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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‘] p,u Resource element with frequency-domain index k  and time-domain index | for antenna
port p and subcarrier spacing configuration [l ; see clause 4.4.3
a(k{)i g Value of resource element (k J) for antenna port P and subcarrier spacing configuration
U ;see clause 4.4.3
B Amplitude scaling for a physical channel/signal
C(n) PN sequence; see clause 5.2.1
Af Subcarrier spacing
Af RA Subcarrier spacing for random-access preambles
K The ratio between TS and T ; see clause 4.1

k
l

Subcarrier index relative to a reference

OFDM symbol index relative to a reference
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U

(q)
M
M(Q)

symb

layer
M)

symb
PUSCH
M,

PUSCH

ap
M symb
4]

size
N BWHP,i

start
N BWP,i

u
NCP,I
Nsize, u

grid, x

Nigiax
Nyrowp
Nip
Nip
NggRESET

CORESET
N REG

NgI'OLlp

samp
RB

N sc
subframe, 1

N slot

frame, pt
N slot

CORESET
N symb

PUCCH
N symb

subframe, y
N symb

Nslot

symb

N TA

N TA,offset
N Rx-Tx
g

Nérp
nPRB

NpNT1
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Subcarrier spacing configuration, A f= H. 15[kHz]

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

Number of modulation symbols to transmit on a physical channel [for codeword q |
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 p , see clause 4.3.2

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

Time duration of a control resource set; see clause 7.3.2.2
Length of the PUCCH transmission in OFDM symbols; see clause 6.3.2.1

Number of OFDM symbols per subframe for subcarrier spacing configuration I ; 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 1 , see clause 4.4.4.3
Physical resource block number; see clause 4.4.4.4

Radio network temporary identifier

Slot number within a subframe for subcarrier spacing configuration 1 ; see clause 4.3.2
Slot number within a frame for subcarrier spacing configuration 1 ; 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 p  for
OFDM symbol ' ina subframe; see clause 5.3.1

Basic time unit for NR; see clause 4.1
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Tf Radio frame duration; see clause 4.3.1
I Basic time unit for LTE
Iy Subframe duration; see clause 4.3.1
Tslot Slot duration; see clause 4.3.2
Tia Timing advance between downlink and uplink; see clause 4.3.1
W Precoding matrix for spatial multiplexing

3.3 Abbreviations

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

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

4.1 General

Throughout this specification, unless otherwise noted, the size of various fields in the time domain is expressed in time
= —_ 3 = = =
F 1/(Af Nf] where A fmax=480-10"  H; and Nf 4036 . The constant ¢ TS/TC 64
— 3 _
Ts_ll(Afref'Nf,ref) , Af =15-10" Hz a Nf,ref_2048

units max

ref

where nd

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.
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4.2 Numerologies

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

Table 4.2-1: Supported transmission nhumerologies.

T Af=2"15[kHz ] Cyclic prefix
0 15 Normal
1 30 Normal
2 60 Normal, Extended
3 120 Normal
4 240 Normal

4.3 Frame structure

4.3.1 Frames and subframes

T, =(Af . N//100}- T, =10 ms

Downlink, uplink, and sidelink transmissions are organized into frames with
Ty =(Af 1 N;/1000- T,=1 ms

duration, each consisting of ten subframes of max duration. The number of consecutive

OFDM symbols per subframe is N :uymbf;ame’“ =N :i?r;b NEPime k- 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.

T

. = +
Uplink frame number ! for transmission from the UE shall start =~ TA (NTA N

T
TAJOffset] ¢ before the start of the

corresponding downlink frame at the UE where NTA»Offset is given by [5, TS 38.213], except for msgA transmission
on PUSCH where N, =0 shall be used.

D owmlink frame :

Uplink frame:

- -

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

. . . : nel subframe,pi__ 1| . :
For subcarrier spacing configuration H |, slots are numbered g € [0, cves N - 1J in increasing order

. H E[O Nframe’“_ll o . . o
within a subframe and s S| Ys-- -5 NVglor | in increasing order within a frame. There are symb

slot

consecutive OFDM symbols in a slot where ~ mb  depends on the cyclic prefix as given by Tables 4.3.2-1 and 4.3.2-
1 rslot

u
2. The start of slot % in a subframe is aligned in time with the start of OFDM symbol s~ symb  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].
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In a slot in a downlink frame, the UE shall assume that downlink transmissions only occur in 'downlink' or 'flexible’
symbols.

In a slot in an uplink frame, the UE shall only transmit in 'uplink' or 'flexible' symbols.

A UE not capable of full-duplex communication and not supporting simultaneous transmission and reception as defined
by parameter simultaneousRxTxInterBandENDC, simultaneousRxTxInterBandCA or simultaneousRxTxSUL [10, TS
38.306] among all cells within a group of cells is not expected to transmit in the uplink in one cell within the group of

cells earlier than Ny, 1, T. after the end of the last received downlink symbol in the same or different cell within

the group of cells where Ny, 1. is given by Table 4.3.2-3.

A UE not capable of full-duplex communication and not supporting simultaneous transmission and reception as defined
by parameter simultaneousRxTxInterBandENDC, simultaneousRxTxInterBandCA or simultaneousRxTxSUL [10, TS
38.306] among all cells within a group of cells is not expected to receive in the downlink in one cell within the group of

cells earlier than N1, ., T. after the end of the last transmitted uplink symbol in the same or different cell within
the group of cells where N, g, is given by Table 4.3.2-3.

For DAPS handover operation, a UE not capable of full-duplex communication is not expected to transmit in the uplink
to a cell earlier than Ny, 1, T, after the end of the last received downlink symbol in the different cell where

N1y s given by Table 4.3.2-3.

For DAPS handover operation, a UE not capable of full-duplex communication is not expected to receive in the
downlink from a cell earlier than N, g, T, after the end of the last transmitted uplink symbol in the different cell

where N1, g, is given by Table 4.3.2-3.

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

A UE not capable of full-duplex communication is not expected to receive in the downlink earlier than N, p, T«
after the end of the last transmitted uplink symbol in the same cell where N, p, 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 hormal

cyclic prefix.
1 Ny Nar " Nege ™"
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,p subframe, y1
,Ll N symb N slot N slot
2 12 40 4

Table 4.3.2-3: Transitiontime N , and N i,

Transition time FR1 FR2
N 25600 13792
Tx-Rx
N 25600 13792
Rx-Tx
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4.4 Physical resources
4.4.1 Antenna ports

An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred
from the channel over which another symbol on the same antenna port is conveyed.

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

subframe, p

size, 1 n7RB
N Ny subcarriers and N symb OFDM symbols is

For each numerology and carrier, a resource grid of grid,x

start, i
defined, starting at common resource block grid indicated by higher-layer signalling. There is one set of resource
grids per transmission direction (uplink, downlink, or sidelink) with the subscript x setto DL, UL, and SL for
downlink, uplink, and sidelink, respectively. When there is no risk for confusion, the subscript X may be dropped.
There is one resource grid for a given antenna port  p , subcarrier spacing configuration fI , and transmission
direction (downlink, uplink, or sidelink).

size, y

For uplink and downlink, the carrier bandwidth Ngrid for subcarrier spacing configuration g is given by the

higher-layer parameter carrierBandwidth in the SCS-SpecificCarrier IE. The starting position [N ;t::g” for subcarrier
spacing configuration i 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 1 is called a resource

element and is uniquely identified by (k s l) p,u Wwhere k" is the index in the frequency domain and l refers to

the symbol position in the time domain relative to some reference point. Resource element (k ,1 ) p,u corresponds to
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a physical resource and the complex value @, ;"' . When there is no risk for confusion, or no particular antenna port

(p)

or subcarrier spacing is specified, the indices p and p may be dropped, resultingin g, or @,

(p.1)

4.4.4 Resource blocks
4.4.4.1 General

. . RB . Lo .
Aresource block is definedas N_. =12 consecutive subcarriers in the frequency domain.

4.4.4.2 Point A

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

- offsetToPointA for a PCell downlink where offsetToPointA represents the frequency offset between point A and
the lowest subcarrier of the lowest resource block, which 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 . The center of subcarrier 0 of common resource block 0 for subcarrier spacing configuration
coincides with 'point A'.

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

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

k

o
Ncrg= NP
sC

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

Physical resource blocks for subcarrier spacing configuration 1 are defined within a bandwidth part and numbered
from0Oto N Eff,lf ;—1 where 1 isthe number of the bandwidth part. The relation between the physical resource

block npgp inbandwidth part i and the common resource block nfgy  is given by

oo start,t
Ncrp =Nprp+ N gwe

where N 32,31’,” ; 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 §I may be dropped.

4445 Virtual resource blocks

Virtual resource blocks are defined within a bandwidth part and numbered from0to [N Séf,'f,P’i —1 where [ isthe

number of the bandwidth part.

4.4.4.6 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
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|

yone)

4.4.4.6-1. The relation between the interlaced resource block nI“RB’ m€ [0,1 in bandwidth part i and

interlace m  and the common resource block nfpg s given by
Hoo_ u start,pt __ pgstartp
nCRB_MnIRB,m+NBWP,i+((m NBWP,i) mod M)
where N ]5;331’,“ ; is the common resource block where bandwidth part starts relative to common resource block 0.
When there is no risk for confusion the index 1 may be dropped.

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

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

u M
0 10
1 5

4.4.5 Bandwidth part

A bandwidth part is a subset of contiguous common resource blocks defined in clause 4.4.4.3 for a given numerology

o . i ) . . - start, j
i in bandwidth part | on a given carrier. The starting position Npwp,; and the number of resource blocks
size, . . . start, pt start, p1 start, jt size,
N gwp,; inabandwidth part shall fulfil N arid x < N BWP. i< N grid x F N arid.x and

start, start, p size ,u start, p size, . . . . . . .
Ngia x <Npwp.i+* Ngwp i< Ngria 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, y size, p

. . . start, size,
risk of confusion, the index p1 may be dropped from  Npwp; » Npwp; » N grid x »and Ngrid’x

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 [N SOAt offset  Detween a PCell/PScell
and an SCell is determined by higher-layer parameter ca-SlotOffset for the SCell. The quantity Mg, 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

N2 fulfills

slot, offset

- when the lowest subcarrier spacing configuration among the subcarrier spacings configured for the cell is
p=2 forbothcellsor p=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 qN SloAt offser MOd N SZI"E’”“““ for the other cell where g=-—1
if point A of the PCell/PSCell has a frequency lower than the frequency of point A for the SCell, otherwise
q=1 ;
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- 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 g 2:13 oifser MOd N gzlfe’“"““‘ for the other cell
where g=-—1 if the lowest subcarreier spacing configuration given by scs-SpecificCarrierList of the

PCell/PSCell is smaller than or equal to the lowest subcarrier spacing given by scs-SpecificCarrierList for the
SCell, otherwise g=1

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

ejg\imodz | . |
d(i)=T{[1—2b<i>>+ju—2b(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

dli)=—][1=2(i){1-28(i]

51.3 QPSK

In case of QPSK modulation, pairs of bits, b(20),b(2i +1) , are mapped to complex-valued modulation symbols d(i)

according to
d(i)= %a— 2b(2i)) + j(1-2b(2i +1)) §

5.1.4  16QAM

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

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

modulation symbols d(i) according to

d(i)= %{(1— 2b(4i)) @—(1-2b(4i +2)) § j(1-2b(4i +1)) §—(1-2b(4i+3)) @

515  64QAM

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

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

complex-valued modulation symbols d(i) according to

d(i) =%{(1—2b(6i)) $-(1-2b(6i +2)) @—(1-2b(6i+4)) G j(1-2b(6i+1)) §—(1-2b(6i+3)) é—(1—2b(6i+5))@
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51.6  256QAM

In case of 256QAM modulation, octuplets of bits, P(3)»P(81+1),b(8i +2), b(8i +3),b(8i +4), b(8i +5),b(8i + 6), b(8i +7)

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

1

d(i) = ﬁ[(1—21;(81')) 3—(1—21)(81‘ +2)) §-(1-2b(8i +4)) §—(1-2b(8i +6))a
+j(1-2b(8i+1)) 3—(1— 2b(8i +3)) 3—(1— 2b(8i+5)) §—(1-2b(8i + 7))@

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 n=0,1,..., My ~1

PN where , is defined by

C(”):(xl(n+Nc)+xz(”+Nc))mOdZ
n+31)=(x,(n+3)+x,(n)|mod 2
n+31)=

x4 (
X, ( %, (n+3)+x,(n+2)+x,(n+1)+x,(n)|mod 2

where Nc=1600  and the first m-sequence Xl(n) shall be initialized with Xl(o ):1’X1< n)ZO,n =12,...,30

30 .
Coit =i Xol1):2'
The initialization of the second m-sequence, XZ(n) , is denoted by Mt Zl:O 2( ) with the value depending

on the application of the sequence.

5.2.2 Low-PAPR sequence generation type 1

(a,6) _
The low-PAPR sequence Tu,v (n) is defined by a cyclic shift @ of a base sequence ru,v(n) according to

)=, (o), 0neh,

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

through different valuesof a and &

— ‘ )
Base sequences rW(n) are divided into groups, where uel0,1,...,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

o
Mgzc=m NiB/ztxj , 1/20m/2° @5 and two base sequences ( V=0,1 ) of each length Mzc=m NiBlzs
6 Om/2° F M

. The definition of the base sequence ruyv(o)"”’ruyv(MZC_l) depends on the sequence length C

>

5.2.2.1 Base sequences of length 36 or larger

For M;c>3 NE{CB , the base sequence rujv(())""’ruyv(MZC_l) is given by

fu’v(n):xq(nmoszc]
.t qm|m+1]
o TIN
X /m|=e ©
where
q=[g+1/2)+v-(-1)
G=N,(u+1)/31
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The length Noc is given by the largest prime number such that N

5.2.2.2 Base sequences of length less than 36

M,.€6,12,18,24

For the base sequence is given by

— _ jo(n)n/4
7, ()= 0<n<M, ~1

where the value of oln) is given by Tables 5.2.2.2-1 t0 5.2.2.2-4.

M

For ZC

=30 fu,v(())! iy Mye—1)

, the base sequence tuy is given by

_J,n(u+1)(n+1)(n+2)
7]
ru’v(nJ—e , 0<n=<M,.—1

3GPP



Release 16 24 3GPP TS 38.211 V16.4.0 (2020-12)

Table 5.2.2.2-1: Definition of #(1) for Mzc=5

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

0 [-3]-1]313]-1]-3
1 slslal1]3]3
2 |-3|-3(-3|13[1]-3
3 11/1(1|3(-1/-3
4 11111|3|-1|3
5 -3(11(-1{3|-3[-3
6 -3(113(3]|-3[-3
7 31-111(13(11(-1
8 |-3|-1(-3|1(-3|-3
9 |3|3/1|3|3]3
03/1]3]1]-3]3
11 [-3]-1(-3|11|1]|-3
12 111(3(1]-3(3
131111133 (-1|3
14 1111113 |3](-1
59 11]1]1]3]3
16 -3(-11-1{1]|3(-1
17 [-3]-3|-1|11|-1|-3
18 |-3]3]-3] 1[-3]1
191 30101]3]1]-3
20 (-313(-3|1|1|-3
21130113 3|-3|1
22 11111-313|1|3
23 111(-3/3(1/(-3
24 1113133
25 11]1]-3]1]3]3
26 111(-1(1|3]|-1
27 {1]11(-1|13|-1|-1
28 1111|-1/3(|-3|-1
29 1111 |-3|1(|-1|-1
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Table 5.2.2.2-2: Definition of #(1 for Mzc

Nl R R R Dl R Rl e e e R ] R Ee R R R R R B I R R Lol el A R R R
A | T A | A A [T A AT || AR A AT [P [T ||| ]| || M
A D AT T AT ||| T QD || DR[O AP H| D |||
n113%13111131__1__1__1__1__31__31__31%31__1__1__%11__
Ml A oS || T oo | | T o[ | oo || AT on || | |
¢.,81__1__31666361__363361__3334_1633311__1__3
B e G e B BT el St el et Rl B el Al T K R B R Rl Rl el R R A R e Al el Al B
E= O o e Y B Bl e B G ) Bl G B G Bl e e B Bl R R Kl B R S R R R
SH oo afen| | a| || @[] ][ || [ e[| a | e[| 2 A [ en| ]
DAl T ||| TR | ||| A ||| [P || ||| D
A || Q|| DA H || || ||| AP A ||| T || ||| ™
RN R PR PR R PR P | PP [0o| R PR 0| R PR| =[P
) EIEN R B e PR AN e = B o o B T TN MBS I
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Table 5.2.2.2-3: Definition of (1 for Mzc

THoo| T AT P DR[| T A A AP AT AP A ||| T[T =
N S R B G R B I R B R S e B R B R e B I B Bl Bl Bl G
SHOo TP PR R R R T T T oo A T T | R R T T
AT T AT P TR T DRD[F| DR F [ ||| T[T | ™
ol Rl Bl K Bl B R R e Bt Rl Kol K Bl K R B B R o K Bl Bl R S R B K R
e Rl sl K s s il e e e R e e R e R e R R B B S e R R I R
ﬂd81681116313414636863436883636
Rl Al Al TR R TR A R Al K e Al Al ] Rl Rl KT Rl Al Al Al Rl RS A R TR Al R )
mwﬂ61366146864636631616834616133
R R Rl Kl il Al Rl ) Rl Kl Rl Rl < e el Bl Bl el Bl Bl BT A R Rl A R el A
W1_.1_.1_.164.1_.631168311_.666333831_.1_.1_.1_.11
SHofo|ofo|a|a|o{m|o|Fa| PP | w|o|o|F | Fo] =] o]m|on||
Al AT T ||| PP T PP ||| P[P || PP
| TR | DPIPDNeo| PP ]| DD | QD
QU T | T | | R R RR R T 2| T Q| PP T | | R R R
SHeo Ao T T RR [ R RN RN TR R | D] | | T | P T T
ORI | DA Plen| | A TR T Aot | T ] 00| | PP D DD oo
TR | R A | PR DRNDR| R RN P[RR DR | P[] | P[P
Bl Y RN P R IS P PN =T e S R A E eI EA B IS R N R AR R N BT B

3GPP



Release 16 27 3GPP TS 38.211 V16.4.0 (2020-12)

Table 5.2.2.2-4: Definition of (1 for Mzc=24

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

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

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

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

W (W W W W W[ W W W W[ W W W W W W[ [ [ W
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5.2.3 Low-PAPR sequence generation type 2
(a,é)(

v n| is defined by a base sequence f"u’v(nJ according to

The low-PAPR sequence r
r9nl=f,,[n,0sn<M
where M=m NE‘CB/ 2% isthe length of the sequence.

Base sequences l"u,v(nt) are divided into groups, where u € [0,1 s ,29} is the group number and Vv is the
base sequence number within the group, such that each group contains one base sequence ( v =0 ) of length
MZmeCB/Zs , 1/2<m/2° .The sequence l'”u,v(O),...,f‘u,v[M—l) is defined by

M-1 . 2min
—jean

M n=0,....M—-1

where the definition of IN‘u)v[i ) depends on the sequence length.
5.2.3.1 Sequences of length 30 or larger

For M >30 |, the sequence IN‘u’V[ i) is obtained as the complex-valued modulations symbols resulting from m/2-
BPSK modulation as defined in clause 5.1.1 applied to the binary sequence ¢ [1) given by clause 5.2.1, initialized
with  Cji

5.2.3.2 Sequences of length less than 30

For M=6 |, the sequence IN”u’v(i) is given by

~ . joli|n/8 .
Fulij=e’”"" 0<i<M —1

where the value of @|[i| is given by Table 5.2.3.2-1.

For M€ [ 12,18, 24} , the sequence IN”U,V(\I' } is obtained as the complex-valued modulations symbols resulting

from 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
to 5.2.3.2-4.
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Definition of ¢(i] for M=6

Table 5.2.3.2-1:
u ¢(0),...,0(5)
a|-7]-3]-[-1]3
0 5
a|3]7]-[7]3
L 3
2 [1]3|1|5]-1]-5
3 |-7]3-7|5|-7]|-3
715[1]- 3|1
4 7
5 (3|3 1/5]|-1]-1
7137/ -]7]5
6 3
Z13[1]- 1[5
7 5
7133 [- 7|3
8 3
9 |7|7|-1|1]5|1
10 |-7|3]-7|5]-1] 5
11 |-7|-7|3|1]5]-1
5[7(3[-|5|5
12 .
3[7]5]- |51
13 .
14(5(7/7]1]5]1
15|-7/3|1|5]-1]3
7|5[-1] - |55
16 .
17 |-7/11-3|3] 75
18 |-7/-713|5]1]5
Z]3[3[-[3[>5
19 .
20 |-7|5|5|3|-7]-1
21 |1]5(1|5|3|7
1(3[1]-]-1]3
22 .
1(7(1]-]7]1
23 .
1]-113]-]-7]3
24 :
1]-1|5|-]3]-3
25 .
11]3|-]3|7
26 1
27 | 5/3]7|5|3]|7
28 |-7]1]3|1]|5]1
1(5(3|-]5]-3
29 .

3GPP



3GPP TS 38.211 V16.4.0 (2020-12)

30

Release 16

for M=12

blil

Table 5.2.3.2-2: Definition of

O||H|O[dHd|H|O|0[H|O|O|0|O|d|d|d|d|O|dHd|dd|d|O|O(O|O |||
A [OO[dHd|dHO|H(O|Hd|d|d||H|O|O|H|O||H|O|O|O(O|O||||
A [H|O(O|O(0O|0|0|0|H|O|H(O|0(0O|0O|H(O|0|(d|H(O|d|d|d|H|O|O(O
\m000111011101110101001110100001
u,101110100100011001101000111101
Vo|d|H|o|o|dH|o|d|[d|d|dA[dH|O|d|dH|d|d|d|d|o|o|d|d|[o|d|O|dH|d|o|
mHOOOl100010000000001110101001lo
MOOOl01101110000000101111111111
O|O(O|O|O|dH|(O(O|dH|[Hd|d|H|O|O |0 |0 |H|O|O|O ||| || || |||
OO0 |O(O|H|O|0O|0O|O|H|dH|O(O|0O|O(O|O| || |d|O| | |||
O0O|d|d|H(O|0|d|d|d|d|H(O|O(O|O|O(0O|H(O|0(0|0|0O|0|0|0|o|o
RN R E R E IR TRl i R RIS BT S
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Table 5.2.3.2-3: Definition of b(i| for M=18

AlHAHAfHAO[OfH|HA|HA|H|H|O|H|O|O|O|H|O|O|||H|H|H|O|O|O|O|O|O
O|O ||| O(O|O|(O|O|H|O|H||H|O|H|H|O|H|O|H|H|O|O|O|O
OO O OO0 OO O|H|O|H|O|H|O||| O[] ||
OO fHO([O|O|O||O|O|||O|O||||H|O|O0|O0|O|O| ||
(OO OfH|Hd|O|[H||O|||O|O||O|0|O||O|O||O||H|O|0O|O|O
| O H|—H|[O|H|O|O|O(O|O|H||O|—|O|—|O|O|O|O|O||||O||O|O|
U111100000001000000001110000001
— ||| O || H|O| || O|H|O|O|H|O|H|O|O|(H|O||H|O|O|O|H|O|O|—
bu,ll0000100010011110000100000000
ool o|lo|dH|dH|dH|dH|H|H|H|o|o|H|H|H|o|o|+|o|—|o|—|ololof«—
%011101010011011101110111011000
M\OO1111000101101100101001001101
H|O(H|O[O|H|H|O|O(O|O(O|O|H|H|O|O|H||O|H|H[O|O|(O||H|H|O|
O(O|O|—H|O|O0|H|O|H|O|O|||O|O||||O(O|O|O|O|O|H|O|—|—|—|O
OO0 || O |O|H|O|H|O|O|O|O|O || O||||O| |
O(O|O|O0|0|0|O0(O| ||| OO O|H|O|O|H|(O(O|H|O||O|O || O|
O|O(O|H|H|H|O|H|O(O|O|H|O|(O|O|O||H|O|O|O|H|O|O|H||H|H|O|
O|O(0|O(H|O|0|0|O|d|dd|HH|O|O|O0|0|O0|O|(O|HdH|O|H|H|O|O|O|O
I R N R B P B EN A N ] RIS R Fl el B TSI IR P N T B
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for M=24

blil

Table 5.2.3.2-4: Definition of

.,b(23

bl0],..

0 |0|0|O0|0O|0O]|O|0O]1|0|0Of2]1f1]|1|1|0f0O|1/0|O0f1|0|0O]1
1 /0/0/0|O|0O|O|0O|21|0|0O|1]|0O]1|2|0Of2]1]2]|0|0]|0Of1[1|O
2 |0j0]jO0|O|O|O|0O|0O|21]|0|Of1/0|0O]21]|0|Oj2|2|2]|1|01]1

3 |0/0]0|O|O|OfO|O|2]|1|0f1/1|0]|0OJ1|0Oj1|0O|21]|1|01]1

4 ]11/0/0f1]1f1{1/1|0|1|1/0O|2|1|21|0|2|1]|0|0|0O]J1|1]1
5 (1|0j1|0f1]1|0|1j1]|0j0O]1f21]1j1|1|0O|0OJ1|2|O|2 1|1
6 |[0/1]1]0|0|1/0|0O|2]2|1/1/1|2]|0OJ1|1]1]|1|0]|1|1|0]1
7 (1/0]1]1]1)1/1|21|2]|1|1/0j1|0|O]J1|1]1]|0|O]J1|1|0]1
8 |0/0]1]|0|0|1|0|1|0|O|O|1|/0|0O]|1|0|0O|0O|O|O]J1|1|1]0
9 |[0j0]|O0|O|1|0f0O|2|21]|0|1|/0j0O0|0O]|O|O|1]1]|0|0O]|0O|1|0]1
10 |1|0j1|0|0f0O]1j1]|1|/0]|Of1|2|1|21|O|2|1|2]|1|0|0f1]|0

11 |0|0j1|0|0f1]|0j0O|O|0O]|Of1|21|1]|0|0O|O|1]|0|0O|2|0O[1]|0

12 |1]0|1(0|0|1]1|1|0j1|0]|O|Of1]0O|2]|21|1|0j0O|21]0O]1]|1
13 |1]|0|1(/0|0|21]1|0f1/1|0]|1]|0f1]0|1]|21|0|1[1|0]0O]|1]|O

14 |1|0j1|0|0f0O0]1|0|0Of1]1/1|0|0|O|0O|O|1]|0|0|2|0j1]1
15/1/0|0}1]|0f1]|0|0O]1|1]|0j0O|O|Of21|1|2|1|2)1|2|0|0]1

16 |0/0|0f1]1}21]1/0/0j1|0]|21|0|0[1]21]21|0|1/1|21]0]|0|1

17 |1]1|0f1]0|1]|1|1|0j0O|1|1]|1|/0|0O0|0O|O|O|Of1|2][0O]1|O
18 |0|0|0|0|0O|0O|O|0O|Of1]1j1|1/0|O|O|21|0O|2]|1|0|0|0O]1

19 |1]0|0|0|1|0]1|1|0j/0|0O|1|0|O|0O|0O]|O|O|OjO|O]2]|1]|1
20 |0/0j0|0|0O]|0O|1j1]1|0]1|1|/0|0O|O]1|1/0]0O0|0O]1|0f1]|0

21 10/1/1|0{1]0|1/1]1]|0|0|0|0|1]{0]|0O|0O|0O[1]|0]|0O|O|1]1
22 11/0/1/0/0|1/0|0|0|0]|0|1]1]1]0f0f1|0|0]|0O]|1]0[1]1

23 11/0/0|1|1]|0|1/0|0|O0|O|Of1]2|2]1|1j1]2|2]|0|0|1]1

24 |1|0(/0]|0f1|1|0|1|0|1|0|0OJ1|0|0Of2]|1j2]1f2]1|0|0]|O

25(1|0(1]|0f1|1|/0|0|0O|21|0|0|O|2|1j2)|1]2]1(0|0f1|0|O

26 |0/1/0|0[1]|0|1/0f1|1]|0|0O|O|2|2]1|1/1]2|0]|0|1|0]|O

27 10/1/0|1(1]|0|1/0f1|0]|1|0f1]2|0O]|1|1/0[0|21]|0|0O|1]1
28 |[0|1|/0]|0|0O|1|1|0j1|0J1|0]J1|2|1]0]|1]0]|0f1]|0|0O[1]1

29 |0]1|/0]|0f1|0|O|21|1|2j1|2)1]2)1j2)1]0]0f1]0|0O[1|1

OFDM baseband signal generation

5.3

for OFDM

and subcarrier spacing configuration H

on antenna port p

EP’M(t)

S

OFDM baseband signal generation for all channels except PRACH

and RIM-RS

53.1
The time-continuous signal

} in a subframe for any physical channel or signal except PRACH is defined by
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+N

start, p size, i RB ( start, {1,
_(Ngrid,x +Ngrid,x/2)Nsc Ngrid,x

H_
0

k

at the start of the subframe,

=0

t

where

2048k-27*

-
u

7:2¢

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

0orl

extended cyclic prefix

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

512k-27*
144 x-27#

"

CP,l

and

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

- Ho isthelargest p  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 siit”l ) (t) for the interval tg{art,l — T <t<th,,, preceding the first OFDM symbol
for PUSCH, SRS, or PUCCH is given by

s (¢ =sP ¢

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

- for dynamically scheduled PUSCH, SRS, and PUCCH transmissions

s : p
Text —min (maX (Text ’0) ’ Tsymb,(l— 1)mod7- 2"

G
o u _
Text_szymb,{I—k}modTZ“ Ai
k=1

where A, is given by Table 5.3.1-1 with C,=1 for p€[0,1 , C,=2 for p=2 ,and
C, and C; given by the higher-layer parameters cp-ExtensionC2 and cp-ExtensionC3, respectively, and

T+, given by clause 4.3.1. For contention-based random access, or in absence of higher-layer configuration

m
symb,(I—1)mod7- 2"

for each of the values of i€ {2,3} . Tex is applied to the first UL transmission scheduled by the scheduling
DCL

of C, and C, ,thevalueof C, shall be setto the largest integer fulfilling T, <T

- for a PUSCH transmission using configured grant

2”
— H —
Text - Z Tsymb,il—k}mod7~2“ Ai
k=1

where A, is given by Table 5.3.1-2 with the index i given by the procedure in [6, TS 38.214].

The starting position of OFDM symbol I for subcarrier spacing configuration H in a subframe is given by
0 [=0
th o= |
S a1+ (NE+NE, [T, otherwise

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

T,, index C, A,
i
0 - -
! C, 25-10"°
2 G, 16-10 °+ Ty,
3 G 2510 °+T,
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Table 5.3.1-2: The variable A, for cyclic prefix extension with configured grants.

index | A.

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

Z Tsymb [I-k|mod7-2*

o g B[ W[ N| »| O

5.3.2 OFDM baseband signal generation for PRACH

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

Lya—1
RA RA
p n) 1t Z ap RA) ]2n(k+Kk k| Afp, = NRS T —£8 | K:Af/AfRA

RA p7RB : ( |
k _ky_l_(Nstart _Nstart p) NRB_N51ze pNRB/2+ start NRB+ nRANRB Nsc if LRA € 1139’839J
17— ™o BWP,i grid grid sc Nstan,p Nstan,p NRB f I € \571 11511
( RB,UL,n+ng,  *VRBUL,n, | {Vse 1 RA < | s J
M__ start, y size, start, (1, size, |, RB ~ ptp—
ko_( grld +Ngr1d /2) (Ngrld +Ngr1d /Z)N 2
RA
where tstart_t<tstart N +NCP I)T and
k

- is given by clause 6.3.3;

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

- Ho isthelargest p value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList;

start

- BWPI g the lowest numbered resource block of the initial uplink bandwidth part and is derived by the higher-

start
layer parameter initialUplinkBWP during initial access. Otherwise, = 2"P is the lowest numbered resource
block of the active uplink bandwidth part and is derived by the higher-layer parameter BWP-Uplink;
- niar[ is the frequency offset of the lowest PRACH transmission occasion in frequency domain with respect

start

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

38.213];
- "RA js the PRACH transmission occasion index in frequency domain for a given PRACH transmission occasion
in one time instance as given by clause 6.3.3.2;

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

RBs for PUSCH in Table 6.3.3.2-1.
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- Npgut , is the start CRB index of uplink RBset n  corresponding to the quantity RB; (/" . The UE

assumes that the RB set is defined as when the UE is not provided IntraCellGuardBandsPerSCS for an UL
carrier as described in Clause 7 of [6, TS 38.214]

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

start

indicated by ng, .The UE may assume that n;ti{t is configured such that each PRACH transmission

occasion is fully contained within an RB set.

- Lya and N, are given by clause 6.3.3

RA RA
Necp =Ncp+n-16k  where

Afea€11.25,5 kHz  pn=0

>

for

~ for Afra€/15,30,60,120 kHz o

RA RA

tstart > tstart +

Af N ,/2000)-T_=0.5 ms
max "~ f c

is the number of times the interval

RA, arRA o o L
N, +Ng ) TC) overlaps with either time instance 0 or time instance

in a subframe

RA
The starting position  {sart  of the PRACH preamble in a subframe (for Afea 0{ 1.25,5,15,30} kiz

Af,, ¥ 60,120} kHz

) or in a 60 kHz

slot (for ) is given by
RA
tstan = ts/tlan,l

[=0
t!f = .
- ‘llart,l—l +( N{+ Nélp,,_l) Q otherwise

where

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

- atiming advance value N1, =0 shall be assumed;

- Ni§ and N, , aregivenby clause 5.3.1;

= | ' |
#=0 shall be assumed for A fra € [ 1.25,5] kHz, otherwise it is given by Afra€ {15:30: 60,120

l

kHz and the symbol position * is given by

_ RA n7RA RA
I=I,+n," Ny, +14ngy,

where

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

RA

-t isthe PRACH transmission occasion within the PRACH slot, numbered in increasing order from 0 to
NRA,slot _ RA,slot
t

within a RACH slot where "'t is given Tables 6.3.3.2-2 to 6.3.3.2-4 for
Ly, €/139,571,1151)  and fixed to 1 for Lra =839

NRA
duris given by Tables 6.3.3.2-2 to 6.3.3.2-4;

nRA
st ig given by

- it Afra€1.25,515,60) iz, then Man =0
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- if Afg,€/30,120) kHz and either of "Number of PRACH slots within a subframe" in Tables 6.3.3.2-2
RA _
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 Mo =1

o 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

. n
- otherwise,

- if n?AZ N ?A’Slm— 1 , then the PRACH preamble with the corresponding PRACH preamble format from B1,
B2 and B3 is transmitted in the PRACH transmission occasion;

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

5.3.3 OFDM baseband signal generation for RIM-RS

The time-continuous signal sgp oH (t) on antenna port p for RIM-RS is defined by
LRIM_1 . ( o ]
) () — RIM) j2n(k+ K |Af e[ =N &' T =g
SEP ”)(t)— Z a(kp )e L
k=0

where

RIM RIM RIM RIM
t <t<tstart,lo+ Nu +NCP )Tc

start, [, =
RIM -
N, =2-2048k-2"
RIM _ 7 /RIM | 7rRIM
Necp =Nepy+Nepj

=l 0 ifl=Ng -1
[,+1 otherwise

and

- Afgm=15-2"kHz where p€ 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;

RIM

- Lry=12 Ngg

resource blocks;

is the length of the RIM-RS sequence where [N ﬁgM is the bandwidth of the RIM-RS in

- I, is the starting symbol given by clause 7.4.1.6.3;

- tii\f’ ,Oztstart’, is given by clause 5.3.1 with [=1; ;

- NEEVIIO: Nép), is given by clause 5.3.1 with [=1

5.4 Modulation and upconversion

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

port P , subcarrier spacing configuration H , and OFDM symbol I in a subframe assumed to startat (=0
is given by

- for PRACH

3GPP



Release 16 37 3GPP TS 38.211 V16.4.0 (2020-12)

- for RIM-RS
I 21 (™t~ th, ~N T
Rels(,p’”)(t)e] e -NE'T|
where (})UM is the configured reference point for RIM-RS;

- for all other channels and signals

Re{sgp,u)(t)'ejZHfO{ttsl’:arl,lNgP,chH

6 Uplink
6.1 Overview

6.1.1 Overview of physical channels

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

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

- Physical Random Access Channel, PRACH

6.1.2 Overview of physical signals

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

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

- Sounding reference signal, SRS

6.2 Physical resources

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

The following antenna ports are defined for the uplink:
- Antenna ports starting with 0 for demodulation reference signals for PUSCH
- 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.
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6.3 Physical channels

6.3.1 Physical uplink shared channel

6.3.1.1 Scrambling

— (q ql( a1 (q]
For the single codeword q_O , the block of bits b* (0] seees b‘q‘( Mb?t) - 1) , where Mt?n is the number of
bits in codeword q transmitted on the physical channel, shall be scrambled prior to modulation, resulting in a block

of scrambled bits Bﬂq}(()) oo B‘:q:‘( M &;112 — 1) according to the following pseudo code
Seti=0

while i<MJ

(a) ()=
if b (l)_x // UCI placeholder bits

if b(q) (i ):y // UCI placeholder bits

else

end if
end if
i=i+1
end while

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

16 10
o = Npnmr* 2 +FNgapp' 2 +1p,  for msgA on PUSCH
init — 15 .
Nent'2 otherwise

where

[ |
np€ 0L, 1023 equals the higher-layer parameter dataScramblingldentityPUSCH if configured and the
RNTT 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;

- np€ {0,1, e ,1023} equals the higher-layer parameter msgA-DataScramblingIndex if configured and the

PUSCH transmission is triggered by a Type-2 random access procedure as described in clause 8.1A of [5, TS
38.213];

N = Ncell
D™D otherwise

- Npapp s the index of the random-access preamble transmitted for msgA as described in clause 5.1.3A of
[11, TS 38.321]
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and where "'RNTI equals the RA-RNTI for msgA and otherwise corresponds to the RNTT associated with the PUSCH
transmission as described in clause 6.1 of [6, TS 38.214] and clause 8.3 of [5, TS 38.213].

6.3.1.2 Modulation

— rlal( Tlq) (
For the single codeword q=0 , the block of scrambled bits b (0) yeens b (M b?t) - 1) shall be modulated as

described in clause 5.1 using one of the modulation schemes in Table 6.3.1.2-1, resulting in a block of complex-valued
modulation symbols  d?(0],..., d“q‘(M(;;l)nb— 1)

Table 6.3.1.2-1: Supported modulation schemes.

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

T1/2-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 q=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 " M

symb 1) for codeword @ shall be mapped onto the layers
=[x (1)

layer

is the number of layers and ~ M,

(1 T . 1
x" 1‘(1‘)] , 1=0,1,...,Mgn,—1 where v

is the number of modulation symbols per layer.

6.3.1.4 Transform precoding

(D=, A
If transform precoding is not enabled according to 6.1.3 of [6, TS38.214], Y (1)—X (l) for each layer
A=0,1,...,0-1

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

If the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are not being used, the block of
layer 1) for the single layer A=0 shall be divided into

complex-valued symbols x° 0 e X 01( M gy, —
(i) = x (i)

1 PUSCH
M s?,{ﬁrb/ M. sets, each corresponding to one OFDM symbol and

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

valued symbols x‘l(ﬁ‘”(O),...,x‘O:(Mlayer

symb ™ 1) shall be divided into sets, each set corresponding to one OFDM

I PUSCH -y NgroupNPTRS
symbol, and where set * contains 1™ samp ~“grow - gymbols and is mapped to the complex-valued symbols

}103“ M SCU Sy ') corresponding to OFDM symbol ! prior to transform precoding, with
i'e {0,1,...,M§§JSCH—1} and (90M The index  m
PT-RS group N&WP

samp
£ =

of PT-RS samples in set l , the number of samples per
NPERS

, and the number of PT-RS groups group

are defined in clause 6.4.1.2.2.2. The quantity
1 when OFDM symbol I' contains one or more PT-RS samples, otherwise &=

Transform precoding shall be applied according to
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MPUSCH 1 27k

I pusci
YO (W k) = @ WA e

\/W

k=0,. MPUSCH -1

Ms])a/ﬁir] /M PUSCH __
resulting in a block of complex-valued symbols y“O“(O) yeees y“o‘(M lz,y;rb— 1) . The variable
MPUSCH PUSCH, \RB PUSCH
~"RB sc | where RB represents the bandwidth of the PUSCH in terms of resource blocks,
and shall fulfil

PUSCH _na, na; gas
MEYSH =p% 3% 5

where 929305 54 set of non-negative integers.
6.3.1.5 Precoding
(0). (v-1)( ¥ - e
The block of vectors ly (1) y (l)] s i=0,1,.. Symb -1 shall be precoded according to
2" | ]y
: W :

Z(Pp,l)(l.) y<071)(l)

. layer ( |
where i=0,L,... Msymb ! Msymb MSYmb . The set of antenna ports Po....Po-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 isgivenby 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 1
(ordered from left to right in increasing order of TPMI index)
0 1 010 1010 1 010 1010

1
= —=00 | =00 | =14 | =0 a4
V201] | V20l | V2o-10 | N20dn | V20 dd

0-5

ol =
_O
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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 w
index (ordered from left to right in increasing order of TPMI index)
1 0 0 0 1 1 1 1
0_7 10 l 1 10 10 lO 110 lO l 0
210 210 2|1 210 2(1 2|-1 2\j 2|—j
0 0 0 1 0 0 0 0
0 0 0 ol [1]] [1] 1)) 1
8_15 ll 111 111 l 1 l 1 111 111 111
2|0 210 (| 2|0 200 2[1|] 2|j| | 2/-t|| 2|-j
! 1| )y |
1 1 BRI 1 1 1 1
16-23 | Ll 1l iyl g L=ty L{=tj} L=ty L1
21 | 2|j] | 21|l 2l 201 2] 21| 2[-j
j 1 —J -1 1 —J -1 j
1 1 1 1
24 — 27 l —J l —-J l ) l —J B )
201 || 2l j |l 2l-1]| 2]-j
—J -1 J 1

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

TPMI w
index (ordered from left to right in increasing order of TPMI index)
1 0 0 0 1 1 1 1
0_7 L I L L L A L
210 2(0 211 210 211 2-1 2\j 2|—j
0 0 0 1 0 0 0 0
0 0 0 o]l [1 1 IE
S S e R R A A A R L A U I W I B
210 210 2|0 210 211 2(j 2|-1 2|—j
! 1Y o) | LY mi |
1 1 BRI 1 1 1 1
P T T A A A o S et Y et B B
201 20 [ 20=1|l 2|=jll 2[1]] 2[j|| 2|-t|| 2|-j
J -1 - 1 -1 —J 1 J
1 1 1 1
V=g =il L-J =]
24 - 27 = = = = - - -
211 20 j 2|-1 2|—j
-] 1 j -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)
02 1110 11 1 111 1
V210 1 2[1 -1 2j —j

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
- 100 1 10 0 110 0 110
210 0 200 1 210 0 210 1
00 00 01 00
00 00 1 0 10
. 1410 110 0 110 1 110 1
210 0 2110 211 0 211 0
01 01 0 —j 0 j
1 0 1 0 1 0 1 0
611 10 1 o0 1 10 1 10 1
2[-j 0 2|-j 0 2|-1 0 2|-1 0
0 1 0 -1 0 —j 0 j
10 1 11 1 1]
oo 15 1o 1 1/0 RN 1
2[j 0 2[j 0 22[1 -1 2020 —j
0 1 0 -1 1 -1 i o—j
11 11 11 1 1]
1619 A RN | RN |
2V2[1 -1 2V2j —j 2V2[1 -1 2V2| j —j
j —j -1 1 -1 1 -j
1 1 1 1
20-21 By L ot B ) -
2{2| 1 -1 22| ) -
-j ] 1 -1
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Table 6.3.1.5-6: Precoding matrix W for three-layer transmission using four antenna ports with
transform precoding disabled.
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TPMI w
index (ordered from left to right in increasing order of TPMI index
100 1 00 1 00 11 1
0-3 10 10 110 1 0 lO 10 L_l -1 1
210 0 1 100 21-1 0 0 2311 1 -1
000 0 01 0 01 1 -1 -1
111 111 11
111 -1 1 1 1-11 -1 11-11 -1
4-6 —. T o= — . . -
243|j j il 23|11 -1 | 23| j -
| 111 i

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

transform precoding disabled.

TPMI W
index (ordered from left to right in increasing order of TPMI index
1000 11 0 0 11 0 0 11 1 1
Ij0 1. 0 0 110 0 1 1 10 0 1 1| 11 -1 1 -1
0-3 = — — -
200 0 1 0 2211 -1 0 0 2v2|j —j 0 0l 41 1 -1 -1
00 01 0 0 1 -1 0 0 j —j 1 -1 -1 1
11 1 1
. - - -
igooi
J —] ] ]
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

22(0),...,27( M2, -

symb 1)

shall be multiplied with the amplitude scaling factor B PUSCH  in order to conform to

(p)
the transmit power specified in [5, TS 38.213] and mapped in sequence starting with z (0) to resource elements
(k | ) p,u 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 ) p,u allocated for PUSCH according to [6, TS 38.214] shall be in
k=0

increasing order of first the index

subcarrier in the lowest-numbered virtual resource block assigned for transmission, and then the index

k ]

starting position given by [6, TS 38.214].

6.3.1.7

Mapping from virtual to physical resource blocks

over the assigned virtual resource blocks, where

is the first

l

, with the

Virtual resource blocks shall be mapped to physical resource blocks according to non-interleaved mapping.

For non-interleaved VRB-to-PRB mapping for uplink resource allocation types 0 and 1 [6, TS 38.214], virtual resource
block n is mapped to physical resource block n except for PUSCH scheduled by RAR UL grant or PUSCH
scheduled by DCI format 0_0 with CRC scrambled by TC-RNTTI in active uplink bandwidth part i starting at
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N f;;’,’}P,i , including all resource blocks of the initial uplink bandwidth part starting at N gi{,}’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 1+ Ngwp o— Ngwe i

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

6.3.2 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

PUCCH/2 NPUCCH
in the first hop is given by symb where symb 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
NPUCCH
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 r‘:”V& (n) given by clause 5.2.2 with  §=0 where the sequence

group U and the sequence number Vv depend on the sequence hopping in clause 6.3.2.2.1 and the cyclic shift
o 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 UZ( f gt f ss) mod30 and the sequence number v  within the group depends on the
higher-layer parameter pucch-GroupHopping:

- if pucch-GroupHopping equals meither'

fgh:()
f «=n,mod 30
v=0

11
where ™D s given by the higher-layer parameter hoppingId if configured, otherwise Np=N ICE)

- if pucch-GroupHopping equals 'enable’'

fgh =(0m:02'"c(8(2ns’ff +nh0p) +m)) mod 30
f., =n, mod30
v=0

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

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

. . 11
configured, otherwise np=N f{;
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- if pucch-GroupHopping equals 'disable’

fgh = 0
f. =n, mod30

V=C( 2nf, +nh0p)

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  Cin; :25[ n;p/30 1 "'( npmod 30) where D s given by the higher-layer

. . . . 11
parameter hoppingld if configured, otherwise n,,=Np

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

intraSlotFrequencyHopping, Php =0 for the first hop and Moy =1 for the second hop.
6.3.2.2.2 Cyclic shift hopping
The cyclic shift « varies as a function of the symbol and slot number according to

_2n

H ' RB
= ke (m0+mcs+mim+ncs(n 1+1 )) mod NX
sC

s,f2

where

- nf ¢ Is the slot number in the radio frame

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

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

mcs:o except for PUCCH format 0 when it depends on the information to be transmitted according to clause
9.2 of [5, TS 38.213].

- m; . is given by

- M, =5 nizg  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 njp s the resource block number within the interlace;

- m,=0 otherwise

The function nes(ne,1) is given by

ncs(n‘;’f,l):i 2" c[8 N, n +81+m
m=0

symb " 's,f

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

initialized with  Cini¢ =1

_ prcell
np=Npp

ID | where Mo s given by the higher-layer parameter hoppingld if configured, otherwise
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6.3.2.3 PUCCH format 0
6.3.2.3.1 Sequence generation
The sequence X(”) shall be generated according to

x(l-NiB+n)=r(fv’6)(n)

n=0,1,...,No°—1

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

fa, ] L . . . . . .
where l”f, v (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(”) shall be multiplied with the amplitude scaling factor P PUCCH,0  in order to conform to the
transmit power specified in [5, TS 38.213] and mapped in sequence starting with X(O) to resource elements

[k N )p) u assigned for transmission 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(My~1) shall be modulated as described in clause 5.1 using BPSK if M; =1 and

M

QPSK if bit =2 , resulting in a complex-valued symbol d(O)

(a, 8]
The complex-valued symbol d([)) shall be multiplied with a sequence I L(lx,v (n) according to

y(n)=d(0)r,5" (n)
n=01,...,N:>~1

la, 8] .y y(0),... y(NRB—l)
where Ty,y (n) is given by clause 6.3.2.2. The block of complex-valued symbols e s shall be

block-wise spread with the orthogonal sequence Wi (m) according to

: PUCCH, 1
z(m NiBNgg%CH’1+mef+n):wi(m)-y(n)
n=0,1,...,NXP—1 —1
m=0,1,...,NSF’{mv
0 no intra-slot frequency hopping

im'= &d
[0,1 intra-slot frequency hopping enabled
where N ‘S";,C,f,m 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.
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The orthogonal sequence i (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|0] is repeated for the subsequent slots.

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

PUCCH, .
SE{m

PUCCH,
PUCCH length, NSF’{m‘
ny[fbeH’l 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
w,(m) = ejZn¢<m>/N§éJ,ﬁ9“'1
Table 6.3.2.4.1-2: Orthogonal sequences ! for PUCCH format 1.
N S {mPU(m1 . ; ; ; ¢ ; . .
' i=0 i=1 =2 i=3 i=4 i=5 =6
1 [0] - - - - - -
2 [00] [01] - - - - -
3 [000] 012] 021] - - - -
4 [0000] [0202] [0022] [0220] - - -
5 [00000] [01234] [02413] [03142] [04321] - -
6 [000000] [[012345] [[024024] [030303] [[042042] [[054321] |-
7 [0000000] |[0123456] |[0246135] |[0362514] [[0415263]|[0531642] |[[0654321]
6.3.2.4.2 Mapping to physical resources

The sequence £ (n) shall be multiplied with the amplitude scaling factor P PUCCH1  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
which meet all of the following criteria:

k1]

p,H

- 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, I )p,

u

index Kk over the assigned physical resource block, and then the index [ on antenna port P =2000

not reserved for other purposes shall be in increasing order of first the

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.
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6.3.2.5 PUCCH format 2
6.3.2.5.1 Scrambling

The block of bits  b(0],...,b(M,,—1) ,where M, isthe number of bits transmitted on the physical

channel, shall be scrambled prior to modulation, resulting in a block of scrambled bits B(O) yeees B(M bit 1)
according to

5(i)=(b(i)+c(i))mod2
where the scrambling sequence c¥ (1) is given by clause 5.2.1. The scrambling sequence generator shall be
initialized with
15
Cinie =NMgnmi 2 +Nyp
where

\ |
np€0,L,..., 1023 equals the higher-layer parameter dataScramblingldentityPUSCH if configured,

np=N fg ' otherwise
and nNiypp  is given by the C-RNTL
6.3.2.5.2 Modulation

The block of scrambled bits E(O) yeens b (M bit— 1) shall be modulated as described in clause 5.1 using QPSK,
1) where M, =M, /2

resulting in a block of complex-valued modulation symbols ~ d (0) | (M symb —

syrnb_
6.3.2.5.2A Spreading

Spreading shall be applied according to
2| m N ri|=w il dlm|  i=0,1,..., N1 m=0,1,..., M, —1

resulting in a block of complex-valued symbols  z(0], ... ,Z (N EECCH’Z M gymp— 1)
If the higher layer parameter interlacel is not configured, and the higher-layer parameter OCC-Length is configured,
- N IS)IFJCCH’Z € {2,4} is given by the higher-layer parameter OCC-Length;

- Wn( i| is given by Tables 6.3.2.5A-1 and 6.3.2.5A-2 where n= (n0+nIRB) mod N;I:JCCH’Z , the quantity

n, is the index of the orthogonal sequence to use given by the higher-layer parameter OCC-Index, and

Nipp  is the interlaced resource block number as defined in clause 4.4.4.6 within the interlace given by the
higher-layer parameter Interlace0.

otherwise Nepo“™?=1 and w,li|=1.

Table 6.3.2.5A-1: Orthogonal sequences w,|i| for PUCCH format2when N *"?=2

n w, il
0 +1 +1]
1 +1 —1]
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Table 6.3.2.5A-2: Orthogonal sequences Wn(i) for PUCCH format 2 when NEECCH’Z: 4

n w,i]

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 (O ), eeerZ (N l;[FJCCH’z M gy — 1) shall be multiplied with the amplitude

scaling factor B PUCCH,2  in order to conform to the transmit power specified in [5, TS 38.213] and mapped in

sequence starting with  z (0) to resource elements |k, I ) which meet all of the following criteria:

p,H

- 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

o, u
index K over the assigned physical resource blocks according to clause 9.2.1 of [5, TS 38.213], and then the index

I on antenna pOI't p:2000
6.3.2.6 PUCCH formats 3 and 4
6.3.2.6.1 Scrambling

The block of bits  b(0),...,b(M wi—1) ,where M, isthe number of bits transmitted on the physical

channel, shall be scrambled prior to modulation, resulting in a block of scrambled bits I;(O) yerns I;(M bit ™ 1)
according to

Bli|=(bli)+c(i)|mod2

where the scrambling sequence C(l) is given by clause 5.2.1. The scrambling sequence generator shall be initialized
with
_ 15
Cinig =Ngn11" 2 +Npp
where

\ |
np€l0,L,..., 1023 equals the higher-layer parameter dataScramblingIdentityPUSCH if configured,

- np=N fgl otherwise
and nNiypp  is given by the C-RNTL
6.3.2.6.2 Modulation

The block of scrambled bits 5(0) yoosb (M,,—1) shall be modulated as described in clause 5.1 using QPSK
unless m/2-BPSK is configured, resulting in a block of complex-valued modulation symbols
dlol,...,d(M 1) where M, =M, /2 forQPSKand M, ,=M,, forw2-BPSK.

symb symb ™~ symb ™
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6.3.2.6.3 Block-wise spreading

For both PUCCH format 3 and 4, M. C“" =M PI;ECCH’S NP with M EECCH’S representing the bandwidth of

sC sC

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

pPUCCHs _ 2.3%:5%  for PUCCH format 3
RB 1 for PUCCH format 4

[9 4] PUCCH,3 __
U2 0305 s a set of non-negative integers and SE€ 34 . For interlaced mapping, Mg =10

single interlace is configured and M EECCH’?’: 20

where ifa

if two interlaces are configured.

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

y(leCUCCH,3+k):d(lecUCCH,S_Fk)
k=0,1,... MPUCCH3 ¢

1=0,1,... ( M. I MEPEH3)—1

symb
where  Mpy "°>1 is given by clauses 9.2.3,9.2.5.1 and 9.2.5.2 of [5, TS 38.213]and Ngp =1

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

PUCCH, s PUCCH,s PUCCH, s
PUCCH,s _ SF sC sc _ PUCCH,s _
y lMSC +k)—Wn [k PUCCH,sj djl NPUCCH,s+k mod NPUCCH,S k_O’]'""’Msc 1
sc SF SF

20,1, [NELCS b, M g
where

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

PUCCH, 3 _ . . .
Ngp =1 , w,=1 iftwo interlaces are configured,;

- for PUCCH format4, Mpa “™*=1 , NN " ‘el24] ;

WL NPUCCH s 4 ) ]
and "n is given by Tables 6.3.2.6.3-1 and 6.3.2.6.3-2 for SF >1 where ™ is the index of the
orthogonal sequence to use according to clause 9.2.1 of [5, TS 38.213].
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Table 6.3.2.6.3-1: Orthogonal sequences Wn(m) for PUCCH format 3 with interlaced mapping and

PUCCH format 4 when N ““"*=2

n Wn
0 +1 + 1}
1 +1 — 1}
Table 6.3.2.6.3-2: Orthogonal sequences Wn(m) for PUCCH format 3 with interlaced mapping and

PUCCH format 4 when N, “"*=4
n Wn
0 +1 +1 +1 +1}
NG EEEY)
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] beees y( N gg CCHs v symb ™ 1) shall be transform precoded according
to
MPUCCHS 1 _jznpglc(m
2(1 MPUCCHs+k) 1 z y(lMPUCCHs m)e M
\/ MPUCCH s urd

k=0,..., M7 -1

—_ PUCCH, PUCCH,
[=0,..., [ NPVCCH S pp 1M PUCcHs| g

symb

resulting in a block of complex-valued symbols z (O ), e, Z ( N IS)IFJCCH’S 1\ p—— 1)

6.3.2.6.5 Mapping to physical resources

The block of modulation symbols  z (O Loz (N ESCCH’S M gy — 1) shall be multiplied with the amplitude

scaling factor B PUCCH,s  in order to conform to the transmit power specified in [5, TS 38.213] and mapped in
sequence starting with  z (0) to resource elements (k ,1 ) p,u  which meet all of the following criteria:

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

The mapping to resource elements (k ,1 ) p,u Dotreserved for other purposes shall be in increasing order of first the
index Kk over the assigned physical resource blocks according to clause 9.2.1 of [5, TS 38.213], and then the index
I on antenna port P =2000

l NPUCCH,s/ 2J

In case of intra-slot frequency hopping according to clause 9.2.1 of [5, TS 38.213], symb OFDM symbols
PUCCH, s l NPUCCH.s 2J NPUCCH,s

shall be transmitted in the first hop and symb symb symbols in the second hop where symb is

the total number of OFDM symbols used in one slot for PUCCH transmission.
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6.3.3 Physical random-access channel

6.3.3.1 Sequence generation

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

Xu,v(n):Xu((n+cv)mOd LRA)
nmui(i+1)
_jLRA

x,(i)=e ,i=0,1,...,Lga—1

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

Lg,—1 7j2nmn
L
Vaul)= 2 x, (m)e
m=0

where Lpa=839 s Ly =139 , Lya=1151 , or Lya=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

VN v=0,1,..., [LRA/NCS‘—L Ns#0 for unrestricted sets
0 Ns=0 for unrestricted sets
C,=| ds[anl"/”ﬁnJ"'(V mod nSRh’?ﬂJ No v=01,...,w—1 for restricted sets type A and B
(:15m+[v—w]NcS v=w,...,w+ﬁ§£ﬁ—1 for restricted sets type B
czism+(v—w—ﬁ§$l)Ncs v=w+iha . w+ne +aRA —1  for restricted sets type B
W= Moup* e

where Nes is given by Tables 6.3.3.1-5 to 6.3.3.1-7, the higher-layer parameter msgA-RestrictedSetConfig, if
provided, determines the type of restricted sets (unrestricted, restricted type A, restricted type B); otherwise, the higher-
layer parameter restrictedSetConfig determines the type of restricted sets (unrestricted, restricted type A, restricted type
B), and Tables 6.3.3.1-1 and 6.3.3.1-2 indicate the type of restricted sets supported for the different preamble formats.

The variable du is given by

q 0=<q<Lg,/2
Lga—q otherwise

d =

u

\qu/mod L, =1

where 4 is the smallest non-negative integer that fulfils . The parameters for restricted sets of

cyclic shifts depend on du
For restricted set type A, the parameters are given by:

for Nog<d <L;,/3
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shrft d /NCSJ
d,,.=2d, +n5% Neo

start shift

group lLRA/dstartJ
nshift:max(l(LRA—Zdu nia o d )/NCSJ,O)

group start

n?hﬁ’l_l( ra—2d, /Nch

dstart -2 d + n shift N

group start
=RA _ RA RA
Ngpife = min ( max “ ( d group dstart )/ N ‘ ) Ngpify

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

for N o<d <L, /5
shlft ld /NCSJ
dy,=4d+n5A N

start shift

group [LRA/ dstar[
ngﬁt—max(l(LRA—4du nRA d )/NCS,O)

group start

L 14

o Lra/5=d,=(L

RA_NCS)

ngﬁ\ﬁ:“ Lpa— 4du)/NCSJ
RA
dstan_LRA_4du+nshift Nes

start

RA _ . RA RA
nshift_mm(maX“(du_ngroupdstan)/NCS )’ Ngpif

~ tor (LratNes)/4<d,<2Lg, 17

shlft l(4d LRA /NCSJ

— RA

dstart 4 d L + n shrft N
3 —RA
Ejstart RA -3 d + ngroup dstart+ Mgpife N CS
3 RA FRA
dstart —2 d +n group dstart shift NCS
ngroup d / dstan

—RA _ ( _ ___RA
Nepige = max(l 3 d ngroup dstart /N J ’0)

lmln d —n* d 4d,—Lg, —aRA N )/NJ

u group  start’ shrft

((1 mrn(l nshlﬁ))

200/ 7<d, <(Lgy—Nes)/3

shlft

=RA _

_=RA
Mopige =

RA
d— d shrft

u group start

+min| LR |[4d,~ L, — 7% N, ))/N

for
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”Ehji\ft:l( ra—3d, /Ncs‘

— RA
(_jstart 3d +nsh1ftN
d d +niA d. AT N
Cstart ™ “u group start * ' “shift =’ CS
dStaI‘t
ngroup startJ

nshiﬁ:max(“‘l'd _LRA ngroupdstart)/N J’O)
d—na d. Le,—3d,—

u group start’ Shlft

o)V

nshlft l min

=RA _
nshlft 0

~ for (LratNeg)/3<d,<2Lg,/5

shlft_l (3d,~Lga /Ncs‘

dm—Bd — L, +nit N
dm 0
oup =/ A
ﬁ?hift:max “LRA—2du ngrﬁup Start)/NCSJ )
Mgt =0
Ay =0
tor 2Lra!5<d,<(Lgpy—Ns)/2
Shlft 2d /Ncs‘
start (L Zd) shlftNCS

M=\ Lga—d, )/d

group start ‘

[(3(1 —Lpa— ”grOUP stan)/ NCSj )

nshlft_HlaX

—RA —
shlft =0

—RA —
Shlft =0

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

Table 6.3.3.1-1: PRACH preamble formats for Lpa=839 gna Af*€[1.25,5] kHz

Format L RA N RA Support for
RA Af ! Nep restricted sets
0 839 1.25 kHz 24576 K 3168k Type A, Type B
1 839 1.25 kHz 2:-24576p 21024k Type A, Type B
2 839 1.25 kHz 4-24576] 4688k | TypeA, 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 L, € { 139,571, 1151} and A fRA: 15-2* kHz where
1 €[0,1,2,3]

Format Lga AfRA N, NE/P} Support for
r | _ _ restricted
p€0,1,2,3 p=0q p=1 sets
Al 139 1151 | 571 15-2" kHz 2:2048k-2"" 288k-2 " -
A2 139 1151 | 571 15-2" kHz 4-2048k-2"" 576k-2 " -
A3 139 1151 | 571 15-2" kHz 6-2048k-2"" 864K-2"" -
Bl 139 1151 | 571 15-2" kHz 2:2048k-2" " 216k-2°" -
B2 139 1151 | 571 15-2" kHz 4-2048k-2" 360K-2" -
B3 139 1151 | 571 15-2" kHz 6:2048k-2"" 504K-2"" -
B4 139 1151 | 571 15-2" kHz 12:2048k-27"| 936k-27" -
co 139 1151 | 571 15-2" kHz 2048k-2"" 1240k-27" -
C2 139 1151 | 571 15-2" kHz 4-2048k-2"" 2048k-2 "
Table 6.3.3.1-3: Mapping from logical index I to sequence number U for preamble formats with
Ly,=839

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

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

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

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

80—-99 |190| 649 181| 658 | 137 | 702| 125| 714 | 151 | 688 | 217 | 622| 128| 711 | 142| 697 | 122| 717 | 203 | 636
100-119 | 118| 721 | 110| 729| 89| 750| 103| 736| 61| 778| 55| 784 | 15| 824| 14| 825| 12| 827| 23| 816
120-139 | 34| 805| 37| 802| 46| 793| 207 | 632| 179| 660| 145| 694 | 130| 709 | 223 | 616| 228| 611 | 227 | 612
140-159 | 132| 707 | 133 | 706 | 143| 696 | 135| 704 | 161| 678 | 201 | 638 | 173| 666 | 106| 733 | 83| 756| 91| 748
160-179 | 66| 773| 53| 786| 10| 829 9| 830 7] 832 8| 831| 16| 823| 47| 792| 64| 775| 57|782
180—-199 | 104 | 735| 101 | 738 | 108 | 731| 208 | 631 | 184 | 655| 197 | 642| 191 | 648| 121 | 718| 141 | 698 | 149 690
200-219 | 216| 623 | 218 | 621 | 152| 687 | 144| 695| 134| 705| 138| 701 | 199| 640| 162 | 677 | 176| 663| 119| 720
220-239 | 158 | 681 | 164| 675| 174| 665| 171| 668 | 170| 669| 87| 752| 169| 670| 88| 751| 107| 732| 81| 758
240-259 | 82| 757| 100| 739| 98| 741| 71| 768| 59| 780| 65| 774| 50| 789| 49| 790| 26| 813| 17822
260 - 279 13| 826 6| 833 5|/834| 33| 806| 51| 788| 75| 764| 99| 740| 96| 743| 97| 742]| 166|673
280—299 | 172| 667 | 175| 664 | 187 | 652| 163 | 676| 185| 654| 200| 639 | 114 | 725| 189 | 650 | 115| 724 | 194| 645
300-319 | 195| 644 | 192 | 647 | 182| 657 | 157 | 682| 156| 683 | 211| 628 | 154 | 685| 123 | 716| 139| 700 | 212 | 627
320-339 | 153 | 686 | 213 | 626 | 215| 624 | 150 | 689 | 225| 614 | 224| 615| 221 | 618 | 220| 619 | 127 | 712| 147| 692
340359 | 124| 715| 193 | 646 | 205| 634 | 206 | 633 | 116| 723| 160| 679 | 186 | 653 | 167 | 672| 79| 760| 85| 754
360 — 379 771762 92| 747| 58| 781| 62| 777| 69| 770| 54| 785| 36| 803| 32|807| 25| 814| 18|821
380-399 | 11| 828 4] 835 3] 836| 19| 820| 22| 817| 41| 798| 38| 801| 44| 795| 52| 787| 45]|794
400 - 419 63| 776| 67| 772| 72| 767| 76| 763| 94| 745| 102| 737| 90| 749| 109| 730| 165| 674 | 111|728
420 -439 | 209| 630 | 204| 635| 117| 722| 188 | 651 | 159| 680 | 198| 641 | 113 | 726| 183 | 656 | 180| 659 | 177 | 662
440 -459 | 196 | 643 | 155| 684 | 214 | 625| 126| 713| 131| 708 | 219| 620 | 222| 617 | 226 | 613 | 230| 609 | 232 | 607
460 —479 | 262 | 577 | 252 | 587 | 418| 421 | 416| 423 | 413 | 426| 411 | 428 | 376 | 463 | 395| 444 | 283 | 556 | 285| 554
480 —499 | 379 | 460| 390 | 449| 363 | 476| 384 | 455| 388 | 451 | 386 | 453 | 361 | 478 | 387 | 452 | 360| 479| 310| 529
500-519 | 354| 485| 328 | 511 | 315]| 524 | 337 | 502 | 349| 490| 335| 504 | 324 | 515| 323 | 516| 320| 519| 334 | 505
520 —539 | 359| 480 | 295| 544 | 385| 454 | 292 | 547 | 291 | 548 | 381 | 458 | 399 | 440| 380 | 459 | 397 | 442| 369 470
540 -559 | 377 | 462 | 410| 429 | 407 | 432| 281 | 558 | 414 | 425| 247| 592 | 277 | 562 | 271 | 568 | 272| 567 | 264 | 575
560 —579 | 259| 580 | 237 | 602 | 239| 600 | 244 | 595| 243 | 596 | 275| 564 | 278 | 561 | 250 | 589 | 246| 593 | 417 | 422
580 -599 | 248| 591 | 394 | 445| 393 | 446 | 370| 469 | 365| 474| 300| 539 | 299 | 540| 364 | 475| 362| 477| 298| 541
600 -619 | 312| 527 | 313 | 526 | 314 | 525| 353 | 486 | 352| 487| 343 | 496 | 327 | 512| 350| 489| 326| 513 | 319| 520
620 —639 | 332| 507 | 333| 506 | 348| 491 | 347 | 492| 322| 517| 330| 509 | 338 | 501 | 341 | 498 | 340| 499 | 342 497
640 —659 | 301 | 538 | 366 | 473 | 401| 438 371 | 468 | 408 | 431| 375| 464 | 249| 590| 269 | 570| 238| 601 | 234 | 605
660 —679 | 257 | 582 | 273 | 566 | 255| 584 | 254 | 585| 245| 594 | 251 | 588 | 412 | 427 | 372 | 467 | 282| 557 | 403 | 436
680 —699 | 396 | 443 | 392| 447 | 391| 448 | 382 | 457 | 389 | 450| 294 | 545| 297 | 542 | 311 | 528 | 344| 495| 345| 494
700-719 | 318 521 | 331 | 508 | 325| 514 | 321 | 518 | 346| 493 | 339| 500 | 351 | 488 | 306 | 533 | 289| 550 | 400 439
720739 | 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
L,,=139
RA

! Sequence number U in increasing order of !

0-19 1[138 2| 137 3| 136 4] 135 5| 134 6] 133 71132 8]131 91130 10| 129

20-39 11) 128 | 12| 127| 13| 126| 14| 125| 15| 124| 16| 123| 17| 122| 18|121| 19|120 20| 119

40 - 59 21| 118| 22| 117| 23| 116| 24| 115| 25| 114| 26| 113| 27| 112| 28|111| 29|110 30| 109

60 —-79 31[108| 32| 107| 33| 106| 34| 105| 35| 104| 36| 103| 37| 102| 38[101| 39/100 40| 99

80 -99 41| 98| 42| 97| 43| 96| 44| 95| 45| 94| 46| 93| 47| 92| 48| 91| 49| 90 50| 89

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

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

138 — 837 N/A

Table 6.3.3.1-4A: Mapping from logical index | to sequence number u for preamble formats
with L;,=1151 .

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

1140-1149 571 580 572 579 573 578 574 577 575 576 - - - - - - - - - -

3GPP



Release 16 57 3GPP TS 38.211 V16.4.0 (2020-12)

Table 6.3.3.1-4B: Mapping from logical index i to sequence number u for preamble formats
with L;,=571 .

1 Sequence number U in Increasing order of 1
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: Vcs  for preamble formats with 4 ff*=1.25 kHz.
i ; Nes
zeroCorrelationZoneConfig, value
msgA-ZeroCorrelationZoneConfig Unrestricted set Restricte;\i SettyPe | pestricted set type B
0 0 15 15
1 13 18 18
2 15 22 22
3 18 26 26
4 22 32 32
5 26 38 38
6 32 46 46
7 38 55 55
8 46 68 68
9 59 82 82
10 76 100 100
11 93 128 118
12 119 158 137
13 167 202 -
14 279 237 -
15 419 - -
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Table 6.3.3.1-6: Ncs for preamble formats with Af" =5 kHz.
; : Neg
zeroCorrelationZoneConfig, value
msgA-ZeroCorrelationZoneConfig Unrestricted set Restricte: settype | pestricted set type B
0 0 36 36
1 13 57 57
2 26 72 60
3 33 81 63
4 38 89 65
5 41 94 68
6 49 103 71
7 55 112 77
8 64 121 81
9 76 132 85
10 93 137 97
11 119 152 109
12 139 173 122
13 209 195 137
14 279 216 -
15 419 237 -
Table 6.3.3.1-7: Nes for preamble formats with Lep€ ‘1139,571’ 1151}
zeroCorrelationZoneConfig, N value
msgA-ZeroCorrelationZoneConfig Cs
L,,=139 L,,=571 L,,=1151

0 0 0 0

1 2 8 17

2 4 10 21

3 6 12 25

4 8 15 30

5 10 17 35

6 12 21 44

7 13 25 52

8 15 31 63

9 17 40 82

10 19 51 104

11 23 63 127

12 27 81 164

13 34 114 230

14 46 190 383

15 69 285 575

6.3.3.2 Mapping to physical resources
The preamble sequence shall be mapped to physical resources according to
a(kp’RA):BPRACH yu,v(k )
k=0,1,...,Lg,—1

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

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

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

6.3.3.2-210 6.3.3.2-4 is
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- for Table 6.3.3.2-3 given by the higher-layer parameter prach-ConfigurationIndex, or by msgA-PRACH-
ConfigurationIndex if configured; and

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

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

- if the higher-layer parameter prach-ConfigurationPeriodScaling-IAB is configured, the variable x used in
n,mod X=Y of Tables 6.3.3.2-2 to 6.3.3.2-4 shall be replaced by = X;5g ,where X;,z=0X and
6 is given by the higher-layer parameter prach-ConfigurationPeriodScaling-IAB and the IAB-node does not
expect Xpap to be larger than 64;

- if the higher-layer parameter prach-ConfigurationFrameOffset-IAB is configured, the variable y used in
n,modx=y of Tables 6.3.3.2-2 to 6.3.3.2-4 shall be replaced by Y, =(y+Ay| mod x where
Ay is given by the higher-layer parameter prach-ConfigurationFrameOffset-IAB, and
xisthevalueuseden,mod x=y ;
- if the higher-layer parameter prach-ConfigurationSOffset-IAB is configured, the subframe number S, from
Tables 6.3.3.2-2 to 6.3.3.2-3 and the slot number S, from Table 6.3.3.2-4 shall be replaced by
(Sn +A S) mod L where AS€E {0,1 yeors L— 1} is given by the higher-layer parameter prach-
ConfigurationSOffset-IAB, and L is the number of subframes in a frame when using Tables 6.3.3.2-2 to
6.3.3.2-3 and the number of slots in a frame for 60 kHz subcarrier spacing when using in Table 6.3.3.2-4.

Random access preambles can only be transmitted in the frequency resources given by either the higher-layer parameter
msg1-FrequencyStart or msgA-RO-FrequencyStart if configured as described in clause 8.1 of [5 TS 38.213]. The

PRACH frequency resources Ny, € ‘[ 0,1,...,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, Mg, are numbered in increasing order within the active
uplink bandwidth part, starting from the lowest frequency.

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

parameter msg1-FrequencyStart or msgA-RO-FrequencyStart if configured, and higher-layer parameter msg1-FDM or
msgA-RO-FDM if configured, such that a random access preamble is confined within a single RB set. The UE assumes
that the RB set is defined as when the UE is not provided intraCellGuardBandsPerSCS for an UL carrier as described in
Clause 7 of [6, TS 38.214].

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

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

- 60 kHz for FR2.

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
[ in the target cell is less than 153600T, 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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RA
Table 6.3.3.2-1: Supported combinations of Af and Af , and the corresponding value of k

RA
LRA AfRA for Af for Neg , allocation K
PRACH PUSCH expressed in number of
RBs for PUSCH
839 1.25 15 6 7
839 1.25 30 3 1
839 1.25 60 2 133
839 5 15 24 12
839 5 30 12 10
839 5 60 6 7
139 15 15 12 2
139 15 30 6 2
139 15 60 3 2
139 30 15 24 2
139 30 30 12 2
139 30 60 6 2
139 60 60 12 2
139 60 120 6 2
139 120 60 24 2
139 120 120 12 2
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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54 2 8 1 1 0 - - 0
55 2 4 0 1 0 - - 0
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
[ 3 1 0 7 0 - - 0
78 3 1 0 1,6 0 - - 0
79 3 1 0 2,7 0 - - 0
80 3 1 0 3,8 0 - - 0
81 3 1 0 14,7 0 - - 0
82 3 1 0 2,58 0 - - 0
83 3 1 0 3,6,9 0 - - 0
84 3 1 0 0,2,4,6,8 0 - 0
85 3 1 0 135,79 0 - - 0
86 3 1 0 0,1,2,3,4,5,6,7,8,9 0 - - 0
87 Al 16 0 4,9 0 1 6 2
88 Al 16 1 4 0 2 6 2
89 Al 8 0 4,9 0 1 6 2
90 Al 8 1 4 0 2 6 2
91 Al 4 0 4,9 0 1 6 2
92 Al 4 1 4,9 0 1 6 2
93 Al 4 0 4 0 2 6 2
94 Al 2 0 4,9 0 1 6 2
95 Al 2 0 1 0 2 6 2
96 Al 2 0 4 0 2 6 2
97 Al 2 0 7 0 2 6 2
98 Al 1 0 4 0 1 6 2
99 Al 1 0 1,6 0 1 6 2
100 Al 1 0 4,9 0 1 6 2
101 Al 1 0 1 0 2 6 2
102 Al 1 0 7 0 2 6 2
103 Al 1 0 2,7 0 2 6 2
104 Al 1 0 14,7 0 2 6 2
105 Al 1 0 0,2,4,6,8 0 2 6 2
106 Al 1 0 0,1,2,3,4,5,6,7,8,9 0 2 6 2
107 Al 1 0 1,3,5,7,9 0 2 6 2
108 Al1/B1 2 0 4,9 0 1 7 2
109 Al1/B1 2 0 4 0 2 7 2
110 Al/B1 1 0 4 0 1 7 2
111 Al/B1 1 0 1,6 0 1 7 2
112 Al/B1l 1 0 4,9 0 1 7 2
113 Al/B1l 1 0 1 0 2 7 2
114 Al1/B1 1 0 7 0 2 7 2
115 Al1/B1 1 0 14,7 0 2 7 2
116 Al/B1 1 0 0,2,4,6,8 0 2 7 2
117 A2 16 1 2,6,9 0 1 3 4
118 A2 16 1 4 0 2 3 4
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119 A2 8 1 2,6,9 0 1 3 4
120 A2 8 1 4 0 2 3 4
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 0 135,79 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 14,7 0 2 2 6
164 A3 1 0 0,2,4,6,8 0 2 2 6
165 A3 1 0 0,1,2,3,4,5,6,7,8,9 0 2 2 6
166 A3 1 0 1,3,5,7,9 0 2 2 6
167 A3/B3 2 1 2,6,9 0 2 2 6
168 A3/B3 2 0 4 0 2 2 6
169 A3/B3 1 0 4 0 1 2 6
170 A3/B3 1 0 1,6 0 1 2 6
171 A3/B3 1 0 4,9 0 1 2 6
172 A3/B3 1 0 1 0 2 2 6
173 A3/B3 1 0 7 0 2 2 6
174 A3/B3 1 0 14,7 0 2 2 6
175 A3/B3 1 0 0,2,4,6,8 0 2 2 6
176 A3/B3 1 0 0,1,2,3,4,5,6,7,8,9 0 2 2 6
177 Bl 16 0 4,9 0 1 7 2
178 Bl 16 1 4 0 2 7 2
179 Bl 8 0 4,9 0 1 7 2
180 Bl 8 1 4 0 2 7 2
181 Bl 4 0 4,9 0 1 7 2
182 Bl 4 1 4,9 0 1 7 2
183 Bl 4 0 4 0 2 7 2
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184 Bl 2 0 4,9 0 1 7 2
185 Bl 2 0 1 0 2 7 2
186 Bl 2 0 4 0 2 7 2
187 Bl 2 0 7 0 2 7 2
188 Bl 1 0 4 0 1 7 2
189 Bl 1 0 1,6 0 1 7 2
190 Bl 1 0 4,9 0 1 7 2
191 Bl 1 0 1 0 2 7 2
192 Bl 1 0 7 0 2 7 2
193 Bl 1 0 2,7 0 2 7 2
194 Bl 1 0 14,7 0 2 7 2
195 Bl 1 0 0,2,4,6,8 0 2 7 2
196 Bl 1 0 0,1,2,3,4,5,6,7,8,9 0 2 7 2
197 Bl 1 0 135,79 0 2 7 2
198 B4 16 0 4,9 0 2 1 12
199 B4 16 1 4 0 2 1 12
200 B4 8 0 4,9 0 2 1 12
201 B4 8 1 4 0 2 1 12
202 B4 4 0 4,9 0 2 1 12
203 B4 4 0 4 0 2 1 12
204 B4 4 1 4,9 0 2 1 12
205 B4 2 0 4,9 0 2 1 12
206 B4 2 0 1 0 2 1 12
207 B4 2 0 4 0 2 1 12
208 B4 2 0 7 0 2 1 12
209 B4 1 0 1 0 2 1 12
210 B4 1 0 4 0 2 1 12
211 B4 1 0 7 0 2 1 12
212 B4 1 0 1,6 0 2 1 12
213 B4 1 0 2,7 0 2 1 12
214 B4 1 0 4,9 0 2 1 12
215 B4 1 0 14,7 0 2 1 12
216 B4 1 0 0,2,4,6,8 0 2 1 12
217 B4 1 0 0,1,2,3,4,5,6,7,8,9 0 2 1 12
218 B4 1 0 1,3,5,7,9 0 2 1 12
219 Co 8 1 4 0 2 7 2
220 Co 4 1 4,9 0 1 7 2
221 Co 4 0 4 0 2 7 2
222 Co 2 0 4,9 0 1 7 2
223 Co 2 0 1 0 2 7 2
224 CO 2 0 4 0 2 7 2
225 COo 2 0 7 0 2 7 2
226 Co 1 0 4 0 1 7 2
227 Co 1 0 1,6 0 1 7 2
228 Cco 1 0 4,9 0 1 7 2
229 Co 1 0 1 0 2 7 2
230 Co 1 0 7 0 2 7 2
231 Co 1 0 2,7 0 2 7 2
232 Co 1 0 14,7 0 2 7 2
233 Co 1 0 0,2,4,6,8 0 2 7 2
234 Co 1 0 0,1,2,3,4,5,6,7,8,9 0 2 7 2
235 Co 1 0 135,79 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 C2 1 0 4,9 0 1 2 6
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249 c2 1 0 1 0 2 2 6
250 c2 1 0 7 0 2 2 6
251 C2 1 0 2,7 0 2 2 6
252 C2 1 0 14,7 0 2 2 6
253 c2 1 0 0,2,4,6,8 0 2 2 6
254 c2 1 0 0,1,2,3,4,5,6,7,8,9 0 2 2 6
255 C2 1 0 135,79 0 2 2 6

3GPP




Release 16

66

3GPP TS 38.211 V16.4.0 (2020-12)

Table 6.3.3.2-3: Random access configurations for FR1 and unpaired spectrum.
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54 3 1 0 2 0 - - 0
55 3 1 0 1,6 0 - - 0
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 4,89 0 - - 0
62 3 1 0 3,49 0 - - 0
63 3 1 0 7,8,9 0 - - 0
64 3 1 0 3,4,8,9 0 - - 0
65 3 1 0 1,4,6,9 0 - - 0
66 3 1 0 135,79 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 1 234,789 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 0 135,79 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 1 234,789 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 0 135,79 0 1 3 4
109 A2 1 0 0,1,2,3,4,56,7,89 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 1 234,789 0 1 2 6
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119 A3 1 0 2 0 1 2 6
120 A3 1 0 7 0 1 2 6
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 34,89 0 2 2 6
131 A3 1 0 135,79 0 1 2 6
132 A3 1 0 0,1,2,3,4,56,7,8,9 7 1 1 6
133 Bl 4 1 9 2 1 6 2
134 Bl 2 1 9 2 1 6 2
135 Bl 2 1 79 2 1 6 2
136 Bl 2 1 4,9 8 1 3 2
137 Bl 2 1 4,9 2 2 6 2
138 Bl 1 0 9 2 2 6 2
139 Bl 1 0 9 8 1 3 2
140 Bl 1 0 9 2 1 6 2
141 Bl 1 0 8,9 2 2 6 2
142 Bl 1 0 4,9 2 1 6 2
143 Bl 1 0 7,9 8 1 3 2
144 Bl 1 0 1,3,5,7,9 2 1 6 2
145 B4 16 1 9 0 2 1 12
146 B4 8 1 9 0 2 1 12
147 B4 4 1 9 2 1 1 12
148 B4 2 1 9 0 1 1 12
149 B4 2 1 9 2 1 1 12
150 B4 2 1 79 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 1 234,789 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 0 135,79 2 1 1 12
167 B4 1 0 0,1,2,3,4,5,6,7,8,9 0 2 1 12
168 B4 1 0 0,1,2,3,4,5,6,7,8,9 2 1 1 12
169 CO 16 1 9 2 2 6 2
170 CO 8 1 9 2 2 6 2
171 Co 4 1 9 2 1 6 2
172 Co 2 1 9 2 1 6 2
173 CO 2 1 8,9 2 2 6 2
174 CO 2 1 79 2 1 6 2
175 Co 2 1 7,9 8 1 3 2
176 Co 2 1 4,9 8 1 3 2
177 Co 2 1 4,9 2 2 6 2
178 Co 2 1 234,789 2 1 6 2
179 CO 1 0 9 2 2 6 2
180 CO 1 0 9 8 1 3 2
181 Co 1 0 9 2 1 6 2
182 Co 1 0 8,9 2 2 6 2
183 CO 1 0 4,9 2 1 6 2
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184 Co 1 0 7,9 8 1 3 2
185 Co 1 0 3,4,8,9 2 1 6 2
186 CO 1 0 3,4,8,9 2 2 6 2
187 CO 1 0 135,79 2 1 6 2
188 Co 1 0 0,1,2,3,4,56,7,8,9 8 1 3 2
189 Cc2 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 Cc2 2 1 9 2 1 2 6
193 Cc2 2 1 8,9 2 2 2 6
194 Cc2 2 1 7,9 2 1 2 6
195 Cc2 2 1 7,9 8 1 1 6
196 C2 2 1 4,9 8 1 1 6
197 C2 2 1 4,9 2 2 2 6
198 Cc2 2 1 2,3,4,7,8,9 2 1 2 6
199 Cc2 8 1 9 8 2 1 6
200 C2 4 1 9 8 1 1 6
201 C2 1 0 9 2 2 2 6
202 Cc2 1 0 9 8 1 1 6
203 Cc2 1 0 9 2 1 2 6
204 Cc2 1 0 8,9 2 2 2 6
205 Cc2 1 0 4,9 2 1 2 6
206 C2 1 0 7,9 8 1 1 6
207 C2 1 0 3,4,8,9 2 1 2 6
208 Cc2 1 0 3,4,8,9 2 2 2 6
209 Cc2 1 0 1,3,5,7,9 2 1 2 6
210 C2 1 0 0,1,2,3,4,56,7,8,9 8 1 1 6
211 Al/B1 2 1 9 2 1 6 2
212 Al/B1 2 1 4,9 8 1 3 2
213 Al/B1 2 1 7,9 8 1 3 2
214 Al1/B1 2 1 79 2 1 6 2
215 Al1/B1 2 1 4,9 2 2 6 2
216 Al/B1 2 1 8,9 2 2 6 2
217 Al/B1 1 0 9 2 2 6 2
218 Al/B1 1 0 9 8 1 3 2
219 Al/B1 1 0 9 2 1 6 2
220 Al/B1 1 0 8,9 2 2 6 2
221 Al/B1 1 0 4,9 2 1 6 2
222 Al/B1 1 0 7,9 8 1 3 2
223 Al/B1 1 0 3,4,8,9 2 2 6 2
224 Al1/B1 1 0 135,79 2 1 6 2
225 Al1/B1 1 0 0,1,2,3,4,56,7,8,9 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 0 135,79 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
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249 A3/B3 1 0 9 0 1 2 6
250 A3/B3 1 0 8,9 0 2 2 6
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 0,1,2,3,4,56,7,89 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.

PRACH Preamble Nggy Mod X =y Slot number Starting Number NIRA’SIOI Nifr\
Config. format symbol of ’ ’
Index PRACH number of PRACH
slots time- duration
withina | domain
X y 60 kHz PRA_CH
slot occasions
within a
PRACH
slot

0 Al 16 1 4,9,14,19,24,29,34,39 0 2 6 2
1 Al 16 1 3,7,11,15,19,23,27,31,35,39 0 1 6 2
2 Al 8 1,2 9,19,29,39 0 2 6 2
3 Al 8 1 4,9,14,19,24,29,34,39 0 2 6 2
4 Al 8 1 3,7,11,15,19,23,27,31,35,39 0 1 6 2
5 Al 4 1 4,9,14,19,24,29,34,39 0 1 6 2
6 Al 4 1 4,9,14,19,24,29,34,39 0 2 6 2
7 Al 4 1 3,7,11,15,19,23,27,31,35,39 0 1 6 2
8 Al 2 1 7,15,23,31,39 0 2 6 2
9 Al 2 1 4,9,14,19,24,29,34,39 0 1 6 2
10 Al 2 1 4,9,14,19,24,29,34,39 0 2 6 2
11 Al 2 1 3,7,11,15,19,23,27,31,35,39 0 1 6 2
12 Al 1 0 19,39 7 1 3 2
13 Al 1 0 357 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 0 357 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
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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
56 A2 1 0 3,7,11,15,19,23,27,31,35,39 0 1 3 4
57 A2 1 0 1,35,7,...,37,39 0 1 3 4
58 A2 1 0 0,1,2,...,39 5 1 2 4
59 A3 16 1 4,9,14,19,24,29,34,39 0 2 2 6
60 A3 16 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6
61 A3 8 1 4,9,14,19,24,29,34,39 0 2 2 6
62 A3 8 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6
63 A3 8 1,2 9,19,29,39 0 2 2 6
64 A3 4 1 4,9,14,19,24,29,34,39 0 1 2 6
65 A3 4 1 4,9,14,19,24,29,34,39 0 2 2 6
66 A3 4 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6
67 A3 2 1 4,9,14,19,24,29,34,39 0 1 2 6
68 A3 2 1 4,9,14,19,24,29,34,39 0 2 2 6
69 A3 2 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6
70 A3 1 0 19,39 7 1 1 6
71 A3 1 0 3,57 0 1 2 6
72 A3 1 0 9,11,13 2 1 2 6
73 A3 1 0 24,29,34,39 7 1 1 6
74 A3 1 0 9,19,29,39 7 2 1 6
75 A3 1 0 17,19,37,39 0 1 2 6
76 A3 1 0 9,19,29,39 0 2 2 6
77 A3 1 0 7,15,23,31,39 0 1 2 6
78 A3 1 0 23,27,31,35,39 7 1 1 6
79 A3 1 0 23,27,31,35,39 0 1 2 6
80 A3 1 0 3,5,7,9,11,13 0 1 2 6
81 A3 1 0 3,5,7,9,11,13 7 1 1 6
82 A3 1 0 4,9,14,19,24,29,34,39 0 1 2 6
83 A3 1 0 4,9,14,19,24,29,34,39 7 1 1 6
84 A3 1 0 13,14,15, 29,30,31,37,38,39 7 2 1 6
85 A3 1 0 3,7,11,15,19,23,27,31,35,39 7 1 1 6
86 A3 1 0 3,7,11,15,19,23,27,31,35,39 0 1 2 6
87 A3 1 0 1,3,5,7,...,37,39 0 1 2 6
88 A3 1 0 0,1,2,...,.39 7 1 1 6
89 Bl 16 1 4,9,14,19,24,29,34,39 2 2 6 2
90 Bl 8 1 4,9,14,19,24,29,34,39 2 2 6 2
91 Bl 8 1,2 9,19,29,39 2 2 6 2
92 Bl 4 1 4,9,14,19,24,29,34,39 2 2 6 2
93 Bl 2 1 4,9,14,19,24,29,34,39 2 2 6 2
94 Bl 2 1 3,7,11,15,19,23,27,31,35,39 2 1 6 2
95 Bl 1 0 19,39 8 1 3 2
96 Bl 1 0 3,57 2 1 6 2
97 Bl 1 0 24,29,34,39 8 1 3 2
98 Bl 1 0 9,19,29,39 8 2 3 2
99 Bl 1 0 17,19,37,39 2 1 6 2
100 Bl 1 0 9,19,29,39 2 2 6 2
101 Bl 1 0 7,15,23,31,39 2 1 6 2
102 Bl 1 0 23,27,31,35,39 8 1 3 2
103 Bl 1 0 23,27,31,35,39 2 1 6 2
104 Bl 1 0 3,5,7,9,11,13 8 1 3 2
105 Bl 1 0 4,9,14,19,24,29,34,39 8 1 3 2
106 Bl 1 0 4,9,14,19,24,29,34,39 2 1 6 2
107 Bl 1 0 3,7,11,15,19,23,27,31,35,39 8 1 3 2
108 Bl 1 0 13,14,15, 29,30,31,37,38,39 8 2 3 2
109 Bl 1 0 3,7,11,15,19,23,27,31,35,39 2 1 6 2
110 Bl 1 0 1,3,5,7,...,37,39 2 1 6 2
111 Bl 1 0 0,12,...,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
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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
121 B4 2 1 4,9,14,19,24,29,34,39 0 1 1 12
122 B4 2 1 4,9,14,19,24,29,34,39 0 2 1 12
123 B4 2 1 3,7,11,15,19,23,27,31,35,39 0 1 1 12
124 B4 1 0 19, 39 2 2 1 12
125 B4 1 0 17,19, 37,39 0 1 1 12
126 B4 1 0 24,29,34,39 2 1 1 12
127 B4 1 0 9,19,29,39 2 2 1 12
128 B4 1 0 9,19,29,39 0 2 1 12
129 B4 1 0 7,15,23,31,39 0 1 1 12
130 B4 1 0 7,15,23,31,39 0 2 1 12
131 B4 1 0 23,27,31,35,39 0 1 1 12
132 B4 1 0 23,27,31,35,39 2 2 1 12
133 B4 1 0 9,11,13,15,17,19 0 1 1 12
134 B4 1 0 3,5,7,9,11,13 2 1 1 12
135 B4 1 0 4,9,14,19,24,29,34,39 0 1 1 12
136 B4 1 0 4,9,14,19,24,29,34,39 2 2 1 12
137 B4 1 0 13,14,15, 29,30,31,37,38,39 2 2 1 12
138 B4 1 0 3,7,11,15,19,23,27,31,35,39 0 1 1 12
139 B4 1 0 3,7,11,15,19,23,27,31,35,39 2 1 1 12
140 B4 1 0 3,5, 7,...,2325 2 1 1 12
141 B4 1 0 3,57,..,2325 0 2 1 12
142 B4 1 0 13,5,7,...,37,39 0 1 1 12
143 B4 1 0 0,1,2,..39 2 1 1 12
144 Co 16 1 4,9,14,19,24,29,34,39 0 2 7 2
145 CO 16 1 3,7,11,15,19,23,27,31,35,39 0 1 7 2
146 CO 8 1 4,9,14,19,24,29,34,39 0 1 7 2
147 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 CO 4 1 4,9,14,19,24,29,34,39 0 1 7 2
150 CO 4 1 4,9,14,19,24,29,34,39 0 2 7 2
151 Co 4 1 3,7,11,15,19,23,27,31,35,39 0 1 7 2
152 Co 2 1 7,15,23,31,39 0 2 7 2
153 Co 2 1 4,9,14,19,24,29,34,39 0 1 7 2
154 Co 2 1 4,9,14,19,24,29,34,39 0 2 7 2
155 CO 2 1 3,7,11,15,19,23,27,31,35,39 0 1 7 2
156 CO 1 0 19,39 8 1 3 2
157 Co 1 0 3,57 0 1 7 2
158 Co 1 0 24,29,34,39 8 1 3 2
159 CO 1 0 9,19,29,39 8 2 3 2
160 CO 1 0 17,19,37,39 0 1 7 2
161 Co 1 0 9,19,29,39 0 2 7 2
162 Co 1 0 23,27,31,35,39 8 1 3 2
163 Co 1 0 7,15,23,31,39 0 1 7 2
164 Co 1 0 23,27,31,35,39 0 1 7 2
165 CO 1 0 3,5,7,9,11,13 8 1 3 2
166 CO 1 0 4,9,14,19,24,29,34,39 8 1 3 2
167 Co 1 0 4,9,14,19,24,29,34,39 0 1 7 2
168 Co 1 0 13,14,15, 29,30,31,37,38,39 8 2 3 2
169 CO 1 0 3,7,11,15,19,23,27,31,35,39 8 1 3 2
170 CO 1 0 3,7,11,15,19,23,27,31,35,39 0 1 7 2
171 Co 1 0 1,3,57,...,37,39 0 1 7 2
172 Co 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 C2 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 Cc2 8 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6
177 Cc2 8 1,2 9,19,29,39 0 2 2 6
178 Cc2 4 1 4,9,14,19,24,29,34,39 0 1 2 6
179 C2 4 1 4,9,14,19,24,29,34,39 0 2 2 6
180 C2 4 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6
181 Cc2 2 1 7,15,23,31,39 2 2 2 6
182 Cc2 2 1 4,9,14,19,24,29,34,39 0 1 2 6
183 C2 2 1 4,9,14,19,24,29,34,39 0 2 2 6
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184 Cc2 2 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6
185 Cc2 1 0 19,39 2 1 2 6
186 C2 1 0 3,57 0 1 2 6
187 C2 1 0 24,29,34,39 7 1 1 6
188 Cc2 1 0 9,19,29,39 7 2 1 6
189 Cc2 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 Cc2 1 0 3,5,7,9,11,13 7 1 1 6
193 Cc2 1 0 23,27,31,35,39 7 2 1 6
194 Cc2 1 0 23,27,31,35,39 0 1 2 6
195 Cc2 1 0 4,9,14,19,24,29,34,39 7 2 1 6
196 C2 1 0 4,9,14,19,24,29,34,39 2 1 2 6
197 C2 1 0 13,14,15, 29,30,31,37,38,39 7 2 1 6
198 Cc2 1 0 3,7,11,15,19,23,27,31,35,39 7 1 1 6
199 Cc2 1 0 3,7,11,15,19,23,27,31,35,39 0 1 2 6
200 C2 1 0 1,35,7,...,37,39 0 1 2 6
201 C2 1 0 0,12,...,39 7 1 1 6
202 Al/B1 16 1 4,9,14,19,24,29,34,39 2 1 6 2
203 Al/B1 16 1 3,7,11,15,19,23,27,31,35,39 2 1 6 2
204 Al/B1 8 1 4,9,14,19,24,29,34,39 2 1 6 2
205 Al/B1 8 1 3,7,11,15,19,23,27,31,35,39 2 1 6 2
206 Al/B1 4 1 4,9,14,19,24,29,34,39 2 1 6 2
207 Al/B1 4 1 3,7,11,15,19,23,27,31,35,39 2 1 6 2
208 Al/B1 2 1 4,9,14,19,24,29,34,39 2 1 6 2
209 Al/B1 1 0 19,39 8 1 3 2
210 Al/B1 1 0 9,19,29,39 8 1 3 2
211 Al/B1 1 0 17,19,37,39 2 1 6 2
212 Al/B1 1 0 9,19,29,39 2 2 6 2
213 Al/B1 1 0 23,27,31,35,39 8 1 3 2
214 Al/B1 1 0 7,15,23,31,39 2 1 6 2
215 Al/B1 1 0 23,27,31,35,39 2 1 6 2
216 Al/B1 1 0 4,9,14,19,24,29,34,39 8 1 3 2
217 Al/B1 1 0 4,9,14,19,24,29,34,39 2 1 6 2
218 Al/B1 1 0 3,7,11,15,19,23,27,31,35,39 2 1 6 2
219 Al/B1 1 0 1,3,57,...,37,39 2 1 6 2
220 A2/B2 16 1 4,9,14,19,24,29,34,39 2 1 3 4
221 A2/B2 16 1 3,7,11,15,19,23,27,31,35,39 2 1 3 4
222 A2/B2 8 1 4,9,14,19,24,29,34,39 2 1 3 4
223 A2/B2 8 1 3,7,11,15,19,23,27,31,35,39 2 1 3 4
224 A2/B2 4 1 4,9,14,19,24,29,34,39 2 1 3 4
225 A2/B2 4 1 3,7,11,15,19,23,27,31,35,39 2 1 3 4
226 A2/B2 2 1 4,9,14,19,24,29,34,39 2 1 3 4
227 A2/B2 1 0 19,39 6 1 2 4
228 A2/B2 1 0 9,19,29,39 6 1 2 4
229 A2/B2 1 0 17,19,37,39 2 1 3 4
230 A2/B2 1 0 9,19,29,39 2 2 3 4
231 A2/B2 1 0 23,27,31,35,39 6 1 2 4
232 A2/B2 1 0 7,15,23,31,39 2 1 3 4
233 A2/B2 1 0 23,27,31,35,39 2 1 3 4
234 A2/B2 1 0 4,9,14,19,24,29,34,39 6 1 2 4
235 A2/B2 1 0 4,9,14,19,24,29,34,39 2 1 3 4
236 A2/B2 1 0 3,7,11,15,19,23,27,31,35,39 2 1 3 4
237 A2/B2 1 0 1,3,57,...,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
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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
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

6.41.1.1 Sequence generation

6.4.1.1.1.1 Sequence generation when transform precoding is disabled

r(n)

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

1 o1
r(n) =$(1—2®(2n)) + ]$(1—20(2n+1))

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

cimtz(Zﬂ(NS“’t ;ff+l+1)(2N?éC‘D+1)+217[%j+2N?éC‘D+héCID mod?2”'

symb n

where I is the OFDM symbol number within the slot, nsf is the slot number within a frame, and

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

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

- N?D € {0,1 s ,655351‘ 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-
RNTIL or CS-RNTIL;

- N ?D, N IlD € [0,1 e ,65535; are, for each msgA PUSCH configuration, given by the higher-layer

parameters msgA-ScramblingID0 and msgA-ScramblingID1, respectively, in the msgA-DMRS-Configuration 1E
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];

,A
_ Ngerp cell P
Ny*=N, otherwise;
) ; .
Ngyp and A are given by

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

5 Mgy~ A=0o0rA=2

1_nSCID A=1 A=A

SCID

where A is the CDM group defined in clause 6.4.1.1.3.

- otherwise
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gl = A=0
Ngeip=Nscip =

The quantity Mg €1(0,1] s

indicated by the DM-RS initialization field, if present, either in the DCI associated with the PUSCH transmission
if DCI format 0_1 or 0_2, in [4, TS 38.212] is used;

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

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

otherwise Ngep=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
rin)=r5"(n)
n=0,1,., M /2 —1

f)’f‘ (n) with  §=1 depends on the configuration:

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

DCI format 0_0 in a common search space, r‘f”v& (n) is given by clause 5.2.3 with  C,;, given by

Con=[27 [N, nt 141 [2 N1 )42 N5 | mod 27

where Ngep=0 unless given by the DCI according to clause 7.3.1.1.2 in [4, TS38.212] for a transmission

scheduled by DCI format 0_1, or given by the DCI according to clause 7.3.1.1.3 in [4, TS38.212] for a
transmission scheduled by DCI format 0_2 if the antenna ports field in the DCI format 0_2 is not 0 bit, or given

by the higher-layer parameter antennaPort for a PUSCH transmission scheduled by a type-1 configured grant;
and

N}, Nip € {0, 1,... ,65535}' are given by the higher-layer parameters pi2BPSK-ScramblingIDO0 and
pi2BPSK-ScramblingID1, respectively, in the DMRS-UplinkConfig IE if provided and the PUSCH is

scheduled by DCI format 0_1, or by DCI format 0_2 if the antenna ports field in the DCI format 0_2 is not 0
bit, or by a PUSCH transmission with a configured grant;

- N ?D € {0, 1,... ,65535] is given by the higher-layer parameter pi2BPSK-ScramblingIDO0 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;
Nsep cell N
N y"=N otherwise;

- otherwise, r‘f”v& (n) is given by clause 5.2.2 with a =0

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

- nFDS = nfg SR nfg SCH s configured by the higher-layer parameter nPUSCH-Identity in the DMRS-

UplinkConfig IE, and

- the higher-layer parameter dmrs-UplinkTransformPrecoding is not configured or the higher-layer parameter
dmrs-UplinkTransformPrecoding is configured and n/2-BPSK modulation is not used for PUSCH, and
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- the PUSCH is neither scheduled by RAR UL grant nor scheduled by DCI format 0_0 with CRC scrambled by
TC-RNTT according to clause 8.3 in [5, TS 38.213];

nf‘s =N ;1]5;”’ if the higher-layer parameter dmrs-UplinkTransformPrecoding is configured, n/2-BPSK

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

RS cell .
- n,=N,, otherwise

fgh

where and the sequence number V  are given by:

- if neither group, nor sequence hopping is enabled

fgh =0
v =0

- if group hopping is enabled and sequence hopping is disabled

(amozmc(g(Nss;;b”:f +l] +m))m0d30
0

fgh

1%

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

—[,,RS
Cinie =[nii5 /30] at the beginning of each radio frame

- if sequence hopping is enabled and group hopping is disabled

fgh = 0
b %( N¥n# +1) if M, QEN®

symb
otherwise
. — RS
where the pseudo-random sequence C(1> is defined by clause 5.2.1 and shall be initialized with €init =D at
the beginning of each radio frame.

The hopping mode is controlled by higher-layer parameters:

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

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

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

The quantity | above is the OFDM symbol number except for the case of double-symbol DMRS in which case
I 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

~(Dj,u)
The sequence r(m) shall be mapped to the intermediate quantity akl?l g according to

- if transform precoding is not enabled,
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o =, (1, (198 20+ kP
_@n+ 2k @A Configuration type 1
C@pn+k@A Configuration type 2

k€ 0,1
1=1+19
n=0,1,...
j=0,1,..,v-1

- if transform precoding is enabled

8B = w, kv, 198 (20 + k9

k = 4n+2k €A

k0,1

1=1+19

n=0,1,..
where Wf(k | , Wt[l ) , 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 T)o yeees T)V_l

p
The intermediate quantity (ij ,AIJ) =0 if A corresponds to any other antenna ports than }N) j
Ay,
. . . ~(Pjm) _— . . . DMRS

The intermediate quantity  d shall be precoded, multiplied with the amplitude scaling factor ~?usct in order to

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

‘:Po;ﬂ:‘ N{INJQ,IJ}
a a
__ »DMRS
=Bruscu W
(p,sH] ~(P, H]
a ag

where

- the precoding matrix W s given by clause 6.3.1.5,

( |
- the set of antenna ports Po....Pp-1] s given by clause 6.3.1.5, and

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

N(b/:u)
1

- the resource elements @ X are within the common resource blocks allocated for PUSCH transmission.

B

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

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

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

- for PUSCH mapping type A:

- I 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
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- b 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

[,=0
[

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

- l4 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

- l a4 s 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

- I, is the duration per hop according to Table 6.4.1.1.3-6 if intra-slot frequency hopping is used.

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

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

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

- if the higher-layer parameter dmrs-AdditionalPosition is not set to 'pos0' and intra-slot frequency hopping is
enabled according to clause 7.3.1.1.2 in [4, TS 38.212] and by higher layer, Tables 6.4.1.1.3-6 shall be used
assuming dmrs-AdditionalPosition is equal to 'pos1' for each hop.

For PUSCH mapping type A,
- the case dmrs-AdditionalPosition equal to 'pos3' is only supported when dmrs-TypeA-Position is equal to 'pos2';
- l ¢—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 Bp are given by Table 6.4.1.1.3-5.
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Table 6.4.1.1.3-1: Parameters for PUSCH DM-RS configuration type 1.

i CDM group A wi (k) w (1D
A k=0 k= 10=0 1'=1

0 0 0 +1 +1 +1 +1
1 0 0 +1 -1 +1 +1
2 1 1 +1 +1 +1 +1
3 1 1 +1 -1 +1 +1
4 0 0 +1 +1 +1 -1
5 0 0 +1 -1 +1 -1
6 1 1 +1 +1 +1 -1
7 1 1 +1 -1 +1 -1
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Table 6.4.1.1.3-2: Parameters for PUSCH DM-RS configuration type 2.

ﬁ CDM group A we (k) w, (10)
A k=0 k= 10=0 1'=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
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Table 6.4.1.1.3-3: PUSCH DM-RS positions l within a slot for single-symbol DM-RS and intra-slot
frequency hopping disabled.

ld in DM-RS positions 1
symbols PUSCH mapping type A PUSCH mapping type B
dmrs-AdditionalPosition dmrs-AdditionalPosition
pos0 pos1 pos2 pos3 pos pos1 pos2 pos3
<4 j j B B Z ly ly ly
4 l(] I[) IU lO lO l(] l(] IO
5 I I I I I b4 b4 b4
6 I l l I I b4 b4 b4
7 I I I I I b4 b4 b4
8 b b 7 b 7 b 7 b he | bse h 36
o ’0 h 7 h 7 b 7 b he | bse h 36
10 b bho | hso| hoeo b hg | hasg | baeo
11 ly 10,9 10,6,9 10,6,9 ly 10,8 10,4,8 10,3,6,9
12 h ho | bgog | bsga| b | b | bsio| bseo
13 ly IO, 11 IO, 7,11 IO, 5,8,11 ly IO, 10 10, 5,10 lo, 3,6,9
14 b hoag | bh711 | bsgaa| b | bio| bs10]| b 3609

Table 6.4.1.1.3-4: PUSCH DM-RS positions l within a slot for double-symbol DM-RS and intra-slot
frequency hopping disabled.

Iy in DM-RS positions I
symbols PUSCH mapping type A PUSCH mapping type B
dmrs-AdditionalPosition dmrs-AdditionalPosition
poso posi pos2 pos3 poso posi pos2 pos3
<4 - - - -
4 I ly - -
o ly ly ly ly
6 ly ly ly ly
7 ly ly ly ly
8 I, ly l IO’ 5
9 I, ly l 10’ 5
10 Iy L g ly b 7
11 Iy L g ly b 7
12 Iy L g ly b g
13 I, ’o ’ I IO’ 9
10
14 I lo ’ ly IO’ 9
10
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Table 6.4.1.1.3-5: PUSCH DM-RS time index [’

DM-RS duration I Supported antenna ports D
Configuration type 1 Configuration type
2
single-symbol DM-RS 0 0-3 0-5
double-symbol DM-RS 0,1 0-7 0-11

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

L DM-RS positions |
in PUSCH mapping type A PUSCH mapping type B
symbols 1,=2 [,=3 [,=0
dmrs-AdditionalPosition dmrs-AdditionalPosition dmrs-AdditionalPosition
poso0 posl pos0 posl pos0 posi
15! znd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st znd
hop | hop | hop hop hop | hop | hop | hop | hop | hop | hop hop
<3 - - - - - - - - 0 0 0 0
4 2 0 2 0 3 0 3 0 0 0 0 0
5,6 2 0 2 0,4 3 0 3 0,4 0 0 0,4 0,4
7 2 0 2,6 | 0,4 3 0 3 0,4 0 0 0,4 0,4
6.4.1.2 Phase-tracking reference signals for PUSCH
6.4.1.2.1 Sequence generation

6.4.1.2.1.1Sequence 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

8
rim| if j=j or j=j ##0 # otherwise } right non
r(p,)(m"):(-)

where

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

. rlm) is given by clause 6.4.1.1.1.1
- at the position of the first DM-RS symbol in absence of PUSCH intra-slot frequency hopping

- at the position of the first DM-RS symbol in hop h € {0,1} in presence of PUSCH intra-slot frequency
hopping
6.4.1.2.1.2Sequence generation if transform precoding is enabled

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

transform precoding, where m depends on the number of PT-RS groups N Igﬁi,s , the number of samples per PT-
group ppruscH
RS group samp -~ and s according to Table 6.4.1.2.2.2-1, shall be generated according to
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Jj=(mmod2

7 (mmod2)
r. (m®=w(k 3 N @— 2c(mp+ j(1- 2c(m9€
m€ N ;@ k@

samp

s@0,1,.., NTR 1

group

k€ 0,1, N¥ —1

samp

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

c —(217(N51°t n’ +l+1)(2NlD+1)+2NID)rnodZ31

init symb " s,f

where I is the lowest OFDM symbol number in the PUSCH allocation in slot n:f that contains PT-RS according
to clause 6.4.1.2.2.2and N is given by the higher-layer parameter nPUSCH-Identity.

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

Mgy mod NEUP NEOw =2 NES =4
w(0) wa) WO) W) w2 w)
0 +1 +1] #1 +1 +1 +1
1 +1 -1 #1 -1 +1 -1
2 - f1 41 -1 -1
3 - f1 -1 -1 41
6.4.1.2.2 Mapping to physical resources

6.4.1.2.2.1Precoding and mapping to physical resources if transform precoding is not enabled
The UE shall transmit phase-tracking reference signals only in the resource blocks used for the PUSCH, and only if the
procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used.

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

~

p
(acoﬂ%p+kﬁ

I8
p

(66v=1)(2n+k")

=Brrrs W

‘:pp—lrl»l:‘
a

_l4n+2k'+A  configurationtype 1
6n+k +A  configurationtype 2
when all the following conditions are fulfilled

- I is within the OFDM symbols allocated for the PUSCH transmission
(k,1)

- resource element "’ is not used for DM-RS
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- k' and A correspondto Py,---5Dy_;

The quantities k' and A are given by Tables 6.4.1.1.3-1 and 6.4.1.1.3-2, the configuration type is given by the
higher-layer parameter dmrs-Type in the DMRS-UplinkConfig IE, and the precoding matrix W is given by clause

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

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

1 .=0

l.set =0 and lref

2. if any symbol in the interval max (l +i—1)Lpppst1,Ly),nns 1

ref

for DM-RS according to clause 6.4.1.1.3

ref 1 Lppps overlaps with a symbol used

- set i=1

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

| . +ilL

- repeat from step 2 as long as PTRS js inside the PUSCH allocation

3. add hee + iLprrs to the set of time indices for PT-RS

4. increment ! by one

l . +iL

5. repeat from step 2 above as long as PTRS is inside the PUSCH allocation

| \
Lprrs €1,2,4

where 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

RB
resource blocks are numbered in increasing order starting from the lowest frequency from 0 to N Neg=1 The
subcarriers to which the PT-RS shall be mapped are given by
k =k +(iKppgs + kot | NE®

ref ref

%RNTI mOd KPT—RS lf NRB mOd KPT-RS = 0

kRB —
vy MOd( Ny mod Ky s)  otherwise

ref

where
i =012,...

RE
L 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 6.2.3

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

- MRNTI  is the RNTI associated with the DCI scheduling the transmission using C-RNTI, CS-RNTI, MCS-C-

RNTTI, SP-CSI-RNT]I, or is the CS-RNTT in case of configured grant

- NRB is the number of resource blocks scheduled

- Kppps€[2,4) s given by [6, TS 38.214].
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RE
Table 6.4.1.2.2.1-1: The parameter Kret .

DM-RS antenna krlsz
port DM-RS Configuration type 1 DM-RS Configuration type 2

~ resourceElementOffset resourceElementOffset

p offset00 offset01 offsetl0 offsetll offset00 offset01 offsetl0 offsetll
0 0 2 6 8 0 1 6 7

1 2 4 8 10 1 6 7 0

2 1 3 7 9 2 3 8 9

3 3 5 9 11 3 8 9 2

4 - - - - 4 5 10 11

5 - - - - 5 10 11 4

6.4.1.2.2.2Mapping to physical resources if transform precoding is enabled
The UE shall transmit phase-tracking reference signals only in the resource blocks and OFDM symbols used for the
PUSCH, and only if the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used.

The sequence nlm) shall be multiplied by B and mapped to N8P NEERS complex valued symbols in

samp +V group
)
28 (m) where

)
28 (m) are the complex-valued symbols in OFDM symbol I before transform precoding according to
clause 6.3.1.4

PT-RS grouD

- m depends on the number of PT-RS groups N group , the number of samples per PT-RS group samp - and

MPUSCH
s according to Table 6.4.1.2.2.2-1

- B is the ratio between amplitude of one of the outermost constellation points for the modulation scheme
used for PUSCH and one of the outermost constellation points for 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

1.set | =0 and ler =0
2. if any symbol in the interval max (lref+( i—1|Lpppst1, L), .., ] +iLypps  overlaps with a symbol used
for DM-RS according to clause 6.4.1.1.3

- set i=1

- set Lt 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

I . +il

- repeat from step 2 as long as f PTRS g inside the PUSCH allocation

. +iL

3. add PT-RS to the set of time indices for PT-RS

4. increment ! by one

I . +iL

5. repeat from step 2 above as long as "rf PTRS s inside the PUSCH allocation

where  Lppps € {1,2} Ly, ns€ l 1,2} is given by the higher-layer parameter timeDensityTransformPrecoding
in the PTRS-UplinkConfig IE.
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Table 6.4.1.2.2.2-1: PT-RS symbol mapping.
Number of Sg;n;:::g;r Index ™M of PT-RS samples in OFD_M symbol I prior to
PT-RS PT-RS group transform precoding
groups Ngroup
Naond samp
2 2 sIMIM 4 [+k—1 where s=1,3 and k=0,1
2 4 sM SP;USCH+k where
s=0 and k=0,1,2,3
s=1 and k=—4,-3,-2,—1
4 2 [sM.>"/8 [+k—1 where $=1,3,5,7 and
k=0,1
4 4 sME 4+ n+k  where
s=0 and k=0,1,2,3 n=0
s=1,2 and k=-2,-1,01 n=[M.>"/8]
s=4 and k=—4,-3,-2,—-1 n=0
8 4 [sM.°"/8 [+n+k where
s=0 and k=0,1,2,3 n=|
$s=1,2,34,56 and k=-2,-1,0,1 n=[M."
s=8 and k=-4,-3,-2,—-1 n=|
6.4.1.3 Demodulation reference signal for PUCCH
6.4.1.3.1 Demodulation reference signal for PUCCH format 1

6.4.1.3.1.1Sequence generation
The reference signal sequence is defined by

2 mEE NI + mNE® + n) = w, (m) €47 (n)
n=0,1,..,N® -1

m=0,1,..., NETCGgH —1

SE,m€
m@
L1

no intra-slot frequency hopping
intra-slot frequency hopping enabled
is given by Table 6.4.1.3.1.1-1 and the sequence r

la, 6]

PUCCH,1 Wy (n) is given by clause 5.2.2.

where Nsp,m'

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 Wi (m) is given by Table 6.3.2.4.1.-2 with the same index | as used in clause 6.3.2.4.1.
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PUCCHL

{
Table 6.4.1.3.1.1-1: Number of DM-RS symbols and the corresponding ~ Sn

PUCCH length, N VPUCCHJC
SE {m
PUCCH,1 _ _
Ns b No intra-slot Intra-slot hopping
ym ° ’ :
hopplng m'=0 =1
m=0
4 2 1 T
5 3 1 >
6 3 > 1
7 4 > >
8 4 > >
9 5 > 3
10 5 3 >
11 6 3 3
12 6 3 3
13 7 3 2
14 7 ) 3

6.4.1.3.1.2Mapping to physical resources
The sequence shall be multiplied with the amplitude scaling factor P PUCCH1  in order to conform to the transmit
power specified in [5, 38.213] and mapped in sequence starting with £ (0) to resource elements (k 1 ) p,u inaslot

on antenna port p=2000 according to

al(f,)l’p):BPUCCH,l Z‘m) [=0,2,4,...

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

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

6.4.1.3.2 Demodulation reference signal for PUCCH format 2

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

z, mNESCCH’2+i):wn(i)r,(m) r,(m)zL[l—Zc[Zm]Hj%(l—20(2m+1))

)

i=0,1,...,Nex°“*—1  m=0,1,...

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

Coe=[27 (N2 #1412 N0, +1)+2 N, | mod 2"

init — symb ns,f

where . I is the OFDM symbol number within the slot, ”él,f is the slot number within the radio frame, and
w,li] and N ™ are defind in clause 6.3.2.5.2A.

The quantity N ?D € {0, 1,... ,65535} is given by the higher-layer parameter scramblingIDO in the DMRS-
UplinkConfig IE if provided and by N fgl otherwise. If a UE is configured with both dmrs-UplinkForPUSCH-
MappingTypeA and dmrs-UplinkForPUSCH-MappingTypeB, scramblingIDO is obtained from dmrs-UplinkForPUSCH-
MappingTypeB.

6.4.1.3.2.2Mapping to physical resources
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The sequence shall be multiplied with the amplitude scaling factor f3 pucch in order to conform to the transmit

power specified in [5, 38.213] and mapped in sequence starting with  Z 1( 0 ] to resource elements (\k L1 ] pu DA

slot on antenna port P =2000 according to

a‘lfjimzﬁPUCCH,Z Zl(m) k=3m+1

where k is defined relative to subcarrier 0 of common resource block 0 and [k )1 ) p,u shall be within the resource
blocks assigned for PUCCH transmission according to clause 9.2.1 of [5, TS 38.213].

6.4.1.3.3 Demodulation reference signal for PUCCH formats 3 and 4

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

() = (m)

u,v

m=0,1,.., M 7" -1

la, 8]

PUCCH, s
M uv

« (m) depends on the configuration:

where is given by clause 6.3.2.6.3and r

- if the higher-layer parameter dmrs-UplinkTransformPrecodingPUCCH is configured, and 71/2 -BPSKis
used for PUCCH, r“a’&

u,v
6.4.1.3.2.1. The sequence group U and the sequence number Vv depend on the sequence hopping in
clause 6.3.2.2.1.

(m) is given by clause 5.2.3 with  §=0 and C,; given by clause

- otherwise, re?% ( m) is given by clause 6.3.2.2 and the cyclic shift « varies with the symbol number and

u,v

slot number according to clause 6.3.2.2.2 with

- m,=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 shiftindex m, for PUCCH format 3 with interlaced mapping and PUCCH

format 4.
Orthogonal . . m
sequence index S Cyclic PSUT?H'?deX
n Ns =1 Nsp =2 PUCCH
Ngp =4
0 0 0 0
1 6 6
2 - - 3
3 - - 9

6.4.1.3.3.2Mapping to physical resources

" )
The sequence shall be multiplied with the amplitude scaling factor B PUCCH,s S€34 , in order to conform to the
transmit power specified in [5, 38.213] and mapped in sequence starting with n(0) to resource elements (k 1 ) p,u

on antenna port p=2000 according to

(pu) —
akiﬂ — FruccHs Q(m)

m=0,1,.., MU _1

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

- l is given by Table 6.4.1.3.3.2-1 for the case with and without intra-slot frequency hopping and with and

without additional DM-RS as described in clause 9.2.1 of [TS 38.213], where 1=0 corresponds to the first
OFDM symbol of the PUCCH transmission.

The resource elements (k , l] p.u shall be within the resource blocks assigned for PUCCH transmission according to

clause 9.2.1 of [5, TS 38.213].

u

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

PUCCH length DM-RS position I within PUCCH span

No additional DM-RS Additional DM-RS
No hopping Hopping No hopping Hopping
1 0,2 1 0,2

© |00

W Wk (kP r|o
olololu|h|n|w

Pl

Blo|o|~|N|o|a|s|s|w

ol I
[SIENESN
o|~[~
~|-|o

NMININNE R

4
5
6
7
8
9

10

11

12

13

14

w

6.4.1.4 Sounding reference signal

6.4.1.4.1 SRS resource

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

- N :§ = \[ 1,2,41’ antenna ports { Pi},-N:;B ~', where the number of antenna ports is given by the higher layer

parameter nrofSRS-Ports if configured, otherwise N :I}} 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 monCodebook'

- N S;Sb € l 1,2,4,8,12} consecutive OFDM symbols given by the field nrofSymbols contained in the higher
layer parameter resourceMapping

__ qyslot
- h , the starting position in the time domain given by l,=N symb 1 —lofteec  where the offset

l «..E ‘[ 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 [ g ..> N S;;fb— 1

offset

- k , the frequency-domain starting position of the sounding reference signal
6.4.1.4.2 Sequence generation

The sounding reference signal sequence for an SRS resource shall be generated according to

r'®(n, 1'|=r\"%n|

u,v
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where MsscR’i is given by clause 6.4.1.4.3, r‘:a’&(n) is given by clause 5.2.2 with d =log, (KTC) and the

u,v
transmission comb number K- € {2,4,8} is contained in the higher-layer parameter transmissionComb. The

cyclic shift % for antenna port Pi s given as

cs,i

05,- — 271. SRS

cs,max

SRS
s, max
cs,i cs + nSRS ( pi _1000) d Cs,max
Ngrs = Fsrs NSRS 0 Nggs
ap
3
nCS e [0 1 nCS,lTlﬂX_ly‘ . . . . . . .

where "sks =T % Tsks ) is contained in the higher layer parameter transmissionComb. The maximum number of

cs,max

cyclic shifts  nggg are given by Table 6.4.1.4.2-1.

The sequence group U= ( fgh( | ')+ nIS];{ S) mod 30 and the sequence number v in clause 5.2.2 depends on

s,f2

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

sequence identity ™D is given by the higher layer parameter sequenceld in the SRS-Resource IE, in which case
q y g y g yer p q

% €/0,1,...,1023 , or the SRS-PosResource-r16 IE, in which case  no> €10, 1,...,65535 . The

quantity ['€ {0,1,...,Nss;§§b_1}

is the OFDM symbol number within the SRS resource.
- if groupOrSequenceHopping equals 'neither’, neither group, nor sequence hopping shall be used and

fgh(n;jf,l'):o
v=0

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

mod 30

fgh(ngf’l’):(z;:o C(8(”'sJ,szly(glb*loJ’l')J’m)'Zm
v=0

where the pseudo-random sequence C(i) is defined by clause 5.2.1 and shall be initialized with
__ SRS - .
Cinit=N;p  at the beginning of each radio frame.

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

7 " —
fgh(ns,f’l)_o
I slot ' SRS RB
_le[nt NS+ I+ MRS =6 N
0 otherwise

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

RS . .
Cinit = nISD at the beginning of each radio frame.

cs,max

Table 6.4.1.4.2-1: Maximum number of cyclic shifts ng;s as afunction of K

2 8
4 12
8 6
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6.4.1.4.3 Mapping to physical resources

When SRS is transmitted on a given SRS resource, the sequence r“p"“ (n , ') for each OFDM symbol [ and for

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

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

elements (k,l ) in a slot for each of the antenna ports p; according to

(p) Boxst ™ (k19 k'=01LK , M35 -1 [1€0,1..,N5 -1
P ]
Kyck'+k$P 19, Nap

otherwise

The length of the sounding reference signal sequence is given by
SRS
M.y =Mgps, szc [ Krc

b=B, Bp€10,1,2,3]

where ™Msksb s given by a selected row of Table 6.4.1.4.3-1 with where is given by
the field b-SRS contained in the higher-layer parameter freqHopping if confrgured otherwise Bgr=0 .The row of

the table is selected according to the index CSRSG 0,1,. 635

parameter freqHopping.

given by the field c-SRS contained in the higher-layer

The frequency-domain starting position kgp ) is defined by

BSRS
ERATAIA SRS
_kOP +Z KTCMsc b
b=0
where
l;g)p’):nshiftNRB+ k(rp(’:)"'kiffset) mod K

(p)_|lkre+Kyc/2) mod Ky if Msgs €| ngst;‘“/z ngerSaX—l} and N;,>=4 and p;€11001,1003

k TC —
kTC otherwise

If N ;‘3;; <Ny the reference point for kép i):O 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, the quantity k
K =0

offisec 1S 8iven by Table 6.4.1.4.3-2, otherwise

offset

The frequency domain shift value M adjusts the SRS allocation with respect to the reference point grid and is
contained in the hrgher—layer parameter freqDomainShift in the SRS-Resource IE or the SRS-PosResource IE. The

transmission comb offset  k € lO 1,...,K 1} is contained in the higher-layer parameter transmissionComb

in the SRS-Resource IE or the SRS-PosResource IEand b isa frequency position index.

Frequency hopping of the sounding reference signal is configured by the parameter b, € 0 1,2, 3 , given by the

hop
field b-hop contained in the higher-layer parameter freqHopping if configured, otherwise bhop— 0
If bhOPZ Bggs , frequency hopping is disabled and the frequency position index M remains constant (unless re-
configured) and is defined by
n,=|4nppc/ Megs ,/mod Ny
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forall N SS;RH?b OFDM symbols of the SRS resource. The quantity Trre s given by the higher-layer parameter
N b=B

freqDomainPosition if configured, otherwise rrc =0 , and the values of Msrsb and 'b  for SRS are

C

given by the selected row of Table 6.4.1.4.3-1 corresponding to the configured value of SRS

If bh0D<BSRS , frequency hopping is enabled and the frequency position indices M are defined by

[ 4 nppe/mgpg , | mod N, b<b
Fb[nSRS)+[ 4nRRC/mSRS,bj) mod N, otherwise

h
n,= ( »

where N, is given by Table 6.4.1.4.3-1,

b b
Nggs modl'[b,:bhup N, . Nggsmod Hb'=bhupN

b—1
20007, N,
hop.

Fb(HSRs):‘(Nb/Z)

b’ .
= if N, even
IIy—, N,
op

N2 [nSRS(, n‘;:hmpN,,,J if N, odd

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

—yr SRS
given by Msrs= “ /R‘ within the slot in which the symb  symbol SRS resource is transmitted. The quantity
R<N ssﬁsb is the repetition factor given by the field repetitionFactor if configured, otherwise R=N iyRHSlb

For the case of an SRS resource configured as periodic or semi-persistent by the higher-layer parameter resourceType,
the SRS counter is given by

frame, p B SRS
Nslot nf+ns,f Toffset . Nsymb [£|
frame, i u —
. + — = T .
for slots that satisfy slor Mg T fpser /mOd Tss =0 . The periodicity Tps in slots and slot offset

T e are given in clause 6.4.1.4.4.
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Table 6.4.1.4.3-1: SRS bandwidth configuration.
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Cors Bgps=0 Bggs=1 Bgps=2 Bgps=3

Msps,0 Ny Msps 1 N, Mps N, Mps 3 Ny
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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Table 6.4.1.4.3-2: The offset kf) e TOr SRSasafunctionof K;. and [
0 Noymy— 1
KT koffset LR offsebt
SRS __ SRS __ SRS __ SRS __ SRS __
]Vsymb_1 ]\]symb_2 ]Vsymb_4 Nsymb_8 ]Vsymb_12

2 0 0,1 0,10,1 - -

4 - 0,2 0,2,1,3 0,2,1,3,0,2,1,3 021302130213
8 - - 0,4,2,6 0,4,2,6,1,53,7 0,4,2,6,1,53,7,0,4,2,6

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

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

(Nframe,pn

ot 11f )mod Tgrs=0

B
+ns,f Toffset

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

7 Downlink

7.1 Overview

7.1.1 Overview of physical channels

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

- Physical Downlink Shared Channel, PDSCH
- Physical Broadcast Channel, PBCH

- Physical Downlink Control Channel, PDCCH.

7.1.2 Overview of physical signals

A downlink physical signal corresponds to a set of resource elements used by the physical layer but does not carry
information originating from higher layers.

The following downlink physical signals are defined:
- Demodulation reference signals, DM-RS
- Phase-tracking reference signals, PT-RS
- Positioning reference signal, PRS
- 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.
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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
qe 0,1

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

For each codeword 4 , the UE shall assume the block of bits b (0) yenns b‘:q:‘(M fﬁ‘ — 1) ,where M (b?t) is the

number of bits in codeword 9 transmitted on the physical channel, are scrambled prior to modulation, resulting in a
block of scrambled bits  b?'(0,...,b" (M&%—1) according to

b'9(i)=(p'"(i]+c'?(i)|mod 2
where the scrambling sequence c? (1) is given by clause 5.2.1. The scrambling sequence generator shall be
initialized with
15 14
Cing =Npn1i* 2 +q 27 +0p
where

\ |
np€0,L,..., 1023 equals the higher-layer parameter dataScramblingldentityPDSCH if configured and the
RNTTI 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 dataScramblingldentityPDSCH?2 if the codeword is scheduled using a CORESET
with CORESETPoolIndex equal to 1;

if the higher-layer parameters dataScramblingldentityPDSCH and dataScramblingldentityPDSCH?2 are
configured together with the higher-layer parameter CORESETPoolIndex containing two different values, and
the RNTI equals the C-RNTI, MCS-C-RNTI, or CS-RNT]I, and the transmission is not scheduled using DCI
format 1_0 in a common search space;

__ ageell .
- np=N, otherwise

and where "'RNTI 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 @q , the UE shall assume the block of scrambled bits I;‘q:‘(O) ey B“q:‘( M fii — 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 W(O I,....d \a ( M szqijmb - 1)

Table 7.3.1.2-1: Supported modulation schemes.

Modulation Modulation order
scheme Q
m
QPSK 2
16QAM 4
640AM 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

do),...,d? (ML(;L]b_ 1) forcodeword @ shall be mapped onto the layers

X['i):[x}o‘(i) Xfu*l}(i)]T , iZO,].,-..,Mi;}:JJ_]. where v is the number of layers and Mgﬁ;

is the number of modulation symbols per layer.
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Table 7.3.1.3-1: Codeword-to-layer mapping for spatial multiplexing.
Number of Number of Codeword-to-layler mapping
layers codewords i=0,1,... Ms‘;ﬁ)—l
0)(: 0)f. 1 (
1 1 X( )(I)Zd( )(l) Ms?/};slr)_Msyr)nb
(0)( = 40)
xV(i)=d"(2i) layer __
2 1 X(l)(i):d(o)(zi_l_l) Msymb Msymb/2
X(O)(l :d(o)(?)l)
3 1 AW()=d%(3i+1)  Mgm=M Sy111[,/3
X2(i)=d"(3i+2)
X(O)(l :d(o)(41)
i)=a®(4is1)
X\ 1 layer ( )
‘ ! X(i)=d"(4i+2) My =M ymy /4
x8)(i)=d" (4i+3)
X(i)=d"(2i)
X(i)=d"(2i+1)
5 2 x(i)=d"M(31) Mlj;ﬁrb_ Sy;b/z M(symb/?,
X(i)=d"V(3i+1)
XW(i)=d"(3i+2)
x9(i)=d"(3i)
X(i)=d")(3i+1)
(i)=d"(3i+2)
x i i+2 1
6 2 X(S)(l.):d(l)(Bi) Msa}l/}rlrelrb_ symb/3 Msymb/3
A(i)=dV(3i+1)
K%(i)=d"(3i+2)
x(i)=d"(3i)
x(l)(l):d(o)(31+1)
X(i)=d"(3i+2)
7 2 X(a)(i):d(l)(‘“) Mia;/}rlsg symb/3 Msymb/4
X4(i)=dV(4i+1)
K(i)=d"(4i+2)
x9(i)=d")(4i+3)
X(i)=d" (4i)
X()=d)(4i+1)
X(i)=d")(4i+2)
(3)(-):d(0)(4'+3)
xi i 1
8 2 X(4)(1.):d(1)(4l.) Msay}rlrellr) symb/4 Msymb/4
X (i)=d"(4i+1)
X9(i)=d"(4i+2)
x(7>(1):d(1)(4i+3)
7.3.14 Antenna port mapping

The block of vectors [ X\o} (1)

according to

Xfufll(l-)}

i=0,1,....M iayyrfﬂrj —1 shall be mapped to antenna ports
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. 1 [ |
where 1=0,1,...,.M :;)mb -1 M Z'i’mb= M :;ﬁrb . The set of antenna ports Po...Po-1] " ghall 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‘p ](0) seees Y ‘:p:‘(M ggmb - 1) conform to the downlink power allocation specified in [6, TS

38.214] and are mapped in sequence starting with y‘p :‘(0) to resource elements ( k' N )p . in the virtual resource

blocks assigned for transmission which meet all of the following criteria:
- they are in the virtual resource blocks assigned for transmission;

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

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

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

- not used for non-zero-power CSI-RS 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-RNT1I, 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 ) p,u 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 s the first subcarrier in the lowest-numbered virtual resource block assigned for transmission, and then the

index !
7.3.1.6 Mapping from virtual to physical resource blocks

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

For non-interleaved VRB-to-PRB mapping, virtual resource block 1 is mapped to physical resource block " |

except for PDSCH transmissions scheduled with DCI format 1_0 in a common search space in which case virtual
CORESET 7 CORESET

start start is the lowest-

resource block n is mapped to physical resource block n+N where

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-RNTTI in Type0-
PDCCH common search space in CORESET 0, the set of N E@P’imt resource blocks in CORESET 0 are
dividedinto N, .= N gff,mmt/ L] resource-block bundles in increasing order of the resource-block

size

number and bundle number where L=2 isthe bundlesizeand N BWPinit 1S the size of CORESET 0.
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- Virtual resource blocks in the interva
to

- resource block bundle Ny, qo—1 consists of  Nyiwp;mod L resource blocks if

Niwpimemod L>0 and L resource blocks otherwise,

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

for PDSCH transmissions scheduled with DCI format 1_0 in any common search space in bandwidth part
start

I with starting position N pwp,; » other than Type0-PDCCH common search space in CORESET 0, the

setof Npwpin Virtual resource blocks {O,l yeeos Npwpinit — 1} ,where  Npwpiy 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 NN, 4. virtual resource-block bundles in

increasing order of the virtual resource-block number and virtual bundle number and the set of N E@P init

: CORESET £ CORESET CORESET | prsize | <y o
physical resource blocks | N » Ngart +1,..., Ny +Npypine—1|  are divided into

N, ..ae Physical resource-block bundles in increasing order of the physical resource-block number and

physical bundle number, where N, . =[ (N e L |NT 4N CORESET) mOdL)/ L] , L=2 is

BWP,init ( BWP,i start
. CORESET
the bundle size, and N,

set where the corresponding DCI was received.

is the lowest-numbered physical resource block in the control resource

start CORESET
N +N

- resource block bundle 0 consists of L — (( ) mOdL) resource blocks,

BWP,i start
. i tart CORESET
- resource block bundle Ny, 4.—1 consists of ( Nawpinict Nawp i+ Noart )mod L resource
. i tart CORESET :
blocks if | N aweiniet Nawe i+ Neart ) 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 gff,P,i resource blocks in bandwidth part [ with

starting position  Npwp; are divided into Ny .=/ ( Niwp i+ (N awp mod Ll.))/ L,] resource-

block bundles in increasing order of the resource-block number and bundle number where Li is the
bundle size for bandwidth part i provided by the higher-layer parameter vrb-ToPRB-Interleaver and

start
- resource block bundle 0 consists of L (NBWP’i mod Li) resource blocks,

( start size )
Ngwp,; + Npyp;/mod L;

- resource block bundle Nbunare = 1 consists of resource blocks if

Nstart '+Nsize ) IIlOd L. >0 L ]
BWP,i T BWP,i i and 7 resource blocks otherwise,

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

.| )
1 J € 0L Nounaie= 1) 5 mapped to physical resource blocks according

virtual resource block bundle Nbunare = 1 is mapped to physical resource block bundle Noungre™ 1

J€O0L. N yyge—2]

virtual resource block bundle J is mapped to physical resource block bundle f | j )

where
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f(j)=rC+c
J=CR+r
r=01,...,R-1
c=01,...,C-1
R=2
Clebundle/R‘

- The UE is not expected to be configured with L,=2  simultaneously with a PRG size of 4 as defined in [6,
TS 38.214]

The UE may assume that the same precoding in the frequency domain is used within a PRB bundle and the bundle size
is determined by clause 5.1.2.3 in [6, TS 38.214]. The UE shall not make any assumption that the same precoding is
used for different bundles of common resource blocks.

7.3.2 Physical downlink control channel (PDCCH)
7.3.2.1 Control-channel element (CCE)

A physical downlink control channel consists of one or more control-channel elements (CCEs) as indicated in Table
7.3.2.1-1.

Table 7.3.2.1-1: Supported PDCCH aggregation levels.

Aggregation level Number of CCEs
1
2
4
8
16

[y
I ENTNI

7.3.2.2 Control-resource set (CORESET)

CORESET

A control-resource set consists of N g resource blocks in the frequency domain and [N CORESET & l 1,2,3}

symb
symbols in the time domain.

A control-channel element consists of 6 resource-element groups (REGs) where a resource-element group equals one
resource block during one OFDM symbol. Resource-element groups within a control-resource set are numbered in
increasing order in a time-first manner, starting with 0 for the first OFDM symbol and the lowest-numbered resource
block in the control resource set.

A UE can be configured with multiple control-resource sets. Each control-resource set is associated with one CCE-to-
REG mapping only.

The CCE-to-REG mapping for a control-resource set can be interleaved or non-interleaved and is described by REG
bundles:

. o1 s . )
- REGbundle ! isdefined as REGs \lL, iL+1,... IL+L _1» where L is the REG bundle size,
i=0,1,...,Npma " /L—1 ,and Ngpa o =NGa o0t Nscy?n%ESET is the number of REGs in the
CORESET

- CCE ] consists of REG bundles }:f(Gj/L),f(Gj/L+1),...,f(6j/L+6/L—1)} where f() is an

interleaver

For non-interleaved CCE-to-REG mapping, L=6 and f|x|=x

For interleaved CCE-to-REG mapping, L € [2,6} for N Sy?n%ESET: and L€ : N ;?H%ESET ,6] for
N SCY?D%ESET € { 2,3} . The interleaver is defined by
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flx|=[rC+c4ngy mod [Nt T/L|  x=cR+r r=0,1,...,R-1 ¢=0,1,...,C~1
C=Nge  /(LR)

R€ 2,36

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

For a CORESET configured by the ControlResourceSet IE:

- NﬁgRESET is given by the higher-layer parameter frequencyDomainResources;
- NORESET s given by the higher-layer parameter duration, where N on>"'=3 s supported only if the
symb g y g y p symb pp y

higher-layer parameter dmrs-TypeA-Position equals 3;
- interleaved or non-interleaved mapping is given by the higher-layer parameter cce-REG-MappingType;

- L equals 6 for non-interleaved mapping and is given by by the higher-layer parameter reg-BundleSize for
interleaved mapping;

- R is given by the higher-layer parameter interleaverSize;
- Ny € ‘[ 0,1,.. .,274} is given by the higher-layer parameter shiftIndex if provided, otherwise
__ qpgcell |
Ngye=Np
- for both interleaved and non-interleaved mapping, the UE may assume

- the same precoding being used within a REG bundle if the higher-layer parameter precoderGranularity
equals sameAsREG-bundle;

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

For CORESET 0 configured by the ControlResourceSetZero IE:

CORESET CORESET
Ngg and N

symb are defined by clause 13 of [5, TS 38.213];

- the UE may assume interleaved mapping
- L=6 ;
- R=2 ;
11
- N =Np ;
- the UE may assume normal cyclic prefix when CORESET 0 is configured by MIB or SIB1;

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

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

B(O],...,B(MEL— 1) according to

bli)=(bli]+c(i)|mod2
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where the scrambling sequence C(i) is given by clause 5.2.1. The scrambling sequence generator shall be initialized
with

_ 16 31
Cinit —(”RNH 27 +nyp/mod 2

where

[ |
- for a UE-specific search space as defined in clause 10 of [5, TS 38.213], np €[0,L,...,65535]

layer parameter pdcch-DMRS-ScramblingID if configured,

equals the higher-

__ ageell .
np=N,, otherwise

and where

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

n =0 .
RNTI otherwise.

7.3.2.4 PDCCH modulation

The UE shall assume the block of bits  b(0),..., b (M bit— 1) to be QPSK modulated as described in clause 5.1.3,
resulting in a block of complex-valued modulation symbols ~ d (0) yeerd (M symb 1)

7.3.2.5 Mapping to physical resources

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

symb -
B PDCCH  and mapped to resource elements (k )1 ) p,u used for the monitored PDCCH and not used for the

associated PDCCH DMRS in increasing order of first k , then [ The antenna port p=2000

7.3.3 Physical broadcast channel
7.3.3.1 Scrambling

( Q
The UE shall assume the block of bits b (0] yoensb (M bit 1) , where Mbit is the number of bits transmitted on

the physical broadcast channel, are scrambled prior to modulation, resulting in a block of scrambled bits
blo),..., b(ME'it— 1) according to

bli|=(bli|+c(i+vM,,)|mod2

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

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

max

- for limax>4 , Vv is the three least significant bits of the candidate SS/PBCH block index

with Lmax 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 B(O] ey I; (M g:t— 1) are QPSK modulated as described in clause 5.1.3,
1)

resulting in a block of complex-valued modulation symbols d PRCH (0' yeend PBCH ( M symb ™
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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

7411 Demodulation reference signals for PDSCH
74.11.1 Sequence generation
The UE shall assume the sequence r(n) is defined by

1 1
r(n) =$(1—20(2n)) +J$(1—20(2n+1)) |

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

A

cm:(z”(N“‘“ # +1+1)(2N?§'°+1)+2”1%j+2N?§'°+r’1§CID mod2™'

symb ns,f

where | isthe OFDM symbol number within the slot, né‘, ¢ is the slot number within a frame, and

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

respectively, in the DMRS-DownlinkConfig IE if provided and the PDSCH is scheduled by PDCCH using DCI
format 1_1 or 1_2 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI

- N ?D € [O, 1,... ,655351’ is given by the higher-layer parameter scramblingIDO0 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-RNTTI;

2
- N;’BCID — N;]‘;’ I otherwise;

L j : ,
Nsop/AAare  given by

- if the higher-layer parameter dmrs-Downlink in the DMRS-DownlinkConfig IE is provided

ah —| Msci A=0o0rA=2
SCID 1— nSCID A =1
A=2

where A is the CDM group defined in clause 7.4.1.1.2.
- otherwise by
thID =Nscip
A=0

The quantity Ngcp € ‘}: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 Ngcp= 0
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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.

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

a7 = Bricnw; (kO (19K (2n+ k@
_@n+ 2k @A Configuration type 1
 @pn+ k@A Configuration type 2

k€ 0,1
I=1+19
n=0,1,...

where  Vr k ) , wll] , and A are given by Tables 7.4.1.1.2-1 and 7.4.1.1.2-2 and the following conditions are
fulfilled:

- the resource elements are within the common resource blocks allocated for PDSCH transmission

The reference point for ks

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

- otherwise, subcarrier 0 in common resource block 0

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

- for PDSCH mapping type A:

- l is defined relative to the start of the slot

[,=3

) 0 [,=2

if the higher-layer parameter dmrs-TypeA-Position is equal to 'pos3'and "0 otherwise

- for PDSCH mapping type B:

- l is defined relative to the start of the scheduled PDSCH resources
10:0

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

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, [, 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';

- ) ¢=3 and [ 4—4 symbols in Tables 7.4.1.1.2-3 and 7.4.1.1.2-4 respectively is only applicable when
dmrs-TypeA-Position is equal to 'pos2’;
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- single-symbol DM-RS, [;=11 except if all of the following conditions are fulfilled in which case
[,=12

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

- the higher-layer parameter dmrs-AdditionalPosition is equal to 'pos1'and [,=3 ;and

- the UE has indicated it is capable of additionalDMRS-DL-Alt

For PDSCH mapping type B

- if the PDSCH duration [, € {2,3,4,5,6,7,8,9,10,11,12,13} OFDM symbols for normal cyclic prefix
or I,E€ {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, ’ 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 [l; is 2 symbols, the UE is not expected to receive a DM-RS symbol beyond the
second symbol;

- if the PDSCH duration [, is5 symbols and if one additional single-symbol DMRS is configured, the UE
expects the additional DM-RS to be transmitted on the fifth symbol;

- if the PDSCH duration [l; 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 [l; 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 [ q other than 2, 5, and 7 symbols, the UE is not expected to receive
a DM-RS symbol beyond the (ld— 1) :th symbol;

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

- if the higher-layer parameter Ite-CRS-ToMatchAround, Ite-CRS-PatternList1, or Ite-CRS-PatternList2 is
configured, the PDSCH duration [;=10 symbols for normal cyclic prefix, the subcarrier spacing
configuration =0 , single-symbol DM-RS is configured, and at least one PDSCH DM-RS symbol in the
PDSCH allocation collides with a symbol containing resource elements as indicated by the higher-layer
parameter Ite-CRS-ToMatchAround, Ite-CRS-PatternList1, or Ite-CRS-PatternList2, then l shall be
incremented by one in all slots.

The time-domain index ' and the supported antenna ports p  are given by Table 7.4.1.1.2-5 where

- single-symbol DM-RS is used if the higher-layer parameter maxLength in the DMRS-DownlinkConfig IE is not
configured

- single-symbol or double-symbol DM-RS is determined by the associated DCI if the higher-layer parameter
maxLength in the DMRS-DownlinkConfig IE is equal to 'len2'.

In absence of CSI-RS configuration, and unless otherwise configured, the UE may assume PDSCH DM-RS and
SS/PBCH block to be quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and,
when applicable, spatial Rx parameters. Unless specified otherwise, the UE may assume that the PDSCH DM-RS
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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 we (k) w, (1D
A k’=0 k'= 10=0 1'=1
1000 0 0 +1 +1 +1 +1
1001 0 0 +1 -1 +1 +1
1002 1 1 +1 +1 +1 +1
1003 1 1 +1 -1 +1 +1
1004 0 0 +1 +1 +1 -1
1005 0 0 +1 -1 +1 -1
1006 1 1 +1 +1 +1 -1
1007 1 1 +1 -1 +1 -1
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Table 7.4.1.1.2-2: Parameters for PDSCH DM-RS configuration type 2.

p CDM group A we (k) w, (1D
A kl=0 k=1 10=0 =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 l for single-symbol DM-RS.

Iy insymbols DM-RS positions I
PDSCH mapping type A PDSCH mapping type B
dmrs-AdditionalPosition dmrs-AdditionalPosition
pos0 posl1 pos2 pos3 pos0 posl pos2 pos3
2 - - - - | | I I
3 I L, l 10 I I I I
4 10 10 Io lo 10 ’o lo lo
5 I L, l L, I I, 4] 1,4] 1,4
6 I I, I, L I ly,4 1,4 1,4
! Io lo Io lo lo ly,4 10,4 10,4
8 I e I, 1,61 1,3,] 1,,3,6
9 I PR I A A I, 1,7 | 1,4 1,,4,7
10 10 b o b | b 6o I L,7| 1,,4] 1,,4,7
6,9
11 I, b o bW | b 6o I 1,8 1,,4,] 1,,3,6
6,9
12 I, b o L [ b se| L 1,9 1,5,] 1,,3,6
6,9 11
13 I L [ h [ L sg| I 1,9 1,5, 1,,3,6
]1 7,11 11
14 10 L L | L sg - - - -
]1 7,11 11
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Table 7.4.1.1.2-4: PDSCH DM-RS positions l for double-symbol DM-RS.

ld in symbols DM-RS positions ’
PDSCH mapping type A PDSCH mapping type B
dmrs-AdditionalPosition dmrs-AdditionalPosition
pos0 posl1 pos2 pos0 posl1 pos2
<4 - -
4 L, , - -
5 I , L -] 1, -
6 L, , I Iy
7 I, L, | I
8 L, L, Iy - | 1,5
e L, L, I - | 1,5
10 L, h I, - | 1,7
11 L, L 4 L - 1,7
12 L, h I, -| 1,8
13 L, L, I, -| 1,8
10 -
14 ly ly i i
10

Table 7.4.1.1.2-5: PDSCH DM-RS time index [' and antenna ports p

Single or double symbol ' Supported antenna ports  p
DM-RS Configuration type 1 Configuration type 2
single 0 1000 — 1003 1000 — 1005
double 0,1 1000 — 1007 1000 — 1011
7.4.1.2 Phase-tracking reference signals for PDSCH
74.1.2.1 Sequence generation

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

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

k
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 3 prRs,i (o conform with the transmission

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

pb,H

(pu)_
ai i _BPT-RS,irk

when all the following conditions are fulfilled
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- I is within the OFDM symbols allocated for the PDSCH transmission

- resource element (k ,1 ) p,u 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

1. set =0 and lref:O

2. if any symbol in the interval mSX (lref+( i—1 )LPT.RS"' L)oo Lo+ Lprgs overlaps with a symbol
used for DM-RS according to clause 7.4.1.1.2

- set i=1

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

- repeat from step 2 as longas [+ Lpprs is inside the PDSCH allocation
3. add [ +iLypgs tothe set of time indices for PT-RS

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

where LPT-RSE{ 1:2:4,}

For the purpose of PT-RS mapping, the resource blocks allocated for PDSCH transmission are numbered from 0 to

Nig—1 from the lowest scheduled resource block to the highest. The corresponding subcarriers in this set of

RB
resource blocks are numbered in increasing order starting from the lowest frequency from 0 to Ny Npg—1 . The

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

k =k +(iKppes + kRB) N%®

ref ref

KRB — @yRNT! mod Ky s if Npy mod K ps =0
! v Mod( Ny mod K, o) otherwise

where
- i=0,1,2,...
RE
Kret is given by Table 7.4.1.2.2-1 for the DM-RS port associated with the PT-RS port according to clause 5.1.6.3

in [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.

- MRNTI {5 the RNTI associated with the DCI scheduling the transmission

- NRB is the number of resource blocks scheduled

- Kppps€12,4] s given by [6, TS 38.214].
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RE
Table 7.4.1.2.2-1: The parameter Krei .

DM-RS antenna kr?fz
port DM-RS Configuration type 1 DM-RS Configuration type 2
p 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
7.4.1.3 Demodulation reference signals for PDCCH
7.4.13.1 Sequence generation

The UE shall assume the reference-signal sequence T (m) for OFDM symbol I is defined by

=L~ «c\2m +'L
rm=-S1-2c(2m)+j

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

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

Con=(27 [N, 1t 41412 N, #1]+2 N, | mod 2"

init —
. e T .
where l is the OFDM symbol number within the slot, ¢ is the slot number within a frame, and

Nip O{ 0.1,...,65535} is given by the higher-layer parameter pdcch-DMRS-ScramblingID if provided

N — Ncell .
D D otherwise.

7.4.1.3.2 Mapping to physical resources

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

aht) = Bons @(3n+k P
k = nN=® + 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 ks

- 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
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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

74.1.4.1 Sequence generation

The UE shall assume the reference-signal sequence r (m) for an SS/PBCH block is defined by

1

r(m) \/E(l—Z-C(Zm)

1
)+]E[1—2-C(2m+1))

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

Con = 2" (Tsp +1) (@ /48 1) + 2° (T +1) +( Ni3' mod 4

where
- for Lpx=4 , ksn = Lssn + 4y where ™ is the number of the half-frame in which the PBCH is

nhf:0 n=1

transmitted in a frame with for the first half-frame in the frame and for the second half-

frame in the frame, and S8 is the two least significant bits of the candidate SS/PBCH block index as defined
in [5, TS 38.213]

4

- for Lpa>4 Sop = ssp where 's$B s the three least significant bits of the candidate SS/PBCH block
index as defined in [5, TS 38.213]

with i,max being the maximum number of candidate SS/PBCH blocks in a half frame, as described in [5, TS
38.213].

7.4.1.4.2 Mapping to physical resources
Mapping to physical resources is described in clause 7.4.3.
7.4.1.5 CSl reference signals

7.4.15.1 General

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

- for a non-zero-power CSI-RS configured by the NZP-CSI-RS-Resource IE or by the CSI-RS-Resource-Mobility
field in the CSI-RS-ResourceConfigMobility 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.
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7.4.1.5.2 Sequence generation

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

r(m)= ((1 20(2m))+]\/>[1 —2:c(2m+1)|

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

:(210(N51°t " +l+1)(2n +1)+nID)mod231

init symb s f

at the start of each OFDM symbol where ng ¢ is the slot number within a radio frame, I is the OFDM symbol
number within a slot, and Mip equals the higher-layer parameter scramblingID or sequenceGenerationConfig.
7.4.153 Mapping to physical resources
For each CSI-RS configured, the UE shall assume the sequence | (m) being mapped to resources elements
'k, l)p,u according to
a,((f’l““) = Besms Wi (kD) -w, (10 Tin,; (mD)
0
ml=]na] +k0+[ kR’OB 0
i Nse 8
k =nN2B 4k + kI
1=+’

0p forX =1
a =[

g2p forX >1
n=0,1,...

when the following conditions are fulfilled:

- the resource element (k , l] p.u 1s 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 ¥ 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 B csirs >0 for a non-zero-power CSI-RS where P CSIRS  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' s ' , Wf[k ] , and Wt“ ) are given by Tables 7.4.1.5.3-1 to 7.4.1.5.3-6 where each

\k’ ” 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, cees 13} and [, € {2, 3,..., 12} are provided by the higher-layer

parameters firstOFDMSymbolInTimeDomain and firstOF DMSymbolInTimeDomainZ2, respectively, in the CSI-RS-
ResourceMapping IE or the CSI-RS-ResourceConfigMobility IE and defined relative to the start of a slot.
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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

o by ke =Fl for row 1 of Table 7.4.1.5.3-1

~ bl ki =Flil for row 2 of Table 7.4.1.5.3-1
o bl k=4Sl for row 4 of Table 7.4.1.5.3-1
- [bS'”bO} , ki-1:2f(i) for all other cases

where f (l] is the bit number of the ith bit in the bitmap set to one, repeated across every [/ P I 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+L;
j=01,...,N/L-1
s=0,1,...,L-1;

[ |
where S is the sequence index provided by Tables 7.4.1.5.3-2 to 7.4.1.5.3-5, Lek1’2’4’81 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 “k’ ” 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, u Ho_
( Nslol nf + ns,f ];ffsel )

modT,

CSI-RS

=0

where the periodicity Testrs (in slots) and slot offset T e 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.
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Table 7.4.1.5.3-1: CSI-RS locations within a slot.
Ro | Port | Densit cdm-Type (ic 7) CDM group k’ 1
wo| s y P ’ index /
1 1 3 noCDM (ko’lo) (k0+4,10) , (ko+8:lo) 0,0,0 0 0
2 1 1,05 [ noCDM (ko:lo) 0 0 0
3 2 1,05 fd-CDM2 k1 0 0,1 |0
(Koo lo)
4 4 1 fd-CDM2 (ko:lo) ’ (k0+2’10) 01 0,1 |0
5 4 1 fd-CDM2 (ko’lo) , (ko:lo"'l) 01 0,1 |0
6 8 1 fd-CDM2 (ko’loJ (kplo)v (kz’lo): 0,123 0,1 |0
(k3’lJ
7 8 1 fd-CDM2 Eko’loJ ) (kvlo) ’ (k0,10+1) , 01,23 0,1 |0
k., 1 +1
8 8 1 g_dDrr214-FD2- (kloloo) (kplo) 0,1 0,1 [01
9 12 1 fd-CDM2 (ko:lo) ' (kplo) (kz:lo) ' 0,1,2,3,4,5 0,1 |0
(k3’lo) (k4’lo) (ks’lo)
10 |12 1 cdm4-FD2- (ko’lo) (kplo) (kz’lo) 0,1,2 0,1 [0,1
TD2
11 16 1,05 fd-CDM2 (ko:lo) (kplo) (kz:lo) ’ géég 0,1 |0
(kB,IO) (k0,10+1) (kl,lo+1) ,
(ky, Lo+ 1) kg, I+ 1]
12 |16 1,05 %24-@2- Eko’log (kplo) ky, 1| 0,1,2,3 0,1 |01
k3’10
13 | 24 1,05 | fd-CDM2 (ko:lo) (klilo) (k2:lo) 0,1,2,3,4,5, 0,1 |0
((ko,lo-l)-l) ( {klilo+1() : gk2,10+1) o780
) kO’ll ) k1:11 ) kZ’ll )
ko, Li#1) [k, L#1) [k, 1 +1)
14 |24 1,05 $%24-FD2- (ko’lo) (kplo)y (kz:lo). 01,2345 0,1 |01
(ko:l1) (kl’ll) , (kz’l1)
15 |24 1,05 %rzs-Foz- (ko’lo) (kplo) ’ (kz,lo) 0,1,2 0,1 (1):
2,3
16 | 32 1,05 fd-CDM2 (ko:lo) (kl’lo)' (kz:lo)- gégg 0,1 |0
ksobo| o (ko Lo+ 1) (kL 1+1) 89,1011
(k2,10+]—) ’ (k3’10+1) , (kogll) ’ 12,13,14,15
(kl’llj (kZ’ll) ' (k3’11) ,
[k0,11+1)) (kl,ll+1) , (k2,11+1]
ks, [ +1
17 | 32 1,05 $0|Dn214-FD2- (ko:lo) (kplo) (kz:lo) (;,1,2,3,4,5,6, 0,1 0,1
(k3,l0 (ko,l1 (kl,ll)
(kz:ll (k3’l1
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18 | 32 1,05 cdm8-FD2- (ko:lo) ' (kplo) , (kz:lo) ’ 01,23 01 |01,

TD4
[k, by

Table 7.4.1.5.3-2: The sequences Wf(k) and wll' for cdm-Type equal to 'noCDM'.

Index Wf(VO] WI(O)
0 1 1

Table 7.4.1.5.3-3: The sequences Wf(kr] and will for cdm-Type equal to 'fd-CDM2'.

Index Wf(O) Wf(l) Wt(o)
0 41 +1] !
L +1 1] !

Table 7.4.1.5.3-4: The sequences Wf(k) and el for cdm-Type equal to 'cdm4-FD2-TD2'.

Index w0 w1 w0l w1
0 +1 +1] +1 +1
1 +1 -1 +1 +1
2 +1 +1 +1 -1
3 s -1 s -1

Table 7.4.1.5.3-5: The sequences Wf[k) and Wr(l] for cdm-Type equal to 'cdm8-FD2-TD4'.

Index w0 w1 wlol wl1l w2 w
0 +1 41 +1 +1 +1 +1
1 +1 -1 +1 +1 +1 +1
2 +1 +1 +1 -1 +1 -1
3 +1 -1 +1 -1 +1 -1
4 +1 +1 +1 +1 -1 -1
> ! +1 +1 -1 -1
6 +1 +1 +1 -1 -1 41
7 +1 -1 +1 -1 -1 +1

7.4.1.6 RIM reference signals

7.4.1.6.1 General

RIM-RS can be used by an gNB to measure inter-cell interference and to provide information about the experienced
interference to other gNBs. Up to two different types of RIM-RS can be configured where

- 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
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L 1-2c(2m))

.1
7 I

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

rim|= 1-2c[2m+1])

Cini (210f n RIM)+nSCID) mod 2%

where
- Ngcrp € {0,1 eees 210— 11’ is given by clause 7.4.1.6.4.4;
- f(n? IM) = Z 2'¢ ( i ) where the pseudo-random sequence ¢ (1) is given by clause 5.2.1, initialized with
éinlt( ) (ynRIM ) mod 2*'  where the multiplier factor yE |0’1, . ,,,231—1 } and the offset
6 € 10, ). 2 1 ;
- n™M=l (tEISM — M )/ Tpe | is the number of RIM-RS transmission periods since ¢y where
- tﬁISM— tiIfM is the time in seconds relative to tf{eIfM of 00:00:00 on 1 January 1900, calculated as
continuous time without leap second and traceable to a common time reference, and
Tséiw: Nﬁgt /11000- 2“) is the RIM-RS transmission periodicity in seconds assuming that the first
RIM-RS transmission period starts at tiIfM ,and where [N ffo . Is given by clause 7.4.1.6.4.2.
7.4.1.6.3 Mapping to physical resources

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

alip’RIM):BRIMr(k)
k=0,1,...,Lyy—1

where B 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} inslot nf; ina frame is given by
__ ' UD,RIM slot
IO_ Toffset mOd Nsyrnb

in slots satisfying

slot slot slot —

frame, i rRIM frame, i _RIM 4 UD,RIM ; A slot ) .
1024 N e NNt (T [ ToRM NS ]| mod N2, =0

where

slot slot

B} RIM {() 1,...,N" /(1024 Nemen ) 1} counts the number of times the SEN periods within the RIM-

RS transmission perlod,

TUDRM — \pUDRIM_ NRIMLE - here NUPRM (23 20-2+14—1] is the symbol offset of the

ref symb,ref ref
reference point after the starting boundary of the uplink-downlink switching period in which the RIM-RS is
RIM, i

mapped to and N gpp o

is obtained as described in clause 7.4.1.6.4.2;

- N 1:1‘0 . is the total number of slots in a RIM-RS transmission period as defined in clause 7.4.1.6.4.2;
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- Toffset is the slot offset of the uplink-downlink switching period with index i? ™M 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
7.4.1.6.4.1General
A resource for RIM-RS transmission is defined by the indices l'tR Me {0,1 T 1} ,

i?IM € { 0,1,..., N?IM — 1} , and i?IM € { 0,1,..., N?IM’i— 1| used as indices into configured lists of time,

frequency, and sequence parameters, respectively.

All RIM-RS resources occupy the same number of resource blocks, N ngl . At most 32 RIM-RS resources can be
configured within a 10 ms period.

7.4.1.6.4.2Time-domain parameters and mapping from [, to time-domain parameters

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

- If a single uplink-downlink period is configured for RIM-RS purposes,
- p

. is the RIM-RS transmission periodicity in terms of uplink-downlink switching periods given by

2P TRM 1024 NIk

per,1 slot

1024 Nfrarne,y 2y TRIM

slot per,1

t

where Tp' €0.5,0.625,1,1.25,2,2.5,4,5,10,20| ms;

- N fl‘ot =D P, Tﬁelf/ll is the total number of slots in a RIM-RS transmission period,;
T oo =2""1 FIM T[[Ewl is the slot offset of the uplink-downlink switching period with index if{ ™M with

respect to the starting boundary of the RIM-RS transmission period

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

- P, is the RIM-RS transmission periodicity in terms of P, 12 pairs of uplink-downlink switching
periods and is given by

I4

2" P[TRM+TEM /2 1024 NI
‘ 1024 N'me s 2! | TRM 4 TR |/

per,1 per,2

where each pair consists of a first period of T?eli\:ll €0.5,0.625,1,1.25,2,2.5,3,4,5,10,20, ms and

a second period of Ty €/0.5,0.625,1,1.25,2,2.5,3,4,5,10| ms and where Ty +Thor s

divides 20 ms;

Pt
slot

- N

=2"Pp, (T;Ii\j[ 1+T§£\f[2 )/ 2 is the total number of slots in a RIM-RS transmission period;

- TOffset =2"[i7™/2] (Tﬁjff 1+T§£\j[ 2)+2’J ( i mod 2 ng\j[ 1 is the slot offset of the uplink-downlink

switching period with index | FIM with respect to the starting boundary of the RIM-RS transmission
period

The intermediate quantity Pt is given by
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NRIML NRIM2
setID setID . . . . .
[ 7NRIM R IR +[ 7NRIMNRIM’2 I R, if EnoughlIndication is disabled
N — f s f s
t ) NRIM,l RIM,2
setID setID . . . .
[ W} R +[ R IR, if EnoughIndication is enabled
f s f s
where
N RIML - and N RIM.2 2 re the total number of setIDs for RIM-RS type 1 and RIM-RS type 2, respectively;
setID setID yp yp 5 pectively;

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

N ?IM’i € [1,2 yeo ,8} is the number of candidate sequences assigned for RIM-RS type 1€ { 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

symbyref 1S Obtained from entry r  inalist of configured symbol offsets for RIM-RS i

The quantity N

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

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

for RIM-RS and is obtained from entry | ?IM in a list of configured frequency offsets expressed in units of resource

blocks.

RIM

The number of candidate frequency resources configured in the network, N , shall fulfil

size,t nrsc i, size, it prsC i,
Ngig" Ngg-2"+15 N Ngig" Ngg+27-15

N?IMS - [ - j+].
40-10 80-10
If N ?IM> 1 , the frequency difference between any pair of configured frequency offsets in the list is not smaller than
NRM
RB

The number of resource blocks for RIM-RS is given by
Ny =min|96, N2 | for p=0
N3 € |min |48, N3ist | min 96, Nyiste || for p=1

7.4.1.6.4.4Sequence parameters and mapping from is to sequence parameters
The scrambling identity Ngrp clause 7.4.1.6.2 is obtained from entry i?IM in a list of configured scrambling
identities.

7.4.1.6.4.5Mapping between resource triplet and set ID

.RIM .RIM d .RIM

The resource indices i, , g ,and i are determined from the index F inthesetID Nyp

according to

.RIM
i, =T

t start

n o n
+/ S‘lﬁﬁ Jmod N\™|R+r  if™M= [—RH\THDRIM J mod N{™
N N

S t S

.RIM RIM
i, =S +(n5etID mod N )

S start
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where

- N FIM is given by

RIM, 1
N

[ 7NRIMS;[\I]—DRIM,1 ] for RIM-RS type 1 and if EnoughIndication is disabled
f s
2 Nip'
NRIM NRIM,I
f s
NRIM,Z

=0___]  for RIM-RS type 2

RIM A7RIM,2
N f N s

N™M={T | for RIM-RS type 1 and if EnoughIndication is enabled

- N ?IM S {1,2,4} is the number of candidate frequency resources configured in the network;

- N ?IM is the number of sequence candidates for the current RIM-RS resource given by

N™' for RIM-RS type 1 and if EnoughIndication is disabled
NI™M={NF™1/2  for RIM-RS type 1 and if EnoughlIndication is enabled
N™2  for RIM-RS type 2

S

- T,.. Iisthe starting time offset given by
0 for RIM-RS type 1
NRIMI

[ NRML;\?RW IR, for RIM-RS type 2 and if EnoughIndication is disabled
f s

RIM, 1
2

[—0__]R, for RIM-RS type 2 and if EnoughIndication is enabled

RIM A7RIM,1
N f N s

start —

- S, isgivenby
_| N2 if Enoughlndication is enabled and 'enough mitigation' is to be indicated
st 0 otherwise

RIM, 1
where N

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

- re {0,1 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

.RIM
nsetID: isRIM_ Sstart)+N§IM [ % j+ NFIM NSRIM i}UM
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].
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7.4.1.7.2 Sequence generation
The UE shall assume the reference-signal sequence r (m] is defined by

1 .1
riml=—=1-2c[2m||+j—=
=Lii-acamiei L
where the pseudo-random sequence ¢ i ) is defined in clause 5.2.1. The pseudo-random sequence generator shall be
initialised with

[1-2c[2m+1]|

PRS

O =[ 272 D559 4910 ot +l+1)(2(nPRS mod 1024)+1)+(nPRS mod 1024

mod 2°'
init — 102 4 symb " 's,f ID,seq ID,seq

PRS
ID,seq

€/0,1,...,4095| is given by the higher-
layer parameter dI-PRS-SequencelD, and [ is the OFDM symbol within the slot to which the sequence is mapped.

where n: ¢ is the slot number, the downlink PRS sequence ID n

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

Prrs and mapped to resources elements \k,1 ) p.u according to
(poul_ — _ PRS PRS ' PRS
aklfly_BPRSr[\m) m_o) 1’ k_chomb+((koffset+k ) mOd Kcomb)
__JPRS {PRS PRS
= lstart 5 Istart+ ]-: ) lstart +LPRS —1
when the following conditions are fulfilled:

- the resource element |k, 1| ).
which the UE is configured,;

, s within the resource blocks occupied by the downlink PRS resource for

- thesymbol [ is notused by any SS/PBCH block used by a serving cell for downlink PRS transmitted from
the same serving cell or any SS/PBCH block from a non-serving cell whose time frequency location is provided
to the UE by higher layers for downlink PRS transmitted from the same non-serving cell;

- the slot number satisfies the conditions in clause 7.4.1.7.4.
and where

- the antenna port  p=5000

lPRS
start

ResourceSymbolOffset;

is the first symbol of the downlink PRS within a slot and given by the higher-layer parameter dI-PRS-

- the size of the downlink PRS resource in the time domain  Lppq € | 2,4,6,12} is given by the higher-layer
parameter dI-PRS-NumSymbols;

- the combsize K ffrﬁb € ‘{2, 4, 6,12} is given by the higher-layer parameter dI-PRS-CombSizeN such that the

combination | Lpps, Kinoy | is one of {2, 2},{4, 2}, {6, 2}, {12, 2}, {4, 4}, {12, 4}, {6, 6}, {12, 6} and {12,
12};

- the resource-element offset  K.g, € {0,1 pee, Koo — 1} is obtained from the higher-layer parameter dI-
PRS-CombSizeN-AndReOffset;

- thequantity 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.
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Table 7.4.1.7.3-1: The frequency offset k' asa functionof [—['

PRY s R PRS

K Symbol number within the downlink PRS resource | —|_ &
0 1 2 3 4 5 6 7 8 9 10 11
2 0 1 0 1 0 1 0 1 0 1 0 1
4 0 2 1 3 0 2 1 3 0 2 1 3
6 0 3 1 4 2 5 0 3 1 4 2 5
12 0 6 3 9 1 7 4 10 2 8 5 11

7.4.1.7.4 Mapping to slots in a downlink PRS resource set

For a downlink PRS resource in a downlink PRS resource set, the UE shall assume the downlink PRS resource being
transmitted when the slot and frame numbers fulfil

PRS
frame, p _ mPRS _ 4:PRS PRS [ : 7-PRS | Ty —1
Nslot nf+ ns,f Toffset Toffset,res mOd Tper € Ll Tgap ji:O

and one of the following conditions are fulfilled:

- the higher-layer parameters dI-PRS-MutingOption1 and dI-PRS-MutingOption2 are not provided;

- the higher-layer parameter dI-PRS-MutingOption1 is provided with bitmap  |b'|  but dI-PRS-MutingOption2

with bitmap { bZ} is not provided, and bit bl.1 is set;

- the higher-layer parameter dI-PRS-MutingOptionZ2 is provided with bitmap { bz} but dI-PRS-MutingOption1
with bitmap {bl} is not provided, and bit bi2 is set;
- the higher-layer parameters dI-PRS-MutingOptionl with bitmap {bl} and dI-PRS-MutingOption2 with

{bzl are both provided, and both bit b} and b’ are set.

where

1 . . . i s PRS PRS PRS PRS . . .
- by isbit i=] (N aot Nl —T o — Toffset’res) / ( T T ) JmodL in the bitmap given by

muting - per

the higher-layer parameter dI-PRS-MutingOptionl where L € {2, 4,6,8,16,32 } is the size of the bitmap;

- b} isbit i:[((Nframe’”nﬁn_f,f—TPRS —Th ) mod TESFS)/TPRSjmod TP~®  in the bitmap

slot offset offset,res gap rep

given by the higher-layer parameter dI-PRS-MutingOption2;

- the periodicity
Tia € 2" 4,5,8,10,16,20,32,40,64, 80,160, 320,640, 1280, 2560,5120, 10240|  and the slot
offset  Tipo, € JtO,l yeuns T;is— 1} are given by the higher-layer parameter dI-PRS-Periodicity-and-
ResourceSetSlotOffset;

PRS
offset,res

- the downlink PRS resource slot offset T
ResourceSlotOffset;

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

PRS
T rep

ResourceRepetitionFactor;

- the repetition factor € l 1,2,4,6,8,16,321’ is given by the higher-layer parameter dI-PRS-

- the muting repetition factor Tiitsmg

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

PRS

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

- thetimegap T

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 5.1.6.5 of [6, TS 38.214].
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7.4.2 Synchronization signals

7421 Physical-layer cell identities

There are 1008 unique physical-layer cell identities given by
Nip'=3Nip+Nip

where N%) € {0,1,...,335} and N% € {0,1,2}

7.4.2.2 Primary synchronization signal

74221 Sequence generation

The sequence dPSS(n) for the primary synchronization signal is defined by

dpss(n|=1—2x(m|
m=(n+43 N'?)|mod 127

0<n<127
where
x(i+7)=(x[i+4]+x[i)|mod 2
and
x16) x5 x4l x(3] x[2) x( xlo/l=l1 1 10 1 1 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 dSSS(n) for the secondary synchronization signal is defined by

s |=[1-2, [+ my | mod 127 [1-2.x, [ n+m, | mod 127 |
b (2)
D 2
m0:1SE+5NID
m,=N'Ymod 112
0<n<127
where
xo(i+7):(x0(i+4]+x0[i))rnodz
x,(i+7|=x,[i+1)+x [i]| mod 2
and
x,(6] x,(5] x,4] x,03] x,2] x,1] x,00)[=[0 0 0 0 0 0 1]
x,l6] x5 x,04] x,[3] x(2) x[1] xlol]=lo 0 0 0 0 0 1]
7.4.2.3.2 Mapping to physical resources

Mapping to physical resources is described in clause 7.4.3.
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7.4.3 SS/PBCH block
7.4.3.1 Time-frequency structure of an SS/PBCH block

In the time domain, an SS/PBCH block consists of 4 OFDM symbols, numbered in increasing order from 0 to 3 within
the SS/PBCH block, where PSS, SSS, and PBCH with associated DM-RS are mapped to symbols as given by Table
7.4.3.1-1.

In the frequency domain, an SS/PBCH block consists of 240 contiguous subcarriers with the subcarriers numbered in

increasing order from 0 to 239 within the SS/PBCH block. The quantities k and | represent the frequency and
time indices, respectively, within one SS/PBCH block. The UE may assume that the complex-valued symbols

corresponding to resource elements denoted as 'Set to 0' in Table 7.4.3.1-1 are set to zero. The quantity Vv in Table
cell

7.4.3.1-1is givenby V=N,

resource block N 2;]]33 to subcarrier 0 of the SS/PBCH block, where [N (S;{% is obtained from the higher-layer

k

parameter offsetToPointA. For operation without shared spectrum channel access, the 4 least significant bits of =~ "SSB

mod4 . The quantity kss is the subcarrier offset from subcarrier 0 in common

are given by the higher-layer parameter ssb-SubcarrierOffset and for FR1 the most significant bit of kSSB is given by
a A+s inthe 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  kggp  are given by the higher-layer parameter ssb-SubcarrierOffset and the

most significant bit of l;SSB is given by a A+s inthe PBCH payload as defined in clause 7.1.1 of [4, TS 38.212].

If l,(SSB 224, Ky :i(SSB ; otherwise, Kgop=2] l,(SSB/ 2 | , and if ssb-SubcarrierOffset is not provided,
kqss 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,

kez€0,1,2, ..., 23]

[ |
- for SS/PBCH block type A, H €0, 1,‘ and with the quantities kSSB , and

N 2;]]33 expressed in terms of 15 kHz subcarrier spacing, and

[ 4l ‘ |
- for SS/PBCH block type B, HE 34 and kesp€0,1,2, ..., 11] with the quantity kSSB expressed in
terms of the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon and
N f;f{; expressed in terms of 60 kHz subcarrier spacing;

. SSB . . .
- the centre of subcarrier 0 of resource block N/ rp  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 SSIPBCH block for PSS, SSS, PBCH, and DM-RS for PBCH.

Cha_nnel OFDM symbol number l Subcarrier number k
or signal relative to the start of an SS/IPBCH relative to the start of an SS/IPBCH block
block
PSS 0 56, 57, ..., 182
SSS 2 56, 57, ..., 182
Setto 0 0 0,1,...,55 183,184, ...,239
2 48,49, ..., 55,183, 184, ..., 191
1,3 0,1,...,239
PBCH 2 0,1, ...,47,
192,193, ..., 239
f 1,3 0+v,4+v 8+v,...,236+v
DM-RS for
PBCH ) 0+v,4+v,8+v,..., 44+v
192+v,196+v,...,236 +v
74311 Mapping of PSS within an SS/PBCH block

pss (0),..., dpss (126)

The UE shall assume the sequence of symbols constituting the primary synchronization signal

to be scaled by a factor p PSS to conform to the PSS power allocation specified in [5, TS 38.213] and mapped to

resource elements (k ,1 ) p,u inincreasing order of k' where K and | are given by Table 7.4.3.1-1 and
represent the frequency and time indices, respectively, within one SS/PBCH block.

7.4.3.1.2 Mapping of SSS within an SS/PBCH block
dSSS(O)""’dSSS(126)

The UE shall assume the sequence of symbols constituting the secondary synchronization
signal to be scaled by a factor P 'S$S and mapped to resource elements (k )1 )p, ¢ 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 ~ d PBCH(O) yeeesd PBCH(M 1) constituting the

symb -
physical broadcast channel to be scaled by a factor P ‘PBCH  to conform to the PBCH power allocation specified in [5,

TS 38.213] and mapped in sequence starting with dPBCH(O) to resource elements (k 1 ) p,u  which meet all the
following criteria:

- they are not used for PBCH demodulation reference signals

The mapping to resource elements (k ,1 ) p,u hotreserved 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),...,!‘(143) constituting the demodulation

reference signals for the SS/PBCH block to be scaled by a factor of Eglc'ﬁs to conform to the PBCH power

allocation specified in [5, TS 38.213] and to be mapped to resource elements (k N ) p,u N increasing order of first

k andthen | where K and | are given by Table 7.4.3.1-1 and represent the frequency and time indices,
respectively, within one SS/PBCH block.
7.4.3.2 Time location of an SS/PBCH block

The locations in the time domain where a UE shall monitor for a possible SS/PBCH block are described in clause 4.1 of
[5, TS 38.213].
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8 Sidelink

8.1 Overview

8.1.1 Overview of physical channels

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

- Physical Sidelink Shared Channel, PSSCH
- Physical Sidelink Broadcast Channel, PSBCH
- Physical Sidelink Control Channel, PSCCH

- Physical Sidelink Feedback Channel, PSFCH

8.1.2 Overview of physical signals

A sidelink physical signal corresponds to a set of resource elements used by the physical layer but does not carry
information originating from higher layers.

The following sidelink physical signals are defined:
- Demodulation reference signals, DM-RS
- Channel-state information reference signal, CSI-RS
- Phase-tracking reference signals, PT-RS
- Sidelink primary synchronization signal, S-PSS

- Sidelink secondary synchronization signal, S-SSS
8.2 Physical resources
8.2.1  General

The OFDM symbol immediately following the last symbol used for PSSCH, PSFCH, or S-SSB serves as a guard
symbol.

The first OFDM symbol of a PSSCH and its associated PSCCH is duplicated as described in clauses 8.3.1.5 and 8.3.2.3.
The first OFDM symbol of a PSFCH is duplicated as described in clause 8.3.4.2.2

8.2.2 Numerologies

Multiple OFDM numerologies are supported as given by Table 8.2.2-1 where 1 and the cyclic prefix for a sidelink
bandwidth part are obtained from the higher-layer parameter sl-BWP.

Table 8.2.2-1: Supported transmission numerologies.

U Af=2%-15 Cyclic prefix
[kHz]

0 15 Normal

1 30 Normal

2 60 Normal, Extended

3 120 Normal
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8.2.3 Frame structure

8.23.1 Frames and subframes

The frame and subframe structure for sidelink transmission is defined in clause 4.3.1.

8.2.3.2 Slots

The slot structure for sidelink transmission is defined in clause 4.3.2.

8.2.4 Antenna ports

An antenna port is defined in clause 4.4.1.

The following antenna ports are defined for the sidelink:
- Antenna ports starting with 1000 for PSSCH
- Antenna ports starting with 2000 for PSCCH
- Antenna ports starting with 3000 for CSI-RS
- Antenna ports starting with 4000 for S-SS/PSBCH
- Antenna ports starting with 5000 for PSFCH

For DM-RS associated with a PSBCH, the channel over which a PSBCH symbol on one antenna port is conveyed can
be inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two
symbols are within a S-SS/PSBCH block transmitted within the same slot, and with the same block index according to
clause 8.4.3.1.

For DM-RS associated with a PSSCH, the channel over which a PSSCH symbol on one antenna port is conveyed can be
inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two symbols
are within the same frequency resource as the scheduled PSSCH and in the same slot.

For DM-RS associated with a PSCCH, the channel over which a PSCCH symbol on one antenna port is conveyed can
be inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two
symbols are within the same frequency resource as the transmitted PSCCH and in the same slot.

8.2.5 Resource grid

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

For sidelink, the carrier bandwidth [N ;eriS’“ and the starting position [N ;ﬁg’“ for subcarrier spacing configuration

[ are obtained from the higher-layer parameter sI-SCS-SpecificCarrierList.

For the sidelink, the higher-layer parameter sl-TxDirectCurrentLocation indicates the location of the transmitter DC
subcarrier in the sidelink for each of the configured bandwidth parts. Values in the range 0 — 3299 represent the number
of the DC subcarrier, the value 3300 indicates that the DC subcarrier is located outside the resource grid, and the value
3301 indicates that the position of the DC subcarrier in the sidelink is undetermined. The DC subcarrier location offset
relative to the center of the indicated subcarrier is given by 7.5+5 N kHz if frequencyShift7p5khzSL is provided

andby 5N KkHz otherwise, where N € { - 1,0,1} is given by the higher-layer parameter valueN.

8.2.6 Resource elements

Resource elements are defined in clause 4.4.3.

8.2.7 Resource blocks

Resource blocks are defined in clause 4.4.4.

Point A for sidelink transmission/reception is obtained from the higher-layer parameter sl-AbsoluteFrequencyPointA.
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8.2.8 Bandwidth part

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

8.3 Physical channels

8.3.1 Physical sidelink shared channel
8.3.1.1 Scrambling

For the single codeword =0 , the block of bits b“q:‘(O] ooy b}q:‘( M\ 1) , where

bit
M (b‘i]t) =M (l;i]t),SC12+ M ](ﬂgdata 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
set =0
set j=0
. . (q]
while i<M SH

if b(q)[i) =x // SCI placeholder bits

b'[i|=b""i-2|
j=j+1
else
bi)= (i) +¢ (i~ F})) | mod 2
end if
i=i+1
end while

where the scrambling sequence c“ql (i ) is given by clause 5.2.1 and
) . (q)
for - 0<i<Myi sci

~

lq) _ -
- M;i=j
- The scrambling sequence generator shall be initialized with
15
Cinit=2 Np+1010
where Np,=N ﬁ) mod2'® and the quantity N 1);) equals the decimal representation of the CRC on

-1
the PSCCH associated with the PSSCH accordingto N ﬁj = Z D; 2R With p and L given
i=0
by clause 8.3.2 in [4, TS 38.212].
. (
- for M (b?t),SCIZ <i<My)

~

lq) — 4 sla)
- Mi,j_ bit,SCI2

- The scrambling sequence generator shall be initialized with
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;i =2"N,,+1010
where N =N ﬁ;, mod2'® and the quantity N ﬁ:, equals the decimal representation of the CRC on

L-1

the PSCCH associated with the PSSCH accordingto Njo=>_ p.-2"'" with p and L given
i=0

by clause 8.3.2 in [4, TS 38.212].

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(Q)(O), ooy d(q)(M(q) — 1) where M(quZM(;;I)Hb’1+M(q)

symb Syl symb,?2

Modulation for 0<i<M g&scu shall be done as described in clause 5.1 using QPSK, where
(@ _pgla)
M 1= Mgy scro /2

symb, 1
Modulation for M (bLiIt),SCIZ <i<M g}t) shall be done as described in clause 5.1 using one of the modulation schemes
in Table 8.3.1.2-1 where  M'% ,=MJ)y../Q, -

Table 8.3.1.2-1: Supported modulation schemes.

Modulation scheme Modulation order
Qn
QPSK 2
16QAM 4
64QAM 6
256QAM 8
8.3.1.3 Layer mapping
Layer mapping shall be done according to clause 7.3.1.3 with the number of layers v € { 1,2} , resulting in
. ; 1)\ |T L 1
x(I):[x(O)(l) X" 1)(1)] . 1=0,1,..., Mg, —1
8.3.14 Precoding
The block of vectors [ X(O)(i) . X(U_l)(i)r shall be precoded according to clasue 6.3.1.5 where the precoding
matrix W equals the identity matrix and M), ;=M fgﬁrb
8.3.15 Mapping to virtual resource blocks
For each of the antenna ports used for transmission of the PSSCH, the block of complex-valued symbols
2?l0l,...,z2" (M .,—1) shall be multiplied with the amplitude scaling factor ~Sp\ire  in order to conform

to the transmit power specified in [5, TS 38.213] and mapped to resource elements (k "1 ) p,u  in the virtual resource
blocks assigned for transmission, where k = () 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;
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- 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, including any
DM-RS, PT-RS, or CSI-RS occurring in the first OFDM symbol, shall be duplicated in the OFDM symbol immediately
preceding the first OFDM symbol in the mapping.

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

For non-interleaved VRB-to-PRB mapping, virtual resource block n is mapped to physical resource block n

8.3.2 Physical sidelink control channel
8.3.2.1 Scrambling

The block of bits  b(0],...,b(M,,,—1) ,where M, isthe number of bits transmitted on the physical

channel, shall be scrambled prior to modulation, resulting in a block of scrambled bits I;(O) yeees I;(M bit 1)
according to

B(i)Z(b(i)+c(i))mod2

where the scrambling sequence ¢ (l] is given by clause 5.2.1. The scrambling sequence generator shall be initialized
with

¢, —1010

init
8.3.2.2 Modulation

The block of scrambled bits I;(OJ yeens b (M bit— 1) shall be modulated as described in clause 5.1 using QPSK,
1) where M, =M, /2

resulting in a block of complex-valued modulation symbols ~ d (0) | (M symb —

symb_
8.3.2.3 Mapping to physical resources

The set of complex-valued modulation symbols  d (0) yeensd (M symb 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 [O] to resource elements (k| )p) , 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
theindex Kk over the assigned physical resources, and then the index [ on antenna port p=2000

The resource elements used for the PSCCH in the first OFDM symbol in the mapping operation above, including any

DM-RS, PT-RS, or CSI-RS occurring in the first OFDM symbol, shall be duplicated in the immediately preceding
OFDM symbol.

8.3.3 Physical sidelink broadcast channel
8.3.3.1 Scrambling

The block of bits b(0],...,b(M,,—1) ,where M, isthe number of bits transmitted on the physical sidelink
broadcast channel, shall be scrambled prior to modulation, resulting in a block of scrambled bits

B(O],...,B(Mbit— 1) according to
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Bli|=(bli)+c(i)|mod2

where the scrambling sequence ¢ (1) is given by clause 5.2.1. The scrambling sequence generator shall be
initialized with ¢;,;; =N % at the start of each S-SS/PSBCH block.

8.3.3.2 Modulation

The block of bits B(O) yeees B(M bit ™ 1) shall be QPSK modulated as described in clause 5.1.3, resulting in a block
1) where M, ,=M,,/2

of complex-valued modulation symbols ~ dpgpcy (0 ly...,d PSBCH (M symb—

symb
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

8.3.4.1 General
8.3.4.2 PSFCH format 0
8.34.2.1 Sequence generation

The sequence X (n) shall be generated according to

x(n|=ryo(n]

n=0,1,...,No’—1

where riﬁ’v& (n) is given by clause 6.3.2.2 with the following exceptions:

- m. is given by clause 16.3 of [5, TS 38.213];
- m, is given by clause 16.3 of [5, TS 38.213];
- =0 ;

- [' is the index of the OFDM symbol in the slot that corresponds to the second OFDM symbol of the PSFCH
transmission in the slot given by [5, TS 38.213];

- u=npmod 30 and v=0 with 1, given by the higher-layer parameter sl-PSFCH-HopID if
configured; otherwise, u=0

- Cinii —Np with Ny given by the higher-layer parameter sI-PSFCH-HoplID if configured; otherwise,
Cinit = 0

8.3.4.2.2 Mapping to physical resources

The sequence X (n) shall be multiplied with the amplitude scaling factor ~Bpsgcy  in order to conform to the
transmit power specified in [5, TS 38.213] and mapped in sequence starting with X{O] to resource elements

(k N )D, U assigned for transmission of the second PSFCH symbol according to clause 16.3 of [5, TS 38.213] in
increasing order of the index Kk over the assigned physical resources on antenna port p=5000

The resource elements used for the PSFCH in the OFDM symbol in the mapping operation above shall be duplicated in
the immediately preceding OFDM symbol.
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8.4 Physical signals

8.4.1 Reference signals

8.4.1.1 Demodulation reference signals for PSSCH
8.4.11.1 Sequence generation

The sequence T, (m] shall be generated according to

=L —2c m+'i_ —2c|2m+
r,(m)_@(l 2c(2m)| ]\/2(1 2c(2m+1]]

where the pseudo-random sequence ¢ (m] is defined in clause 5.2.1. The pseudo-random sequence generator shall
be initialized with

Co=[27 (N2 0 +1+1)[2 N, +1+2 N, | mod 2”

init — symb ' s,f

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

Np=N ;,(3 mod?2'®  where the quantity N 5:) equals the decimal representation of CRC on the PSCCH

-1
associated with the PSSCH accordingto [N 1)1(3: Z D; 21 Gith p and L given by clause 7.3.2 in [4,

i=0
TS 38.212].
8.4.1.1.2 Mapping to physical resources
The sequence r (m) shall be mapped to the intermediate quantity a(kb;»u ) according to clause 6.4.1.1.3 using
configuration type 1 without transform precoding, and where Wf(k ') , W, (l '] ,and A are given by Table

8.4.1.1.2-2,and r (m) is specified in clause 8.4.1.1.1.

The patterns used for the PSSCH DM-RS is indicated in the SCI as described in clause 8.3.1.1 of [4, TS 38.212].

The intermediate quantity a(,?;’“ ) shall be precoded, multiplied with the amplitude scaling factor PD?\/SIESH

specified in clause 8.3.1.5, and mapped to physical resources according to

(py- 1) ~( By, 1)
Ay | Ay
PSSCH
pmrs W
(Pp—l Ir’) N(Puﬂ F)
a a |
where

- the precoding matrix W is given by clause 8.3.1.4,

- the set of antenna ports { Dgys---5D p,l} is given by clause 8.3.1.4, and

- the set of antenna ports {T)O yeees }N)U,l} is given by [6, TS 38.214];
and the following conditions are fulfilled:

(P ;’” ) are within the common resource blocks allocated for PSSCH transmission.

- the resource elements  d K
The quantity Kk 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.
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The position(s) of the DM-RS symbols is given by l according to Table 8.4.1.1.2-1 where the number of PSSCH
DM-RS is indicated in the SCI, and [, is the duration of the scheduled resources for transmission of PSSCH and the
associated PSCCH, including the OFDM symbol duplicated as described in clauses 8.3.1.5 and 8.3.2.3.

Table 8.4.1.1.2-1: PSSCH DM-RS time-domain location.

L, DM-RS position |
in PSCCH duration 2 symbols PSCCH duration 3 symbols
symbol Number of PSSCH DM-RS Number of PSSCH DM-RS
S 2 3 4 2 3 4
6 1,5 1,5
7 1,5 1,5
8 1,5 1,5
9 3,8 1,47 4,8 1,4,7
10 3,8 1,47 4,8 1,4,7
11 3,10 1,59 1,4,7,10 4,10 1,59 1,4,7,10
12 3,10 1,59 1,4,7,10 4,10 1,59 1,4,7,10
13 3,10 1,6,11 1,4,7,10 4,10 1,6,11 1,4,7,10
Table 8.4.1.1.2-2: Parameters for PSSCH DM-RS.
p | coMmow | wilk] w T’
k=0 k=1 =0 =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
84.1.2.1 Sequence generation
The precoded sidelink phase-tracking reference signal for subcarrier Kk onlayer j is given by
I8
rim| if j=j V j=j ## 0 # otherwise} right non
PP m)=¢
where
- antenna ports IND j or {[ND Iz [NJ J} associated with PT-RS transmission are given by clause 8.2.3 of [6, TS
38.214];
- r (m) is given by clause 8.4.1.1.1 at the position of the first PSSCH symbol carrying an associated DM-RS.
8.4.1.2.2 Mapping to physical resources

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

The PSSCH PT-RS shall be mapped to resource elements according to
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~

p
uéoﬂ2p+kj

(P, -H)
a
. PSSCH
: pmrs W 6
[Py ]

k=4n+2k +A
when all the following conditions are fulfilled
- | is within the OFDM symbols allocated for the PSSCH transmission;
- resource element (k N ) is not used for PSCCH, nor DM-RS associated with PSSCH;
- k' and A correspondto Pp,.-.5 Dyy
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

l.set i=0 and [,=0

T

2. if any symbol in the interval max (I +(i—1|Lyppst1, 1|, .., [ +iLppps  overlaps with a symbol used
for DM-RS according to clause 8.4.1.1.2

- set i=1
- set L, tothe symbol index of the DM-RS symbol
- repeat from step 2 as long as [, +iLppgs is inside the PSSCH allocation
3.add [ +iLypps tothe set of time indices for PT-RS
4.increment 1 by one
5. repeat from step 2 above as long as [ ;+iLprrs  is inside the PSSCH allocation
where  Lppps € {1,2,41’ 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
Ngpz—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 from0to N ?CB Ngg—1 .The
subcarriers to which the PT-RS shall be mapped are given by

K :ki?+ iKPT-Rs+k}:e]? N?cB kfriel? _ Ny, mod Kppgg if Ngg TnOd Kprps=0
N mod [Ny mod Kppps| otherwise

where

- 1=0,1,2,...
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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

ref

8.2.4in [6, TS 38.214].

- Nyp is the number of resource blocks scheduled;
Kppps €(2,4] s given by [6, TS 38.214];

Np=N I)fj mod2'®  where the quantity N I),(J equals the decimal representation of CRC on the PSCCH
-1
associated with the PSSCH accordingto N i]g = z D; 2F 1T With p and L given by clause 7.3.2
i=0
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.

RE
ref

Table 8.4.1.2.2-1: The parameter k

DM-RS antenna port kRE
ref
Tg resourceElementOffset
offset0 | offset01 | offsetl0 | offsetl
0 1
0 0 2 6 8
1 2 4 8 10
8.4.1.3 Demodulation reference signals for PSCCH
8.4.1.3.1 Sequence generation

The sequence T, (m] shall be generated according to

1 1 ,
rim=—=(1-2c[2m)|+j—=(1-2c[2m+1]
imj=1-2c(2m]+ ] |
where the pseudo-random sequence ¢ (m) is defined in clause 5.2.1. The pseudo-random sequence generator shall
be initialized with

init —

Co=[27 [N +14+1] (2N +1)+2 N | mod 2"

where

- [ is the OFDM symbol number within the slot,

- ng r is the slot number within a frame, and

- N,€{0,1,...,65535] is given by the higher-layer parameter sl-DMRS-ScrambleID.
8.4.1.3.2 Mapping to physical resources

The sequence T, ( m) shall be multiplied with the amplitude scaling factor gvaCRCSH in order to conform to the

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

k, l)p,u in a slot on antenna port p=2000 according to
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al =Bty (k' )r3n+k']  k=nNE+4k'+1 Kk'=0,1,2 n=0,1,...
where the following conditions are fulfilled
- they are within the resource elements constituting the PSCCH
The quantity Wy ; (k ') is given by Table 8.4.1.3.2-1and i€ {0,1,2} shall be randomly selected by the UE.
The reference point for Kk is subcarrier 0 in common resource block 0.
The quantity [ is the OFDM symbol number within the slot.

Table 8.4.1.3.2-1: The quantity w (k')

k I Wf,i(k ')
i=0 i=1 i=2
1 1 1
1 ej2/3n efj2/3n
2 1 e—j2/3n ej2/3n
8.4.1.4. Demodulation reference signals for PSBCH
84.14.1 Sequence generation

The reference-signal sequence r [m) for an S-SS/PSBCH block is defined by

1 .1
riml=—=1-2cl2m||+j—
L1-2cl2mlj+j |
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

1-2c[2m+1]|

Cinit:NIS]ZI;
8.4.1.4.2 Mapping to physical resources

Mapping to physical resources is described in clause 8.4.3.

8.4.1.5 CSl reference signals
8.4.15.1 General
8.4.1.5.2 Sequence generation

The sequence r (m) shall be generated according to

1 .1
rim|=—=(1-2c[2m||+j—=
7 g
where the pseudo-random sequence ¢ (i ) is defined in clause 5.2.1. The pseudo-random sequence generator shall be
initialised with

1-2c[2m+1)|

—(210 (Nzlyf’[;b n’s‘)f+l+1)(2 nID+1)+nID) mod 2%

init —

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

number within a slot,and N, =N ﬁ) mod2"  where the quantity N 53 equals the decimal representation of
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CRC for the sidelink control information mapped to the PSCCH associated with the CSI-RS according to

-1
Nﬁjzz pi'ZL_l_l with  p and L given by clause 7.3.2 in [4, TS 38.212].
i=0

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} ;
- onlydensity p=1 is supported;
- zero-power CSI-RS is not supported;

- the quantity 3 csirs 1S 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=Niy:+336 Niy,
where N 151;1 € {0,1 yens ,335}' and N IS];Q € {0,1 } . The sequences are divided into two sets, id_net consisting of
N:=0,1,...,335 andid_oon consistingof N;-=336,337,...,671
8.4.2.2 Sidelink primary synchronization signal
8.4.2.2.1 Sequence generation
The sequence  d S—PSS(nt) for the sidelink primary synchronization signal is defined by
depssin|=1-2x(m|  m=[n+22+43 N3}, mod 127  0<n<127
where
x|i+7)=(xli+4]+x|i|) mod 2
and
xl6] x[5) xl4] x(3] xl2] x(1) xlo)=[1 1 1 01 1 0
8.4.2.2.2 Mapping to physical resources
Mapping to physical resources is described in clause 8.4.3.
8.4.2.3 Sidelink secondary synchronization signal
8.4.2.3.1 Sequence generation

The sequence  d s-sss(n) for the sidelink secondary synchronization signal is defined by

dS_SSS(n):[1—2x0((n+mov) mod 127)“1—2x1((n+m1) mod 127” m0=15[%]+5N$2

m,=Ny,, mod 112  0<n<127

where
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Xoli+7|=(x,li+4]+x,li]| mod 2 x,[i+7|=(x, [i+1]+x,[i]| mod 2

and

xol6] x0[5) xol4] x0[3] xo[2] x,[1] x,00]=[0 0 0 0 0 0 1]
x,6] x,(5] x,4] x,(3] x[2) x(1] xl0]=[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 [N Ssy'iSbB

Oto N5mo’—1  within the S-SS/PSBCH block, where S-PSS, S-SSS, and PSBCH with associated DM-RS are

mapped to symbols as given by Table 8.4.3.1-1. The number of OFDM symbols in an S-SS/PSBCH block
NESSB_q3 S-SSB_ 11

symb = for normal cyclic prefix and N symb —

an S-SS/PSBCH block is the first OFDM symbol in the slot.

OFDM symbols, numbered in increasing order from

for extended cyclic prefix. The first OFDM symbol in

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
- antenna port 4000 for transmission of S-PSS, S-SSS, PSBCH and DM-RS for PSBCH;

- the same cyclic prefix length and subcarrier spacing for the S-PSS, S-SSS, PSBCH and DM-RS for PSBCH,

Table 8.4.3.1-1: Resources within an S-SS/PSBCH block for S-PSS, S-SSS, PSBCH, and DM-RS.

Channel OFDM symbol number | Subcarrier number K
or signal relative to the start of an S-SS/IPSBCH relative to the start of an S-SS/IPSBCH block
block

S-PSS 1,2 2,3,..,127,128
S-SSS 3,4 2,3,..,127,128

Set to zero 1,2,3,4 0,1,129, 130, 131

S-SSB o,1,.., 131

PSBCH 0,56,..., Nomop—1

DM-RS for S-SSB 0,4,8,....,128
PSBCH 01 5: 61 ey Nsymb - ]_

8.4.3.1.1 Mapping of S-PSS within an S-SS/PSBCH block

The sequence of symbols  d s-pss'o) yeenrd s-pss( 126) constituting the sidelink primary synchronization signal in
one OFDM symbol shall be scaled by a factor
38.213] and mapped to resource elements (k L1 ) p,u inincreasing order of k ineach 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.

Bspss to conform to the S-PSS power allocation specified in [5, TS

8.4.3.1.2 Mapping of S-SSS within an S-SS/PSBCH block

The sequence of symbols g gs|0), ..., ds sss|126]  constituting the sidelink secondary synchronization signal in
one OFDM symbol shall be scaled by a factor

38.213] and mapped to resource elements (k ,1 ) p,u inincreasing order of k in each of the symbols | , where

Bs.sss to conform to the S-SSS power allocation specified in [5, TS
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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  d PSBCH(O), eeeyd PSBCH (M symb 1) constituting the physical sidelink
broadcast channel shall be scaled by a factor fpsgcy  to conform to the PSBCH power allocation specified in [5, TS

38.213] and mapped in sequence starting with dPSBCH(O) to resource elements (k ,1 ) p,u  Which meet all the
following criteria:

- they are not used for PSBCH demodulation reference signals

The mapping to resource elements (k ,1 ) p,u Dotreserved for PSBCH DM-RS shall be in increasing order of first

theindex Kk andthentheindex | ,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.

S-SSB - .
Symi —4 ) - 1) constituting the demodulation

reference signals for the S-SS/PSBCH block shall be scaled by a factor of Egggg to conform to the PSBCH power

The sequence of complex-valued symbols r (O) yeensh (33(N

allocation specified in [5, TS 38.213] and mapped to resource elements (k ,1 ) p,u inincreasing order of first k

andthen | 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].

8.5 Timing

Transmission of a sidelink radio frame number [ from the UE shall start (N st N TA’Offset) -T. seconds
before the start of the corresponding timing reference frame at the UE. The UE is not required to receive sidelink or
downlink transmissions earlier than the value of [N TAoffsec » Which is given in [TS 38.133], after the end of a sidelink
transmission.

For sidelink transmissions:
If the UE has a serving cell fulfilling the S criterion according to clause 8.2 of [TS 38.304]

- The timing of reference radio frame i equals that of downlink radio frame i in the cell with the same
uplink carrier frequency as the sidelink and

- Ny o is given by clause 4.3.1 of [TS 38.211],

Otherwise

- The timing of reference radio frame i is implicitly obtained from clause 4.2 of [TS 38.213] and

- NTA,offset =0

Timing reference radio frame i

Sidelink radio frame i

Figure 8.5-1: Sidelink timing relation
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The quantity N, g equalsto 0.
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