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Pursuant to the ETSI IPR Palicy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee
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Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not congtitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

Foreword

This Technical Specification (TS) has been produced by ETSI<3rd Generation Partnership Project (3GPP).

The present document may refer to technical specifications or reports usingtheir' 3GPP identities, UMTS identities or
GSM identities. These should be interpreted as being references to the corresponding ETSI deliverables.

The cross reference between GSM, UMTS, 3GPP.and ETS! identities can be found under
http://webapp.etsi.org/key/queryform.asp.

Modal verbs terminology

In the present document "shall”, "shall not", "should";""should not", "may", "need not", "will", "will not", "can" and
"cannot" are to be interpreted as described in clause’3.2 of the ETSI Drafting Rules (Verbal forms for the expression of
provisions).

"must" and "must not" are NOT alowed'in'ETSI deliverables except when used in direct citation.
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Foreword

This Technical Report has been produced by the 3@ Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where;
x thefirst digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

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

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

The present document describes the physical channels and signals for 5G-NR.

2 References

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

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

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

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

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

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

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

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

[8] 3GPP TS 38.104: "NR; Base Station (BS) radio transmission.and reception”
3 Definitions, symbaols 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, thefollowing symbols apply:

(k,l)py i Resource elementwith-frequency-domain index k and time-domainindex | for antennaport p
and subcarrier spacing configuration u ; see clause 4.4.3

a,((ﬁ’”) Value of resource element (k,l) for antennaport p and subcarrier spacing configuration 4 ; see
clause4.4.3

B Amplitude scaling for a physical channel/signal

c(n) PN sequence; see clause 5.2.1

Af Subcarrier spacing

Afga Subcarrier spacing for random-access preambles

K Theratio between T and T_; see clause 4.1

k Subcarrier index relative to a reference

I OFDM symbol index relative to areference

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

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

M gj?nb Number of modulation symbolsto transmit on a physical channel [for codeword q]

M g{ﬁg Number of modulation symbols to transmit per layer for aphysical channel

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

M B> Scheduled bandwidth for uplink transmission, expressed as a number of resource blocks
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ap
M symb

(%
Ns'ze

BWP,i
NE,
Nee,
N

start,u
Ngrid,x

PTRS
N group

cell
N 1D
CORESET
N RB

CORESET
N REG

group
Nsamp
RB
N sC
subframe, 1
Ndot

frameu
Ns| ot

CORESET
Ngriy

PUCCH
Nsymb

subframe, iz
N

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

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

Number of resrouce-element groupsin 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 dots per subframe for subcarrier spacing configuration u , see clause 4.3.2

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

Time duration of a control resource set; see clause 7.3.2.2

Length of the PUCCH transmission in ORDM symbols; seecladse 6.3.2.1

Number of OFDM symbols per subframe for'subcarrief spacing configuration y ; see clause 4.3.1

Number of symbols per dot

Timing advance between downlink and uplink;>seeclause 4.3.1

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

Minimum time fromreception to transmission for a half-duplex UE; see clause 4.3.2
Common resource block number for subcarrier spacing configuration u , see clause 4.4.4.3
Physical resource block number; see clause 4.4.4.4

Radio network temporary identifier

Slot number within a subframe for subcarrier spacing configuration y ; see clause 4.3.2
Slot number withinaframe for subcarrier spacing configuration y ; 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 u for OFDM

symbol | inasubframe; see clause 5.3.1
Basic time unit for NR; see clause 4.1

Radio frame duration; see clause 4.3.1

Basic time unit for LTE

Subframe duration; see clause 4.3.1

Slot duration; see clause 4.3.2

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

ETSI


��C���z(%���x������.�\�0-������C|�B��9�Y��szo����]�x�L��4�ZY^gB]l��s:���*���N���[9�$,������㰟|��1:�w*J�{&��{f�0s���

3GPP TS 38.211 version 15.2.0 Release 15 9

3.3 Abbreviations

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

ETSI TS 138 211 V15.2.0 (2018-07)

BWP Bandwidth part
CCE Control channel element
CORESET Control resource set
CRB Common resource block
csl Channel-state information
CSI-RS CSl reference signal
DCI Downlink Control Information
DM-RS Demodulation reference signal
FR1 Frequency range 1 asdefined in [8, TS 38.104]
FR2 Frequency range 2 asdefined in [8, TS 38.104]
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
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 otherwiseoted, the size of various fieldsin the time domain is expressed in time
units T, =1/(Af - Ni ) Where Af,,c=480-10° Hz and N; =4096. The constant = T,/T, = 64 where

To =1/(Afs - Np o ), Afr =15:10° Hz and N = 2048.

4.2 Numerologies

Multiple OFDM numerologies are supported as given by Table 4.2-1 where ¢ and the cyclic prefix for a bandwidth
part are obtained from the higher-layer parameter subcarrier Spacing and cyclicPrefix, respectively.

Table 4.2-1: Supported transmission numerologies.

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

1 30 Normal

2 60 Normal, Extended
3 120 Normal

4 240 Normal
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4.3 Frame structure

43.1 Frames and subframes

Downlink and uplink transmissions are organized into frames with T; = (Af .5 Ny /1OO)~Tc =10ms duration, each

consisting of ten subframes of Ty = (AF o Ny /1000)-Tc =1ms duration. The number of consecutive OFDM symbols

per subframeis N;,Jr?]fgame"' = NGNS | Each frame is divided into two equally-sized half-frames of five

subframes each with half-frame 0 consisting of subframes 0 — 4 and half-frame 1 consisting of subframes5 — 9.

Thereis one set of framesin the uplink and one set of framesin the downlink on a carrier.

Uplink frame number i for transmission from the UE shall start T4 = (NTA + NTA,OﬁS&)’I'C before the start of the
corresponding downlink frame at the UE where Nt o1 depends on the frequency band according to [38.133].

Downlink framei

Uplink framei

Vg + N5

- e

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

4.3.2 Slots
For subcarrier spacing configuration y , slots arenumbered 0% {O N Subframe, 4 —1} inincreasing order within a
subframe and nf; e {O N fjame. —1} ihincreasing order within aframe. There are Nss'yﬂﬁb consecutive OFDM

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

in asubframe is aligned in time with the start of OFDM symbol n# Ng,?]ﬁb in the same subframe.

OFDM symbolsin asdlot can be classifiedas'downlink’, ‘flexible', or 'uplink’. Signaling of slot formatsis described in
subclause 11.1 of [5, TS 38.213].

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

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

A UE not capable of full-duplex communication is not expected to transmit in the uplink earlier than Ny, .1, T, after the
end of the last received downlink symbol in the same cell where Ny,.1, isgiven by [TS 38.101].

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

cyclic prefix.
U N ;?Tt]b N;rgtmey N :éttJframe/z
0 14 10 1
1 14 20 2
2 14 40 4
3 14 80 8
4 14 160 16
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Table 4.3.2-2: Number of OFDM symbols per slot, slots per frame, and slots per subframe for
extended cyclic prefix.

U N g{%b N;r(e)\tme,u N :El)?framep
2 12 40 4
4.4 Physical resources

441 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 dot, and in the same PRG as described in
clause 5.1.2.3 of [6, TS 38.214].

Two antenna ports are said to be quasi co-located if the large-scale properties of the channel over which a symbol on
one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is
conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain,
average delay, and spatial Rx parameters.

4.4.2 Resource grid

For each numerology and carrier, aresource grid of NS NEP subcarriersand Ngpp™™** OFDM symbols is defined,

starting at common resource block N;?g’ﬂ indicated by higher-layerisighalling. There is one set of resource grids per

transmission direction (uplink or downlink) withrthesubscript X:set.to’'DL and UL for downlink and uplink,
respectively. When thereis no risk for conftisionxthe subseript“X ‘may be dropped. Thereis one resource grid for a
given antenna port p, subcarrier spacing‘configuration” ¢4+ and transmission direction (downlink or uplink).

The carrier bandwidth Ngsriizj"‘ for subcarrier spacing configuration u is given by the higher-layer parameter
carrierBandwidth in the SCS-SpecificCarrier |EThe starting position N;rtf;t‘“ for subcarrier spacing configuration u is
given by the higher-layer parameter offsetToCarrier in the SCS SpecificCarrier |E.

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

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

For the uplink, the higher-layer parameter DCsubcarrierUL indicate the location of the transmitter DC subcarrier in the
uplink for each of the configured bandwidth parts, including whether the DC subcarrier location is offset by 7.5 kHz
relative to the center of the indicated subcarrier or not. Valuesin the range 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 antennaport p and subcarrier spacing configuration ¢ iscalled aresource
element and is uniquely identified by (k,l )p’# where k istheindex in the frequency domain and | refersto the symbol
position in the time domain relative to some reference point. Resource element (k,l )p, . corresponds to a physical
resource and the complex value aﬁﬁ"‘ ). When thereiis no risk for confusion, or no particular antenna port or subcarrier

spacing is specified, theindices p and # may be dropped, resulting in a,((ff) or a, .
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4.4.4 Resource blocks
4441 General

A resource block is defined as NSFéB =12 consecutive subcarriersin the frequency domain.

4.4.4.2 Point A
Point A serves as acommon reference point for resource block grids and is obtained from:

- offsetToPointA for a PCell downlink represents the frequency offset between point A and the lowest subcarrier
of the lowest resource block of 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 asin ARFCN.

4.4.4.3 Common resource blocks

Common resource blocks are numbered from 0 and upwards in the frequency domain for subcarrier spacing
configuration & . The center of subcarrier O of common resource block O for subcarrier spacing configuration u

coincides with 'point A'.

The relation between the common resource block number négg i the frequency domain and resource elements (k, 1)
for subcarrier spacing configuration y isgiven by

K
g
Nere = {TE:BJ

where Kk is defined relative to point A suchthat K.=0 corresponds to the subcarrier centered around point A.

4444 Physical resource blocks

Physical resource blocks are defined within a bandwidth part and numbered from 0 to Ngﬁpyi —1 where i isthe
number of the bandwidth part. The relation betweenrthe physical resource block Npgg in bandwidth part i and the

common resource block Negg iSgiven by

_ start
Ncre = Nerg + Newpi

where Ng\"}‘\'fp'i is the common resource block where bandwidth part starts relative to common resource block 0.

4445 Virtual resource blocks

Virtual resource blocks are defined within a bandwidth part and numbered from 0 to Ng\ﬁ‘fp,i —1 where i isthe number

of the bandwidth part.

4.4.5 Bandwidth part

A bandwidth part is a subset of contiguous common resource blocks defined in subclause 4.4.4.3 for agiven
numerology 4; in bandwidth part i on agiven carrier. The starting position N,‘;‘\i;sff and the number of resource blocks

dzeu - . . start,u start,u start,u sizeu start,u dzeu start,u start,u szeu
NE‘\,\,P'i in a bandwidth part shall fulfil Ny " < Ngyet < Ny + Ngigl and Ngrid,x < NBWRi + NE“,\,F,'i < Ngrid,x + Ng,id'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 agiventime. The UE is not expected to receive PDSCH, PDCCH, or CSI-RS (except for RRM) outside an
active bandwidth part.
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