = [1 = 2x0((n + my) mod 127)][1 — 2x,((n + m;) mod 127)]

D1
my = 15 11'2] +5Nip,
my; = Nii; mod 112
0<n<127
where
xo(i +7) = (x0(i +4) + x0(i)) mod 2
x((+7)= (xl(i +1)+ xl(i)) mod 2
and
[%0(6) x0(5) x0(4) x0(3) x0(2) x,(1) x,(0)]=[0 0 0 0 0 0 1]
[x1(6) %(5) x(4) xB) x@2) x1) x0O)]=[0 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 NSSy'fnSbB OFDM symbols, numbered in increasing order from O to

N&ow? — 1 within the S-SS/PSBCH block, where S-PSS, $-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 Ng° = 13 for normal
cyclic prefix and N5 = 11 for extended cyclic prefix. The first OFDM symbol in an S-SS/PSBCH block is the first

OFDM symbol in the slot.

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 [ represent the frequency
and time indices, respectively, within one sidelink S-SS/PSBCH block.

For an S-SS/PSBCH block, the UE shall use
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- 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 1 Subcarrier number k
or signal relative to the start of an S-SS/PSBCH relative to the start of an S-SS/PSBCH block
block
S-PSS 1,2 2,3,...,127,128
S-SSS 3,4 2,3,...,127,128
Set to zero 1,2,3,4 0,1,129, 130, 131
PSBCH 0,56, ..., Noow —1 0,1,..,131
DM-RS for S-SSB __ 0, 4, 8, . 128
PSBCH 0,5,6, ..., Ngmp, — 1
8.4.3.1.1 Mapping of S-PSS within an S-SS/PSBCH block

The sequence of symbols dg_pss(0), ..., ds.pss(126) constituting the sidelink primary synchronization signal in one
OFDM symbol shall be scaled by a factor S5 pss to conform to the S-PSS power allocation specified in [5, TS 38.213]
and mapped to resource elements (k, 1), ,, in increasing order of k in each of the symbols [, where k and [ are given by
Table 8.4.3.1-1 and represent the frequency and time indices, respectively, within one S-SS/PSBCH block.

8.4.3.1.2 Mapping of S-SSS within an S-SS/PSBCH block

The sequence of symbols dg_¢s5(0), ..., ds.sss(126) constituting the sidelink secondary synchronization signal in one
OFDM symbol shall be scaled by a factor B ¢ss to conform to the S-SSS power allocation specified in [5, TS 38.213]
and mapped to resource elements (k, 1), in increasing order of k in each of the symbols [, where k and [ are given by
Table 8.4.3.1-1 and represent the frequency and time indices, respectively, within one S-SS/PSBCH block.

8.4.3.1.3 Mapping of PSBCH and DM-RS within an S-SS/PSBCH block

The sequence of complex-valued symbols dpsgci (0), .., dpspen (Msymb — 1) constituting the physical sidelink
broadcast channel shall be scaled by a factor Spggcy to conform to the PSBCH power allocation specified in [5, TS
38.213] and mapped in sequence starting with dpgpcy (0) to resource elements (k, 1),,,, which meet all the following
criteria:

- they are not used for PSBCH demodulation reference signals

The mapping to resource elements (k, 1),, , not reserved for PSBCH DM-RS shall be in increasing order of first the
index k and then the index [, where k and [ represent the frequency and time indices, respectively, within one S-
SS/PSBCH block and are given by Table 8.4.3.1-1.

The sequence of complex-valued symbols 7(0), ..., 7(33(Ngaiy — 4) — 1) constituting the demodulation reference
signals for the S-SS/PSBCH block shall be scaled by a factor of SEMES to conform to the PSBCH power allocation
specified in [5, TS 38.213] and mapped to resource elements (k, ), , 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.

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].
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2017-12 |RAN#78 Approved by plenary — Rel-15 spec under change control 15.0.0
) ) ) CR capturing the Jan18 ad-hoc and RAN1#92 meeting
2018-03 [RAN#79 RP-180200 0001 F agreements 15.1.0
CR to 38.211 capturing the RAN1#92bis and RAN1#93
2018-06 [RAN#80 RP-181172 0002 1 F meeting agreements 15.2.0
2018-09 |RAN#81 RP-181789 [0003 - F [Corrections according to agreements from RAN1#94 15.3.0
Combined CR of all essential corrections to 38.211 from
2018-12 [RAN#82 RP-182523 0004 1 F RAN1#94bis and RAN1#95 15.4.0
2019-03 |RAN#83 RP-190447 0005 - F [CR for PUCCH Format 1 15.5.0
2019-03 |RAN#83 RP-190447 [0006 - F [CR on PDSCH mapping to virtual resource blocks 15.5.0
2019-03 |RAN#83 RP-190447 |0007 2 F | Alignment of terminology across specifications 15.5.0
2019-03 |RAN#83 RP-190447 |0008 ) E Corr_ectlon on physical resource mapping for PUSCH with 15.5.0
configured grant
] ) Correction to frequency-domain starting position for SRS
2019-03 |RAN#83 RP-190773 |0009 1 F resource mapping 15.5.0
2019-06 |RAN#84 RP-191281 0010 - F [CR on PUCCH format 1 15.6.0
Correction on reference name of UE capability of additional
2019-06 [RAN#84 RP-191281 0011 - F DMRS for co-existence with LTE CRS 15.6.0
2019-06 |RAN#84 RP-191281 [0012 - F [Correction on mapping from virtual to physical resource blocks | 15.6.0
2019-06 |RAN#84 RP-191281 |0014 2 = Corrections to 38.211 including alignment of terminology 15.6.0
across specifications
2019-06 |RAN#84 RP-191281 [0015 - F [Clarification regarding non-full-duplex UE communication 15.6.0
2019-06 |RAN#84 RP-191281 |0016 ) = Corrections on PL_JS_CH scheduled by RAR UL grant and Msg3 15.6.0
PUSCH retransmission
2019-09 |RAN#85 RP-191940 0017 - F | Correction on PUSCH scrambling 15.7.0
Correction on PDSCH resource allocation scheduled by
2019-09 [RAN#85 RP-191940 0018 - F PDCCH in Type 0 common search space 15.7.0
2019-09 |RAN#S5 RP-191940 |0019 ) E Corrections _tc_) 38_.211_ including alignment of terminology 15.7.0
across specifications in RAN1#98
) ) ) Corrections to 38.211 including alignment of terminology
2019-12 |RAN#86 RP-192624 0022 F across specifications in RAN1#98bis and RAN1#99 15.8.0
2019-12 |RAN#86 RP-192634 [0020 1 B [Introduction of remote interference management 16.0.0
2019-12 |RAN#86 RP-192635 [0023 - B [Introduction of two-step RACH 16.0.0
2019-12 |RAN#86 RP-192636 |0024 ) g [|Introduction of NR-based access to unlicensed spectrum 16.0.0
2019-12 |RAN#S6 RP-192637 10025 ) B Introduction of integrated access and backhaul for NR 16.0.0
2019-12 |RAN#86 RP-192638 |0026 | - | B |'mtroduction of V2X 16.0.0
2019-12 |RAN#86 RP-192639 |0027 | - | B |'mtroduction of eURLLC support 16.0.0
2019-12 |RAN#86 RP-192641 |0028 | - | B |'Mtroduction of MIMO enhancements 16.0.0
2019-12 |RAN#86 RP-192643 |0029 | - | B |'Mtroduction of NR positioning support 16.0.0
Introduction of enhanced support for dynamic spectrum
2019-12 [RAN#86 RP-192646 0030 - B [sharing 16.0.0
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2019-12 |RAN#86 RP-192646 10031 Introduction of additional RACH configurations for TDD FR1 16.0.0
Introduction of cross-carrier scheduling with different
2019-12 [RAN#86 RP-192645 0032 numerologies 16.0.0
2020-03 | RAN#87-e RP-200186 10033 Corrections to integrated access and backhaul for NR 16.1.0
2020-03 |RAN#87-e | RP-200192 |0034 Corrections to NR positioning support 16.1.0
2020-03 |[RAN#87-e | RP-200184 |0035 Corrections to two-step RACH 16.1.0
Corrections to cross-carrier scheduling with different
2020-03 [RAN#87-e RP-200194 0036 numerologies 16.1.0
2020-03 | RAN#87-e RP-200185 |0037 Corrections to NR-based access to unlicensed spectrum 16.1.0
2020-03 |[RAN#87-e | RP-200187 |0038 Corrections to V2X 16.1.0
2020-03 |RAN#87-e | RP-200190 0039 Corrections to MIMO enhancements 16.1.0
2020-06 | RAN#88-e RP-200687 |0040 Corrections to NR-based access to unlicensed spectrum 16.2.0
2020-06 |RAN#88-e | RP-200694 |0041 Corrections to NR positioning support 16.2.0
2020-06 |RAN#88-e | RP-200692 |0042 Corrections to MIMO enhancements 16.2.0
2020-06 |RAN#88-e | RP-200686 0043 Corrections to two-step RACH 16.2.0
Corrections to carrier aggregation with unaligned frame
2020-06 [RAN#88-e RP-200696 0044 boundaries 16.2.0
2020-06 |RAN#88-e | RP-200689 |0045 Corrections to V2X 16.2.0
2020-06 | RAN#88-e RP-200688 |0046 Corrections to integrated access and backhaul for NR 16.2.0
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