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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 for evolved UTRA.

2 References

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

e References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

o For a specific reference, subsequent revisions do not apply.

e For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including
a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same
Release as the present document.

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

[2] 3GPP TS 36.201: "Evolved Universal Terrestrial Radio Access (E-UTRA); LTE physical layer;
General description".

[3] 3GPP TS 36.212: "Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and
channel coding".

[4] 3GPP TS 36.213: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer
procedures".

[5] 3GPP TS 36.214: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer;
Measurements'".

[6] 3GPP TS 36.104: "Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS)

radio transmission and reception".

[7] 3GPP TS 36.101: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
radio transmission and reception".

[8] 3GPP TS 36.321, "Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access
Control (MAC) protocol specification”.

[9] 3GPP TS 36.331, “Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource
Control (RRC) Protocol specification”

[10] 3GPP TS 36.304, “Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
procedures in idle mode”

3 Symbols and abbreviations

3.1 Symbols

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

(k) Resource element with frequency-domain index & and time-domain index /
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a,((f}) Value of resource element (k,/) [for antenna port p |

D Matrix for supporting cyclic delay diversity

Dpa Density of random access opportunities per radio frame

1o Carrier frequency

frA PRACH resource frequency index within the considered time-domain location
fpﬁ{Rﬁf;g PRACH frequency hopping offset, expressed as a number of resource blocks

INPDCCHS art Start symbol in slot 0 for NPDCCH
INPDSCHStart Start symbol in slot 0 for NPDSCH

M ESBCH Bandwidth for PSBCH transmission, expressed as a number of subcarriers

M IIQEBCH Bandwidth for PSBCH transmission, expressed as a number of resource blocks

M ESeeH Bandwidth for PSCCH transmission, expressed as a number of subcarriers

Mgy Bandwidth for PSCCH transmission, expressed as a number of resource blocks

MESPCH Bandwidth for PSDCH transmission, expressed as a number of subcarriers

M ,‘;S;DC“ Bandwidth for PSDCH transmission, expressed as a number of resource blocks

M ESSEH Scheduled bandwidth for PSSCH transmission, expressed as a number of subcarriers

M IIQESCH Scheduled bandwidth for PSSCH transmission, expressed as a number of resource blocks

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

M 1‘{}; ScH Scheduled bandwidth for uplink transmission, expressed as a number of resource blocks

M ::;) s Scheduled number of repetitions of a NPUSCH transmission

M Eg DSCH Scheduled number of repetitions of a NPDSCH transmission

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

MEPSCH Number of repetitions of identical slots for NPUSCH

M g‘f{ Number of coded bits to transmit on a physical channel [for codeword g ]

M S(anb Number of modulation symbols to transmit on a physical channel [for codeword ¢ ]

M sifne; Number of modulation symbols to transmit per layer for a physical channel

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

N A constant equal to 2048 for Af =15kHz, 4096 for Af =7.5kHz and 8192 for Af =3.75kHz

Nepy Downlink cyclic prefix length for OFDM symbol / in a slot

Nes Cyclic shift value used for random access preamble generation

N Number of cyclic shifts used for PUCCH formats 1/1a/1b in a resource block with a mix of
formats 1/1a/1b and 2/2a/2b

N Bandwidth available for use by PUCCH formats 2/2a/2b, expressed in multiples of N>

N, ]?é) The offset used for PUSCH frequency hopping, expressed in number of resource blocks (set by
higher layers)

Nt Physical layer cell identity

N gceu Narrowband physical layer cell identity

N I%BSFN MBSFN area identity

N 1% Physical layer sidelink synchronization identity

N IPSS Positioning reference signal identity

NRy Downlink bandwidth configuration, expressed in multiples of NsliB

N ]‘{1];“’ bL Smallest downlink bandwidth configuration, expressed in multiples of N, SIEB

Ngg* DL Largest downlink bandwidth configuration, expressed in multiples of N, SIEB
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N, 1% Uplink bandwidth configuration, expressed in multiples of N, S%B

N ,;n];“’ UL Smallest uplink bandwidth configuration, expressed in multiples of N, SIEB

Npax. UL Largest uplink bandwidth configuration, expressed in multiples of N>

N 3{; Sidelink bandwidth configuration, expressed in multiples of N S‘EB

Ngp Number of scheduled subframes for NPDSCH transmission

N gﬁﬁ,s Number of symbols for NPSS in a subframe

N grsnsbs Number of symbols for NSSS in a subframe

NRU Number of consecutive subcarriers in an UL resource unit for NB-IoT

N S‘zg Number of reference signal sequences available for the UL resource unit size

Nru Number of scheduled UL resource units for NB-IoT

Nyg Total number of uplink narrowbands

N \I,f,LB Total number of uplink widebands

N, SliL Number of subcarriers in the frequency domain for NB-IoT

Noee Number of consecutive absolute subframes over which the scrambling sequence stays the same

N, ESJSCH Total number of absolute subframes a PUSCH with repetition spans , expressed as a number of
absolute subframes

N, rl;gSCH Number of repetititions of a PUSCH transmission

NyheUL Number of consecutive absolute subframes over which PUCCH or PUSCH stays at the same
narrowband before hopping to another narrowband, expressed as a number of absolute subframes

ﬁé{ ig;[ Narrowband offset between one narrowband and the next narrowband a PUSCH hops to,

expressed as a number of uplink narrowbands

N ;’;;CCH Total number of absolute subframes a PUCCH with repetition spans, expressed as a number of
absolute subframes

N rilpJCCH Number of repetititions of a PUCCH transmission

N rz};ACH Number of PRACH repetitions per preamble transmission attempt

N SI?A Number of subframes allowed for preamble transmission within a 1024-frame interval

N ;ZfrfCH PRACH starting subframe periodicity

N RACH Number of NPRACH repetitions per preamble transmission attempt

N ;l:i%?w NPRACH resource periodicity

NNPRACH Frequency location of the first sub-carrier allocated to NPRACH

NNPRACH Number of sub-carriers allocated to NPRACH

N, S]jpcltﬁtc " Number of starting sub-carriers allocated for UE initiated random access

NpRACH NPRACH starting subframe

N ﬂglé?CH Fraction for starting subcarrier index for UE support for multi-tone msg3 transmission

N, gap,period Periodicity for NPDSCH/NPDCCH gaps

N, gap,duration Duration for NPDSCH/NPDCCH gaps

N gap threshold Threshold for applying NPDDCH/NPDCCH gaps

Nug Total number of downlink narrowbands

N \]i/I]; Total number of downlink widebands

N beSC“ Total number of absolute subframes a PDSCH with repetition spans, expressed as a number of

absolute subframes
Number of repetititions of a PDSCH transmission
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Number of consecutive absolute subframes over which MPDCCH or PDSCH stays at the same
narrowband before hopping to another narrowband, expressed as a number of absolute subframes
Number of narrowbands over which MPDCCH or PDSCH frequency hops

Narrowband offset between one narrowband and the next narrowband an MPDCCH or PDSCH

hops to, expressed as a number of downlink narrowbands
Number of times a PDSCH carrying SIB1-BR is transmitted over 8 radio frames

Total number of absolute subframes a MPDCCH with repetition spans , expressed as a number of
absolute subframes

Number of repetitions of a MPDCCH transmission

Total number of absolute subframes a MPDCCH search space with maximum repetition level
spans, expressed as a number of absolute subframes

Maximum repetition level of a MPDCCH search space

Number of ECCEs in a subframe for one MPDCCH

Number of OFDM symbols in a downlink slot

Number of SC-FDMA symbols in an uplink slot
Number of symbols in a guard period for narrowband or wideband retuning

Number of consecutive slots in an UL resource unit for NB-IoT

Number of SC-FDMA symbols in a sidelink slot

Resource block size in the frequency domain, expressed as a number of subcarriers

Number of sub-bands for PUSCH frequency-hopping with predefined hopping pattern

Size of each sub-band for PUSCH frequency-hopping with predefined hopping pattern, expressed
as a number of resource blocks

Size of narrow-band random-access resource in number of subcarriers

Number of downlink to uplink switch points within the radio frame

Number of reference symbols per slot for PUCCH

Timing offset between uplink and downlink radio frames at the UE, expressed in units of T,
Fixed timing advance offset, expressed in units of 7

Timing offset between sidelink and timing reference frames at the UE, expressed in units of T
Resource index for PUCCH formats 1/1a/1b

Resource index for PUCCH formats 2/2a/2b

Resource index for PUCCH formats 3

Number of PDCCHs present in a subframe

Physical resource block number

First physical resource block occupied by PRACH resource considered
First physical resource block available for PRACH

Subcarrier occupied by NPRACH resource considered
Virtual resource block number

Radio network temporary identifier

Sidelink group destination identity

System frame number

Slot number within a radio frame
Absolute subframe number

Index for subframes allowed for preamble transmission
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P Number of antenna ports used for transmission of a channel

P Antenna port number

q Codeword number

RA Index for PRACH versions with same preamble format and PRACH density
Onm Modulation order: 2 for QPSK, 4 for 16QAM, 6 for 64QAM and 8 for 256QAM transmissions
s](p ) (t) Time-continuous baseband signal for antenna port p and OFDM symbol / in a slot
tr(& Radio frame indicator index of PRACH opportunity

t[(& Half frame index of PRACH opportunity within the radio frame

t}fﬁ Uplink subframe number for start of PRACH opportunity within the half frame
T; Radio frame duration

T, Basic time unit

Tyt Slot duration

w Precoding matrix for downlink spatial multiplexing

Brracu Amplitude scaling for PRACH

PNPRACH Amplitude scaling for NPRACH

Bruccn Amplitude scaling for PUCCH

Brusch Amplitude scaling for PUSCH

Pxruscr Amplitude scaling for NPUSCH

Psrs Amplitude scaling for sounding reference symbols

Af Subcarrier spacing

Afra Subcarrier spacing for the random access preamble

v Number of transmission layers

3.2 Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply.
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any,
in TR 21.905 [1].

CCE Control Channel Element

CDD Cyclic Delay Diversity

CRS Cell-specific Reference Signal

CSI Channel-State Information

DCI Downlink Control Information

DM-RS Demodulation Reference Signal

ECCE Enhanced Control Channel Element

EPDCCH Enhanced Physical Downlink Control CHannel
EREG Enhanced Resource-Element Group

MPDCCH MTC Physical Downlink Control Channel
NCCE Narrowband Control Channel Element

NPBCH Narrowband Physical Broadcast CHannel
NPDCCH Narrowband Physical Downlink Control CHannel
NPDSCH Narrowband Physical Downlink Shared CHannel
NPRACH Narrowband Physical Random Access CHannel
NPUSCH Narrowband Physical Uplink Shared CHannel
NPRS Narrowband Positioning Reference Signal

NPSS Narrowband Primary Synchronization Signal
NSSS Narrowband Secondary Synchronization Signal
NRS Narrowband Reference Signal PBCH Physical Broadcast CHannel
PCFICH Physical Control Format Indicator CHannel
PDCCH Physical Downlink Control CHannel

PDSCH Physical Downlink Shared CHannel

PHICH Physical Hybrid-ARQ Indicator CHannel

PMCH Physical Multicast CHannel
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PRACH Physical Random Access CHannel
PRB Physical Resource Block
PRS Positioning Reference Signal
PSBCH Physical Sidelink Broadcast CHannel
PSCCH Physical Sidelink Control CHannel
PSDCH Physical Sidelink Discovery CHannel
PSSCH Physical Sidelink Shared CHannel
PUCCH Physical Uplink Control CHannel
PUSCH Physical Uplink Shared CHannel
REG Resource-Element Group
SCG Secondary Cell Group
SRS Sounding Reference Signal
VRB Virtual Resource Block

4 Frame structure

Throughout this specification, unless otherwise noted, the size of various fields in the time domain is expressed as a
number of time units 7, =1/(15000x 2048) seconds.

Downlink, uplink and sidelink transmissions are organized into radio frames with 7; =307200x7, =10ms duration.
Three radio frame structures are supported:

- Type 1, applicable to FDD only,

- Type 2, applicable to TDD only,

- Type 3, applicable to LAA secondary cell operation only.

NOTE: LAA secondary cell operation only applies to frame structure type 3.

Transmissions in multiple cells can be aggregated where up to 31 secondary cells can be used in addition to the primary
cell. Unless otherwise noted, the description in this specification applies to each of the up to 32 serving cells. In case of
multi-cell aggregation, different frame structures can be used in the different serving cells.

4.1 Frame structure type 1

Frame structure type 1 is applicable to both full duplex and half duplex FDD only. Each radio frame is
Ty =307200-7, =10 ms long and consists of 10 subframes of length 307207, =1ms, numbered from 0 to 9.

Subframe i in frame 7; has an absolute subframe number n:}’ ®=10n; +i where n; is the system frame number.

For subframes using Af = 7.5kHz or Af =15kHz, subframe i is defined as two slots, 2i and 2i+1, of length
Tyot =15360-T, = 0.5 ms each.

S

For subframes using Af =1.25kHz, subframe i is defined as one slot, 2i, of length 7}, =30720-T, =1ms .

For FDD, 10 subframes are available for downlink transmission and 10 subframes are available for uplink transmissions
in each 10 ms interval. Uplink and downlink transmissions are separated in the frequency domain. In half-duplex FDD
operation, the UE cannot transmit and receive at the same time while there are no such restrictions in full-duplex FDD.

One radio frame, 7tr= 3072007,= 10 ms

One slot, T, = 153607= 0.5 ms

#0 #1 #2 H#3 | e #18 #19

One subframe

Figure 4.1-1: Frame structure type 1
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4.2 Frame structure type 2

Frame structure type 2 is applicable to TDD only. Each radio frame of length 7; =307200-7, =10ms consists of two
half-frames of length 153600-7; =5 ms each. Each half-frame consists of five subframes of length 307207, =1ms.

Each subframe i is defined as two slots, 2i and 2i +1, of length T, =15360-7, = 0.5ms each. Subframe i in frame

ne has an absolute subframe number 1 =10n; +i where n; is the system frame number.

The uplink-downlink configuration in a cell may vary between frames and controls in which subframes uplink or
downlink transmissions may take place in the current frame. The uplink-downlink configuration in the current frame is
obtained according to Clause 13 in [4].

The supported uplink-downlink configurations are listed in Table 4.2-2 where, for each subframe in a radio frame, "D"
denotes a downlink subframe reserved for downlink transmissions, "U" denotes an uplink subframe reserved for uplink
transmissions and "S" denotes a special subframe with the three fields DwPTS, GP and UpPTS. The length of DwPTS
and UpPTS is given by Table 4.2-1 subject to the total length of DwPTS, GP and UpPTS being equal

t030720- T, =1 ms where X is the number of additional SC-FDMA symbols in UpPTS provided by the higher layer
parameter srs-UpPtsAdd if configured otherwise X is equal to 0. The UE is not expected to be configured with 2
additional UpPTS SC-FDMA symbols for special subframe configurations {3, 4, 7, 8} for normal cyclic prefix in
downlink and special subframe configurations {2, 3, 5, 6} for extended cyclic prefix in downlink and 4 additional
UpPTS SC-FDMA symbols for special subframe configurations {1, 2, 3,4, 6, 7, 8} for normal cyclic prefix in downlink
and special subframe configurations {1, 2, 3, 5, 6} for extended cyclic prefix in downlink.

Uplink-downlink configurations with both 5 ms and 10 ms downlink-to-uplink switch-point periodicity are supported.
- In case of 5 ms downlink-to-uplink switch-point periodicity, the special subframe exists in both half-frames.

- In case of 10 ms downlink-to-uplink switch-point periodicity, the special subframe exists in the first half-frame
only.

Subframes 0 and 5 and DwPTS are always reserved for downlink transmission. UpPTS and the subframe immediately
following the special subframe are always reserved for uplink transmission.

In case multiple cells are aggregated, the UE may assume that the guard period of the special subframe in the cells using
frame structure type 2 have an overlap of at least 14567, .

In case multiple cells with different uplink-downlink configurations in the current radio frame are aggregated and the
UE is not capable of simultaneous reception and transmission in the aggregated cells, the following constraints apply:

- if the subframe in the primary cell is a downlink subframe, the UE shall not transmit any signal or channel on a
secondary cell in the same subframe

- if the subframe in the primary cell is an uplink subframe, the UE is not expected to receive any downlink
transmissions on a secondary cell in the same subframe

- if the subframe in the primary cell is a special subframe and the same subframe in a secondary cell is a downlink
subframe, the UE is not expected to receive PDSCH/EPDCCH/PMCH/PRS transmissions in the secondary cell
in the same subframe, and the UE is not expected to receive any other signals on the secondary cell in OFDM
symbols that overlaps with the guard period or UpPTS in the primary cell.
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One radio frame, T; = 307200Ts = 10 ms

One half-frame, 153600Ts =5 ms

One slot,

17

3GPP TS 36.

211 V14.3.0 (2017-06)

To=15360T, so720Te T T e
Subfra:me #0 Subfra:me #2 ‘ Subfra‘me #3 Subfra:me # ‘ Subfra:me #5 ‘ ‘ Subfra:me #7 ‘ Subfra:me #3 ‘ Subfra\:;;;;
sub”f;?n? / T / T
DWPTS  GP gpPT DWPTS  GP LSJPPT
Figure 4.2-1: Frame structure type 2 (for 5 ms switch-point periodicity)
Table 4.2-1: Configuration of special subframe (lengths of DwWPTS/GP/UpPTS)
Normal cyclic prefix in downlink Extended cyclic prefix in downlink
Special DwPTS UpPTS DwPTS UpPTS
subframe Normal cyclic Extended cyclic N I li Extended li
configuration prefix prefix ormal cyclic xtenced cyclic
in uplink in uplink prefix in uplink prefix in uplink
0 6592-T, 7680- T
1 19760 - T, 204807
(1+X)-2192-7, | (1+X)-2560-T,
2 21952-T, (1+X)-2192-TS (1+X)-2560-Ts 23040-T;
3 24144 -T, 25600-T;
4 26336-T, 7680- T
5 6592-T, 20480-T;
(2+X)~2192~7: (2+X)~2560~7:
6 19760-T, 23040-T, : :
7 21952-T, (2+X)-2192-TS (2-|—X)~2560-Ts 12800-T,
8 24144-T, - - -
9 13168-T, - _ _
10 13168-T, 13152-T, 128007, - ] ]

Table 4.2-2: Uplink-downlink configurations

Uplink-downlink
configuration

Downlink-to-Uplink
Switch-point periodicity

Subframe number

5ms

5ms

5ms

10 ms

10 ms

10 ms

OB |WIN|~|O

0O|0|0|0|0|0|0(e
[N CHOHNOIES
c|C|Cc|Cc|c|c|c(Ny
cC|O|ICc|ic|O|C|C|«»
cC|O|0|C|O|g|C(»
0O|0|0|0|0|0|0(x
W|O|I0OnwnwnHo
cC|O|O|o|Cc|c|c(N
C|O|0|0|0|C|C|ee
O|0|0|0|0|0|C|e©

5ms

4.3

Frame structure type 3 is applicable to LAA secondary cell operation with normal cyclic prefix only. Each radio frame
is Ty =307200-7, =10ms long and consists of 20 slots of length T, =15360-T; = 0.5 ms , numbered from 0 to 19. A

subframe is defined as two consecutive slots where subframe i consists of slots 2i and 2i +1.

Frame structure type 3
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The 10 subframes within a radio frame are available for downlink or uplink transmissions. Downlink transmissions
occupy one or more consecutive subframes, starting anywhere within a subframe and ending with the last subframe
either fully occupied or following one of the DWPTS durations in Table 4.2-1. Uplink transmisisons occupy one or
more consecutive subframes.
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) Uplink

5.1 Overview

The smallest resource unit for uplink transmissions is denoted a resource element and is defined in clause 5.2.2.

5.1.1 Physical channels

An uplink physical channel corresponds to a set of resource elements carrying information originating from higher
layers and is the interface defined between 3GPP TS 36.212 [3] and the present document 3GPP TS 36.211.
The following uplink physical channels are defined:

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

- Physical Random Access Channel, PRACH

5.1.2 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:

- Reference signal

5.2 Slot structure and physical resources

5.2.1 Resource grid

The transmitted signal in each slot is described by one or several resource grids of Ny NP subcarriers and ngﬁb

SC-FDMA symbols. The resource grid is illustrated in Figure 5.2.1-1. The quantity N, 1% depends on the uplink
transmission bandwidth configured in the cell and shall fulfil

min, UL UL max,UL
NRB < NRB < NRB

where NIMUL — 6 and NBUE =110 are the smallest and largest uplink bandwidths, respectively, supported by the

current version of this specification. The set of allowed values for Ny is given by 3GPP TS 36.101 [7].

The number of SC-FDMA symbols in a slot depends on the cyclic prefix length configured by the higher layer
parameter UL-CyclicPrefixLength and is given in Table 5.2.3-1.

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. There is one resource grid per
antenna port. The antenna ports used for transmission of a physical channel or signal depends on the number of antenna
ports configured for the physical channel or signal as shown in Table 5.2.1-1. The index p is used throughout clause 5

when a sequential numbering of the antenna ports is necessary.
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One uplink slot T,
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Ngi»SC-FDMA symbols
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Figure 5.2.1-1:

Uplink resource grid

Table 5.2.1-1: Antenna ports used for different physical channels and signals

Antenna port number p as a function of
Physical channel or signal | Index b the number of antenna ports configured
for the respective physical channel/signal
1 2 4
0 10 20 40
1 - 21 41
PUSCH 5 - - 22
3 - - 43
0 10 20 40
1 - 21 41
SRS > n » 22
3 - - 43
0 100 200 -
PUCCH 1 - 201 .

3GPP
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5.2.2 Resource elements

Each element in the resource grid is called a resource element and is uniquely defined by the index pair (k,l ) in a slot
where k =0,..., Ngg NS —1 and 7=0,..., ngf;lb —1 are the indices in the frequency and time domains, respectively.
Resource element (k,l ) on antenna port p corresponds to the complex value a,((ﬁ) .

When there is no risk for confusion, or no particular antenna port is specified, the index p may be dropped.

Quantities a,((,’}) corresponding to resource elements not used for transmission of a physical channel or a physical signal

in a slot shall be set to zero.

523 Resource blocks

UL
syml

A physical resource block is defined as N, consecutive SC-FDMA symbols in the time domain and

N S%B consecutive subcarriers in the frequency domain, where N, Sl_fy;b and N SIEB are given by Table 5.2.3-1.

UL

symb X Vg resource elements, corresponding to one slot in

A physical resource block in the uplink thus consists of N,

the time domain and 180 kHz in the frequency domain.

Table 5.2.3-1: Resource block parameters

Configuration NSIEB Nsljfnb
Normal cyclic prefix 12 7
Extended cyclic prefix 12 6

The relation between the physical resource block number 7,y in the frequency domain and resource elements (k,/) in

|k
Nprp = @

524 Narrowbands and widebands

a slot is given by

A narrowband is defined as six non-overlapping consecutive physical resource blocks in the frequency domain. The
total number of uplink narrowbands in the uplink transmission bandwidth configured in the cell is given by

UL
i -| M

The narrowbands are numbered 7,z =0,..., Ns —1 in order of increasing physical resource-block number where

narrowband nyg is composed of physical resource-block indices

6nng +ig+i  if Ngg mod2=0

6 . .o 2 UL _ UL
nng +ig +i if Ngg mod2 =1and nyg <NNB/2

6nyg +ig+i+1 if Nk mod2=1and nyg, > Nys /2

where
i=0,1,...5
vk | evis
) 2
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If N I% >4, a wideband is defined as four non-overlapping narrowbands in the frequency domain. The total number of
uplink widebands in the uplink transmission bandwidth configured in the cell is given by

UL
NUL N\p
WB =
4
and the widebands are numbered nyg =0,..., N \l,f,lé —1 in order of increasing narrowband number where wideband
nypg 1s composed of narrowband indices 4nyyg +i where i =0,1,....3.

If NI% <4, then N\[,f,lf3 =1 and the single wideband is composed of the N IE% non-overlapping narrowband(s).

5.2.5 Guard period for narrowband and wideband retuning

For BL/CE UEs, a guard period of at most N;;’;;*ge SC-FDMA symbols is created for Tx-to-Tx frequency retuning

between two consecutive subframes. If the higher layer parameter ce-RetuningSymbols is set, then N5 >¢ equals ce-
RetuningSymbols, otherwise N;;;ﬁ'{)‘e =2 . If the higher layer parameter ce-pusch-maxBandwidth-config is set to 5 MHz,

then the rules for guard period creation defined in the remainder of this clause do not apply for retuning between
narrowbands but for retuning between widebands and for transmissions involving multiple widebands.

- If the UE retunes from a first narrowband carrying PUSCH to a second narrowband carrying PUSCH, or if the
UE retunes from a first narrowband carrying PUCCH to a second narrowband carrying PUCCH,

- if Nsr;’;ﬁ‘{,‘e =1, a guard period is created by the UE not transmitting the last SC-FDMA symbol in the first

subframe;

- if N, :;;;‘ge =2, a guard period is created by the UE not transmitting the last SC-FDMA symbol in the first

subframe and the first SC-FDMA symbol in the second subframe.

- If the UE retunes from a first narrowband carrying PUCCH to a second narrowband carrying PUSCH,

- if the PUCCH uses a shortened PUCCH format and N i€ =1, a guard period is created by the UE not

syml

transmitting the last SC-FDMA symbol in the first subframe;

- if the PUCCH uses a shortened PUCCH format and Ng;i¢ =2, a guard period is created by the UE not

transmitting the last SC-FDMA symbol in the first subframe and the first SC-FDMA symbol in the second
subframe;

- if the PUCCH uses a normal PUCCH format, a guard period is created by the UE not transmitting the first

Nm' SC-FDMA symbols in the second subframe.

- If the UE retunes from a first narrowband carrying PUSCH to a second narrowband carrying PUCCH,

- a guard period is created by the UE not transmitting the last N5:t¢ SC-FDMA symbols in the first

subframe.

- For CEModeA, if the PUSCH is associated with C-RNTI or SPS C-RNTTI and the higher layer parameter ce-
pusch-maxBandwidth-config is set to 5 MHz,

- If the PUSCH resource allocation is within a 5 MHz wideband, the center frequency of the transmission
bandwidth is the center frequency of the wideband;

- If the PUSCH resource allocation spans two 5 MHz widebands, the center frequency of transmission
bandwidth is in the center of PUSCH resource allocation.
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Furthermore, for BL/CE UEs configured with the higher layer parameter srs-UpPtsAdd, a guard period of at most
N, sr;:g:ge SC-FDMA symbols is created for Tx-to-Tx frequency retuning between a first special subframe and a second

uplink subframe for frame structure type 2 according to:

- If the UE retunes from a first narrowband carrying SRS in the last UpPTS symbol to a second narrowband
carrying PUSCH,

- aguard period is created by the UE not transmitting the first N, :;’I;‘ge SC-FDMA symbols in the second

subframe.

- If the UE retunes from a first narrowband carrying SRS in the last but one UpPTS symbol, but not in the last
UpPTS symbol, to a second narrowband carrying PUSCH,

- if Nsr;’;ﬁ‘{,‘e =1, a guard period is created by the UE not transmitting the last UpPTS symbol in the first

subframe;

- if N, ;;};‘ge =2, a guard period is created by the UE not transmitting the last UpPTS symbol in the first

subframe and the first SC-FDMA symbol in the second subframe.

- If the UE retunes from a first narrowband carrying SRS to a second narrowband carrying PUCCH,

- if NS¢ =1, a guard period is created by the UE not transmitting the last UpPTS symbol in the first

syml

subframe;

- if N ;;I;‘,‘)‘e =2, a guard period is created by the UE not transmitting the last UpPTS symbol in the first
subframe and the first SC-FDMA symbol in the second subframe.
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5.3 Physical uplink shared channel

The baseband signal representing the physical uplink shared channel is defined in terms of the following steps:
- scrambling
- modulation of scrambled bits to generate complex-valued symbols
- mapping of the complex-valued modulation symbols onto one or several transmission layers
- transform precoding to generate complex-valued symbols
- precoding of the complex-valued symbols
- mapping of precoded complex-valued symbols to resource elements

- generation of complex-valued time-domain SC-FDMA signal for each antenna port

codewords layers antenna ports

. Modulation Transform Resource
Scrambling ‘ mapper precoder element mapper

Layer
mapper

) Modulation Transform Resource
Scrambling }—’{ mapper }—’ m—’ 4’{ element mapper }—’

Figure 5.3-1: Overview of uplink physical channel processing

SC-FDMA
signal gen.

Precoding

SC-FDMA
signal gen.

5.3.1 Scrambling

For each codeword ¢, the block of bits 5 (0),...,6" (M{? —1), where M? is the number of bits transmitted in
codeword g on the physical uplink shared channel in one subframe, shall be scrambled with a UE-specific scrambling

sequence prior to modulation, resulting in a block of scrambled bits b@ (0),...,5 @ M 1()?3 —1) according to the

following pseudo code
Seti=0
while i < M9
if b7 (H=x /I ACK/NACK or Rank Indication placeholder bits
b (i) =1
else
it »@ (i) =y // ACK/NACK or Rank Indication repetition placeholder bits
b@ (i) = p@ (i-1)
else // Data or channel quality coded bits, Rank Indication coded bits or ACK/NACK coded bits

5D (i) = (b (1) + ¢ (i) Jmod 2

end if
end if
i=i+1
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end while

where x and y are tags defined in 3GPP TS 36.212 [3] clause 5.2.2.6 and where the scrambling sequence ¢'? (i) is
given by clause 7.2. The scrambling sequence generator shall be initialised with

Cinit = Mprr -2+ g2 + Lns / 2J- 2% + N at the start of each subframe where Npnyr corresponds to the RNTI
associated with the PUSCH transmission as described in clause 8 in 3GPP TS 36.213 [4].

For BL/CE UEs, the same scrambling sequence is applied per subframe to PUSCH for a given block of N,

acc
subframes. For the ;™ block of N, subframes, the scrambling sequence generator shall be initialised with

acc

Cinit = "RNTI 21 "‘61'213 +[(jo +j)Nacc m0d10]~29 +NIc]:e)ll

init
where

, ig+ Nopao =1
J:OJ)"'a N— —Jo

acc

Jo =Lio/Neee |

and i, is the absolute subframe number of the first uplink subframe intended for PUSCH. The PUSCH transmission

spans N, anLSJSCH consecutive subframes including non-BL/CE UL subframes where the UE postpones the PUSCH

transmission. For a BL/CE UE configured in CEModeA, N,.. =1.For a BL/CE UE configured with CEModeB,

acc
N, =4 for frame structure type 1 and N, =5 for frame structure type 2.
Up to two codewords can be transmitted in one subframe, i.e., g € {O,l}. In the case of single-codeword transmission,
qg=0.
5.3.2 Modulation

For each codeword ¢, the block of scrambled bits h@ (0),...,5 @M ,g?t) —1) shall be modulated as described in

clause 7.1, resulting in a block of complex-valued symbols d‘?(0),...,d " (M s(;’r;b —1). Table 5.3.2-1 specifies the

modulation mappings applicable for the physical uplink shared channel.

Table 5.3.2-1: Uplink modulation schemes

Physical channel Modulation schemes
PUSCH QPSK, 16QAM, 64QAM, 256QAM
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5.3.2A Layer mapping

The complex-valued modulation symbols for each of the codewords to be transmitted are mapped onto one or two
layers. Complex-valued modulation symbols d‘?(0),...,d‘? (M @ 1) for codeword ¢ shall be mapped onto the

symb
layers x(i) = [x(o) (i) .. x@D (i)]r, i=0,1,.,M sl;yneg —1 where v is the number of layers and M ;;zfg is the number of
modulation symbols per layer.
5.3.2A.1 Layer mapping for transmission on a single antenna port

For transmission on a single antenna port, a single layer is used, v =1, and the mapping is defined by
X @) =d @)

layer _ 0)
with M symb = M symb *

5.3.2A.2 Layer mapping for spatial multiplexing

For spatial multiplexing, the layer mapping shall be done according to Table 5.3.2A.2-1. The number of layers v is less
than or equal to the number of antenna ports P used for transmission of the physical uplink shared channel.

The case of a single codeword mapped to multiple layers is only applicable when the number of antenna ports used for
PUSCH is four.

Table 5.3.2A.2-1: Codeword-to-layer mapping for spatial multiplexing

Codeword-to-layer mapping

Number of layers | Number of codewords 01 layer _
B symb
! 1 0 =d00) My =M,
2 1 WW@)=dV@) ey 0 /2
X(])(i) _ d(O) (21 " 1) symb symb
©) = 7O) 7
(i) =d () 1 ) 1
2 2 ss}r:; =M s(yILb = sfyfnb

V(@) =aV ()
XV =d @)
3 2 W@)=dV@i) Mgy =M =
(@) =dV2i+1)
xO6)=a @i
My — 70) -
; : T g - 2= M
x@@)=d"(2i)
xO () =d" i +1)

Q)
]\/[symb/2

3GPP
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5.3.3  Transform precoding

For each layer 2 =0,1,...,0—1 the block of complex-valued symbols x* (0),...,x* (M ;;ﬁ —1) is divided into

M e / MEPUSCH sets, each corresponding to one SC-FDMA symbol. Transform precoding shall be applied according

symb sc

to

PUSCH 27k
}|/[Sc -1 . v

1 A PUSCH | -’ MIUSCH
Toer Z x{ )(l M, +i)e se
VMsc i=0

PUSCH
k=0, MPUSCH

_ layer PUSCH
=0, M [MESM —

y(i)(l_MPUSCH +h) =

N

resulting in a block of complex-valued symbols y* (0),..., »*? (M ;;ﬁfg —1). The variable M "0SH = pg2USCH . Ny RB

where M }lzg SCH represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil
MESH — @ 395 5% < N UL

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

5.3.3A Precoding

The precoder takes as input a block of vectors [y(o) @) .. y("*l) (i)][ ,i=01,..,M slsryf; —1 from the transform
precoder and generates a block of vectors [2(0) @) ... PAG) (i)]T ,i=01,...M :;mb —1 to be mapped onto resource
elements.

5.3.3A.1 Precoding for transmission on a single antenna port

For transmission on a single antenna port, precoding is defined by
22 =y"0)

. ap ap layer
where i =0,1... Mg =1, Mg =M.

5.3.3A.2 Precoding for spatial multiplexing

Precoding for spatial multiplexing is only used in combination with layer mapping for spatial multiplexing as described
in clause 5.3.2A.2. Spatial multiplexing supports P =2 or P =4 antenna ports where the set of antenna ports used for
spatial multiplexing is p € {20,21} and pe {40,41,42,43} , respectively.

Precoding for spatial multiplexing is defined by
0 a0
: =W :
O] I PR

. ap ap  _ layer
where i =0,L... Mg, =1, MG =M.

The precoding matrix W of size Pxuv is given by one of the entries in Table 5.3.3A.2-1 for P =2 and by Tables

5.3.3A.2-2 through 5.3.3A.2-5 for P =4 where the entries in each row are ordered from left to right in increasing order
of codebook indices.
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Table 5.3.3A.2-1: Codebook for transmission on antenna ports {20,21}

Codebook index UN:Tber of '?’i’;
1|1 111 0
° ﬁH Jz[o J
1 1
1 ﬁM '
1|1
2 fu ]
1 1
> V2 {—J ]
1 (1
) ﬁM '
110
° sz '

Table 5.3.3A.2-2: Codebook for transmission on antenna ports {40,41,42,43} with v =1

Codebook index Number of layers v =1

(1] 1 (1] (1] 1 1 (1] (1]

0_7 v gty papbppaptd L I I S I S A B B 4
2| 1 2| 2|-1] | 2]-j 201 2| 20 -1 | 2=

-1 J 1] |—J ] J 1 |~/ -1

(1] 1 (1] (1] 1 1 (1] (1]

615 LI e I e N A A R I AN I R AN
2| 1 2| 2|-1 | 2]-j|] 2] 1 2| j 2| -1 2| —j

L 1] —J -1 L J ] —J -1 L J ] L1

1 1 1 (1] 0 0 0 [0 ]

110 110 110 1] 0 11 11 11 1] 1

16-23 20 | 2l= | 25 2l=s1] 210l | 2| ol | Zlo| | 2|0
0 0 0 | 0 | 1 -1 Jj -]
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Table 5.3.3A.2-3: Codebook for transmission on antenna ports {40,41,42,43} with v=2

Codebook index Number of layers v =2
1 0 1 0 1 0 1 0
111 0 111 0 1|-j 0 1|-j O
0-3 200 1 200 1] [ 210 1]]2]0 1
0 —j 0 j 0 1 0 -1
1 0 1 0] 1 0 1 0
1{-1 0 1/-1 0 1{j 0 1lj 0
4-7 2 1] 2l0 1 200 1 200 1
- 0 ] 0 1 0 -
(1 0] 1 0] 1 0] (1 0]
110 1 110 1 110 1 110 1
8—11 — — — —
2|11 0 2|1 0 2|-1 0 2|-1 0
10 1] 0 —1] 0 1] |0 —1]
1 0] 1 0] (1 0] i 0]
110 1 110 1 110 1 1 1
12-15 — — — —
200 1 210 -1 200 1 2 -1
1 0] 1 0 -1 0] -1 0|

Table 5.3.3A.2-4: Codebook for transmission on antenna ports {40,41,42,43} with v=3

Codebook index Number of layers v =3
(1 0 0] 1 0 0] (1 0 0] (1 0 0]
111 0 Of | 1|-1 0 0/ 1/0 1 O/ 1/0 1 0
0-3 2101 0l 2/0 1 0|l 2[t ool 2[-100
10 0 1) 0 0 1] 10 0 1) 10 0 1]
(1 0 0] [1 0 0] [0 1 0] [0 1 0]
110 1 0f | 1|0 1 0 111 0 0| 1|1 0 0
4-7 210 0 1| 2[00 o 1] | 2[t ool 2[-1 00
11 0 0 -1 0 0] 10 0 1) 10 0 1]
[0 1 0] [0 1 0] [0 1 0] [0 1 0]
11 0 0f| 1|1 00 110 0 1 110 0 1
811 210 0 1/ 2[00 o 1] | 2[t oofl|2[1 00
1 0 0] -1 0 0] 1 0 0] -1 0 0]

Table 5.3.3A.2-5: Codebook for transmission on antenna ports {40,41,42,43} with v =4

Codebook index

Number of layers v =4

1
2

1

oS O O

0
1
0
0

0

0
1
0

0
0
0
1

3GPP
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5.34 Mapping to physical resources

For each antenna port p used for transmission of the PUSCH in a subframe the block of complex-valued symbols
P (0),...,2(77 ) M :;’mb —1) shall be multiplied with the amplitude scaling factor Spygcy in order to conform to the
transmit power Ppygey specified in clause 5.1.1.1 in 3GPP TS 36.213 [4], and mapped in sequence starting with

z® (0) to physical resource blocks on antenna port p and assigned for transmission of PUSCH. The relation between
the index p and the antenna port number p is given by Table 5.2.1-1. The mapping to resource elements (k,l )
corresponding to the physical resource blocks assigned for transmission and

- not used for transmission of reference signals, and

- not part of the last SC-FDMA symbol in a subframe, if the UE transmits SRS in the same subframe in the same
serving cell, and

- not part of the last SC-FDMA symbol in a subframe configured with cell-specific SRS for non-BL/CE UEs and
BL/CE UEs in CEModeA, if the PUSCH transmission partly or fully overlaps with the cell-specific SRS
bandwidth, and

- not part of an SC-FDMA symbol reserved for possible SRS transmission in a UE-specific aperiodic SRS
subframe in the same serving cell, and

- not part of an SC-FDMA symbol reserved for possible SRS transmission in a UE-specific periodic SRS
subframe in the same serving cell when the UE is configured with multiple TAGs

- not part of the first SC-FDMA symbol in a subframe if the associated DCI indicates PUSCH starting position
‘01°,°10°, or ‘11

- not part of the last SC-FDMA symbol in a subframe if the associated DCI indicates PUSCH ending symbol ‘1’

shall be in increasing order of first the index k&, then the index/, starting with the first slot in an uplink subframe. For
the UpPTS, the mapping shall start at symbol / =1 and if dmrsLess-UpPts is set to true the mapping shall end at symbol
! =symPUSCH UpPts in the second slot of a special subframe, otherwise, the mapping shall end at symbol

[ =symPUSCH UpPts +1 in the second slot of a special subframe.

For BL/CE UEs, the PUSCH transmission is restricted as follows:

- For CEModeA, if the PUSCH is associated with C-RNTTI or SPS C-RNTT and the higher layer parameter ce-
pusch-maxBandwidth-config is set to 5 MHz, the maximum number of allocatable PRBs for PUSCH is 24 PRBs.
The allocatable PRBs include the PRBs belonging to the narrowbands defined in clause 5.2.4 and the odd PRB at
the center of the uplink system bandwidth in case of odd total number of uplink PRBs. If a resource assignment
or frequency hopping would result in a PUSCH resource allocation outside the allocatable PRBs then the
PUSCH transmission in that subframe is dropped.

- For all other cases, the maximum number of allocatable PRBs for PUSCH is 6 PRBs restricted to one of the
narrowbands defined in clause 5.2.4.

For BL/CE UEs in CEModeB, resource elements in the last SC-FDMA symbol in a subframe configured with cell-
specific SRS shall be counted in the PUSCH mapping but not used for transmission of the PUSCH.

For BL/CE UEgs, if one or more SC-FDMA symbol(s) are left empty due to guard period for narrowband or wideband
retuning, the affected SC-FDMA symbol(s) shall be counted in the PUSCH mapping but not used for transmission of
the PUSCH.

For a UE configured with SRS carrier switching, if the first symbol in a subframe collides with the switching time
associated with an SRS transmission, the resource elements in the first OFDM symbol shall be counted in the PUSCH
mapping but not used for transmission of PUSCH.

For a UE configured with SRS carrier switching, if the last symbol in a subframe is not counted in the PUSCH mapping
and the second-to-last symbol in the subframe collides with the switching time associated with an SRS transmission, the
resource elements in the second-to-last OFDM symbol shall be counted in the PUSCH mapping but not used for
transmission of PUSCH.
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If uplink frequency-hopping is disabled or the resource blocks allocated for PUSCH transmission are not contiguous in
frequency, the set of physical resource blocks to be used for transmission is given by nprp = nyrg Where nygg is

obtained from the uplink scheduling grant as described in clause 8.1 in 3GPP TS 36.213 [4].

If uplink frequency-hopping with type 1 PUSCH hopping is enabled, the set of physical resource blocks to be used for
transmission is given by clause 8.4.1 in 3GPP TS 36.213 [4].

If uplink frequency-hopping with predefined hopping pattern is enabled, the set of physical resource blocks to be used
for transmission in slot ng is given by the scheduling grant together with a predefined pattern according to

npgp (115) = nVRB + fhop( ) N ((leztia - 1)_ 2(’7\/11}3 mod le{kl’s )) Sm (i))mOd(lez% “Ng)
{Ln o/ ZJ inter — subframe hopping

intra and inter — subframe hopping
(n, Nprp (” ) Ng =1
n n
PRE ”PRB(” )+ 0/2-‘ Ng >1

N, =1
vk = nyrB — 0/2-‘ Ng >1

where nyyp 1s obtained from the scheduling grant as described in clause 8.1 in 3GPP TS 36.213 [4]. The parameter
pusch-HoppingOffset, N {fg , is provided by higher layers. The size NE% of each sub-band is given by,

Ns _ NII{% Nsb =1
R 7| (WU - N9 NHO mod2 )/, | N

w1

where the number of sub-bands N is given by higher layers. The function f,, (i) € {0,1} determines whether mirroring

is used or not. The parameter Hopping-mode provided by higher layers determines if hopping is "inter-subframe" or
"intra and inter-subframe".

The hopping function fy,, (i) and the function f;, (i) are given by

0 Ny =1
i-10+9
(Frop=D+ Y ey x2* 1N ymod Ny, Ny, =2
Jrop @) = k=i-10+1
i-104+9 .
(fropG=1) +[ Z (k) x 2510+ J mod(Ng —1)+)mod N, N >2
k=i-10+1
imod2 Ng, =1 and intra and inter — subframe hopping
fm () =<CURRENT TX NBmod2 N =1 andinter —subframe hopping
c(i-10) Ng >1

where fj,,,(=1) =0 and the pseudo-random sequence c(i) is given by clause 7.2 and CURRENT_TX_NB indicates the

transmission number for the transport block transmitted in slot ng as defined in [8]. The pseudo-random sequence

generator shall be initialised with ¢, . = N, ICI;H for frame structure type 1 and ¢;; = =2° -(n; mod 4)+ Nip el for frame

init init

structure type 2 at the start of each frame.

For BL/CE UEs, the PRB resources for PUSCH transmission in the first subframe are obtained from the DCI as
described in clauses 5.3.3.1.10 and 5.3.3.1.11 in [3]. The PUSCH is transmitted with NEUSCH > 1 repetitions. The

rep

PUSCH > NPUSCH

PUSCH transmission spans N rep consecutive subframes, including non-BL/CE UL subframes where the

UE postpones the PUSCH transmission if N igSCH > 1. For BL/CE UE in CEModeA, PUSCH frequency hopping is
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enabled when the higher-layer parameter pusch-HoppingConfig is set and the frequency hopping flag in DCI format 6-
0A indicates frequency hopping, otherwise frequency hopping is disabled. For BL/CE UE in CEModeB, PUSCH
frequency hopping is enabled when the higher-layer parameter pusch-HoppingConfig is set, otherwise frequency

hopping is disabled. If frequency hopping is not enabled for PUSCH, all PUSCH repetitions are located at the same

PRB resources. If frequency hopping is enabled for PUSCH, PUSCH is transmitted in subframe i within the N;YSH

consecutive uplink subframes using the same number of consecutive PRBs as in the previous subframe starting from the
same starting PRB resource within narrowband

20— nl(fﬁ;) it [i/ N — il mod 2 =0
B (nNB+ fpgigf)modN}jg it [i/NSBUL— i Jmod 2 =1

Jo =i/ 3" |

<i<ig+ NpPH 1

10 abs

where i, is the absolute subframe number of the first UL subframe intended for carrying the PUSCH and Nyg hUL and

s ig;l are cell-specific higher-layer parameters. For the N 25

PUSCH in subframe i if it is not a BL/CE UL subframe.

consecutive subframes, the UE shall not transmit

For BL/CE UEs, PUSCH transmission associated with Temporary C-RNTI or PUSCH transmission initiated by a
“PDCCH order”, frequency hopping of the PUSCH is enabled when higher layer parameter rar-HoppingConfig is set.
Further

- if PRACH CE level O or 1 is used for the last PRACH attempt, Nyg ch UL s set to the higher layer parameter
interval-UlHoppingConfigCommonModeA,

- if PRACH CE level 2 or 3 is used for the last PRACH attempt, N ]C\}};UL is set to the higher layer parameter
interval-UlHoppingConfigCommonModeB.

For BL/CE UEs in CEModeB, for PUSCH transmission not associated with Temporary C-RNTI, for frame structure
type 1, after a transmission duration of 256 -307207, time units (which may include non-BL/CE UL subframes), a gap

of 40-307207, time units shall be inserted, as specified in TS 36.331 [9]. BL/CE UL subframes within the gap of
40-307207, time units shall be counted for the PUSCH resource mapping but not used for transmission of the
PUSCH.

For BL/CE UEs, for PUSCH transmission associated with Temporary C-RNTI for frame structure type 1, and if
PRACH CE level 2 or 3 is used for the last PRACH attempt, after a transmission duration of 256 -307207, time units
(which may include non-BL/CE UL subframes), a gap of 40-307207, time units shall be inserted. BL/CE UL
subframes within the gap of 40-307207, time units shall be counted for the PUSCH resource mapping but not used for
transmission of the PUSCH.

For UEs configured with PUSCHEnh-Configuration, the number of PUSCH subframe repetitions V, rl;gSCH and the
PRB resources for PUSCH transmission in the first subframe are obtained from the DCI as described in clause
5.3.3.1.1C in [3]. PUSCH frequency hopping is enabled when the higher-layer parameters pusch-
HoppingOffsetPUSCHEnh and interval-ULHoppingPUSCHEnh are set and the frequency hopping flag in DCI format

0C indicates frequency hopping, otherwise frequency hopping is disabled. If frequency hopping is not enabled for
PUSCH, the PUSCH repetitions are located at the same PRB resources as in the first subframe. If frequency hopping is

enabled for PUSCH, PUSCH is transmitted in subframe i within the Nr[;lpJSCH consecutive uplink subframes using the

PRB resources starting at PRB index ng,‘]%B

(i) _{n}(fRL if %/N,fggggp - jOJ mod 2 =0

n =
PRB PUSCH UL ¢ |:/A7PUSCH _
( "pRB + SPRB hop )mod Npgpg  if l/ NpRB,hop —JoJ mod 2 =

.. PUSCH
Jo = L’ Npry hopJ
+ NPUSCH _;

ig Si<iy rep
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where i, is the absolute subframe number of the first UL subframe carrying the PUSCH and N I‘,’ggﬁ‘jp is given by the

higher-layer parameter pusch-HoppingOffsetPUSCHEnh and fplg;s’g; is given by the higher-layer parameter interval-
ULHoppingPUSCHEnRh.

5.4 Physical uplink control channel

The physical uplink control channel, PUCCH, carries uplink control information. Simultaneous transmission of PUCCH
and PUSCH from the same UE is supported if enabled by higher layers. For frame structure type 2, the PUCCH is not
transmitted in the UpPTS field.

The physical uplink control channel supports multiple formats as shown in Table 5.4-1 with different number of bits per
subframe, where M }‘;gCCH“ represents the bandwidth of the PUCCH format 4 as defined by clause 5.4.2B, and

NUCH and NPVCM are defined in Table 5.4.2C-1.
Formats 2a and 2b are supported for normal cyclic prefix only.

Table 5.4-1: Supported PUCCH formats

PUCCH format | Modulation scheme Number of bits per subframe, M
1 N/A N/A
1a BPSK 1
1b QPSK >
2 QPSK 20
2a QPSK+BPSK 21
2b QPSK+QPSK 22
3 QPSK 48
4 QPSK MEUCCH .y RB ,(NgUCCH + N uccH ) 5
5 QPSK NRE (yPUCCH , jyPUCCH)

All PUCCH formats use a cyclic shift, n%" (n,), which varies with the symbol number / and the slot number 7,

according to
e ) =Y (NS g +81 +1) 2

where the pseudo-random sequence c¢(i) is defined by clause 7.2. The pseudo-random sequence generator shall be

initialized with ¢;; = nIRDS , where nIRDS is given by clause 5.5.1.5 with NIC]S" corresponding to the primary cell, at the

beginning of each radio frame.

The physical resources used for PUCCH depends on two parameters, N, ]gzg and NV

cs 2

given by higher layers.
The variable NG >0 denotes the bandwidth in terms of resource blocks that are available for use by PUCCH formats
2/2a/2b transmission in each slot. The variable N éj) denotes the number of cyclic shift used for PUCCH formats

1/1a/1b in a resource block used for a mix of formats 1/1a/1b and 2/2a/2b. The value of Néi) is an integer multiple of

PUCCH
A

"UeCt within the range of {0, 1, ..., 7}, where A”-" is provided by higher layers. No mixed resource block is

present if NV = 0. At most one resource block in each slot supports a mix of formats 1/1a/1b and 2/2a/2b.
Resources used for transmission of PUCCH formats 1/1a/1b, 2/2a/2b, 3, 4, and 5 are represented by the non-negative

_ _ N _
. 1, 2, 2) \/RB RB _ /(1 3, 4 5 -
indices nGPry » nofry < NSgNE J{% (N2B_NO 2y, nSPL L nS ey and nS)eqy » respectively.
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5.4.1 PUCCH formats 1, 1a and 1b

For PUCCH format 1, information is carried by the presence/absence of transmission of PUCCH from the UE.
In the remainder of this clause, d(0) =1 shall be assumed for PUCCH format 1.

For PUCCH formats 1a and 1b, one or two explicit bits are transmitted, respectively. The block of bits
b(0),...,b(M4; —1) shall be modulated as described in Table 5.4.1-1, resulting in a complex-valued symbol d(0) .

The modulation schemes for the different PUCCH formats are given by Table 5.4-1.

The complex-valued symbol d(0) shall be multiplied with a cyclically shifted length N SpegCCH =12 sequence ru(zf’ )(n)
for each of the P antenna ports used for PUCCH transmission according to
5 6
y“’"”(n) - \/_d(O) (a )(n), n=0,1,. NiIC,IICCH 1

where r( 5’ )(n) is defined by clause 5.5.1 with M| SRS NPUCCH and §=0. The antenna-port specific cyclic shift a;

seq

varies between symbols and slots as defined below.

The block of complex-valued symbols y(ﬁ )(0)...., y(ﬁ ) (NSI;I;CCH —1) shall be scrambled by S(#n,) and block-wise

spread with the antenna-port specific orthogonal sequence w (; (i) according to

seq seq

2P NG N e NI )= S, ()P )

where
m=0... NPUCCH -1
PUCCH
n=0,...,Ngq -1
m'=0,1
and

Sn) 1 if n%(ny)mod 2 =0
n)=4 .
e/ otherwise

with Ngp PUCCH for the two slots in a subframe given by Table 5.4.1-1a. The sequence w g (i) is given by Table 5.4.1-2
and Table 5.4.1-3 and n'; (ng) is defined below.

Resources used for transmission of PUCCH format 1, 1a and 1b are identified by a resource index nf)llfj)CH from which

the orthogonal sequence index n(p )(n ) and the cyclic shift ;;(n,,/) are determined according to

W) (n ) Ln}, (ny)- APPECH / N 'J for normal cyclic prefix
2. \_n' (ng)- Alps ! / N 'J for extended cyclic prefi
7 Uts) " Aghift yclic pretix

ay(ng,)= 27 -n{P (ng, 1)/ NX®

o [ i, 1)+ ( L(ny)- ATHST 4 ( (P) () mod APUSH ))mod N ’] mod NXP  for normal cyclic prefix
S (ng, )=
[ i, 1)+ ( L(ng)- AT + n(p) (ng )/2)mod N ] mod NP for extended cyclic prefix

where
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D e (L,F 1) / \PUCCH
N' = Ncgs) if nl(’Ulé)(JH <c: N(Es) Ahife
NEB  otherwise
3 normal cyclic prefix
|2 extended cyclic prefix

The resource indices within the two resource blocks in the two slots of a subframe to which the PUCCH is mapped are
given by

(1,p) o (L) (1) / APUCCH
ns(n) = { PUCCH if s <o NG /ARE
p\s 1,5) (1) PUCCH RB / A\PUCCH .
(nPUpCCH /AShlfl )mOd(C : Nsc Ashlft ) otherwise

for n,mod2 =0 and by

o) et (g 1) +1)] modleNEB /APUSCH 1)1 p2) > N /APUCCH
n =
’ \_h; / CJ+ (h; mod c)N NG otherwise

for nymod2 =1, where h; = (n;; (ng,—D+d )mod(cN '/AZ%%CH ), with d =2 for normal CP and d =0 for extended CP.

The parameter deltaPUCCH-Shift A};hUlgc}I is provided by higher layers.

Table 5.4.1-1: Modulation symbol J(0) for PUCCH formats 1a and 1b

PUCCH format | 5(0),...,b(M; —1) | d(0)
0 1
1a 1 ]
00 1
01 -j
1b ]
10 7
1 -1

Table 5.4.1-1a: The quantity N5'°“" for PUCCH formats 1a and 1b

v PUCcH
PUCCH format
first slot | second slot
normal 1/1a/1b 4 4
shortened 1/1a/1b 4 3
Table 5.4.1-2: Orthogonal sequences [w(O) (NPUCC“—I)] for NSV =4
Sequence index n(p)(ns) Orthogonal sequences [w(O) w(NPUCCH 1)]
0 [+1 +1 +1 +1]
1 [+1 -1 +1 —1]
2 [+1 -1 -1 +1]

Ericsson Ex. 1011, p. 35 of 195

3GPP Ericsson v. Motorola



Release 14

Table 5.4.1-3: Orthogonal sequences [w(O)
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WVEYSH _1)] for NIV =3

Sequence index n?)(n,) | Orthogonal sequences [w(O) W(Nep € —1)]
0 11 1]
1 [1 o273 ej4;r/3]
2 [1 e e_,'zzr/3]

3GPP
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5.4.2 PUCCH formats 2, 2a and 2b

The block of bits 5(0),...,5(19) shall be scrambled with a UE-specific scrambling sequence, resulting in a block of
scrambled bits 5 (0),...,5(19) according to

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

where the scrambling sequence c(i) is given by clause 7.2. The scrambling sequence generator shall be initialised with

e = (g /2]+1)- (2N el 1)- 2'® 4 gy at the start of each subframe where ngyy is C-RNTL

The block of scrambled bits b (0),...,1; (19) shall be QPSK modulated as described in clause 7.1, resulting in a block of
complex-valued modulation symbols d(0),...,d(9).

PUCCH
seq

Each complex-valued symbol d(0),...,d(9) shall be multiplied with a cyclically shifted length N =12 sequence

(a5.9)

1.y, (n) for each of the P antenna ports used for PUCCH transmission according to

Z(p)(NPUCCH n+l) _d( ) (0{ ,0)

seq \/—

n=0,1,..9
i=0,,., N8 1

@

where r( 70 (i) is defined by clause 5.5.1 with M} w =N PUCCH and 6=0.

seq

Resources used for transmission of PUCCH formats 2/2a/2b are identified by a resource index n{)UCCH from which the

cyclic shift a;(ny,/) is determined according to
ay(ng,0) =20 (ng, 1)/ NS®
where
1P (ng, 1) = (12 (n, 1) + 'y (n) Jmod NE®
and

P) RB . RB (2)
" (n )= {nPUCCH mod Ny, if nPUCCH <Ny Ng

]()2UIé)CH + N(l) +1)mod NR otherwise

for n;mod2 =0 and by

NRB( *(n, —1)+1;]mod(NRB )—1 if 3P, < NRENG)

RB (2,p)
Nie™ =2=npiccn

o]

For PUCCH formats 2a and 2b, supported for normal cyclic prefix only, the bit(s) 5(20),...,b6(M;; —1) shall be
modulated as described in Table 5.4.2-1 resulting in a single modulation symbol d(10) used in the generation of the

mod NP otherwise

for nymod2=1.

reference-signal for PUCCH format 2a and 2b as described in clause 5.5.2.2.1.
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Table 5.4.2-1: Modulation symbol 4(10) for PUCCH formats 2a and 2b

PUCCH format | 5(20),....,b(M; —1) | 4(10)
0 1
2a 1 -1
00 1
01 -J
2b ]
10 J
11 -1

54.2A PUCCH format 3

The block of bits b(0),...,6(M; —1) shall be scrambled with a UE-specific scrambling sequence, resulting in a block of
scrambled bits b (O),...,E (M4; —1) according to

b (i) = (b(i) + c(i))mod 2
where the scrambling sequence c(i) is given by clause 7.2. The scrambling sequence generator shall be initialised with

e = (g /2]4+1)- (ZN cell 4 1)~ 2'% 4 gy at the start of each subframe where ngyy is the C-RNTL

The block of scrambled bits 5 (0),...,1; (M4; —1) shall be QPSK modulated as described in Subclause 7.1, resulting in a

block of complex-valued modulation symbols d(0),...,d (M g, —1) where M, = My, /2 = 2NERB

The complex-valued symbols d(0),...,d (M gy, —1) shall be block-wise spread with the orthogonal sequences w ;) (i)
0c,0

and w g (i) resulting in Né)FUgCH +N;§JFCH sets of NSEB values each according to
oc,1 ’ s
. cell
~ W o (ﬁ).e./”L"cs ('1551)/64J/2 -d(i) n< Nsl}JgCH
PO=1 " i njsls ks ;
W (1) e/ e e -d(Ng, +i) otherwise
oc,1

— PUCCH
7 =nmod Nepg©

_ PUCCH | 57PUCCH
n=0,.,Ngrg =~ +Ngr; -1

i=0,,., N3 -1

where N;)E(?CH = Né’g “CH — 5 for both slots in a subframe using normal PUCCH format 3 and N;)EOCCH =5,
N, ;’E ICCH = 4 holds for the first and second slot, respectively, in a subframe using shortened PUCCH format 3. The

orthogonal sequences w (; (i) and w 3 (i) are given by Table 5.4.2A-1. Resources used for transmission of PUCCH
oc,0 oc,1

formats 3 are identified by a resource index nl(flj’z)CH from which the quantities nf)f 2] and n((f )1 are derived according to

» _,G.Dp) PUCCH
Noc0 = MpuccH mod Ngg |

B PUCCH ¢ n/PUCCH
(P _ {(3’155,)0 )mOdNSF,l if Nggy o =5

nP) mod NeYF™ otherwise

oc,l T

Each set of complex-valued symbols shall be cyclically shifted according to
770 = 97 i+ 15" 1) Imod N2

where 7 (n_,1) is given by Subclause 5.4, n, is the slot number within a radio frame and / is the SC-FDMA symbol

number within a slot.
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The shifted sets of complex-valued symbols shall be transform precoded according to

NERB_y _ 2k
2PN b= S e
k=0,.,NX® 1
n=0,.,Nero " +Negy -1

where P is the number of antenna 5;\(’)rts used for PUCCH transmission, resulting in a block of complex-valued symbols
MY

2P(0),..., 2P (NIUSCH 1 NEUCCH |y RB _y

Table 5.4.2A-1: The orthogonal sequence w, (i)

Orthogonal sequence [wn (0) - w, (NSPCH_ 1)]
Sequence index 7, oc oc
PUCCH PUCCH
0 111 1] [+1 +1 +1 +1]
1 [1 PRZ/E NS TR (e ej87r/5] [+1 1 +1 _1]
2 [1 ej47!/5 ej87r/5 ej27r/5 ej67r/5] [+1 +1 -1 _1]
3 [1 /075 Qi2al5  ,i87/5 ej4”/5] [+1 -1 -1 +1]
4 [1 QIS5 Li6R[S /s 2/ ] i
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54.2B PUCCH format 4

The block of bits b(0),...,b(M ;; —1) shall be scrambled with a UE-specific scrambling sequence, resulting in a block
of scrambled bits b (0),...,b (M bic —1) according to

b(i) = (b(i) + c(i))mod2

where the scrambling sequence c(i) is given by clause 7.2. The scrambling sequence generator shall be initialised with

e = (g /2]+1)- (ZN ecll 1)~ 2'® 4 npnpy at the start of each subframe where ngyy is the C-RNTL

The block of scrambled bits 5 (O),...,I; (M ;; =1 shall be QPSK modulated as described in Subclause 7.1, resulting in a

block of complex-valued modulation symbols d(0),...,d (M g, —1) where M, = My, /2.

The block of complex-valued symbols d(0),...,d(M —1) is divided into N, 5 UCCH | N 1P UCCH gets, each

corresponding to one SC-FDMA symbol. Transform precoding shall be applied according to

symb

MPU((H4 1 . 2mk

7 -J e
Z(P) ( ‘MS}::UCCI—M + k)= Z dl- MPUCCH4 ti)e M PUCCH

I PUCCH4
MSC
k=0,.., MM g

[=0,., NJUCCH 4 yPUccH _y

where p=0, N, PUCCH and NlP UCCH are given by Table 5.4.2C-1 for normal PUCCH format 4 and shortened PUCCH
format 4, resulting in a block of complex-valued symbols P (O),...,z(;’ ) (M gy —1) . The

variable M 2VCCH = prPOCCHY . NRB \where Mppc M represents the bandwidth of the PUCCH format 4 in terms of

sc

resource blocks, shall fulfil
Mll;gCCH4 —0% _30:3 'Sas < N}Ii%

where a,,05,a5 is a set of non-negative integers.

5.4.2C PUCCH format 5

The block of bits 5(0),...,b(M ;, —1) shall be scrambled with a UE-specific scrambling sequence, resulting in a block
of scrambled bits b (0),...,5 (M4; —1) according to

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

where the scrambling sequence c(i) is given by clause 7.2. The scrambling sequence generator shall be initialised with

o (I / 2]+1)- (ZN coll 1)- 2'® 4 gy at the start of each subframe where ngyy is the C-RNTL

The block of scrambled bits 5 (O),...,g (M4 —1) shall be QPSK modulated as described in Subclause 7.1, resulting in a

block of complex-valued modulation symbols d(0),...,d (M, —1) where M, = My /2.

The complex-valued symbols d(0),...,d (M —1) shall be divided into N, PUCCH NlP UCCH gets, each corresponding

to one SC-FDMA symbol. Block-wise spreading shall be applied according to

V()= w,_()-dlimod NEB /NEVCCH . NRB [ yEUCCH
n= 0 NPUCCH +NPUCCH 1

i=0]1,., N8 1

symb
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where Ngp“M =2, Ny and NV are given by Table 5.4.2C-1 for normal PUCCH format 5 and shortened

PUCCH format 5, and w, (z) is given by Table 5.4.2C-2 with n,, provided by higher layers.

The block-wise spread complex-valued symbols shall be transform precoded according to

NSIEB 71 27k

~ 1 =J
2P (n-NRB 4 k) = > yae N
NRB &
sc i=0
k=0,.,NXB ]
n =0, NEUCCH 4 yPUCCH _

where 7 =0, resulting in a block of complex-valued symbols z”’ (O),...,z(’N’ ) ((Ng UCCH v pocet )NSEB - 1).

Table 5.4.2C-1: The quantities Nj " and N/VCH

PUCCH format type Normal cyclic prefix Extended cyclic prefix
NgUCCH NlPUCCH Né’UCCH NIPUCCH

Normal PUCCH 6 6 5 5

format

Shortened PUCCH 6 5 5 4

format

Table 5.4.2C-2: Orthogonal sequences w, (i)

Orthogonal sequences anCDM (O) 00 (NSIiB —I)J

ocC

0 [+l +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1]
1| 1 +1 41 41 41 41 -1 -1 -1 -1 -1 -1]

54.3 Mapping to physical resources

The block of complex-valued symbols z'”) (i) shall be multiplied with the amplitude scaling factor Brucen 1n order to
conform to the transmit power Poyocy specified in Subclause 5.1.2.1 in 3GPP TS 36.213 [4], and mapped in sequence

starting with P (0) to resource elements. PUCCH uses one or more resource block in each of the two slots in a

subframe. Within the physical resource block(s) used for transmission, the mapping of P (i) to resource elements
(k,l ) on antenna port p and not used for transmission of reference signals shall be in increasing order of first &, then
[ and finally the slot number, starting with the first slot in the subframe. The relation between the index p and the
antenna port number p is given by Table 5.2.1-1.

For non-BL/CE UEs, except for PUCCH format 4, the physical resource blocks to be used for transmission of PUCCH
in slot ng are given by

{%J if (m +n, mod2)mod2 = 0

Nprp =

Nig —1—{%J if (m+nS mod2)mod2 =1

For BL/CE UEs, PUCCH is transmitted with N2YC“H > repetitions. The PUCCH transmission spans

rep

N:bliCCH > NPUCCH

rep consecutive subframes, including non-BL/CE UL subframes where the UE postpones the PUCCH

PUCCH
Nrep

transmission if N'o° > 1. The quantity

rep is given
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- by the higher layer parameter pucch-NumRepetitionCE-Formatl for PUCCH format 1/1a and pucch-
NumRepetitionCE-Format2 for PUCCH format 2/2a/2b, if configured. Otherwise

- by the higher-layer parameter pucch-NumRepetitionCE-Msg4-Level0-r13, pucch-NumRepetitionCE-Msg4-
Levell-ri3, pucch-NumRepetitionCE-Msg4-Level2-r13 or pucch-NumRepetition CE-Msg4-Level3-ri3.

The physical resource blocks to be used for transmission of PUCCH in subframe i within the N consecutive

subframes are given by

L m' ()2 if m'(j)mod2=0
e (1) = N —1-|m'(j)/2] if m'(j)mod2 =1

m if jmod2=0
m'(j)=4m+1 if jmod2=1and mmod2=0
m—1 if jmod2 =1and mmod2 =1

. i
" {N&%‘JLJ

<i<iy+NRUCH 1

Iy abs

where i, is the absolute subframe number of the first uplink subframe intended for PUCCH.
The variable m depends on the PUCCH format.

- Formats 1, la and 1b:

@ (Lp) (1) / \PUCCH
Nys if nPUCCH <c N [ Agie

1 1) / \PUCCH 1
m= ”1(>U1<]:)CH —c-N, c(s)/ Aghife + NP 4 K otherwise
. NRB / \PUCCH RB 8

shift

_ |3 normalcyclic prefix
" |2 extended cyclic prefix

- Formats 2, 2a and 2b:
m = /N2
- Format 3:
m = /N5
- Format 5 (non-BL/CE UEs only):

(5)
m = npyccu

For non-BL/CE UEs, for PUCCH format 4, the physical resource blocks to be used for transmission of PUCCH in slot
ng are given by

m if ny,mod2=0
n =
PRETANYE —1—m  if nymod2 =1
_, 4 4) (4) PUCCH4
m =npicens>Mpucen + - Mpuccn + Mrs -1

where M }‘Q};CCH“ is obtained from [4].

Mapping of modulation symbols for the physical uplink control channel for PUCCH formats 1 — 3 is illustrated in
Figure 5.4.3-1.
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In case of simultaneous transmission of sounding reference signal and PUCCH format 1, 1a, 1b, 3, 4 or 5 when there is
one serving cell configured, the shortened PUCCH format shall be used where the last SC-FDMA symbol in the second
slot of a subframe shall be left empty.

In case of guard period for narrowband or wideband retuning for BL/CE UEs, if an SC-FDMA symbol is left empty due
to guard period, the SC-FDMA symbol shall be counted in the PUCCH mapping but not used for transmission of the
PUCCH. The SC-FDMA symbol affected by the guard period can be the first SC-FDMA symbol in the first slot of a
subframe and/or the last SC-FDMA symbol in the second slot of a subframe.

nPRB:N]II%_l =1 =l
m=3

m=3

nprp =0 m=0 m=1

<+—O0ne subframe—»

Figure 5.4.3-1: Mapping to physical resource blocks for PUCCH formats 1 — 3 for non-BL/CE UEs.
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5.5 Reference signals

Two types of uplink reference signals are supported:
- Demodulation reference signal, associated with transmission of PUSCH or PUCCH
- Sounding reference signal, not associated with transmission of PUSCH or PUCCH

The same set of base sequences is used for demodulation and sounding reference signals.

5.5.1 Generation of the reference signal sequence

(a.6)

Reference signal sequence 7,7’ (n) is defined by a cyclic shift « of a base sequence 7, ,(n) according to

@ mod?2

ja[nﬂ? B j RS
r,,(m), 0<n<Mg

ru(ﬁ’g)(n) =e

where M SIZS = mNRP / 29 is the length of the reference signal sequence, 1< m < Naa*U | & is defined in subclause

5.5.2.1.2, and the quantity 6 =1 when the higher-layer parameter u/-DMRS-IFDMA is set and the most recent uplink-
related DCI contains the Cyclic Shift Field mapping table for DMRS bit field which indicates the use of Table 5.5.2.1.1-
3,and & =0 otherwise. Multiple reference signal sequences are defined from a single base sequence through different
values of « .

Base sequences 7, ,(n) are divided into groups, where u € {0.1,...,29} is the group number and v is the base sequence

number within the group, such that each group contains one base sequence (v =0 ) of each length M S}ES = mNsliB ,

1<m<5 and two base sequences (v = 0,1) of each length MRS =mN2B | 6 <m < NV The sequence group
number u and the number v within the group may vary in time as described in clauses 5.5.1.3 and 5.5.1.4,

respectively. The definition of the base sequence 7, ,,(0),...,7, , (M SIES —1) depends on the sequence length M Slzs .

5.5.1.1 Base sequences of length 3n2" or larger

For MRS >3 NRB

s 23N, the base sequence 7,

TRY

(0),...s Ty, (M &S —1) is given by
Fuy(m)=x,(nmod N32), 0<n<M

where the qth root Zadoff-Chu sequence is defined by

_mgm(m+1)

_ NES RS
xq(m)—e 2, 0Sm< Ny -1

with ¢ given by

q=|g+1/2]+v-(-n2
q=Nze-(u+1)/31

The length N gg of the Zadoff-Chu sequence is given by the largest prime number such that N. §§ <M slzs .
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5.5.1.2 Base sequences of length less than 3N 2P

For M35 = NRB MRS — o NRE MS%S =NS%B/2, and Mslzs =3N§B/2 , the base sequence is given by

NV sc
- jp(n)z /4 RS
ruyv(n):e”’( 74 0<n< MBS -1

where the value of ¢(n) is given by Table 5.5.1.2-1, Table 5.5.1.2-2, Table 5.5.1.2-3, and Table 5.5.1.2-4 for
MRS = NRB MRS —oNRB MRS — NRB /2 and MRS =3NRB /2 respectively. For MRS =5NRB /2 the base

sc sc

sequence 7, ,,(0),...,1,, , (M s%s —1) is given by

_j/r(u+1)(n+1)(n+2)
7o(n)=e 31 , 0<n<MBS ]

Table 5.5.1.2-1: Definition of ¢(n) for M35 = NRB.

9(0),...,p(11)

u
0 |-111]3|-3/ 3|3/ 1]13]1[-3]3
1 |1/ 1/3]3[3]-1]1]-3]-3]1]|-3]3
2 11 1]-3|-3|-3|-1|-3|-3| 1|-3| 1]|-1
3 [ 1] 1] 1] 1]-1]-3]-3] 1|-3]| 3|-1
4 [ 311 1]-1][-8]-1][1]-1]1]3
5 [ 1]-83][ 3|11 1] 1]-1]1]3]-3]1
6 |-1]3|-3|-3|-3| 3| 1|-1| 3| 3|-3| 1
7 [-3]-1]-1]-1]1]-3] 3|-1] 1|-3| 3| 1
8 | 1|-3| 3| 11|11 1]1]3[-1]1
9 [ 1]-3[-1] 3| 3[-1]-3]1[1[1]1]1
10 |-1] 3|1 1] 1[-3]-3|-1]-3]-3] 3|1
11 13[1]-1]-1] 3] 3[-3]1]3]1]3]|3
12 | 1]-3| 1] 1]-3[ 1] 1] 1]-3]-3]-3| 1
13 | 3| 3|-3| 3|-3| 1] 1] 3]|-1|-3] 3| 3
14 |-3| 1[-1|-3]-1[ 3] 1]3][3] 3|11
15 | 3|1 13|11 1][1]3]1]-1]3
16 | 1] 3] 1[-1] 1] 3] 3] 3]-1]-1] 3|1
17 |-3] 1] 1] 3]-3]| 3|-3|-3| 3| 1] 3|1
18 |-3| 3| 1] 1]-3]| 1[-3]|-3]|-1]|-1] 1]-3
19 -1 3] 1] 3] 1[-1]-1] 3[-3|-1[-3]|-1
20 [-1]-83[ 111 [ 1] 3] 1]1][1]-3]1
21 |-1]3]-1] 1]-3]-3|-3|-3|-3| 1]-1]-3
22 | 1] 1]-3]-3|-3|-3|-1] 3|-3| 1]|-3]| 3
23 [ 1] 1131|311 1] 3]-1]1
24 | 1] 1] 3] 1] 3] 3|1]1]1[-3]-3]1
25 | 1]-3/ 3/ 3/ 133 1]-3]-1]-1]3
26 | 1] 3]-3]-3]| 3[-3| 1]-1]-1] 3|-1]-3
27 |-3|-1]-3]-1]-3| 3| 1]-1] 1] 3|-3|-3
28 |-1]3|-3]| 3]-1]| 3| 3|-3] 3] 3]-1]-1
29 | 3|-3|-3|-1]-1[-3]-1] 3[-3] 3] 1]1
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=2NRB

RS
sc

Table 5.5.1.2-2: Definition of ¢(n) for M
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=N,

RS
sc

Table 5.5.1.2-3: Definition of ¢(n) for M

Rl e 7] 7| ] TP o3l e | | P Q| | | | 0| o ) TP R | | | 0| 7| | | 7| |
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Table 5.5.1.2-4: Definition of ¢(n) for M
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55.1.3 Group hopping

The sequence-group number u in slot n is defined by a group hopping pattern f, (n,) and a sequence-shift pattern

[« according to
1 =(fn (ng) + fy Jmod 30

There are 17 different hopping patterns and 30 different sequence-shift patterns. Sequence-group hopping can be
enabled or disabled by means of the cell-specific parameter Group-hopping-enabled provided by higher layers.
Sequence-group hopping for PUSCH can be disabled for a certain UE through the higher-layer parameter Disable-
sequence-group-hopping despite being enabled on a cell basis unless the PUSCH transmission corresponds to a
Random Access Response Grant or a retransmission of the same transport block as part of the contention based random
access procedure.

The group-hopping pattern f, (n;) may be different for PUSCH, PUCCH and SRS and is given by

0 if group hopping is disabled
- " c(8ng+i)-2" |mo if group hopping is enable
Jen(n5) 7 e +)2 Jmod30 if h bled

where the pseudo-random sequence c¢(i) is defined by clause 7.2. The pseudo-random sequence generator shall be

p

RS
initialized with ¢;; = {WJ at the beginning of each radio frame where nIRDS is given by clause 5.5.1.5.

The sequence-shift pattern f, definition differs between PUCCH, PUSCH and SRS.

For PUCCH, the sequence-shift pattern fSEUCCH

5.5.1.5.

PUCCH

is given by f = nfyy mod30 where nfy is given by clause

For PUSCH, the sequence-shift pattern fFUS! is given by fPUSH = (NICSll +A )mod 30, where A €{0,1,...,29] is

S S
configured by higher layers, if no value for nlpg SCH is provided by higher layers or if the PUSCH transmission

corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the

contention based random access procedure, otherwise it is given by fSI:USCH = nIRDS mod 30 with nIRDS given by clause
5.5.1.5.
For SRS, the sequence-shift pattern fsi‘Rs is given by fSE‘RS = nIRDS mod30 where nIRDS is given by clause 5.5.1.5.
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5514 Sequence hopping

Sequence hopping only applies for reference-signals of length MRS > 6N, RB

N

For reference-signals of length M, RS < 6NRB | the base sequence number v within the base sequence group is given by

sc
v=0.

For reference-signals of length M SIES > 06N, SIZB , the base sequence number v within the base sequence group in slot
is defined by

_ Je(ng) if group hopping is disabled and sequence hopping is enabled
o otherwise

where the pseudo-random sequence c(i) is given by clause 7.2. The parameter Sequence-hopping-enabled provided by

higher layers determines if sequence hopping is enabled or not. Sequence hopping for PUSCH can be disabled for a
certain UE through the higher-layer parameter Disable-sequence-group-hopping despite being enabled on a cell basis
unless the PUSCH transmission corresponds to a Random Access Response Grant or a retransmission of the same
transport block as part of the contention based random access procedure.

For PUSCH or PUCCH format 4 transmission with > 6 RBs, the pseudo-random sequence generator shall be initialized
RS
with ¢ = {’Z—OJ 2% + fJUSCH 4t the beginning of each radio frame where 77y is given by clause 5.5.1.5.

RS
For SRS, the pseudo-random sequence generator shall be initialized with ¢;,; = V;—SJ 20+ (nIRDS +Ag )mod 30 at the

beginning of each radio frame where nIRDS is given by clause 5.5.1.5 and A is given by clause 5.5.1.3.

55.1.5 Determining virtual cell identity for sequence generation
The definition of n S depends on the type of transmission.

Transmissions associated with PUSCH:

cell PUSCH

- ”ID =Ny if no value for njy is configured by higher layers or if the PUSCH transmission corresponds to

a Random Access Response Grant or a retransmission of the same transport block as part of the contention based
random access procedure,

- oy = npy S otherwise.

Transmissions associated with PUCCH:

cell PUCCH

nID =Ny ifno value for njy is configured by higher layers,

npy = npy N otherwise.

Sounding reference signals:

cell
nID =Np -
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5.5.2 Demodulation reference signal
5.5.2.1 Demodulation reference signal for PUSCH

55.2.1.1 Reference signal sequence

The PUSCH demodulation reference signal sequence rl%)SCH () associated with layer A e {0,1,...,0 —1} is defined by
rbfhcn - MES )= 0 my)

where

m=

0  for special subframe
0,1 otherwise
0

RS
o MRS 21

and M slzs =M SPCUSCH / 2 if the higher-layer parameter u/-DMRS-IFDMA is set and the most recent uplink-related DCI
contains the Cyclic Shift Field mapping table for DMRS bit field which indicates the use of Table 5.5.2.1.1-3 and
MBS = MM otherwise.

Subclause 5.5.1 defines the sequence rl(a" -9) (0) r(32:9) M Slzs —1) where, for PUSCH demodulation reference signal

1,V s fyy
sequence, =1 when the higher-layer parameter u/-DMRS-IFDMA is set and the most recent uplink-related DCI
contains the Cyclic Shift Field mapping table for DMRS bit field which indicates the use of Table 5.5.2.1.1-3, and
5=0 otherwise. The orthogonal sequence w'*)(m) is given by [w/1 0) w (1)] = [1 1] for DCI format 0 if the

higher-layer parameter Activate-DMRS-with OCC is not set or if the temporary C-RNTI was used to transmit the most
recent uplink-related DCI for the transport block associated with the corresponding PUSCH transmission. Otherwise,

- if higher-layer parameter ul-DMRS-IFDMA is not set, w(’l)(m) is given by Table 5.5.2.1.1-1 using the cyclic
shift field in the most recent uplink-related DCI [3],

- if higher-layer parameter ul-DMRS-IFDMA is set and the Cyclic Shift Field mapping table for DMRS bit field is
not present in the most recent uplink-related DCI, w? (m) is given by Table 5.5.2.1.1-1 using the cyclic shift
field in the most recent uplink-related DCI,

- if higher-layer parameter u/-DMRS-IFDMA is set and the Cyclic Shift Field mapping table for DMRS bit field is
present in the most recent uplink-related DCI, w? (m) is given by Table 5.5.2.1.1-1 using the cyclic shift field
in the most recent uplink-related DCI when the Cyclic Shift Field mapping table for DMRS bit field indicates the
use of Table 5.5.2.1.1-1, and

- if higher-layer parameter u/-DMRS-IFDMA is set and the Cyclic Shift Field mapping table for DMRS bit field is
present in the most recent uplink-related DCI, w? (m) is given by Table 5.5.2.1.1-3 using the cyclic shift field

in the most recent uplink-related DCI when the Cyclic Shift Field mapping table for DMRS bit field indicates the
use of Table 5.5.2.1.1-3.

The cyclic shift «; inaslot ng is given as a; = 0if the ul-V-SPS-RNTI-r14 was used to transmit the most recent

uplink-related DCI for the transport block associated with the corresponding PUSCH transmission. Otherwise, the
cyclic shift &, inaslot ng is given as a, =2 , / 12 with

1 2
ey = (18rs + 1B 1 + 1+ E)npy (1) Jmod 12

where the value of ”SK/IRS is given by Table 5.5.2.1.1-2 according to the parameter cyclicShift provided by higher
layers. For non-BL/CE UEs ”1()213/11{5, , 1s given using the most recent uplink-related DCI 3GPP TS 36.212 [3] for the

transport block associated with the corresponding PUSCH transmission as follows:
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- if the higher-layer parameter ul-DMRS-IFDMA is not set, nggms’ , is given by Table 5.5.2.1.1-1 using the cyclic
shift field in the most recent uplink-related DCI,

- if higher-layer parameter u/-DMRS-IFDMA is set and the Cyclic Shift Field mapping table for DMRS bit field is
not present in the most recent uplink-related DCI, "1()2134115, , 1s given by Table 5.5.2.1.1-1 using the cyclic shift
field in the most recent uplink-related DCI,

- if higher-layer parameter ul-DMRS-IFDMA is set and the Cyclic Shift Field mapping table for DMRS bit field is
present in the most recent uplink-related DCI, ”1()2134123, , is given by Table 5.5.2.1.1-1 using the cyclic shift field
in the most recent uplink-related DCI when the Cyclic Shift Field mapping table for DMRS bit field indicates the
use of Table 5.5.2.1.1-1, and

- if higher-layer parameter u/-DMRS-IFDMA is set and the Cyclic Shift Field mapping table for DMRS bit field is
present in the most recent uplink-related DCI, ”1(32134115, , 1s given by Table 5.5.2.1.1-3 using the cyclic shift field
in the most recent uplink-related DCI when the Cyclic Shift Field mapping table for DMRS bit field indicates the
use of Table 5.5.2.1.1-3.

For BL/CE UEs, a cyclic shift field of ‘000’ shall be assumed when determining ”1()213/111& , from Table 5.5.2.1.1-1.

The first row of Table 5.5.2.1.1-1 shall be used to obtain ng&RSJO and w'? (m) if there is no uplink-related DCI for the

same transport block associated with the corresponding PUSCH transmission, and
- if the initial PUSCH for the same transport block is semi-persistently scheduled, or
- if the initial PUSCH for the same transport block is scheduled by the random access response grant.

The quantity npy(n,) is given by

7 X i
Mox ()= BNy -y +i)-2

where the pseudo-random sequence c(i) is defined by clause 7.2. The application of c¢(i) is cell-specific. The pseudo-
random sequence generator shall be initialized with ¢;,;, at the beginning of each radio frame. The quantity ¢;,;, 1is

cell

given by ¢ = []\;Ig JQS + ((N el Ay )mod 30) if no value for NES-PMRS s configured by higher layers for

PUSCH/PUCCH format 4/PUCCH format 5 or the PUSCH transmission corresponds to a Random Access Response
Grant or a retransmission of the same transport block as part of the contention based random access procedure,
csh DMRS

otherwise it is given by c¢;,; = {IDTJ 254 (NICB@MRS mod30).

The vector of reference signals shall be precoded according to
~(0) (0)
"pUSCH TpUSCH
. —w .

~(P-1) (v-1)
"pUSCH TpUSCH

where P is the number of antenna ports used for PUSCH transmission.
For PUSCH transmission using a single antenna port, P=1, W =1 and v=1.

For spatial multiplexing, P =2 or P =4 and the precoding matrix W shall be identical to the precoding matrix used
in clause 5.3.3A.2 for precoding of the PUSCH in the same subframe.
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Table 5.5.2.1.1-1: Mapping of Cyclic Shift Field in uplink-related DCI format to ng&w and

[WM) (0) wd (1)]

Cyclic Shift Field in o [0 wo)
uplink-related DCI format [3] 21=0 | 2=11 222 1| 2=3 1=0 1=1 1=2 21=3
000 0 6 3 9 1] L] ([t =1 | @ -1
001 6 0 9 <IN | R (O T | I I | Y 1 1]
010 3 9 6 o | [t =1] [ =] | [t 1] 1]
011 4 10 7 1 D [ | [ | [
100 2 8 5 11 | [ 1] 1 1] 1] 1 1]
101 8 2 11 5 | -] [ o -] ([t -1] | [ -]
110 10 4 1 ZANNN I VR ] I O VO I O VS | I R
111 9 3 0 6 1] L] [t =1 | -1

Table 5.5.2.1.1-2: Mapping of cyclicShiftto n\)),.. values

cyclicShift | ni)ps

N[O WIN|=~O
—
o|©|® (O~ |WwINO

Table 5.5.2.1.1-3: Mapping of Cyclic Shift Field in uplink-related DCI format to nggmm, @ ,and

[W(M(O) o (1)]

Cyclic Shift Field in @ MRS 4 20 wo)]
uplink-related DCI format [3] 1-0 1=11 2221 223 1=0 1=1 1=2 1=3
000 1 0 6 3 9 L] | 0o [t =] [t -]
001 1 6 0 9 3 |0 -] |0 -] [pa] | [
010 1 3 9 6 o [ =) = ]| [
011 0 4 10 7 1 [ | 0] [ ] | [t
100 0 2 8 5 11 [ | 0o | ] | [t
101 0 8 2 11 5 [ [t -1] | =) -] |t -1]
110 0 10 4 1 7 0 -] -] -1
111 1 9 3 0 6 L] | Dt [ =@ -1
55.21.2 Mapping to physical resources

For each antenna port used for transmission of the PUSCH, the sequence ﬁ,(gs)CH (-) shall be multiplied with the

amplitude scaling factor (1 + &)fpysy and mapped in sequence starting with ﬁ,(I?S)CH (0) to the resource blocks. & =1
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when the higher-layer parameter ul-DMRS-IFDMA is set and the most recent uplink-related DCI contains the Cyclic
Shift Field mapping table for DMRS bit field which indicates the use of Table 5.5.2.1.1-3, and =0 otherwise.

If higher-layer parameter ul-DMRS-IFDMA is set and the most recent uplink-related DCI contains the Cyclic Shift Field
mapping table for DMRS bit field which indicates the use of Table 5.5.2.1.1-3, the mapping to resource elements (k,/),

with [/ =3 for normal cyclic prefix and /=2 for extended cyclic prefix, in the subframe shall be in increasing order of
first k& for all values of k satisfying kmod2 = @ , then the slot number. The quantity @ is given by Table 5.5.2.1.1-3
using the cyclic shift field in the most recent uplink-related DCI.

For all other cases, the set of physical resource blocks used in the mapping process and the relation between the index
p and the antenna port number p shall be identical to the corresponding PUSCH transmission as defined in clause

5.3.4.

The mapping to resource elements (k,/), with / =3 for normal cyclic prefix and / = 2 for extended cyclic prefix, in

the subframe shall be in increasing order of first &k , then the slot number. No DM-RS shall be transmitted in UpPTS if
dmrsLess-UpPts is set to true.

5522 Demodulation reference signal for PUCCH

55.2.21 Reference signal sequence

The PUCCH demodulation reference signal sequence réUCCH () for PUCCH formats 1, 1a, 1b, 2, 2a, 2b, and 3 is
defined by

1 _5 ;
ribtn (m Nes MG +mM S + ”)= Tw(”) (m)z(m)r %7 (n)
P B

where

m=0,..,Ngg-H -1
n=0,., M2 -1
m'=0,1

and P is the number of antenna ports used for PUCCH transmission. For PUCCH formats 2a and 2b, z(m) equals
d(10) for m =1, where d(10) is defined in clause 5.4.2. For all other cases, z(m)=1.

(p)

The sequence 7, ,?’ (n)is given by clause 5.5.1 with M sle =12 and 6 =0 where the expression for the cyclic shift a;

is determined by the PUCCH format.

For PUCCH formats 1, la and 1b, a3 (ng,1) is given by

AP ()= | () - ATUSCH /N'J
az(ng, )= 277 P (ng,1)/ NEB

7P [ ell(ng, 1)+ ( n's (ng)- CAPHCCH ( (P) () mod AT SCH ))mod N ’] mod NXB  for normal cyclic prefix
O (ng, D)=
[ el ing, 1)+ ( L (ng)- AP £ 7 P (n, ))mod N '] mod N8 for extended cyclic prefix

where n%(ng), N', ATSN and n&M(n,,1) are defined by clause 5.4.1. The number of reference symbols per slot
N{ISJCCH and the sequence w(n) are given by Table 5.5.2.2.1-1 and 5.5.2.2.1-2, respectively.
For PUCCH formats 2, 2a and 2b, &;;(n,,/) is defined by clause 5.4.2. The number of reference symbols per slot

N{gCCH and the sequence w )(n) are given by Table 5.5.2.2.1-1 and 5.5.2.2.1-3, respectively.
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For PUCCH format 3, a3 (ng,l) is given by

ay(ng,l) =27 -1 (ng, 1)/ NX
nP (ng,1) = (““(ns,1)+n (n, ))modNS‘ﬁB

where 73 (ny) is given by Table 5.5.2.2.1-4 and n((f ) and ngf ) for the first and second slot in a subframe,

respectively, are obtained from clause 5.4.2A. The number of reference symbols per slot Ny PUCCH and the sequence
w(n) are given by Table 5.5.2.2.1-1 and 5.5.2.2.1-3, respectively.

Table 5.5.2.2.1-1: Number of PUCCH demodulation reference symbols per slot Ny "

PUCCH format | Normal cyclic prefix | Extended cyclic prefix
1,1a,1b 3 2
2,3 2 1
2a, 2b 2 N/A

Table 5.5.2.2.1-2: Orthogonal sequences [W(ﬁ)(O) e WP (N EJCCH —1)] for PUCCH formats 1, 1a and
1b

Sequence index n(p)(ns) Normal cyclic prefix | Extended cyclic prefix
0 11 1] [ 1]

1 [1 o/ 273 ej4”/3] [1 _1]

2 [1 oJ4r/3 ej2zz/3] N/A
Table 5.5.2.2.1-3: Orthogonal sequences [W(ﬁ) (0) - WP (NEYCCH _ 1)] for PUCCH formats 2, 2a, 2b
and 3.

Normal cyclic prefix | Extended cyclic prefix

i1 1]

Table 5.5.2.2.1-4: Relation between 7’ and n);(n,) for PUCCH format 3.

R
NSF,I =5 NSF,l =4
0 0 0
1 3 3
2 6 6
3 8 9
4 10 N/A

The PUCCH demodulation reference signal sequence rlgUCCH() for PUCCH formats 4 and 5 is defined by

P RS 0
rlz('ll;)CCH(m'Msc +I’l)= ru(,(f/ )(I’l)

where
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p=0
m=0,1

n=0,. MBS

° sC

and

MRS _ M SIZUCCH“ for PUCCH format 4
¥ NRB for PUCCH format 5

Subclause 5.5.1 defines the sequence ru(’uv’“s) (0),.., ;) (MBS 1) where §=0.

Ty
The cyclic shift &; inaslot ng is given as o, =2m, ; / 12 with

1 2
Res, g = (nl()I)\/IRS + nI(DI\)/[RS +npy (”s))mOdl2

where the values of ()¢ and npy(n,) are given by Subclause 5.5.2.1.1 and

0 PUCCH format 4
nSns =10 PUCCH format 5 with n,, =0
6 PUCCH format5 withn =1

with n, obtained as described in clause 5.4.2C.

55222 Mapping to physical resources

The sequence rég)CCH () shall be multiplied with the amplitude scaling factor Spccy and mapped in sequence starting

with rég)CCH (O) to resource elements (k,/) on antenna port p . The mapping shall be in increasing order of first £ , then
[ and finally the slot number. The set of values for k£ and the relation between the index p and the antenna port
number p shall be identical to the values used for the corresponding PUCCH transmission. The values of the symbol

index / in a slot are given by Table 5.5.2.2.2-1.

Table 5.5.2.2.2-1: Demodulation reference signal location for different PUCCH formats.

Set of values for /
PUCCH format Normal cyclic prefix | Extended cyclic prefix
1,1a, 1b 2,34 2,3
2,3 1,5 3
2a, 2b 1,5 N/A
4,5 3 2
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5.5.3 Sounding reference signal

5.5.3.1 Sequence generation

The sounding reference signal sequence rs(gs) (n) = r,fjﬁ ) (n) is defined by clause 5.5.1, where u is the sequence-group

number defined in clause 5.5.1.3, v is the base sequence number defined in clause 5.5.1.4, and 6 = 0. The cyclic shift
ay of the sounding reference signal is given as

cs,p
SRS

cs,max

SRS

ncs,maXﬁ
csp cs SRS cs,max
Nggs =| Nsps +— —— |modngpg™ ,
ap
Pelol.. N, -1}

aj =27

where ng . = {0, 1., nge™ _1} is configured separately for periodic and each configuration of aperiodic sounding by the
higher-layer parameters cyclicShift and cyclicShift-ap, respectively, for each UE and N, is the number of antenna

cs,max

. . - o _ . csmax _
ports used for sounding reference signal transmission. The parameter nggs" =8 if K =2 , otherwise nggd™ =12.

The parameter K is given by the higher layer parameter transmissionCombNum if configured, otherwise K- =2.

5.6.3.2 Mapping to physical resources

The sequence shall be multiplied with the amplitude scaling factor fqgg in order to conform to the transmit power
Pyrs specified in clause 5.1.3.1 in 3GPP TS 36.213 [4], and mapped in sequence starting with rs(gs) (0) to resource

elements (k,/) on antenna port p according to

1 -
—ﬂSRSr§1§; (k') k'= 0,1,,,.,M:§b -1

(p) _
a =
Kyck'+k{P) 1 v N, ap

0 otherwise

where N, is the number of antenna ports used for sounding reference signal transmission and the relation between the
index p and the antenna port p is given by Table 5.2.1-1. The set of antenna ports used for sounding reference signal

transmission is configured independently for periodic and each configuration of aperiodic sounding. The quantity kép )

RS

is the frequency-domain starting position of the sounding reference signal and for b = Bgrg and M

is the length of

the sounding reference signal sequence defined as
RS _ RB
M), =mgrg p N /KTC

where mggg , 1s given by Table 5.5.3.2-1 through Table 5.5.3.2-4 for each uplink bandwidth Ny - The cell-specific
parameter srs-BandwidthConfig, Cyg €10,1,2,3,4,5,6,7} and the UE-specific parameter srs-Bandwidth, Bqq € {0,1,2,3} are
given by higher layers. For UpPTS, mggg  shall be reconfigured to mgpg o = max, . {ngs,o }S (N y —6N,, ) if
this reconfiguration is enabled by the cell-specific parameter srsMaxUpPts given by higher layers, otherwise if the

reconfiguration is disabled mggg (= mggs o ,Where c is a SRS BW configuration and Cggg is the set of SRS BW

configurations from the Tables 5.5.3.2-1 to 5.5.3.2-4 for each uplink bandwidth Ngy, Ny, is the number of format 4
PRACH in the addressed UpPTS and derived from Table 5.7.1-4.

The frequency-domain starting position k(()p ) is defined by
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BSRS
- . RS
kg = kg + z KreMgepmy
=0

where for normal uplink subframes l;ép ) is defined by

];0(1”) = (LN][{% /2J_ ’”SRs,o/z)Ngé3 + k%(y:)

and for UpPTS by

(NRy —m3s )N + k2 if ((n mod2) (2~ Ngp ) +my Jmod 2 = 0
2t otherwise

The quantity k(%) e {0,l,..., K¢ —1} is given by

ko - {1_ ke ifnSg € {4,567 and p e {1,3}and N, =4

ke otherwise

where the relation between the index p and the antenna port p is given by Table 5.2.1-1, IFTC €{0,1,...,K;. -1} is

given by the UE-specific parameter transmissionComb or transmissionComb-ap for periodic and each configuration of
aperiodic transmission, respectively, provided by higher layers for the UE, and n, is frequency position index. The

variable np, is equal to O for UpPTS in the first half frame and equal to 1 for UpPTS in the second half frame of a radio
frame.

The frequency hopping of the sounding reference signal is configured by the parameter by, €{0,1,2,3}, provided by

higher-layer parameter srs-HoppingBandwidth. Frequency hopping is not supported for aperiodic transmission. If
frequency hopping of the sounding reference signal is not enabled (i.e., by, = Bggs ), the frequency position index n,,

remains constant (unless re-configured) and is defined by n, = |4ngye [Msgs |mod N, where the parameter ngy. is given

by higher-layer parameters freq DomainPosition and freqDomainPosition-ap for periodic and each configuration of
aperiodic transmission, respectively. If frequency hopping of the sounding reference signal is enabled (i.e.,
bhop < Bsgrs ), the frequency position indexes n;, are defined by

= \_4nRRC [Msgs.p Jmod N, b < by,
b {Fb (nsrs) +[4ngee [Msgs J}mod N, otherwise

where N, is given by Table 5.5.3.2-1 through Table 5.5.3.2-4 for each uplink bandwidth Ny ,

b b
nggg modIly_, N, nggs modIly_, Ny |
(N, /2) = o + = o if N, even
Fy (ngps) = Hb-:bm Ny znb':bhop Ny

A /ZJLnSRS /T2, Ny if N, odd

where Ny, =1 regardless of the N, value on Table 5.5.3.2-1 through Table 5.5.3.2-4, and

T e Lo
2Ngpns + 2(N sp—1 Is || Softset ,  for 2ms SRS periodicity of frame structure type 2
fgrs = 10 Toffset_max
L(nf x10+ Lns /ZJ) / Tgrs J, otherwise

counts the number of UE-specific SRS transmissions, where Ty, is UE-specific periodicity of SRS transmission
defined in clause 8.2 of 3GPP TS 36.213 [4], T, 4. 1S SRS subframe offset defined in Table 8.2-2 of
3GPP TS 36.213 [4] and T ¢eer max 18 the maximum value of T, for a certain configuration of SRS subframe offset.

The sounding reference signal shall be transmitted in the last symbol of the uplink subframe.
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Table 5.5.3.2-1: mg, and N,, b=0,1,2,3, values for the uplink bandwidth of 6 < Ny <40

SRS-Bandwidth | SRS-Bandwidth | SRS-Bandwidth | SRS-Bandwidth
SRS bandwidth configuration Bsrs =0 Bsnsisll Bsrs =2 Bsgs =3
Cqrs MgRs,0 Ny MgRs, 1 N, MgRs,2 N, MgRs,3 N;
0 36 1 12 3 4 3 4 1
1 32 1 16 2 8 2 4 2
2 24 1 4 6 4 1 4 1
3 20 1 4 5 4 1 4 1
4 16 1 4 4 4 1 4 1
5 12 1 4 3 4 1 4 1
6 8 1 4 2 4 1 4 1
7 4 1 4 1 4 1 4 1

Table 5.5.3.2-2: mg, and N,, b=0,1,2,3, values for the uplink bandwidth of 40 < Ny <60

. . . SRS-Bandwidth | SRS-Bandwidth | SRS-Bandwidth | SRS-Bandwidth
SRS bandwuigh configuration Bgps =0 Bgps =1 Baps =2 Bgps =3
oS MgRs,0 Ny MgRs,1 N, MgRs 2 N, MgRs 3 N
0 48 1 24 2 12 2 4 3
1 48 1 16 3 8 2 4 2
2 40 1 20 2 4 5 4 1
3 36 1 12 3 4 3 4 1
4 32 1 16 2 8 2 4 2
5 24 1 4 6 4 1 4 1
6 20 1 4 5 4 1 4 1
7 16 1 4 4 4 1 4 1

Table 5.5.3.2-3: mg, and N,, b=0,1,2,3, values for the uplink bandwidth of 60 < Ny <80

. SRS-Bandwidth SRS-Bandwidth SRS-Bandwidth SRS-Bandwidth
SRS bandwidth B =0 Bo =1 B =2 Boo =3
configuration SRS SRS SRS SRS
Csrs MgRrs,0 Ny MgRs,1 N, MgRrs,2 N, MgRs,3 N;
0 72 1 24 3 12 2 4 3
1 64 1 32 2 16 2 4 4
2 60 1 20 3 4 5 4 1
3 48 1 24 2 12 2 4 3
4 48 1 16 3 8 2 4 2
5 40 1 20 2 4 5 4 1
6 36 1 12 3 4 3 4 1
7 32 1 16 2 8 2 4 2

Table 5.5.3.2-4: mg,s,and N, b=0,1,2,3, values for the uplink bandwidth of 80 < Ny <110

SRS-Bandwidth | SRS-Bandwidth | SRS-Bandwidth | SRS-Bandwidth
SRS bandwidth configuration Bss = Bss = Bsrs =2 Bss =3

Cqrs MgRs,0 Ny MgRs, 1 N, MgRs,2 N, MgRs,3 N;

0 96 1 48 2 24 2 4 6

1 96 1 32 3 16 2 4 4

2 80 1 40 2 20 2 4 5

3 72 1 24 3 12 2 4 3

4 64 1 32 2 16 2 4 4

5 60 1 20 3 4 5 4 1

6 48 1 24 2 12 2 4 3

7 48 1 16 3 8 2 4 2
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5.5.3.3 Sounding reference signal subframe configuration

The cell-specific subframe configuration period Tgp- and the cell-specific subframe offset Agp for the transmission of

sounding reference signals are listed in Tables 5.5.3.3-1 and 5.5.3.3-2, for frame structures type 1 and 2 respectively,
where the parameter srs-SubframeConfig is provided by higher layers. Sounding reference signal subframes are the
subframes satisfying Lns /2Jmod Tspe € Agpe - For frame structure type 2, a sounding reference signal is transmitted

only in uplink subframes or UpPTS.

Table 5.5.3.3-1: Frame structure type 1 sounding reference signal subframe configuration

. . Configuration Period | Transmission offset

srs-SubframeConfig | Binary Tyec (subframes) Agre (subframes)

0 0000 1 {0}

1 0001 2 {0}

2 0010 2 {1}

3 0011 5 {0}

4 0100 5 {1}

5 0101 5 {2}

6 0110 5 {3}

7 0111 5 {0,1}

8 1000 5 {2,3}

9 1001 10 {0}

10 1010 10 {1}

11 1011 10 {2}

12 1100 10 {3}

13 1101 10 {0,1,2,3,4,6,8}

14 1110 10 {0,1,2,3,4,5,6,8}

15 1111 reserved reserved

Table 5.5.3.3-2: Frame structure type 2 sounding reference signal subframe configuration

. . Configuration Period | Transmission offset

srs-SubframeConflg | Binary Tspc (subframes) Agpc (subframes)

0 0000 5 {1}

1 0001 5 {1, 2}

2 0010 5 {1, 3}

3 0011 5 {1, 4}

4 0100 5 {1,2, 3}

5 0101 5 {1,2, 4}

6 0110 5 {1, 3,4}

7 0111 5 {1,2, 3,4}

8 1000 10 {1, 2, 6}

9 1001 10 {1, 3, 6}

10 1010 10 {1,6, 7}

11 1011 10 {1,2, 6, 8}

12 1100 10 {1,3,6, 9}

13 1101 10 {1,4,6,7}

14 1110 reserved reserved

15 1111 reserved reserved
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5.6 SC-FDMA baseband signal generation

This clause applies to all uplink physical signals and uplink physical channels except the physical random access
channel.

The time-continuous signal sl("’ ) (t) for antenna port p in SC-FDMA symbol / in an uplink slot is defined by

[vgenze 2] 4 ,
0= Y /27 kYN (=N T,
k:—LN}g,;NgB /2J
for0<t< (Ncp,z + N)>< T, where k) =k + \_N%NSIEB /ZJ, N =2048, Af =15kHz and a,(({’,) is the content of resource

element (k,/) on antenna port p.

For frame structure type 3, if the associated DCI indicates PUSCH starting position other than 00’, sl(” )(t),l =0 is

given by
FS3
S(()P) (t) — 0 0 f‘st3< Ngar I
l(p)(t_NCP,OTs) NIy <2< (NCP,O +N)Ts
where

768 if the associated DCI indicates PUSCH starting position '01'
N3 =1768+ N,, if the associated DCI indicates PUSCH starting position '10'
Nepy+ N if the associated DCI indicates PUSCH starting position '11'

and Ny, is given by clause 8.1. The UE behaviour if N> > Ncpo+ N is undefined.

The SC-FDMA symbols in a slot shall be transmitted in increasing order of /, starting with / =0, where SC-FDMA

I-1
symbol / > 0 starts at time 21'—0(NCP”' + N)T, within the slot.

Table 5.6-1 lists the values of N(p, that shall be used.

Table 5.6-1: SC-FDMA parameters

Configuration Cyclic prefix length NCP,I

160 for [=0
144 for [=1,2,....6
Extended cyclic prefix | 512 for /=0,1,...,5

Normal cyclic prefix
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5.7

5.7.1

Physical random access channel

Time and frequency structure

The physical layer random access preamble, illustrated in Figure 5.7.1-1, consists of a cyclic prefix of length 7i, and a

sequence part of length Ty, . The parameter values are listed in Table 5.7.1-1 and depend on the frame structure and the

random access configuration. Higher layers control the preamble format.

CP Sequence

Tep Tseq

Figure 5.7.1-1: Random access preamble format

Table 5.7.1-1: Random access preamble parameters

Preamble format Tep Tsgq
0 3168-T, 24576 T,
1 21024 -T, 24576 T,
2 6240-T; 2-24576-T,
3 21024 -T, 2-24576-T,
4 (see Note) 448-T, 4096-T;
NOTE:  Frame structure type 2 and special subframe configurations with UpPTS lengths 4384 -7 and 5120- T only
assuming that the number of additional SC-FDMA symbols in UpPTS X in Table 4.2-1is 0.

The transmission of a random access preamble, if triggered by the MAC layer, is restricted to certain time and
frequency resources. These resources are enumerated in increasing order of the subframe number within the radio frame
and the physical resource blocks in the frequency domain such that index 0 correspond to the lowest numbered physical
resource block and subframe within the radio frame. PRACH resources within the radio frame are indicated by a
PRACH configuration index, where the indexing is in the order of appearance in Table 5.7.1-2 and Table 5.7.1-4.

For non-BL/CE UEs there are up to two PRACH configurations in a cell. The first PRACH configuration is configured
by higher layers with a PRACH configuration index (prach-Configurationlndex) and a PRACH frequency offset

n%}ﬁB offset (rach-FrequencyOffset). The second PRACH configuration (if any) is configured by higher layers with a
PRACH configuration index (prach-ConfigurationindexHighSpeed) and a PRACH frequency offset n}l}ﬁB offset (Prach-
FrequencyOffsetHighSpeed).

For BL/CE UEs, for each PRACH coverage enhancement level, there is a PRACH configuration configured by higher
layers with a PRACH configuration index (prach-Configurationindex), a PRACH frequency offset ﬁ]ﬁf}goffset (prach-

FrequencyOffset), a number of PRACH repetitions per attempt N S;ACH (numRepetitionPerPreambleAttempt) and

optionally a PRACH starting subframe periodicity N, PRACH (prach-StartingSubframe). PRACH of preamble format 0-3

1S transmitted

start

NPRACH >

rep 1 times, whereas PRACH of preamble format 4 is transmitted one time only.

For BL/CE UEs and for each PRACH coverage enhancement level, if frequency hopping is enabled for a PRACH

configuration by the higher-layer parameter prach-HoppingConfig, the value of the parameter ngﬁs offsct depends on the
SFN and the PRACH configuration index and is given by

In case the PRACH configuration index is such that a PRACH resource occurs in every radio frame when
calculated as below from Table 5.7.1-2 or Table 5.7.1-4,
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—RA . _
LRA | 'PRB offset if np mod2=0
PRBoffset — | (—RA PRACH uL _
MpRE offset T JPRB, hop )mod Ngg  ifngmod2=1

- otherwise

—RA .| ngmod4 |
T'PRB offset if [ =0
RA _ 2
"PRB offset — (

_RA PRACH L p| Ry mod4
MPRB offset +./PRB.hop )rnod Neg if [fTJ =l

where n; is the system frame number corresponding to the first subframe for each PRACH repetition, Plg{,fg;

corresponds to a cell-specific higher-layer parameter prach-HoppingOffset. If frequency hopping is not enabled for the
PRACH configuration then nll’{l%B offset = E;}AB offiet -

For frame structure type 1 with preamble format 0-3, for each of the PRACH configurations there is at most one random
access resource per subframe.

Table 5.7.1-2 lists the preamble formats according to Table 5.7.1-1 and the subframes in which random access preamble
transmission is allowed for a given configuration in frame structure type 1. The start of the random access preamble
shall be aligned with the start of the corresponding uplink subframe at the UE assuming N, =0, where N, is
defined in clause 8.1. For PRACH configurations 0, 1, 2, 15, 16, 17, 18, 31, 32, 33, 34, 47, 48, 49, 50 and 63 the UE
may for handover purposes assume an absolute value of the relative time difference between radio frame i in the
current cell and the target cell of less than 1536007 .

The first physical resource block nll}]‘?B allocated to the PRACH opportunity considered for preamble formats 0, 1, 2 and

: RA _ RA
3 is defined as nprp = MprE offset -
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Table 5.7.1-2: Frame structure type 1 random access configuration for preamble formats 0-3

PRACH System PRACH System
Configuration Plr:eoarrrrr:gle frame S:Srf;g?re Configuration P;i?m::e frame S:Sr:ir:re
Index number Index number
0 0 Even 1 32 2 Even 1
1 0 Even 4 33 2 Even 4
2 0 Even 7 34 2 Even 7
3 0 Any 1 35 2 Any 1
4 0 Any 4 36 2 Any 4
5 0 Any 7 37 2 Any 7
6 0 Any 1,6 38 2 Any 1,6
7 0 Any 2.7 39 2 Any 2.7
8 0 Any 3,8 40 2 Any 3,8
9 0 Any 1,4,7 41 2 Any 1,4,7
10 0 Any 2,5,8 42 2 Any 2,5,8
11 0 Any 3,6,9 43 2 Any 3,6,9
12 0 Any 0,2,4,6,8 44 2 Any 0,2,4,6,8
13 0 Any 1,3,5,7,9 45 2 Any 1,3,5,7,9
14 0 Any 01,234, 46 N/A N/A N/A
5,6,7,8,9

15 0 Even 9 47 2 Even 9
16 1 Even 1 48 3 Even 1
17 1 Even 4 49 3 Even 4
18 1 Even 7 50 3 Even 7
19 1 Any 1 51 3 Any 1
20 1 Any 4 52 3 Any 4
21 1 Any 7 53 3 Any 7
22 1 Any 1,6 54 3 Any 1,6
23 1 Any 2.7 55 3 Any 2.7
24 1 Any 3,8 56 3 Any 3,8
25 1 Any 1,4,7 57 3 Any 1,4,7
26 1 Any 2,5,8 58 3 Any 2,5,8
27 1 Any 3,6,9 59 3 Any 3,6,9
28 1 Any 0,2,4,6,8 60 N/A N/A /
29 1 Any 1,3,5,7,9 61 N/A N/A N/A
30 N/A N/A / 62 N/A N/A N/A
31 1 Even 9 63 3 Even 9

For frame structure type 2 with preamble formats 0-4, for each of the PRACH configurations there might be multiple
random access resources in an UL subframe (or UpPTS for preamble format 4) depending on the UL/DL configuration
[see table 4.2-2]. Table 5.7.1-3 lists PRACH configurations allowed for frame structure type 2 where the configuration
index corresponds to a certain combination of preamble format, PRACH density value, Dy, and version index, 7z, -
For frame structure type 2 with PRACH configuration indices 0, 1, 2, 20, 21, 22, 30, 31, 32, 40, 41, 42, 48, 49, 50, or
with PRACH configuration indices 51, 53, 54, 55, 56, 57 in UL/DL configuration 3, 4, 5, the UE may for handover
purposes assume an absolute value of the relative time difference between radio frame i in the current cell and the target
cell is less than 1536007 .

3GPP
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Table 5.7.1-3: Frame structure type 2 random access configurations for preamble formats 0-4

PRACH Density . PRACH Density .
configuration Plr:earlrr:b:e Per 10 ms Verr sion configuration Plr:earlrr:b:e Per 10 ms Verr sion
Index orma Dga RA Index orma Dga RA
0 0 0.5 0 32 2 0.5 2
1 0 0.5 1 33 2 1 0
2 0 0.5 2 34 2 1 1
3 0 1 0 35 2 2 0
4 0 1 1 36 2 3 0
5 0 1 2 37 2 4 0
6 0 2 0 38 2 5 0
7 0 2 1 39 2 6 0
8 0 2 2 40 3 0.5 0
9 0 3 0 41 3 0.5 1
10 0 3 1 42 3 0.5 2
11 0 3 2 43 3 1 0
12 0 4 0 44 3 1 1
13 0 4 1 45 3 2 0
14 0 4 2 46 3 3 0
15 0 5 0 47 3 4 0
16 0 5 1 48 4 0.5 0
17 0 5 2 49 4 0.5 1
18 0 6 0 50 4 0.5 2
19 0 6 1 51 4 1 0
20 1 0.5 0 52 4 1 1
21 1 0.5 1 53 4 2 0
22 1 0.5 2 54 4 3 0
23 1 1 0 55 4 4 0
24 1 1 1 56 4 5 0
25 1 2 0 57 4 6 0
26 1 3 0 58 N/A N/A N/A
27 1 4 0 59 N/A N/A N/A
28 1 5 0 60 N/A N/A N/A
29 1 6 0 61 N/A N/A N/A
30 2 0.5 0 62 N/A N/A N/A
31 2 0.5 1 63 N/A N/A N/A

Table 5.7.1-4 lists the mapping to physical resources for the different random access opportunities needed for a certain
PRACH density value, Dy, . Each quadruple of the format (fg,, t](& , t](& ,t](f/z) indicates the location of a specific

random access resource, where fg, is a frequency resource index within the considered time instance, t}(& =012
indicates whether the resource is reoccurring in all radio frames, in even radio frames, or in odd radio frames,
respectively, tl(& =0,l indicates whether the random access resource is located in first half frame or in second half
frame, respectively, and where t[(éi is the uplink subframe number where the preamble starts, counting from 0 at the
first uplink subframe between 2 consecutive downlink-to-uplink switch points, with the exception of preamble format 4
where 1) is denoted as (*). The start of the random access preamble formats 0-3 shall be aligned with the start of the
corresponding uplink subframe at the UE assuming Ny, =0 and the random access preamble format 4 shall start
4832 -T, before the end of the UpPTS at the UE, where the UpPTS is referenced to the UE’s uplink frame timing

assuming Ny, =0.

The random access opportunities for each PRACH configuration shall be allocated in time first and then in frequency if
and only if time multiplexing is not sufficient to hold all opportunities of a PRACH configuration needed for a certain
density value Dy, without overlap in time. For preamble format 0-3, the frequency multiplexing shall be done

according to
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A MPRB offset + 6{%}\} if fra mod2=0
"'prRB =

Ngg —6— n]l},?B offset — 6{%} otherwise

where Nyg is the number of uplink resource blocks, npgy is the first physical resource block allocated to the PRACH

opportunity considered and where npgp e i the first physical resource block available for PRACH.

For preamble format 4, the frequency multiplexing shall be done according to
Ra _ |6/kas if ((nf modz)x(z_NSP)Hg;)modz:o
PRE Nyg —6(fra +1), otherwise

where n; is the system frame number and where Ngp is the number of DL to UL switch points within the radio frame.

For BL/CE UEs, only a subset of the subframes allowed for preamble transmission are allowed as starting subframes for
the NQ;ACH repetitions. The allowed starting subframes for a PRACH configuration are determined as follows:

- Enumerate the subframes that are allowed for preamble transmission for the PRACH configuration as
nit =0, N2 —1 where n5* =0 and n3* = N2* —1 correspond to the two subframes allowed for preamble

transmission with the smallest and the largest absolute subframe number n:}’ ® , respectively.

- If a PRACH starting subframe periodicity N, SI:XCH is not provided by higher layers, the periodicity of the

allowed starting subframes in terms of subframes allowed for preamble transmission is N 5*“"". The allowed

PRACH

starting subframes defined over n5"* =0,..N3* —1 are given by INrep

where j=0,1,2,...
- If a PRACH starting subframe periodicity N, Sl:f;f\CH is provided by higher layers, it indicates the periodicity of
the allowed starting subframes in terms of subframes allowed for preamble transmission. The allowed starting

iN PRACH + NPRACH

subframes defined over n5* =0, .N®* —1 are given by jN'N rep where j=0,1,2,...

- No starting subframe defined over nX* =0,.. NX* 1 such that n5"* > NX* - N f;l;ACH is allowed.

Each random access preamble occupies a bandwidth corresponding to 6 consecutive resource blocks for both frame
structures.
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Table 5.7.1-4: Frame structure type 2 random access preamble mapping in time and frequency

PRACH UL/DL configuration (See Table 4.2-2)
configuration Index
(See Table 5.7.1-3) 0 1 2 3 4 5 6
0 0.1,0.2) | (0,1,0.1) | (0,1,0,0) | (0,1.0.2) | (0,1.0.1) | (0,1,0,0) | (0,1,0,2)
1 (0.2.0,2) | (0.2.0,1) | (0,2.0,0) | (0.2.0.2) | (0.2.0.1) | (0.2.0,0) | (0,2.0.2)
2 (0.1.1.2) [ (0.1.1.1) | (0.1.1,0) | (0,1.0.1) | (0.1.0,0) | NA | (0.1.1.1)
3 (0.0.0.2) | (0.0.0,1) | (0.0.0.0) | (0.0.0.2) | (0.0.0.1) | (0,0,0,0) | (0.0.0.2)
4 (0,0,1.2) | (0,0,1,1) | (0,0,1,0) | (0.,0.0.1) | (0.0.0.0) | NA | (0,0.1.1)
5 (0.0.0.1) | (0,0.00) | NA | (0.0.00) | NA NA | (0.0.0.1)
6 (0,0,0.2) | (0,0,0,1) | (0,0,0,0) | (0,0,0,1) | (0,0,0,0) | (0,0,0,0) | (0,0.0,2)
0.0.1.2) | (0.0.1.1) | (0.0.1.0) | (0.0.0.2) | (0.0.0.1) | (1.0.0.0) | (0.0.1.1)
(0.0.0.1) | (0.0.0,0) (0.0.0.0) (0.0,0.1)
§ ©0.011) | ©o1.0 | NA | (0002 | NA NA~ | 00.1.0)
(0.0.0.0) (0.0.0.0) (0.0.0.0)
8 0070 | na nA | o | A NA | 009
(0,0,0,1) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0) | (0,0,0,1)
9 (0.0.0.2) | (0.0.0.1) | (0.0.1.0) | (0.0.0.1) | (0.0.0.1) | (1.0.0.0) | (0.0.0.2)
0.0.1.2) | (0.0.1.1) | (1.0.0.0) | (0.0.0.2) | (1.0.0.1) | (2.0.0.0) | (0.0.1.1)
(0,0,0,0) | (0,0,0,1) | (0,0,0,0) (0.0,0,0) (0,0,0,0)
10 (0,0,1.0) | (0,0,1.0) | (0,0,1.0) | NA | (00.01) | NA | (00002
©0.0.1.1) | 0,011 | (10,10 (1.0.0.0) (0.0.1.0)
(0,0,0,0) (0,0,0,1)
11 NA | (0,001) | NA N/A N/A NA | (0,0,1,0)
(0,0,1,0) (0.0.1.1)
0,0,0.1) | (0.0.0,0) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0) | (0,0.0.1)
. (0.0.0.2) | (0.0.0.1) | (0.0.1.0) | (0.0.0.1) | (0.0.0.1) | (1.0.0.0) | (0.0.0.2)
(0.0.1.1) | (0,0.1.0) | (1.0.0,0) | (0.0.0.2) | (1.0.0,0) | (2.0.0,0) | (0.0.1.,0)
00.1.2) | (00.11) | (1.0.1.0) | (1.0.0.2) | (1.0.0.1) | (3.0.0.0) | (0.0.1.1)
(0.0.0,0) (0.0.0,0) (0.0.0,0)
(0.0.0.2) (0.0.0.1) (0.0.0.1)
13 0010 | NA NA | 002 | A NA | 0002)
(0.0.1.2) (1.0.0.1) (0.0.1.1)
(0,0,0,0) (0.0,0,0) (0,0,0,0)
(0.0.0.1) (0.0.0.1) (0.0.0.2)
14 0010 | A NA | 0002 | A NA | 80T
(0.0.1.1) (1.0.0.0) 0.0.1.1)
(0.0.0,0) | (0,0,0,0) | (0,0,0,0) | (0.0.0,0) | (0,0,0,0) | (0,0,0,0) | (0,0.0.0)
(0.0.0.1) | (0.0.011) | (0.0.1,0) | (0.0.0.1) | (0.0.0.1) | (1.0.0,0) | (0.0.0.1)
15 (0.0.0.2) | (0.0.1.0) | (1.0.0,0) | (0.0.0.2) | (1.0.0,0) | (2.0.0,0) | (0.0.0.2)
0.0.1.1) | (0.0.1.1) | (1.0.1.0) | (1.0.01) | (1.0.0.1) | (3.0.0.0) | (0.0.1.0)
0.0.1.2) | (1.0.0.1) | (2.0.0.0) | (1.0.0.2) | (2.0.0.1) | (4.0.0.0) | (0.0.1.1)
(0.0.0.1) | (0.0.0,0) | (0,0.0,0) | (0.0.0,0) | (0.0.0.0)
(0.0.0.2) | (0.0.0.1) | (0.0.1.0) | (0.0.0.1) | (0.0.0.1)
16 (0.0.1.0) | (0.0.1.0) | (1.0.0,0) | (0.0.0.2) | (1.0.0,0) | N/A N/A
(0.0.1.1) | (0.0.1.1) | (1.0.1.0) | (1.0.0.0) | (1.0.0.1)
00.1.2) | (1.0.11) | (20.1.0) | (1.0.0.2) | (2.0.0.0)
(0,0,0,0) | (0,0.,0,0) (0,0,0,0)
(0.0.0.1) | (0.0.0.1) (0.0.0.1)
17 (00.0.2) | (00.1.0) | NA | (0002 | NA N/A N/A
(0.0.1.0) | (0.0.1.1) (1,0,0,0)
0.0.1.2) | (1.0.0.0) (1,0,0,1)
(0.0.0,0) | (0,0.0,0) | (0,0,0,0) | (0.0,0,0) | (0,0,0,0) | (0,0,0,0) | (0,0,0,0)
(0.0.0.1) | (0.0.011) | (0.0.1,0) | (0.0.0.1) | (0.0.0.1) | (1.0.0,0) | (0.0.0.1)
8 (0.0.0.2) | (0.0.1.0) | (1.0.0.0) | (0.0.0.2) | (1.0.0.0) | (2.0.0.0) | (0.0.0.2)
(0.0.1.0) | (0.0.1.1) | (1.0.1.0) | (1.0.0.0) | (1.0.0.1) | (3.0.0.0) | (0.0.1.0)
0.0.1.1) | (1.0.01) | (2.0.0,0) | (1.0.0.1) | (2.0.0,0) | (4.0.0,0) | (0.0.1.1)
00.1.2) | (1.0.1.1) | (20.1.0) | (1.0.0.2) | (2.0.0.1) | (5.0.0.0) | (1.0.0.2)
(0,0,0,0) (0.0,0,0)
(0.0.0.1) (0.0.0.1)
(0.0.1.0) (0.0.0.2)
19 NA | e | A N/A N/A vA | 80T
(1.0.0.0) (0.0.1.1)
(1.0.1.0) (1.0.1.1)
20730 0.1,0.1) | (01,000 | _NA | (0,1.04) | (0,1.00) | _NA | (0.1.0.1)
21/ 31 (02.0.1) | (020,00 | _NA | (0.2.01) | (0200 | NA | (0.2.0.1)
22/32 01.1.1) | (0.1.1,0) | _NA N/A N/A NA | (0.1.1.,0)
23/33 (0,0,0.1) | (0,0,0,0) | _NA | (0,00,1) | (0,0,0,00) | NA | (0,0.0)
24/ 34 (0.0.1.1) | (0,0.1.0) | _N/A N/A N/A NA | (0.0.1.0)
(0,0,0,1) | (0,0,0,0) 0,0,0,1) | (0,0,0,0) (0,0,0,1)
25135 ©0011) | ©o10 | VA | (1001) | (1000 | VA | (0010
(0,0.,0.1) | (0.0.0,0) (0.0.0.1) | (0.0,0,0) (0.0,0.1)
2636 0011 | 0010) | ya | (10.01) | (1.000) | \u | (0010)
(1.0.01) | (1.0.0.0) (2.0.0.1) | (2.0.0.0) (1.0.0.1)
3GPP
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(0,0,0,1) | (0,0,0,0) (0,0,0,1) | (0,0,0,0) (0,0,0,1)

27137 (0,0,1,1) | (0,0,1,0) (1,0,0,1) | (1,0,0,0) (0,0,1,0)

(1,0,0,1) | (1,0,0,0) N/A (2,00,1) | (20,00 | NA | (1,00,1)

(1,0,1,1) | (1,0,1,0) (3,0,0,1) | (3,0,0,0) (1,0,1,0)

(0,0,0,1) | (0,0,0,0) (0,0,0,1) | (0,0,0,0) (0,0,0,1)

(0,0,1,1) | (0,0,1,0) (1,0,0,1) | (1,0,0,0) (0,0,1,0)

28/38 (1,0,0,1) | (1,0,0,0) (2,0,0,1) | (2,0,0,0) (1,0,0,1)

(1,0,1,1) | (1,0,1,0) N/A (3,0,0,1) | (30,00) | NA | (1,0,1,0)

(2,0,0,1) | (2,0,0,0) (4,0,0,1) | (4,0,0,0) (2,0,0,1)

(0,0,0,1) | (0,0,0,0) (0,0,0,1) | (0,0,0,0) (0,0,0,1)

(0,0,1,1) | (0,0,1,0) (1,0,0,1) | (1,0,0,0) (0,0,1,0)

29 /39 (1,0,0,1) | (1,0,0,0) (2,0,0,1) | (2,0,0,0) (1,0,0,1)

(1,0,1,1) | (1,0,1,0) N/A (300,1) | 300,0) | \a | (1010

(2,0,0,1) | (2,0,0,0) (4,0,0,1) | (4,0,0,0) (2,0,0,1)

(2,0,1,1) | (2,0,1,0) (5,0,0,1) | (5,0,0,0) (2,0,1,0)

40 (0,1,0,0) N/A N/A 01,000 | N/A N/A__ | (0,1,0,0)

41 (0,2,0,0) N/A N/A 0,2,0,0) | _NA NA_ | (0,2,0,0)
42 (0.1,1,0) N/A N/A N/A N/A N/A N/A

43 (0,0,0,0) N/A N/A (0,000) | NA N/A__ | (0,0,0,0)
44 (0,0,1,0) N/A N/A N/A N/A N/A N/A

(0,0,0,0) (0,0,0,0) (0,0,0,0)

45 0,010} N/A N/A oo0) | A NA | (100.0)

(0,0,0,0) (0,0,0,0) (0,0,0,0)

46 (0,0,1,0) (1,0,0,0) (1,0,0,0)

(1000} N/A N/A 2000 | A NA | 5000

(0,0,0,0) (0,0,0,0) (0,0,0,0)

47 (0,0,1,0) (1,0,0,0) (1,0,0,0)

(1,0,0,0) N/A N/A (2,0,0,0) | NA NA | (2,0,0,0)

(1,0,1,0) (3,0,0,0) (3,0,0,0)

48 01,09 | (01,0, | (01,0 | (0,1,0,9 | (0,1,0,) | (0,1,0) | (0,1,0,%)

49 02,0 | (0,20 | (02,0 | (0,20, | (0,2,0,) | (0.2,0,) | (0,2,0,")

50 01,15 | (01,15 | (0,115 N/A N/A NA_ | (01,17

51 (0,0,0 | (0,00, | (0,0,0) | (0,0,0, | (0,0,0,) | (0,0,0,) | (0,0,0,")

52 0,01, | (0,0,1,) | (0,0,1,%) N/A N/A NA_ | (0,01,

3 (0,00 | (0,005 | (0,0,0%) | (0,00, | (0,0,0,) | (0,0,0,%) | (0,0,0,)

0,0,1,9 | (00,1, | (0,01, | (1,00 | (1,0,0) | (1,0,0 | (0,0,1,%

(0,00 | (0,005 | (0,0,0%) | (0,0,0,%) | (0,0,0,%) | (0,0,0,%) | (0,0,0,%)

54 0,0,1,9 | (0,0,1,% | (0,0,1,%) | (1,00 | (1,0,0,%) | (1,0,0%) | (0,0,1,%

(1,009 | (1,00 | (1,00 | (20,09 | (20,0 | (2.0,0) | (1,0,0,%

(0,00 | (0,005 | (0,0,0%) | (0,0,0,%) | (0,0,0,) | (0,0,0,%) | (0,0,0,)

55 0,0,1,9 | (0,0,1,% | (0,0,1,%) | (1,00 | (1,0,0,%) | (1,0,0,%) | (0,0,1,%

(1,009 | (1,00 | (1,004 | (20,0 | (2,0,0%) | (2,004 | (1,0,0,%

(1,019 | (1,01, | (1,0,1,9 | (3,009 | (3,0,0) | (3,00 | (1,0,1,%

0,00 | (0,005 | (0,0,0%) | (0,00, | (0,0,0,) | (0,0,0,%) | (0,0,0,)

0,0,1,% | (0,0,1,% | (0,0,1,%) | (1,00 | (1,0,0%) | (1,0,0%) | (0,0,1,%

56 (1,009 | (1,00 | (1,004 | (20,05 | (2,0,0,%) | (2,0,0,%) | (1,0,0,%

(1,0,1,9 | (1,015 | (1,0,1,%) | (30,05 | (3,0,0,%) | (3,0,0,%) | (1,0,1,%

(2,009 | (20,0 | (2.0,0% | (4,00 | (4,00 | (40,05 | (2,0,0%

(0,00 | (0,005 | (0,0,0%) | (0,0,0,%) | (0,0,0,) | (0,0,0,%) | (0,0,0,)

0,0,1,9 | (0,0,1,% | (0,0,1,%) | (1,00 | (1,0,0%) | (1,0,0%) | (0,0,1,%

57 (1,009 | (1,00 | (1,004 | (20,05 | (2,0,0%) | (2,004 | (1,0,0,%

(1,0,1,9 | (1,015 | (1,0, | (3,005 | (3,0,0,%) | (3,0,0%) | (1,0,1,%

2,00 | (20,0 | (20,04 | (4,00 | (4,00 | (4,00 | (20,0

2,019 | (20,19 | 201, | (50,0 | (50,0 | (50,0 | (2,0,1,%
58 N/A N/A N/A N/A N/A N/A N/A
59 N/A N/A N/A N/A N/A N/A N/A
60 N/A N/A N/A N/A N/A N/A N/A
61 N/A N/A N/A N/A N/A N/A N/A
62 N/A N/A N/A N/A N/A N/A N/A
63 N/A N/A N/A N/A N/A N/A N/A

NOTE: * UpPTS
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5.7.2 Preamble sequence generation

The random access preambles are generated from Zadoff-Chu sequences with zero correlation zone, generated from one
or several root Zadoff-Chu sequences. The network configures the set of preamble sequences the UE is allowed to use.

There are up to two sets of 64 preambles available in a cell where Set 1 corresponds to higher layer PRACH
configuration using prach-Configurationlndex and prach-FrequencyOffset and Set 2, if configured, corresponds to
higher layer PRACH configuration using prach-ConfigurationlndexHighSpeed and prach-FrequencyOffsetHighSpeed.
The set of 64 preamble sequences in a cell is found by including first, in the order of increasing cyclic shift, all the
available cyclic shifts of a root Zadoff-Chu sequence with the logical index rootSequencelndexHighSpeed (for Set 2, if
configured) or with the logical index RACH_ROOT_SEQUENCE (for Set 1), where both
rootSequencelndexHighSpeed (if configured) and RACH_ROOT_ SEQUENCE are broadcasted as part of the System
Information. 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 837. The relation between a logical root
sequence index and physical root sequence index u is given by Tables 5.7.2-4 and 5.7.2-5 for preamble formats 0 — 3
and 4, respectively.

The u™ root Zadoff-Chu sequence is defined by

cmun(n+1
_ (1)

xu(n)=e' Nee | 0<n< Ny -1

where the length N, of the Zadoff-Chu sequence is given by Table 5.7.2-1. From the u™ root Zadoff-Chu sequence,
random access preambles with zero correlation zones of length Nq —1are defined by cyclic shifts according to

xu,v(n) =Xy ((I’l + Cv)mOd NZC)

where the cyclic shift is given by

VN g v= 0,1,...,|_NZC/NCSJ—1,NCS #0 for unrestricted sets
0 N =0 for unrestricted sets
C,=1d \_v/ nia, J+ (v modna, )N s v=01..,w-1 for restricted sets type A and B
Ztart +(v=w)N V=W, W g —1 for restricted sets type B
d,. +(v—w—i‘,fi’; )NCS V=W L WHTIA + A —1  for restricted sets type B
w= nsﬁ}tngﬁup + ﬁsﬁf\ﬁ

and N is given by Tables 5.7.2-2 and 5.7.2-3 for preamble formats 0-3 and 4, respectively, where the higher-layer

parameters zeroCorrelationZoneConfig and zeroCorrelationZoneConfigHighSpeed shall be used for PRACH preamble
Set 1 and Set 2 (if configured), respectively. Restricted set type B shall be used for PRACH preamble Set 2 (if
configured), and the parameter High-speed-flag provided by higher layers determines if unrestricted set or restricted set
type A shall be used for PRACH preamble Set 1.

The variable d,, is the cyclic shift corresponding to a Doppler shift of magnitude 1/ Tspq and is given by

g _lp 0< p< Ny /2
“ |Ngyo—p otherwise

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

For restricted set type A and N <d, < N /3, the parameters are given by
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RA
Ahife = Ldu /NCSJ
RA
dstart = 2du + Ngnift NCS

gr[(?up LN zC / ditart J
shrft maX(L(NZC - 2d group start )/NCS JO)

S

For restricted set type A and N, /3<d, <(Nyc—Ncs)/2, the parameters are given by
Mgt = |_(Nzc _2du)/NCSJ
dstart =Ngc—2d,+ ns%?ftNCS
group |_d / dstartJ
i = minfmax(a, ~n Jobg)
Nghife = 1IN rnax (du - ngroupdstart )/NCS 0 Aghify

For restricted set type B and Ng <d, < N, /5, the parameters are given by

shlft |_d /N CSJ
Ay =4d, + nshiftN cs

nfl,}r/(?up = |_NZC /dstartJ
ﬁsl}%?t = maXQ(NZC - 4du groupdstart )/NCS JO)

For restricted set type B and N, /5<d, < (N zc —Nes )/ 4, the parameters are given by
ngih = L(Nzc —4d, )/NCSJ
dyarn = Nyc —4d,, +ngis Nes

grlgup = Ldu / dstartJ

ﬁslkilﬁt = min(maXQ(du - ngr/(?updstart )/NCSJO)’ nsilmi%ft )

For restricted set type B and (N + N¢g)/4<d, <2N, /7, the parameters are given by

S

”sﬁr = |_(4du _Nzc)/Nch

RA
start = 4dy, =Nz +ngig Nes

&

QU

RA —RA
start — NZC - 3du + ngroupdstart + nshlftNCS

QU

start — NZC 2d + ngroupdstart + nshrftNCS

group = |_du / dstartJ
ns%i/-}t = maX(L(NZC - 3du - ngréupdstart )/NCS JO)
ﬁsﬁrAﬁ = Lmln(du - ng};{rgupdstan ’4du - NZC - ﬁslligt NCS )/NCSJ

=RA . (1 =RA RA - i =RA —RA =RA
Rgpige = \_((1 - mln(L Nghife ) du groupdstart )+ m1n<17 Pshife X4du - NZC ~ Nghify NCS ))/NCS J_ Nghife

3

For restricted set type B and 2N, /7 <d, <(N,- —N¢g)/3 , the parameters are given by
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"iji\ft = |_(Nzc -3d, )/NCSJ
start = Nzc —3d, +nsIl{1A;ftNCS

QL

_ RA —RA
start — du + ngroupdstart + nshiftNCS

&

QU

start =0

gréup = |_du /dstartJ
ﬁs%?ft = max(l_(4du - NZC - ngrjgupdstart )/NCS JO)
ﬁslﬁlAft = Lmin(du - ngrjgupdstart sNgc—3d, - ﬁs%%Ncs )/Ncs

=RA
g =0

N

For restricted set type B and (N + N¢g)/3<d, <2N,/5, the parameters are given by

”s%?ﬁ = |_(3du _Nzc)/Nch

RA
Aot =3d,, = Nyc +ngin Nes
Aot =0
Aot =0

ngr/(?up = |_du / dstartJ
’7;1}231 = maX(L(NZC -2d, - n;/gupdstan )/NCSJO)

—RA

Ngip =0
=RA _
Hgiy = 0

For restricted set type B and 2N, /5<d, < (N — Ng)/2 , the parameters are given by

nsIEA;ft = L(Nzc _Zdu)/NCSJ

dgare = 2(Nze —2d,) + nin Nes
gstart =0

Estart =0

ngrlc?up = L(NZC - du )/dstartj

784 = max((3d, - Nye 1% dar )/ Nes 0)

=RA

Aghiee = 0
=RA _
Ngige =0

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

Table 5.7.2-1: Random access preamble sequence length

Preamble format | Nyc

0-3 839
4 139

3GPP

Ericsson Ex. 1011, p. 71 of 195
Ericsson v. Motorola



Release 14

72

3GPP TS 36.211 V14.3.0 (2017-06)

Table 5.7.2-2: N4 for preamble generation (preamble formats 0-3)

zeroCorrelationZoneConfig,

zeroCorrelationZoneConfigHighSpeed

Ncg value

Unrestricted set

Restricted set type A

Restricted set type B

0 0 15 15
1 13 18 18
2 15 22 22
3 18 26 26
4 22 32 32
5 26 38 38
6 32 46 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 - -

Table 5.7.2-3: N4 for preamble generation (preamble format 4)

zeroCorrelationZoneConfig | Ncg value

0 2

1 4

2 6

3 8
4 10
5 12
6 15
7 N/A
8 N/A
9 N/A
10 N/A
11 N/A
12 N/A
13 N/A
14 N/A
15 N/A

3GPP
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Table 5.7.2-4: Root Zadoff-Chu sequence order for preamble formats 0 — 3

Logical root Physical root sequence number ©
sequence - . . .
- (in increasing order of the corresponding logical sequence number)
129, 710, 140, 699, 120, 719, 210, 629, 168, 671, 84, 755, 105, 734, 93, 746, 70, 769, 60, 779
0-23
2,837,1, 838
24-29 56, 783, 112, 727, 148, 691
30-35 80, 759, 42, 797, 40, 799
3641 35, 804, 73, 766, 146, 693
42-51 31, 808, 28, 811, 30, 809, 27, 812, 29, 810
52-63 24,815, 48, 791, 68, 771, 74, 765, 178, 661, 136, 703
64-75 86, 753, 78, 761, 43, 796, 39, 800, 20, 819, 21, 818
76-89 95, 744, 202, 637, 190, 649, 181, 658, 137, 702, 125, 714, 151, 688
217, 622, 128, 711, 142, 697, 122, 717, 203, 636, 118, 721, 110, 729, 89, 750, 103, 736, 61, 778, 55, 784, 15, 824,
90-115 14. 825
116-135 12, 827, 23, 816, 34, 805, 37, 802, 46, 793, 207, 632, 179, 660, 145, 694, 130, 709, 223, 616
136-167 228, 611, 227, 612, 132, 707, 133, 706, 143, 696, 135, 704, 161, 678, 201, 638, 173, 666, 106, 733, 83, 756, 91,
748, 66, 773, 53, 786, 10, 829, 9, 830
168-203 7,832, 8, 831, 16, 823, 47, 792, 64, 775, 57, 782, 104, 735, 101, 738, 108, 731, 208, 631, 184, 655, 197, 642, 191,

648, 121, 718, 141, 698, 149, 690, 216, 623, 218, 621

152, 687, 144, 695, 134, 705, 138, 701, 199, 640, 162, 677, 176, 663, 119, 720, 158, 681, 164, 675, 174, 665, 171,
204-263 668, 170, 669, 87, 752, 169, 670, 88, 751, 107, 732, 81, 758, 82, 757, 100, 739, 98, 741, 71, 768, 59, 780, 65, 774
50, 789, 49, 790, 26, 813, 17, 822, 13, 826, 6, 833

5, 834, 33, 806, 51, 788, 75, 764, 99, 740, 96, 743, 97, 742, 166, 673, 172, 667, 175, 664, 187, 652, 163, 676, 185
264-327 654, 200, 639, 114, 725, 189, 650, 115, 724, 194, 645, 195, 644, 192, 647, 182, 657, 157, 682, 156, 683, 211, 628,
154, 685, 123, 716, 139, 700, 212, 627, 153, 686, 213, 626, 215, 624, 150, 689

225, 614, 224, 615, 221, 618, 220, 619, 127, 712, 147, 692, 124, 715, 193, 646, 205, 634, 206, 633, 116, 723, 160,
328-383 679, 186, 653, 167,672, 79, 760, 85, 754, 77, 762, 92, 747, 58, 781, 62, 777, 69, 770, 54, 785, 36, 803, 32, 807,
25, 814, 18, 821, 11, 828, 4, 835

3, 836, 19, 820, 22, 817, 41, 798, 38, 801, 44, 795, 52, 787, 45, 794, 63, 776, 67, 772, 72

767,76, 763, 94, 745, 102, 737, 90, 749, 109, 730, 165, 674, 111, 728, 209, 630, 204, 635, 117, 722, 188, 651,
159, 680, 198, 641, 113, 726, 183, 656, 180, 659, 177, 662, 196, 643, 155, 684, 214, 625, 126, 713, 131, 708, 219
620, 222, 617, 226, 613

384-455

230, 609, 232, 607, 262, 577, 252, 587, 418, 421, 416, 423, 413, 426, 411, 428, 376, 463, 395, 444, 283, 556, 285,
456-513 554, 379, 460, 390, 449, 363, 476, 384, 455, 388, 451, 386, 453, 361, 478, 387, 452, 360, 479, 310, 529, 354, 485
328, 511, 315, 524, 337, 502, 349, 490, 335, 504, 324, 515

323, 516, 320, 519, 334, 505, 359, 480, 295, 544, 385, 454, 292, 547, 291, 548, 381, 458, 399, 440, 380, 459, 397,

514-561 442, 369, 470, 377, 462, 410, 429, 407, 432, 281, 558, 414, 425, 247, 592, 277, 562, 271, 568, 272, 567, 264, 575,
259, 580
237,602, 239, 600, 244, 595, 243, 596, 275, 564, 278, 561, 250, 589, 246, 593, 417, 422, 248, 591, 394, 445, 393,
562-629 446, 370, 469, 365, 474, 300, 539, 299, 540, 364, 475, 362, 477, 298, 541, 312, 527, 313, 526, 314, 525, 353, 486

352, 487, 343, 496, 327, 512, 350, 489, 326, 513, 319, 520, 332, 507, 333, 506, 348, 491, 347, 492, 322, 517

330, 509, 338, 501, 341, 498, 340, 499, 342, 497, 301, 538, 366, 473, 401, 438, 371, 468, 408, 431, 375, 464, 249,

630-659 590, 269, 570, 238, 601. 234, 605
257, 582, 273, 566, 255, 584, 254, 585, 245, 504, 251, 588, 412, 427, 372, 467, 282, 557, 403, 436, 396, 443, 392,
660-707 447, 301, 448, 382, 457, 389, 450, 294, 545 297, 542 311, 528, 344, 495, 345, 494, 318, 521, 331, 508, 325 514,
321 518
708-729 346, 493, 339, 500, 351, 488, 306, 533, 289, 550, 400, 439, 378, 461, 374, 465, 415, 424, 270, 569, 241, 598
730751 231, 608, 260, 579, 268, 571, 276. 563, 409, 430, 398. 441, 290. 549, 304. 535, 308, 531, 358, 481, 316, 523
752-765 203, 546, 288, 551, 284, 555, 368, 471, 253, 586, 256. 583, 263, 576
766777 242 597, 274, 565, 402. 437, 383, 456. 357, 482, 329, 510
778-789 317, 522, 307, 532, 286, 553, 287, 552. 266, 573, 261, 578
790-795 236, 603, 303, 536. 356. 483
796-803 355, 484, 405, 434, 404, 435, 406, 433
804-809 235, 604, 267, 572, 302. 537
810-815 309, 530, 265, 574, 233. 606
816-819 367, 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 5.7.2-5: Root Zadoff-Chu sequence order for preamble format 4

Logical root sequence Physical root sequence number u
number (in increasing order of the corresponding logical sequence number)
0-19 11138| 2[137| 3|136| 4[135| 5|134| 6133 | 7[|132| 8|131| 9[130 |10 129
20-39 111128 [ 121127 [ 13126 |14 | 125 [ 15[ 124 |16 | 123 |17 [ 122 | 18 [ 12119 | 120 |20 | 119
40 - 59 211118 |22 | 117 [ 23 | 116 |24 | 11525 [ 114 |26 [ 113 |27 | 112 |28 | 111 29| 110 [ 30 | 109
60-79 31108 [ 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 | 9545 | 94 |46 | 93|47 | 92148 | 91[149] 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

5.7.3 Baseband signal generation
The time-continuous random access signal s(¢) is defined by

Nzc 1 Ngc -1 _j2mk

J ; ] _
S(t):ﬁPRACH z z xu,v(n)'e Nyc .er”(k‘*'(P*'K(ko‘*'A))A NG
k=0 n=0

where 0 <7 <Tgpq +Tcp» Ppracu 1s an amplitude scaling factor in order to conform to the transmit power Popacy
specified in clause 6.1 in 3GPP TS 36.213 [4], and k, = nhay NXB — NXENRB /2 The location in the frequency domain

is controlled by the parameter npgy is derived from clause 5.7.1. The factor K = Af//Afy, accounts for the difference
in subcarrier spacing between the random access preamble and uplink data transmission. The variable Afg, , the
subcarrier spacing for the random access preamble, and the variable ¢ , a fixed offset determining the frequency-domain
location of the random access preamble within the physical resource blocks, are both given by Table 5.7.3-1.

Table 5.7.3-1: Random access baseband parameters

Preamble format | Afga @

0-3 1250 Hz | 7
4 7500 Hz | 2
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Modulation and upconversion to the carrier frequency of the complex-valued SC-FDMA baseband signal for each
antenna port or the complex-valued PRACH baseband signal is shown in Figure 5.8-1. The filtering required prior to

transmission is defined by the requirements in 3GPP TS 36.101 [7].

s;(0)

Split

cos (2fyt)

—sin (27fyt)

Figure 5.8-1: Uplink modulation
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§) Downlink

6.1 Overview

The smallest time-frequency unit for downlink transmission is denoted a resource element and is defined in
clause 6.2.2.

A subset of the downlink subframes in a radio frame can be configured as MBSFN subframes by higher layers. Each
MBSFN subframe is divided into a non-MBSFN region and an MBSFN region.

- For subframes using Af =15kHz, the non-MBSFN region spans the first one or two OFDM symbols in an
MBSFN subframe where the length of the non-MBSFN region is given according to Subclause 6.7.

- For subframes using Af =7.5kHz or Af =1.25kHz, the non-MBSFN region is of zero size.

- The MBSFN region in an MBSFN subframe is defined as the OFDM symbols not used for the non-MBSFN
region.

For an MBMS-dedicated cell, subframes where PSS/SSS/PBCH or PDSCH carrying system information are transmitted
with Af =15kHz are non-MBSFN subframes.

For frame structure type 3, MBSFN configuration shall not be applied to downlink subframes in which at least one
OFDM symbol is not occupied or discovery signal is transmitted.

Unless otherwise specified, transmission in each downlink subframe shall use the same cyclic prefix length as used for
downlink subframe #0.

6.1.1 Physical channels

A downlink physical channel corresponds to a set of resource elements carrying information originating from higher
layers and is the interface defined between 3GPP TS 36.212 [3] and the present document 3GPP TS 36.211.
The following downlink physical channels are defined:

- Physical Downlink Shared Channel, PDSCH

- Physical Broadcast Channel, PBCH

- Physical Multicast Channel, PMCH

- Physical Control Format Indicator Channel, PCFICH

- Physical Downlink Control Channel, PDCCH

- Physical Hybrid ARQ Indicator Channel, PHICH

- Enhanced Physical Downlink Control Channel, EPDCCH

- MTC Physical Downlink Control Channel, MPDCCH

6.1.2 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:

- Reference signal
- Synchronization signal

- Discovery signal
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6.2 Slot structure and physical resource elements

6.2.1 Resource grid

The transmitted signal in each slot is described by one or several resource grids of Ngy NSIEB subcarriers and N, S[;;b
OFDM symbols. The resource grid structure is illustrated in Figure 6.2.2-1. The quantity N }% depends on the

downlink transmission bandwidth configured in the cell and shall fulfil
N}r}n]i;n,DL < Nllz)é < N]I{nélX,DL

where NJPL — 6 and NJPE =110 are the smallest and largest downlink bandwidths, respectively, supported by
the current version of this specification.

The set of allowed values for N% is given by 3GPP TS 36.104 [6]. The number of OFDM symbols in a slot depends
on the cyclic prefix length and subcarrier spacing configured and is given in Table 6.2.3-1.

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 MBSFN reference signals,
positioning reference signals, UE-specific reference signals associated with PDSCH and demodulation reference signals
associated with EPDCCH, there are limits given below within which the channel can be inferred from one symbol to
another symbol on the same antenna port. There is one resource grid per antenna port. The set of antenna ports
supported depends on the reference signal configuration in the cell:

- Cell-specific reference signals support a configuration of one, two, or four antenna ports and are transmitted on
antenna ports p=0, p e {0,1}, and pe {0,1,2,3}, respectively.

- MBSFN reference signals are transmitted on antenna port p = 4 . The channel over which a symbol on antenna
port p =4 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 subframes of the same MBSFN area.

- UE-specific reference signals associated with PDSCH intended for non-BL/CE UE are transmitted on antenna
port(s) p=5, p=7, p=8, orone or several of p e {7,8,9,10,1 1,12,13,14}. The channel over which a symbol

on one of these antenna ports is conveyed can be inferred from the channel over which another symbol on the
same antenna port is conveyed only if the two symbols are within the same subframe and in the same PRG when
PRB bundling is used or in the same PRB pair when PRB bundling is not used.

- - UE-specific reference signals associated with PDSCH intended for BL/CE UE are transmitted on one or

several of antenna port(s) p € {7,8,9,10,1 1,12,13,14}. The channel over which a symbol on one of these antenna
ports is conveyed can be inferred from the channel over which another symbol on the same antenna port is
conveyed only if the two symbols are in the same set of N IC\%DL consecutive subframes and have the same PRB

index.

- Demodulation reference signals associated with EPDCCH are transmitted on one or several of
pE {107,108,109,1 10}. The channel over which a symbol on one of these antenna ports is conveyed can be

inferred from the channel over which another symbol on the same antenna port is conveyed only if the two
symbols are in the same PRB pair.

- - Demodulation reference signals associated with MPDCCH are transmitted on one or several of
pE {107,108,109,1 10}. The channel over which a symbol on one of these antenna ports is conveyed can be

inferred from the channel over which another symbol on the same antenna port is conveyed only if the two
symbols are in the same set of N IC\H;DL consecutive subframes and have the same PRB index.

- Positioning reference signals are transmitted on antenna port p = 6 . The channel over which a symbol on
antenna port p = 6 is conveyed can be inferred from the channel over which another symbol on the same
antenna port is conveyed only within one positioning reference signal occasion consisting of Nppg consecutive

downlink subframes, where Npgg is configured by higher layers.
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- CSlI reference signals support a configuration of 1, 2, 4, 8, 12, 16, 20, 24, 28, or 32 antenna ports and are
transmitted on antenna ports p =15, p=1516, p=15,..,18, p=15,.,22, p=15,..,26, p=15,..30,

p=15..34, p=15,..38, p=15,..,42 and p =15,...,46 , respectively.
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,
and average delay.

6.2.2 Resource elements

Each element in the resource grid for antenna port p is called a resource element and is uniquely identified by the
index pair (k, / ) in a slot where k£ =0,..., N, ]?éNSEB -1 and /=0,..,, Ns%lb —1 are the indices in the frequency and time
domains, respectively. Resource element (k, l ) on antenna port p corresponds to the complex value a,(j;) .

When there is no risk for confusion, or no particular antenna port is specified, the index p may be dropped.

One downlink slot T,
<+

N OFDM symbols

- >

k=NRENRB -1

Resource

]E’,|19LCK B resource
/ symb * Vse " glements

@
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3 Q
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Figure 6.2.2-1: Downlink resource grid
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6.2.3 Resource blocks

Resource blocks are used to describe the mapping of certain physical channels to resource elements. Physical and
virtual resource blocks are defined.

A physical resource block is defined as N s?/;b consecutive OFDM symbols in the time domain and NX consecutive
subcarriers in the frequency domain, where N gﬁlb and N2® are given by Table 6.2.3-1. A physical resource block thus
consists of N s]?/]r;lb x NXB resource elements, corresponding to one slot in the time domain and 180 kHz in the frequency

domain.

Physical resource blocks are numbered from 0 to N, RDé —1 in the frequency domain. The relation between the physical

resource block number nprp in the frequency domain and resource elements (k,/) in a slot is given by

|k
PRB NS]EB

Table 6.2.3-1: Physical resource blocks parameters

Configuration NRB | Nowh
Normal cyclic prefix Af =15kHz 12 7
Af =15kHz 6
Extended cyclic prefix | Af =7.5kHz 24 3
Af =125kHz | 144 1

A physical resource-block pair is defined as the two physical resource blocks in one subframe having the same physical
resource-block number npgy .

A virtual resource block is of the same size as a physical resource block. Two types of virtual resource blocks are
defined:

- Virtual resource blocks of localized type
- Virtual resource blocks of distributed type

For each type of virtual resource blocks, a pair of virtual resource blocks over two slots in a subframe is assigned
together by a single virtual resource block number, 7.

6.2.3.1 Virtual resource blocks of localized type

Virtual resource blocks of localized type are mapped directly to physical resource blocks such that virtual resource
block nyyp corresponds to physical resource block npgp = nyrp - Virtual resource blocks are numbered from 0

DL DL _ ;DL
to Nygg —1, where Nygg = Ngp -

6.2.3.2 Virtual resource blocks of distributed type

Virtual resource blocks of distributed type are mapped to physical resource blocks as described below.
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Table 6.2.3.2-1: RB gap values

. Gap (Ng,)
System BW ( )
RE 1st Gap (Ngap,l ) 2nd Gap (Ngap,Z)
6-10 ’-NEBL / 2} N/A
17 2 N/A
12-19 8 N/A
20-26 12 N/A
27-44 18 N/A
45-49 27 N/A
50-63 27 9
64-79 32 16
80-110 48 16

The parameter N,,, is given by Table 6.2.3.2-1. For 6 < Nl?é <49, only one gap value N, , is defined and
Ngap = Ngap1 - For 50 < Ny <110, two gap values N,,,; and N, , are defined. Whether N, = N, or

RB —
Ngap = Ngap 18 signaled as part of the downlink scheduling assignment as described in 3GPP TS 36.212 [3].

Virtual resource blocks of distributed type are numbered from 0 to N —1, where
NEI; - Ngap) for Ngap = Ngap,l and N\[/)l]{B = NDL = \_NI?EI; /ZNgap J 2Ngap for

DL _ ArDL P
Nyrs = Nyrpgap1 = 2-min(N VRB,gap2 —

Noap = Neap 2 -

gap?

Consecutive NDL, VRB numbers compose a unit of VRB number interleaving, where NP, = NPL for N wap = Naap.1
and N o = 2N g for Ngup = Ny - Interleaving of VRB numbers of each interleaving unit is performed with 4
columns and N, rows, where N, = (IV%B/GP)-L P,and P is RBG size as described in 3GPP TS 36.213 [4]. VRB
numbers are written row by row in the rectangular matrix, and read out column by column. N, nulls are inserted in
the last N, /2 rows of the 2" and 4" column, where N, =4N,,,, — NUkg. Nulls are ignored when reading out. The

VRB numbers mapping to PRB numbers including interleaving is derived as follows:

For even slot number n ;

~ ~ DL ~ _
7R = N row sNon 20 and  nypp 2 Nygg =Ny and  nyggmod2 =1
= ~ DL ~

o) = pr ~ Nyow T N /2 Ny 20 and  #ygg = Nygg — Ny @and  7iygg mod2 =0

prB{5) =1, ~ ’

nprp = Nt /2 yNot 20 and  nygp < Ny — Ny and  nyggmod4>2
-~n
"'prB , otherwise

where 7ippg = 2N gy, - (fiygp mod 2)+ | 7ivrg /2 ]+ Nixg '\_nVRB /]\N]\I?II{BJ’
and 7igep = Ny, - (fiygp mod4)+|7iveg /4 |+ Nixg '\_nVRB / Nk Ja
where nygg = nygg mod N \91]{3 and nygp is obtained from the downlink scheduling assignment as described in
3GPP TS 36.213 [4].

For odd slot number n ;
s (1) = (o (1, 1)+ N2 /2 Jmod V2% + N2 Ly N2
nprg (115) = \Npgrp (ng —1) + Ny / 2 )mod Nygi + Nygp | vre / Nvrp
Then, for all ng;

npgg (715 )5 Hpgp (1) < ﬁ\?lliB /12
1prp (Mg) + N g ~Nvrs /2, Tipra(ng) = Nygg /2

nprp (1) = {

Virtual resource blocks of distributed type are not applicable to BL/CE UEs.
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6.2.4 Resource-element groups
Resource-element groups are used for defining the mapping of control channels to resource elements.

A resource-clement group is represented by the index pair (k',I") of the resource element with the lowest index & in
the group with all resource elements in the group having the same value of /. The set of resource elements (k,/) in a
resource-element group depends on the number of cell-specific reference signals configured as described below with
ko = nprp -NSIEB, 0 < nppp <NRDI§.

- In the first OFDM symbol of the first slot in a subframe the two resource-element groups in physical resource
block nprp consist of resource elements (k,/ =0) with k=4ky+0,k,+1,...,ky +5 and

k=ky+6,ky+7,...ky+11, respectively.

- In the second OFDM symbol of the first slot in a subframe in case of one or two cell-specific reference signals
configured, the three resource-element groups in physical resource block nprp consist of resource elements

(k,l=1) with k=ky+0,ky+1,...ky+3, k=ky+4, ky+5,....kg+7 and k =ky +8,ky +9,..., ky +11,
respectively.

- In the second OFDM symbol of the first slot in a subframe in case of four cell-specific reference signals
configured, the two resource-element groups in physical resource block npry consist of resource elements

(k,l=1) with k=ky+0,ky+1,... kg +5 and k=ky+6,ky+7,...,k, +11, respectively.

- In the third OFDM symbol of the first slot in a subframe, the three resource-element groups in physical resource
block nppp consist of resource elements (k,/ =2) with k=ky+0,ky+1,....ky+3, k=ky+4, ko +5,....ky +7

and k=ky+8,ky+9,...,ky +11, respectively.

- In the fourth OFDM symbol of the first slot in a subframe in case of normal cyclic prefix, the three resource-
element groups in physical resource block nprp consist of resource elements (k,/ =3) with

k=ky+0,ky+1,...kg+3, k=ky+4,ky+5,...kg+7 and k =ky+8,ky+9,..., ky +11, respectively.

- In the fourth OFDM symbol of the first slot in a subframe in case of extended cyclic prefix, the two resource-
element groups in physical resource block nprp consist of resource elements (k,/ =3) with

k=ky+0,ky+1,...kg+5 and k=ky+6,ky+7,...,k, +11, respectively.

Mapping of a symbol-quadruplet (z(i),z(i +1),z(i+2),z(i + 3)) onto a resource-element group represented by resource-
element (£',!") is defined such that elements z(i) are mapped to resource elements (k,/) of the resource-element

group not used for cell-specific reference signals in increasing order of i and k. In case a single cell-specific reference
signal is configured, cell-specific reference signals shall be assumed to be present on antenna ports 0 and 1 for the
purpose of mapping a symbol-quadruplet to a resource-element group, otherwise the number of cell-specific reference
signals shall be assumed equal to the actual number of antenna ports used for cell-specific reference signals. The UE
shall not make any assumptions about resource elements assumed to be reserved for reference signals but not used for
transmission of a reference signal.

For frame structure type 3, if the higher layer parameter subframeStartPosition indicates ‘s07” and the downlink
transmission starts in the second slot of a subframe, the above definition applies to the second slot of that subframe
instead of the first slot.

6.2.4A Enhanced Resource-Element Groups (EREGS)

EREGs are used for defining the mapping of enhanced control channels to resource elements.

There are 16 EREGs, numbered from 0 to 15, per physical resource block pair. Number all resource elements, except
resource elements carrying DM-RS for antenna ports p = {1 07,108,109,1 10} for normal cyclic prefix or p = {1 07,108}
for extended cyclic prefix, in a physical resource-block pair cyclically from O to 15 in an increasing order of first
frequency, then time. All resource elements with number i in that physical resource-block pair constitutes EREG
number i .
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For frame structure type 3, if the higher layer parameter subframeStartPosition indicates ‘s07” and the downlink
transmission starts in the second slot of a subframe, the above definition applies to the second slot of that subframe
instead of the first slot.

6.2.5 Guard period for half-duplex FDD operation
For type A half-duplex FDD operation, a guard period is created by the UE by
- not receiving the last part of a downlink subframe immediately preceding an uplink subframe from the same UE.

For type B half-duplex FDD operation, guard periods, each referred to as a half-duplex guard subframe, are created by
the UE by

- not receiving a downlink subframe immediately preceding an uplink subframe from the same UE, and

- not receiving a downlink subframe immediately following an uplink subframe from the same UE.

6.2.6 Guard Period for TDD Operation

For frame structure type 2, the GP field in Figure 4.2-1 serves as a guard period.

6.2.7 Narrowbands and widebands

A narrowband is defined as six non-overlapping consecutive physical resource blocks in the frequency domain. The
total number of downlink narrowbands in the downlink transmission bandwidth configured in the cell is given by

DL
<[ 1

The narrowbands are numbered nyg =0,..., Ngg —1 in order of increasing physical resource-block number where

narrowband nyg is composed of physical resource-block indices

6nng +ig+i  if Npgmod2=0
6 o . A7DL _ DL
nyg +ig +i if Ngg mod2 =1and nyg <NNB/2
6nyg +ip +i+1 ifN%‘modZ:lananBlel\?Igh
where
i=0,L..5
| ] o

2 2

If N II\?IB“ >4, a wideband is defined as four non-overlapping narrowbands in the frequency domain. The total number of
downlink widebands in the downlink transmission bandwidth configured in the cell is given by

DL
NDL _ Ny
WB =
4
and the widebands are numbered 7y = 0,..., Nyg —1 in order of increasing narrowband number where wideband
is composed of narrowband indices 4nyp +i where i =0,1,....3.

If Nﬁé <4 ,then N\?fé =1 and the single wideband is composed of the Nﬁé non-overlapping narrowband(s).
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6.2.8 Guard period for narrowband and wideband retuning

For BL/CE UEs, a guard period of at most Nsr;;'ﬂl{)‘e OFDM symbols is created for Rx-to-Rx and Tx-to-Rx frequency

retuning between two consecutive subframes. If the higher layer parameter ce-RetuningSymbols is set, then N

retune __
symb

equals ce-RetuningSymbols, otherwise N 2 . If the higher layer parameter ce-pdsch-maxBandwidth-config is set

to 5 MHz, then the rules for guard period creation defined in the remainder of this clause apply not for retuning between
narrowbands but for retuning between widebands and for transmissions involving multiple widebands.

- If the UE retunes from a first downlink narrowband to a second downlink narrowband with a different center

frequency, a guard period is created by the UE not receiving at most N:;Ei{,‘e OFDM symbols in the second

narrowband.

- If the UE retunes from a first uplink narrowband to a second downlink narrowband with a different center

frequency for frame structure type 2, a guard period is created by the UE not receiving at most N Sr;::ﬁge OFDM

symbols in the second narrowband.

Furthermore, for BL/CE UEs configured with the higher layer parameter srs-UpPtsAdd, a guard period of at most

N ;;;“1{)’5 OFDM or SC-FDMA symbols is created for Rx-to-Tx frequency retuning within a special subframe for frame

structure type 2. Primarily, the TDD guard period (GP) specified in clause 4.2 serves as the guard period for
narrowband retuning, and if GP is not sufficient then additional guard period is created by the UE according to:

- If SRS is configured to be transmitted in the first UpPTS symbol, the additional guard period is created by the

UE not receiving at most N S

symb DWPTS symbols in the first narrowband.

- If SRS is configured to be transmitted in the second UpPTS symbol but not in the first UpPTS symbol, the
additional guard period is created by the UE primarily by not transmitting the first UpPTS symbol and (if

N retune

symb = 2 ) secondarily by not receiving the last DWPTS symbol.

6.3 General structure for downlink physical channels

This clause describes a general structure, applicable to more than one physical channel.
The baseband signal representing a downlink physical channel is defined in terms of the following steps:
- scrambling of coded bits in each of the codewords to be transmitted on a physical channel
- modulation of scrambled bits to generate complex-valued modulation symbols
- mapping of the complex-valued modulation symbols onto one or several transmission layers
- precoding of the complex-valued modulation symbols on each layer for transmission on the antenna ports
- mapping of complex-valued modulation symbols for each antenna port to resource elements

- generation of complex-valued time-domain OFDM signal for each antenna port

antenna
codewords layers

ports
) Modulation & Resource OFDM signal
Scrambling mapper element mapper generation
Layer Precoding
mapper
. Modulation Resource OFDM signal
Scrambling mapper element mapper generation

Figure 6.3-1: Overview of physical channel processing
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6.3.1 Scrambling

For each codeword ¢ , the block of bits 57 (0)....,6 (M t(,?t) —1), where M ,()iqt) is the number of bits in codeword ¢
transmitted on the physical channel in one subframe, shall be scrambled prior to modulation, resulting in a block of
scrambled bits b7 (0),...,56 (M ,g?t) —1)according to

B9 (i) = (9 (5) + ¢ (5) Jmod 2

where the scrambling sequence ¢ (i) is given by clause 7.2. The scrambling sequence generator shall be initialised at

the start of each subframe, where the initialisation value of ¢, ... depends on the transport channel type according to

init

_— JRNTI 2% +¢-2" +[n,/2}-2° + Ni§"  for PDSCH
init L”ls /2J29 +N”1\gBSFN for PMCH

where npypp corresponds to the RNTI associated with the PDSCH transmission as described in clause 7.1
3GPP TS 36.213 [4].

For BL/CE UEs, the same scrambling sequence is applied per subframe to PDSCH for a given block of N,

subframes. For the j™ block of N, subframes, the scrambling sequence generator shall be initialised with

cell

Cinit = My 21 +¢-27 +[(j0 +j)Nacc mole]-29 +Nip

where

, g+ NEDSCH o —1 |
j=0,1,.., N - Jo

acc
jO = L(IO +iA)/Nach
. 0, for frame structure typel or N, =1
Ix =
AN ace — 2, for framestructure type 2 and N, =10

and i, is the absolute subframe number of the first downlink subframe intended for PDSCH. The PDSCH transmission

PDSCH

abs consecutive subframes including non-BL/CE DL subframes where the PDSCH transmission is

spans N,
postponed.

For BL/CE UEs,
- if the PDSCH is carrying SIB1-BR

Nacc =1

- else if the PDSCH is carrying SI message (except for SIB1-BR) or if the PDSCH transmission is associated with
P-RNTI or SC-RNTT:

- N, =4 for frame structure type 1 and N, =10 for frame structure type 2

- otherwise

- N, =1for UEs assuming CEModeA (according to the definition in Clause 12 of [4]) or configured with
CEModeA

N, =4 for frame structure type 1 and N,,, =10 for frame structure type 2 for UEs assuming CEModeB

(according to the definition in Clause 12 of [4]) or configured with CEModeB

Up to two codewords can be transmitted in one subframe, i.e., ¢ e {0,1}. In the case of single codeword transmission, ¢

is equal to zero.
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6.3.2

For each codeword ¢, the block of scrambled bits h@ (0),...,5 (")(M t(,‘ilt) —1) shall be modulated as described in
clause 7.1 using one of the modulation schemes in Table 6.3.2-1, resulting in a block of complex-valued modulation

symbols d'?(0),...,d'? (Ms)(llr)nb -1).

Modulation

Table 6.3.2-1: Modulation schemes

Physical channel Modulation schemes

PDSCH QPSK, 16QAM, 64QAM, 256QAM

PMCH QPSK, 16QAM, 64QAM, 256QAM
6.3.3 Layer mapping

The complex-valued modulation symbols for each of the codewords to be transmitted are mapped onto one or several

layers. Complex-valued modulation symbols d (q)(O),...,d @ M s;lr)nb —1) for codeword ¢ shall be mapped onto the

r
x(“’l)(i)] , i=0,1,..,M™ _1 where v is the number of layers and M™% is the number of

layers x(i) = [x(o) (D) symb symb

modulation symbols per layer, unless v =2 and “MUST interference presence and power ratio (MUSTIdx)” signalled

in the associated DCI is ‘00’ for only one codeword in which case x(i) = [a(o)x(o) @) aMx® (i)]y , Where

a) = /Zz—zl_lgj for the layer j for which MUSTIdx is ‘00’, and a) = /ﬁ for the layer j for which MUSTIdx

is not '00’. The value of # is determined from Table 6.3.3-1 using MUSTIdx and the modulation order of the codeword
for which MUSTIdx is not ‘00’.

Table 6.3.3-1: Values for g

MUSTIdx Modulation order
QPSK 16QAM 64QAM
01 8/10 32/42 128/170
10 50/58 144.5/167 | 40.5/51
11 264.5/289 | 128/138 | 288/330

6.3.3.1

Layer mapping for transmission on a single antenna port

For transmission on a single antenna port, a single layer is used, v =1, and the mapping is defined by

: layer __ 0)
with M symb = M symb -

x© (i) = 4© (i)

3GPP
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6.3.3.2 Layer mapping for spatial multiplexing

For spatial multiplexing, the layer mapping shall be done according to Table 6.3.3.2-1. The number of layers v is less
than or equal to the number of antenna ports P used for transmission of the physical channel. The case of a single
codeword mapped to multiple layers is only applicable when the number of cell-specific reference signals is four or
when the number of UE-specific reference signals is two or larger.

Table 6.3.3.2-1: Codeword-to-layer mapping for spatial multiplexing

Codeword-to-layer mapping

Number of layers | Number of codewords i=01.. M;;ﬁ -1
1 1 O=d0) MGy =MG,
) ) WWiy=dV@) e 0 /2
Viy=dO@i+ Y™ My
0 y= 70 ¢;
x (@) =d" (i
2 2 ( ) ( ) Mlayer _M(O) _M(l)

b b b
x(l) (l) _ d(l) (1) sym sym sym!

X =d3i)

3 1 O =dO@Ei+y  MEET =M /3

@) =dVGi+2)

xXO@)=a @)

3 2 Oy — 70 M =M =M, )2
X (l) =d (21) symb — “"symb — " symb

xX@(@)=dW(2i+1)

X6y =d(4i)

x(l)(i) = d(O)(4i +1) e — 0 /4

() =d© 4i+2) Maym =M sym

x3 () =d 9 4i+3)

x @) =d i)

W) =dP@2i+1)

1 (0 _ g
) 2 ) ¢; (Or2T MS;Iynelz - Msymb /2 - Ms(yznb /2
x\ @) =d"(20)

xD@)y=dW@2i+1)
xO (i) =da" 2i)

xV(@)=d(2i+1)
5 2 @) =dV3i) MBS =M [2=M(), /3
P (@) =dVEi+1)
P =dVGi+2)
xQ@) =d93i)

D iy=d®@Gi+1)
@) =dVGBi+2)

layer _ 5 £(0) _ M
6 2 x(3) (l) _ d(l) (31) Msymb - 1Msymb/3 - Msymb/3

@@y =dVGi+1)

xD @) =dV@Ei+2)

xQ@)=d93i)

V@) =d O Gi+1)

@) =dVGi+2)

7 2 x(3)(i) =d0 (4i) MSI%T; = M(O) b/3 M(lznb/4
@ @y=dW4i+1)

x3 (@) =dV(4i+2)

X6 =d"(4i+3)
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xO @) =d (4i)

xD (@) =d 9 4i+1)
x@ ) =dV(4i+2)
xP (@) =d D 4i+3)

layer _ 0) _ (1)
8 2 x(4) (l) _ d(l)(4i) Msymb - Msymb /4 - Msymb /4

x3 @) =dV(4i+1)
X6 =d"(4i+2)
xP@)y=dM(4i+3)

6.3.3.3 Layer mapping for transmit diversity

For transmit diversity, the layer mapping shall be done according to Table 6.3.3.3-1. There is only one codeword and
the number of layers v is equal to the number of antenna ports P used for transmission of the physical channel.

Table 6.3.3.3-1: Codeword-to-layer mapping for transmit diversity

Number of Number of Codeword-to-layler mapping
layers codewords i=0L.., M5 —1
Q@) =d i)
layer __ 0)
2 1 SO0y = dO@irt) | Mams =My /2
¥ (i) =d'® (40) yer MO /4 it MO, mod4=0
xO@)=d @i+ | T T (w0 v2)a i MO, mod4 =0
4 1 2)(: 0) (47
X ;)) ()=d ((O)) 4i+2) |1t m S(}(,)I)nb mod4 # 0 two null symbols shall be appended
x () =d"" (4i+3) to d(O)(Ms()?r)nb_l)
6.3.4 Precoding
The precoder takes as input a block of vectors x(i) = [x(o) @ .. x(“_l)(i)]r ,i=01,.,M ;;f:; —1 from the layer

r
mapping and generates a block of vectors y(7) = [ y(” )(i) ] ,i=01,..,M :ﬁmb —1 to be mapped onto resources on

each of the antenna ports, where y(” ) (i) represents the signal for antenna port p .

6.3.4.1 Precoding for transmission on a single antenna port

For transmission on a single antenna port, precoding is defined by
yP @) =x)
where pe {0, 4,5,7,8,11,13,107,108,109,1 10} is the number of the single antenna port used for transmission of the

physical channel and i =0,L,... M -1, M =M isfncg .

6.3.4.2 Precoding for spatial multiplexing using antenna ports with cell-specific
reference signals

Precoding for spatial multiplexing using antenna ports with cell-specific reference signals is only used in combination
with layer mapping for spatial multiplexing as described in clause 6.3.3.2. Spatial multiplexing supports two or four
antenna ports and the set of antenna ports used is p € {O,l} orpe {0,1,2,3} , respectively.
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6.3.4.2.1 Precoding without CDD

Without Cyclic Delay Diversity (CDD), precoding for spatial multiplexing is defined by

»00) )
=W (i)
) )

where the precoding matrix W (i) is of size Pxv and i=0,1,... M ~1, M3 =M Slsfncg .

For spatial multiplexing, the values of (i) shall be selected among the precoder elements in the codebook configured

in the eNodeB and the UE. The eNodeB can further confine the precoder selection in the UE to a subset of the elements
in the codebook using codebook subset restrictions. The configured codebook shall be selected from Table 6.3.4.2.3-1
or 6.3.4.2.3-2.

6.3.4.2.2 Precoding for large delay CDD

For large-delay CDD, precoding for spatial multiplexing is defined by

0] 0!
=W (@) D(G)U
Y 70

where the precoding matrix 7 (i) is of size Pxv and i=0,L.. M3 -1, MP =M. The diagonal size-
vxv matrix D(i) supporting cyclic delay diversity and the size-vxv matrix U are both given by Table 6.3.4.2.2-1

for different numbers of layers v .

The values of the precoding matrix W (i) shall be selected among the precoder elements in the codebook configured in

the eNodeB and the UE. The eNodeB can further confine the precoder selection in the UE to a subset of the elements in
the codebook using codebook subset restriction. The configured codebook shall be selected from Table 6.3.4.2.3-1 or
6.3.4.2.3-2.

For 2 antenna ports, the precoder is selected according to W (i) = C; where C; denotes the precoding matrix
corresponding to precoder index 0 in Table 6.3.4.2.3-1.
For 4 antenna ports, the UE may assume that the eNodeB cyclically assigns different precoders to different vectors

[x(o) (i) ... x@D (i)]T on the physical downlink shared channel as follows. A different precoder is used every
v vectors, where © denotes the number of transmission layers in the case of spatial multiplexing. In particular, the
precoder is selected according to W (i) = C), , where k is the precoder index given by

k= QLJ mod 4] +1le {1,2,3,4} and C;,C,,C;,C, denote precoder matrices corresponding to precoder indices
1)

12,13,14 and 15, respectively, in Table 6.3.4.2.3-2.
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Table 6.3.4.2.2-1: Large-delay cyclic delay diversity

Number of layers v U D(i)
1 1 1 0
2 %L /272 } L) o272 }
1 1 1 1 0 0
3 |1 e it 0 e/ 0
3 | ot it 0 0 /43
1 1 1 1 1 0 0 0
L1 e2mls gmianis i 0 /2l 0 0
4 I s gasaa i 0 0 o4l 0
| 6T gmit2aA - jis/d 0 0 0 /64

6.3.4.2.3

Codebook for precoding and CSI reporting

For transmission on two antenna ports, p € {O,l} , and for the purpose of CSI reporting based on two antenna ports
pe {0,1} or pe {15,16}, the precoding matrix W (i) shall be selected from Table 6.3.4.2.3-1 or a subset thereof. For the

closed-loop spatial multiplexing transmission mode defined in 3GPP TS 36.213 [4], the codebook index 0 is not used
when the number of layers is v =2 .

Table 6.3.4.2.3-1: Codebook for transmission on antenna ports {O,l} and for CSl reporting based on
antenna ports {0,1} or {15,16}

Codebook Number of layers v
index 1 2
0 1 H 1 {1 0}
V21 V210 1
1 11 1|1 1
N 21 -1
1 H 1{1 1}
2 - . =l .
V2 1) 21 —J
V2l-J

For transmission on four antenna ports, p {0,1,2,3} , the precoding matrix ' shall be selected from Table 6.3.4.2.3-2
or a subset thereof. For the purpose of CSI reporting based on four antenna ports p € {0,1,2,3} or pe {15,16,17,18}, the
precoding matrix W shall be selected from Table 6.3.4.2.3-2 or a subset thereof except for
alternativeCodeBookEnabledFor4TX -r12 =TRUE in which case the precoding matrix W shall be selected from

Tables 7.2.4-0A, 7.2.4-0B, 7.2.4-0C, 7.2.4-0D in [4] or a subset thereof, and except for advancedCodebookEnabled =
TRUE in which case the precoding matrix ¥ shall be selected from Table XX in [4] or a subset thereof. The quantity

Wn{s} denotes the matrix defined by the columns given by the set {s} from the expression W, =1—-2u

where / isthe 4x4 identity matrix and the vector u,, is given by Table 6.3.4.2.3-2.

3GPP
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Table 6.3.4.2.3-2: Codebook for transmission on antenna ports {0,1,2,3} and for CSI reporting based on
antenna ports {0,1,2,3} or {15,16,17,18}

Codebook index u, - 2Number of Iagers ) y
0 ug =1 -1 -1 =1 W | w2 | w2
1 U = [1 -j 1 j]T Wl{l} Wl{lz}/ﬁ W1{123}/\/§ Wl{1234}/2
2 w, =1 1 -1 1] wil | w2 | wi | P
3 ws =1 j 1 -4 wil W3{12}/\/§ W3{123}/\/§ W3{3214}/2
4 uy = |l (—1—]')/\/E -J (1—1)/\5r wi Wj”}/\/E W4{'24}/\/§ W4{1234}/2
5 us = |l (l—j)/\/i j (—l—j)/\/ET WS{I} W5{14}/\E W5{124}/\/§ W5{1234}/2
6 ue=l QT —j Cra N | W W N | w | w e
7 ur =l CLepNZ e pNa] | N | B R |
8 ug =t -1 1 1] A AN AN I A
9 u =1 —j -1 —jf W W“‘”/\/_ W{B‘”/\/_ W9{1234}/2
10 ue =0 11 -1] wil | w2 | i | w2
11 ) :[1 j -1 j]T Wl{ll} W1{|13}/\/_ W1{1134}/\/— {1324\ /2
12 u, =1 -1 -1 1] wl | Wi | i Wl{21234;/2
E P A 0 W R N R M Gl
14 Uy, :[1 1 -1 _1]T Wli;l} W1{413}/\/5 {123}/\/‘ W]£‘3214}/2
15 us=[1 1 1 1] wil | wiB 2 | w2

For the purpose of CSI reporting for 8, 12, 16, 20, 24, 28, and 32 CSI reference signals the codebooks are given in
clause 7.2.4 of 3GPP TS 36.213 [4].

6.3.4.3 Precoding for transmit diversity

Precoding for transmit diversity is only used in combination with layer mapping for transmit diversity as described in
clause 6.3.3.3. The precoding operation for transmit diversity is defined for two and four antenna ports.

For transmission on two antenna ports, p € {0,1} , the output y(i) = [y(o) @)y (i)]T ,i=01..,M Symb —1 of the

precoding operation is defined by

» i) Lo j 0]Relx®q)

yP@y |_ 1|0 -1 0 jlRelx()

yO@i+| V210 1T 0 j|mk©@au

yD(2i+1) 10 —j 0] mx"@)
fori =0,1... M ~1 with M3 =2M

If the higher-layer parameter semiOpenLoop is set, for rank=1 transmission on two antenna ports, p € {7,8} , the output

y(@)= [y(7)(i) y(g) (i)][ , = O,l,...,MSymb —1 of the precoding operation is defined by
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¥ P (20) 1 j 0 O0]Relx@@)
Y@y |_ 1100 0 =1 mlx* @)
YPit1y | V2|0 0 1 | Relx®()
Y P21 +1) 1 —j 0 0] mx®)

where p=7.

For transmission on four antenna ports, p € {0,1,2,3} , the output y(i) = [y(o)(i) y(l)(i) y(z)(i) y(3)(i)]T ,
i=0,L..,M» —1 of the precoding operation is defined by

symb

[ Oy ] 1 0 0 0 ;j 0 0 0]

3O (4) 0000 0 0 0 0

v (4i) 0-10 0 0 j 0 0

3 (4i) 0000 0 O0 0 0
yO(4i+1) 0 1.0 0 0 j 0 0fRelx@)
3D (4i +1) 00 00 0 0 0 0fRelx®q)
yP(di+1) I 00 0 —j 0 0 0fRelx®@)
yP@i+n| 110 0 0 0 0 0 0 0fRelx®)
yO@i+2)| J2[0 0 0 0 0 0 0 0mx?0
yP(@di+2) 00 1 0 0 0 ,; 0fmk®w
P (4i+2) 00000 0 0 0 0fmx®q
3 (4i+2) 000 0 -1 0 0 0 jlmk®¥0
y V(4 +3) 0000 0 0 0 0
vy (4i+3) 0001 0 0 0 j
D (4i +3) 0000 0 0 0 0
v (4i +3) 0 01 0 0 0 —j 0

for 7= 0,1,... M —1 with p, :{( 4A14y'y¥nb i M, modd =0
4Msymb)—2 if Ms(yr)nb mod4 #0
6.34.4 Precoding for spatial multiplexing using antenna ports with UE-specific

reference signals

Precoding for spatial multiplexing using antenna ports with UE-specific reference signals is only used in combination

with layer mapping for spatial multiplexing as described in clause 6.3.3.2. Spatial multiplexing using antenna ports with

UE-specific reference signals supports up to eight antenna ports.

If the higher-layer parameter dmrs-tableAlt is set to 1 and the set of antenna ports p = {11,13} is used for two layers
transmission, the precoding operation for transmission on the two antenna ports is defined by

Y@ |20
yP@ ] [P

If the higher-layer parameter semiOpenLoop is set to 1 and the set of antenna ports p = 7,8 is used for rank=2

. ap ap layer
where i =0,1,... Mg —1, M =M.

transmission, the precoding operation for transmission on the two antenna ports is defined by

3GPP
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Re(x(o)(z))
|:y(p)(i)j|_i|: 1 J 1 ] :| Im(x(O)(i))
P () _\/E e jel e’ —jel” Re(x(l)(l'))

_Im(x(”(z))_

where 5 =7 and 6, = z(imod2)/2.

Otherwise, the set of antenna ports used is p =7,8,...,0+6 and the precoding operation for transmission on v antenna
ports is defined by

YO0 | | 0
YO | _| 2P0

YO o] 2700

. ap ap  _ layer
where i =01, M2 1, M¥ =M.

6.3.5 Mapping to resource elements

For each of the antenna ports used for transmission of the physical channel, the block of complex-valued symbols

y(” ) 0),..., y(” ) (M :ﬁnb —1) shall conform to the downlink power allocation specified in clause 5.2 in

3GPP TS 36.213 [4] and be mapped in sequence starting with y(p ) (0) to resource elements (k,l) which meet all of the
following criteria in the current subframe:

- they are in the physical resource blocks corresponding to the virtual resource blocks assigned for transmission,
and

- they are not used for transmission of the core part of PBCH, synchronization signals, and

- they are assumed by the UE not to be used for cell-specific reference signals, where the positions of the cell-
specific reference signals are given by clause 6.10.1.2 with the number of antenna ports for and the frequency
shift of cell-specific reference signals derived as described in clause 6.10.1.2 4, and

The mapping to resource elements (k, / ) on antenna port p not reserved for other purposes shall be in increasing order

of first the index k over the assigned physical resource blocks and then the index /, starting with the first slot in a
subframe.

6.4 Physical downlink shared channel

The physical downlink shared channel shall be processed and mapped to resource elements as described in clause 6.3
with the following additions and exceptions:

- Inresource blocks in which UE-specific reference signals are not transmitted, the PDSCH shall be transmitted on
the same set of antenna ports as the PBCH, which is one of {0}, {0,1}, or {0,1,2,3}.

- Inresource blocks in which UE-specific reference signals are transmitted, the PDSCH shall be transmitted on
antenna port(s) {5},{7}, {8}, {11}, {13}, or p € {7.8...,0+6}, where v is the number of layers used for
transmission of the PDSCH.

- If PDSCH is transmitted in MBSFN subframes as defined in 3GPP TS 36.213 [4], the PDSCH shall be
transmitted on one or several of antenna port(s) p € {7,8,..., v+ 6}, where v is the number of layers used for

transmission of the PDSCH.
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- PDSCH is not mapped to resource elements used for UE-specific reference signals associated with PDSCH

- In mapping to resource elements, the positions of the cell-specific reference signals are given by clause 6.10.1.2
with the number of antenna ports and the frequency shift of the cell-specific reference signals derived as
described in clause 6.10.1.2, unless other values for these parameters are provided by clause 7.1.9 in
3GPP TS 36.213 [4], in which case these values are used in the resource blocks indicated by the relevant DCI.

- If the DCI associated with the PDSCH uses the C-RNTT or semi-persistent C-RNTI, the PDSCH is not mapped
to resource elements assumed by the UE to be used for transmission of:

- zero-power CSI reference signals, where the positions of the CSI reference signals are given by clause
6.10.5.2.The configuration for zero power CSI reference signals is

- obtained as described in clause 6.10.5.2, unless other values for these parameters are provided by clause
7.1.9 in 3GPP TS 36.213 [4], in which case these values are used in the resource blocks indicated by the
relevant DCI, and

- obtained by higher-layer configuration of up to five reserved CSI-RS resources as part of the discovery
signal configuration following the procedure for zero-power CSI-RS in clause 6.10.5.2.

- non-zero-power CSI reference signals for CSI reporting, where the positions of the non-zero-power CSI
reference signals for CSI reporting are given by clause 6.10.5.2. The configuration for non-zero power CSI
reference signals is obtained as described in clause 6.10.5.2.

- PDSCH is not mapped to any physical resource-block pair(s) carrying an EPDCCH associated with the PDSCH.

- PDSCH on antenna port 7, 8,9, 10, 11, 12, 13 or 14 is not mapped to any physical resource-block pair(s)
carrying PBCH or synchronization signals.

- Frame structure type 1, PDSCH on antenna port 5 is not mapped to any physical resource-block pair(s) carrying
PBCH or synchronization signals.

- Frame structure type 2, PDSCH on antenna port 5 is not mapped to any physical resource-block pair(s) carrying
PBCH.

- For frame structure type 1 and 2, the index / in the first slot in a subframe fulfils / > Iy, .0 Where Inuiasiare 15
given by clause 7.1.6.4 of 3GPP TS 36.213 [4].

- For frame structure type 3,

- if the higher layer parameter subframeStartPosition indicates ‘s07’ and the downlink transmission starts in

the second slot of a subframe

- the index / in the second slot in a subframe fulfils / = /50 Where /p,siarn 1S given by clause 7.1.6.4
of 3GPP TS 36.213 [4],

- otherwise

- theindex / in the first slot in a subframe fulfils / >/, Where Ipyiagiare 1 given by clause 7.6.1.4 of
3GPP TS 36.213 [4],

- In mapping to resource elements, if the DCI associated with the PDSCH uses the C-RNTI or semi-persistent C-
RNTI, and transmit diversity according to clause 6.3.4.3 is used, and if the higher-layer parameter
semiOpenLoop is not set, resource elements in an OFDM symbol assumed by the UE to contain CSI-RS shall be
used in the mapping if and only if all of the following criteria are fulfilled:

- there is an even number of resource elements for the OFDM symbol in each resource block assigned for
transmission, and

- the complex-valued symbols y('” ) (?) and y('” ) (i+1), where i is an even number, can be mapped to resource
elements (k,/) and (k+n,/) in the same OFDM symbol with 7 <3 .
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- In mapping to resource elements, if the DCI associated with the PDSCH uses C-RNTI or semi-persistent C-
RNTI and if the higher-layer parameter semiOpenLoop is set, a pair of resource elements (k',l ), (k'+n,l ) shall

be used in the mapping if and only if

- the complex-valued symbols y(”) (?) and y(”) (i+1) can be mapped to resource elements (k',l) and (k’+n,l)

in the same OFDM symbol and the same PRB with n <3, where i is an even number and £’ starts from 0
at the lowest subcarrier of the PRB.

6.4.1 Physical downlink shared channel for BL/CE UEs

For BL/CE UEgs, the following additions and exceptions hold in addition to those in clause 6.4:
- The maximum number of allocatable PRBs for PDSCH is restricted as follows:

- Ifthe PDSCH is associated with C-RNTI or SPS C-RNTTI and the higher layer parameter ce-pdsch-
maxBandwidth-config is set,

- if the higher layer parameter ce-pdsch-maxBandwidth-config is set to 20 MHz, the maximum number of
allocatable PRBs for PDSCH is 96 PRBs restricted to the narrowbands defined in clause 6.2.7;

- if the higher layer parameter ce-pdsch-maxBandwidth-config is set to 5 MHz, the maximum number of
allocatable PRBs for PDSCH is 24 PRBs restricted to no more than four of the narrowbands defined in
clause 6.2.7.

- If the PDSCH is associated with G-RNTI and the higher layer parameter pdsch-MaxBandwidth-SC-MTCH is
set to 24 PRBs, the maximum number of allocatable PRBs for PDSCH is 24 PRBs restricted to no more than
four of the narrowbands defined in clause 6.2.7.

- For all other cases, the maximum number of allocatable PRBs for PDSCH is 6 PRBs restricted to one of the
narrowbands defined in clause 6.2.7.

- Resource elements occupied by CSI reference signals shall be counted in the PDSCH mapping but not used for
transmission of the PDSCH.

- Resource elements belonging to synchronization signals, the core part of PBCH, PBCH repetitions, or resource
elements reserved for reference signals in the mapping operation of PBCH but not used for transmission of
reference signals, shall be counted in the PDSCH mapping but not used for transmission of the PDSCH.

- For BL/CE UEs in CEModeB configured in transmission mode 9, in MBSFN subframe(s), resource elements
that correspond to the positions of cell-specific reference signals as in subframe #0 shall not be counted in the
PDSCH mapping and not used for transmission of the PDSCH.

For BL/CE UEs, if the PDSCH is not carrying SIB1-BR the PRB resources for PDSCH transmission in the first

subframe are obtained from the DCI as described in clauses 5.3.3.1.12, 5.3.3.1.13, and 5.5.1.3.14 in [3], or provided by

PDSCH > NPDSCH

higher layers. The PDSCH is transmitted with Nr?g SCH > 1 repetitions, spanning Nabs rep consecutive

subframes, including non-BL/CE DL subframes where the the PDSCH transmission is postponed.

- If frequency hopping is not enabled for PDSCH, all PDSCH repetitions are located at the same PRB resources,
and

PDSCH
abs

- if frequency hopping is enabled for PDSCH, the PDSCH shall be transmitted in subframe i within the N,
consecutive downlink subframes using the same PRB resources within each narrowband

@0 _| . G) i+iy . ch,DL DL DL
nNg =| Nt DL —Jo | mod Nygio, |* /NBinop [M0d Nyp
NB

. . . ch,DL
Jo = L(lo +1A)/NNB J
ip <i<iy+ NS 1

.0, for frame structure type 1
1l =
ATV PL_ 2. for frame structure type 2

Ericsson Ex. 1011, p. 94 of 195

3GPP Ericsson v. Motorola



Release 14 95 3GPP TS 36.211 V14.3.0 (2017-06)

where i, is the absolute subframe number of the first downlink subframe intended for PDSCH and Ngi™"

ch,DL
N NB.,hop

for PDSCH associated with P-RNTTL, if interval-DIHoppingConfigCommonModeB is signalled in SIB1-BR, then

the frequency hopping granularity N ﬁﬁ;D L is set to interval-DIHoppingConfigCommonModeB; otherwise,

and fl\%’ nop are cell-specific higher-layer parameters. For PDSCH carrying SI other than SIB1-BR and

Nﬁﬁém is set to interval-DIHoppingConfigCommonModeA signalled in SIB1-BR.

For BL/CE UE in CEModeA, frequency hopping of PDSCH associated with C-RNTI or SPS C-RNTI is enabled when
higher layer parameter mpdcch-pdsch-HoppingConfig is set and the frequency hopping flag in DCI format 6-1A
indicates frequency hopping, otherwise, frequency hopping of is not enabled. For BL/CE UE in CEModeB, frequency
hopping of PDSCH associated with C-RNTI or SPS-RNTTI is enabled when higher layer parameter mpdcch-pdsch-
HoppingConfig is set, otherwise, frequency hopping of is not enabled.

The UE shall not expect PDSCH in subframe i if it is not a BL/CE DL subframe.

For BL/CE UEgs, if the PDSCH carries SIB1-BR, the PDSCH transmission is repeated periodically in every period of 8
radio frames, where a period starts with a radio frame with n; mod8 =0 where #n; is the system frame number. The

PDSCH is transmitted N E]IDBS]&%R times in each period of § frames, Let {s j} be the set of narrowbands, excluding
narrowbands overlapping with the 72 center subcarriers for Npg > 15, and ordered in increasing order of narrowband

index. The PDSCH transmission cycles through the set {s[} of narrowbands in increasing order of i, starting with i =0
for the first subframe, according to

N\ =8
Jj= (Nfg“ mod N3 +i~\_N§B/mJ)modN§B
i=01,.,m-1

1 Npgy <12
m=12 12< Ngy <50
4 50<NRE

where N EIB is the number of narrowbands in the set {s_ i }
The set of frames and subframes used for SIBI1-BR transmission in each period are given by Tables 6.4.1-1 and 6.4.1-2.

Table 6.4.1-1: The set of frames and subframes for SIB1-BR for Npg <15.

Frame structure type 1 Frame structure type 2
NSBIBR N mod?2 ny mod 2 N ng mod2 Ny
4 0 0 4 1 5
1 1 4 1 5

Table 6.4.1-2: The set of frames and subframes for SIB1-BR for Ngy >15.

Frame structure type 1 Frame structure type 2
NERBR Nfg“ mod 2 ne mod 2 g ng mod?2 s

4 0 0 4 1 5

1 1 4 1 0
8 0 0, 1 4 0, 1 5

1 0, 1 9 0, 1 0
16 0 0,1 4,9 0,1 0,5

1 0,1 0,9 0, 1 0,5

BL/CE UEs may assume the same precoding matrix being used for a PRB across a block of N SEDL consecutive

subframes when UE-specific reference signals are transmitted together with the PDSCH.
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For PDSCH transmission associated with SI-RNTI or P-RNTI to BL/CE UEs, frequency hopping of the PDSCH is
enabled when higher layer parameter si-HoppingConfigCommon is set.

For PDSCH transmission associated with RA-RNTI or temporary C-RNTI to BL/CE UEs, frequency hopping of the
PDSCH is enabled when higher layer parameter rar-HoppingConfig is set. Further

- if PRACH CE level 0 or 1 is used for the last PRACH attempt, NﬁI}};D L is set to the higher layer parameter
interval-DIHoppingConfigCommonModeA,

- if PRACH CE level 2 or 3 is used for the last PRACH attempt, NIC\]*};D L' is set to the higher layer parameter
interval-DIHoppingConfigCommonModeB.

For PDSCH transmission associated with SC-RNTI to BL/CE UEs, frequency hopping of the PDSCH is enabled when
higher layer parameter mpdcch-pdsch-Hopping Config-SC-MCCH is set. Further

- if mpdech-pdsch-Hopping Config-SC-MCCH is set to CEModeA, N ;‘;;DL is set to the higher layer parameter
interval-DIHoppingConfigCommonModeA,

- if mpdcch-pdsch-HoppingConfig-SC-MCCH is set to CEModeB, N g]';’DL is set to the higher layer parameter
interval-DIHoppingConfigCommonModeB.
For PDSCH transmission associated with G-RNTI to BL/CE UEs,
- if the higher layer parameter mpdcch-pdsch-CEmodeConfig-SC-MTCH is set to CEModeA,

- if the higher layer parameter mpdcch-pdsch-HoppingConfig-SC-MTCH is set and the frequency hopping flag
in DCI format 6-1A indicates frequency hopping, then frequency hopping of the PDSCH is enabled and

N &%DL is set to the higher layer parameter interval-DIHoppingConfigCommonModeA, otherwise frequency
hopping is not enabled;

- if the higher layer parameter mpdcch-pdsch-CEmodeConfig-SC-MTCH is set to CEModeB,

- if the higher layer parameter mpdcch-pdsch-HoppingConfig-SC-MTCH is set, then frequency hopping of the
PDSCH is enabled and Nf\f]‘;D L is set to the higher layer parameter interval-
DIHoppingConfigCommonModeB, otherwise frequency hopping is not enabled.

6.5 Physical multicast channel

The physical multicast channel shall be processed and mapped to resource elements as described in clause 6.3 with the
following exceptions:

- No transmit diversity scheme is specified.

- Layer mapping and precoding shall be done assuming a single antenna port and the transmission shall use
antenna port 4.

- The PMCH can only be transmitted in the MBSFN region of an MBSFN subframe. The index / in the first slot
in the MBSFN subframe fulfils / 2 /p\;cpsin Where Loyepsan 1S €qual to the value given by the higher layer

parameter non-MBSFNregionLength [9].
- The PMCH shall use extended cyclic prefix.

- The PMCH is not mapped to resource elements used for transmission of MBSFN reference signals.

6.6 Physical broadcast channel

The PBCH is not transmitted for frame structure type 3.
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6.6.1 Scrambling

The block of bits 5(0),...,b(M;, —1) , where M, , the number of bits transmitted on the physical broadcast channel,
equals 1920 for normal cyclic prefix and 1728 for extended cyclic prefix, shall be scrambled with a cell-specific
sequence prior to modulation, resulting in a block of scrambled bits b (0),...,b (M ;; —1) according to

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

where the scrambling sequence c(i) is given by clause 7.2. The scrambling sequence shall be initialised with
i = NSV in each radio frame fulfilling 7, mod4 = 0. For an MBMS-dedicated cell, the scrambling sequence shall be

initialised with c;

i =27 + NS in each radio frame fulfilling n; mod16=0.

6.6.2 Modulation

The block of scrambled bits b (O),...,I; (M —1) shall be modulated as described in clause 7.1, resulting in a block of

complex-valued modulation symbols d(0),...,d (M —1). Table 6.6.2-1 specifies the modulation mappings applicable

symb
for the physical broadcast channel.

Table 6.6.2-1: PBCH modulation schemes.

Physical channel | Modulation schemes
PBCH QPSK

6.6.3 Layer mapping and precoding

The block of modulation symbols d(0),...,d (M —1) shall be mapped to layers according to one of clauses 6.3.3.1 or

symb

6.3.3.3 with Mg:nb =M iy and precoded according to one of clauses 6.3.4.1 or 6.3.4.3, resulting in a block of vectors

y(@i) = [y(o) @ .. y(P_l)(i)]T o 1=0,, My, —1, where yP) (i) represents the signal for antenna port p and where

p=0,..., P—1 and the number of antenna ports for cell-specific reference signals P € {1,2,4} .

6.6.4 Mapping to resource elements

The block of complex-valued symbols y(” ) 0),..., y(” ) (M —1) for each antenna port shall

symb

- for an MBMS-dedicated cell, be transmitted during 4 consecutive radio frames fulfilling n; mod4 =0, starting

in each radio frame fulfilling n; mod16 =0, and
- otherwise, be transmitted during 4 consecutive radio frames, starting in each radio frame fulfilling n; mod4=0.

The block of complex-valued symbols shall be mapped in sequence starting with y(0) to resource elements (k, / )

constituting the core set of PBCH resource elements. The mapping to resource elements (k, / ) not reserved for

transmission of reference signals shall be in increasing order of first the index & , then the index / in slot 1 in subframe

0 and finally the radio frame number. The resource-element indices are given by

DL\ RB
RB ‘'sc

k= -36+k', k'=0,,..,71

1=0,,..3

where resource elements reserved for reference signals shall be excluded. The mapping operation shall assume cell-
specific reference signals for antenna ports 0-3 being present irrespective of the actual configuration. The UE shall
assume that the resource elements assumed to be reserved for reference signals in the mapping operation above but not
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used for transmission of reference signal are not available for PDSCH or MPDCCH transmission. The UE shall not
make any other assumptions about these resource elements.

If a cell is configured with repetition of the physical broadcast channel

- symbols mapped to core resource element (k,l ) in slot 1 in subframe 0 within a radio frame n; according to the

mapping operation above, and

- cell-specific reference signals in OFDM symbols / in slot 1 in subframe 0 within a radio frame n; with /
according to the mapping operation above

shall additionally be mapped to resource elements (k,l ’) in slot number n; within radio frame n; —i unless resource

element (k,/') is used by CSI reference signals.
For frame structure type 1, /', n., and i are given by Table 6.6.4-1.
For frame structure type 2,

- if Npg >15, " and n/ are given by Table 6.6.4-2and i =0;

- if 7<Npg <15, ' and n, are given by Table 6.6.4-2 and i = 0, except that repetitions with n, =10 and

n; =11 are not applied.

For both frame structure type 1 and frame structure type 2, repetition of the physical broadcast channel is not applicable
if Npg =6.

Resource elements already used for transmission of cell-specific reference signals in absence of repetition shall not be
used for additional mapping of cell-specific reference signals.

Table 6.6.4-1: Frame offset, slot and symbol number triplets for repetition of PBCH for frame
structure type 1.

/ Frame offset, slot and symbol number triplets (i,n;,l')
Normal cyclic prefix Extended cyclic prefix
0| (1,18,3), (1,19,0), (1,19,4), (0,0,4) | (1,18,3), (1,19,0), (1,19,5)
11(01,18,4),(1,19,1). (1,19,5),(0,1,4) | (1,18,4), (1,19,1). (0,0,3)
2 | (1,18,5), (1,19,2), (1,19,6), (0,1,5) | (1,18,5), (1,19,2), (0,1,4)
3| (1,18,6), (1,19,3), (0,0,3), (0,1,6) | (1,19,3), (1,19,4), (0,1,5)

Table 6.6.4-2: Slot and symbol number pairs for repetition of PBCH for frame structure type 2.

/ Slot and symbol number pairs (n;,l')
Normal cyclic prefix Extended cyclic prefix
0 | (0,3), (1,4),(10,3), (11,0), (11,4) (0,3), (10,3), (11,0)
11(04),(1,5),(10,4), (11,1), (11,5) (0,4), (10,4), (11,1)
2 (0,5), (10,5), (11.2) (0,5), (10,5), (11.2)
3 (0,6), (10,6), (11.3) (1,4), (11,3), 11.4)
6.7 Physical control format indicator channel

The physical control format indicator channel carries information about the number of OFDM symbols used for
transmission of PDCCHs in a subframe. The set of OFDM symbols possible to use for PDCCH in a subframe is given
by Table 6.7-1.
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Table 6.7-1: Number of OFDM symbols used for PDCCH

Number of OFDM Number of OFDM
Subframe symbols for PDCCH symbols for PDCCH
when Ngy >10 when Ngg <10

Subframe 1 and 6 for frame structure type 2 or a subframe for
frame structure type 3 with the same duration as the DWPTS 1,2 2
duration of a special subframe configuration

MBSFN subframes with Af'=15kHz and configured with 1 or

e 1,2 2
2 cell-specific antenna ports

MBSFN subframes with Af'=15kHz and configured with 4
cell-specific antenna ports

2 2

MBSFN subframes with Af =7.5kHz or Af =1.25kHz 0 0

Non-MBSFN subframes (except subframe 6 for frame structure
) h e . 1,2,3 2,3
type 2) configured with positioning reference signals

All other cases 1,2,3 2,3, 4

The UE may assume the PCFICH is transmitted when the number of OFDM symbols for PDCCH is greater than zero
unless stated otherwise in [4, clause 12].

6.7.1 Scrambling

The block of bits 5(0),...,b(31) transmitted in one subframe shall be scrambled with a cell-specific sequence prior to

modulation, resulting in a block of scrambled bits b (0),...,5 (31) according to
b (i) = (b(i) +c(i))mod 2

where the scrambling sequence c(i) is given by clause 7.2. The scrambling sequence generator shall be initialised with

et = (ng/2]+1)- (2NI°]:°,11 + 1)- 2° + N at the start of each subframe.

6.7.2 Modulation

The block of scrambled bits » (0),...,5 (31) shall be modulated as described in clause 7.1, resulting in a block of
complex-valued modulation symbols d(0),...,d(15) . Table 6.7.2-1 specifies the modulation mappings applicable for the
physical control format indicator channel.

Table 6.7.2-1: PCFICH modulation schemes

Physical channel | Modulation schemes
PCFICH QPSK

6.7.3 Layer mapping and precoding

The block of modulation symbols d(0),...,d(15) shall be mapped to layers according to one of clauses 6.3.3.1 or 6.3.3.3

with M S(;)I)nb =16 and precoded according to one of clauses 6.3.4.1 or 6.3.4.3, resulting in a block of vectors

-:[(m- VPPN P (i -

y@ =306 .. y @], i=0,..,15,where y'*’ (i) represents the signal for antenna port p and where

p =0,..., P—1and the number of antenna ports for cell-specific reference signals P e {1,2,4}. The PCFICH shall be
transmitted on the same set of antenna ports as the PBCH.
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6.7.4 Mapping to resource elements

The mapping to resource elements is defined in terms of quadruplets of complex-valued symbols. Let
2P ) = <y(”) (40), y'P) (4i +1), y'P) (4i +2), P (4i + 3)> denote symbol quadruplet i for antenna port p . For each of
the antenna ports, symbol quadruplets shall be mapped in increasing order of i to the four resource-element groups in

the first OFDM symbol in a downlink subframe or DwPTS with the representative resource-element as defined in
clause 6.2.4 given by

ZP0) s mapped to the resource - element group represented by & = k

zP (1) is mapped to the resource - element group represented by  k = k+ \_N 1%% / 2J~ NS}EB / 2
2P Q) s mapped to the resource - element group represented by & = k+ \_2N Eé / 2J~ N, SEB / 2
P (3) is mapped to the resource - element group represented by k& = k+ \}N 1% / ZJ- NS%B / 2

where the additions are modulo Ngy NSEB ,

k =(NE® 2) (Vs mod 2V Y )

and NS is the physical-layer cell identity as given by clause 6.11.

6.8 Physical downlink control channel

6.8.1 PDCCH formats

The physical downlink control channel carries scheduling assignments and other control information. A physical control
channel is transmitted on an aggregation of one or several consecutive control channel elements (CCEs), where a
control channel element corresponds to 9 resource element groups. The number of resource-element groups not
assigned to PCFICH or PHICH is Ny . The CCEs available in the system are numbered from 0 to N —1, where

Necg = |_N REG ! 9J . The PDCCH supports multiple formats as listed in Table 6.8.1-1. A PDCCH consisting of n
consecutive CCEs may only start on a CCE fulfillingi mod n =0, where i is the CCE number.

Multiple PDCCHs can be transmitted in a subframe.

Table 6.8.1-1: Supported PDCCH formats

PDCCH format | Number of CCEs | Number of resource-element groups | Number of PDCCH bits
0 1 9 72
1 2 18 144
2 4 36 288
3 8 72 576

6.8.2 PDCCH multiplexing and scrambling

The block of bits 57 (0),...,b") (M é?t —1) on each of the control channels to be transmitted in a subframe, where M é‘li

is the number of bits in one subframe to be transmitted on physical downlink control channel number i, shall be
multiplexed, resulting in a block of bits

b (0),...6 O (MO ~1),60(0),....60 (M) ~1),...,p"ocen™D (), .. plrocenD (g teocen) _ 1y where nppecy is the

number of PDCCHs transmitted in the subframe.

The block of bits 5 (0),....6 @ (M ~1),6M(0),...60 (M {}) ~1),...,p"ocen™D (0),...., pUree ™D (g Mevcen™) 1y shall be
scrambled with a cell-specific sequence prior to modulation, resulting in a block of scrambled bits
b(0)....,b (M, —1) according to
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b (i) = (b(i) + c(i))mod 2

where the scrambling sequence c(i) is given by clause 7.2. The scrambling sequence generator shall be initialised with

it = |ng /227 + NS at the start of each subframe.

CCE number n corresponds to bits b(72n),b(72n+1),...,b(72n+71) . If necessary, <NIL> elements shall be inserted in
the block of bits prior to scrambling to ensure that the PDCCHs starts at the CCE positions as described in

3GPP TS 36.213 [4] and to ensure that the length M, =8Nppg 2 zl_qucm Y t(>112 of the scrambled block of bits
i=

matches the amount of resource-element groups not assigned to PCFICH or PHICH.

6.8.3 Modulation

The block of scrambled bits b (0),...,1; (M —1) shall be modulated as described in clause 7.1, resulting in a block of

complex-valued modulation symbols d(0),...,d (M ., —1) . Table 6.8.3-1 specifies the modulation mappings applicable

symb
for the physical downlink control channel.

Table 6.8.3-1: PDCCH modulation schemes

Physical channel | Modulation schemes
PDCCH QPSK

6.8.4 Layer mapping and precoding

The block of modulation symbols d(0),...,d (M
6.3.3.3 with M)

symb =

symb — 1) shall be mapped to layers according to one of clauses 6.3.3.1 or

M and precoded according to one of clauses 6.3.4.1 or 6.3.4.3, resulting in a block of vectors
symb p g g
y(i) = [y(o) @ .. y(P B (i)]T s 1=0,., My, —1 to be mapped onto resources on the antenna ports used for

transmission, where y("’ ) (7) represents the signal for antenna port p. The PDCCH shall be transmitted on the same set
of antenna ports as the PBCH.

6.8.5 Mapping to resource elements

The mapping to resource elements is defined by operations on quadruplets of complex-valued symbols. Let
P ) = <y(”) (40), y'P) (4i +1), y'P) (4i +2), P (4i + 3)> denote symbol quadruplet i for antenna port p .

The block of quadruplets z'7 (0),...,z» (M

W (0),eey WP (M g
3GPP TS 36.212 [3] with the following exceptions:

—1) , where M My /4 , shall be permuted resulting in

quad quad ~

—1) . The permutation shall be according to the sub-block interleaver in clause 5.1.4.2.1 of

- the input and output to the interleaver is defined by symbol quadruplets instead of bits

- interleaving is performed on symbol quadruplets instead of bits by substituting the terms "bit", "bits" and "bit
sequence" in clause 5.1.4.2.1 of 3GPP TS 36.212 [3] by "symbol quadruplet", "symbol quadruplets" and
"symbol-quadruplet sequence", respectively

<NULL> elements at the output of the interleaver in 3GPP TS 36.212 [3] shall be removed when forming
w?) (0),...,w(p ) (M .4 —1) . Note that the removal of <NULL> elements does not affect any <NIL> elements inserted

in clause 6.8.2.

quad

The block of quadruplets w'?(0),...,w'”) (M .4 —1) shall be cyclically shifted, resulting in

quad

T (0).0, WP (M g ~ 1) where ) (1) = P {1+ NSy mod M g )-

quad
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Mapping of the block of quadruplets w (0y,..., w® (M .4 —1) is defined in terms of resource-element groups,

quad
specified in clause 6.2.4, according to steps 1-10 below:

1) Initialize m' =0 (resource-element group number)
2) Initialize £'=0
3) Initialize ['=0
4) If the resource element (k',/") represents a resource-element group and the resource-element group is not

assigned to PCFICH or PHICH then perform step 5 and 6, else go to step 7

5) Map symbol-quadruplet w'” ) (m') to the resource-element group represented by (k',I") for each
antenna port p

6) Increase m' by 1
7) Increase [' by 1

8) Repeat from step 4 if [/'< L, where L corresponds to the number of OFDM symbols used for PDCCH
transmission as indicated by the sequence transmitted on the PCFICH

9) Increase k' by 1
10) Repeat from step 3 if k'< NQs - NXB

PDCCHs shall not be transmitted in MBSFN subframes with zero-size non-MBSFN region.

6.8A  Enhanced physical downlink control channel

For frame structure type 3, for a subframe with the same duration as the DwPTS duration of a special subframe
configuration, the enhanced physical downlink control channel is defined the same as that for the corresponding special
subframe configuration.

6.8A.1 EPDCCH formats

The enhanced physical downlink control channel (EPDCCH) carries scheduling assignments. An enhanced physical
downlink control channel is transmitted using an aggregation of one or several consecutive enhanced control channel
elements (ECCEs) where each ECCE consists of multiple enhanced resource element groups (EREGs), defined in
clause 6.2.4A. The number of ECCEs used for one EPDCCH depends on the EPDCCH format as given by Table
6.8A.1-2 and the number of EREGs per ECCE is given by Table 6.8A.1-1.Both localized and distributed transmission is
supported.

An EPDCCH can use either localized or distributed transmission, differing in the mapping of ECCEs to EREGs and
PRB pairs.

A UE shall monitor multiple EPDCCHs as defined in 3GPP TS 36.213 [4]. One or two sets of physical resource-block
pairs which a UE shall monitor for EPDCCH transmissions can be configured. All EPDCCH candidates in EPDCCH

set X, use either only localized or only distributed transmission as configured by higher layers. Within EPDCCH set

X, insubframe 7, the ECCEs available for transmission of EPDCCHs are numbered from 0 to Ngccg ,; —1 and

ECCE number n corresponds to

- EREGs numbered (n mod N poeg )+ JN ggCE in PRB index |_n /| Npocs J for localized mapping, and

- EREGs numbered \_n/ N }flg" J+ JN g(?CE in PRB indices (n +j max(l, N gg / N glggg ))mod N gg for distributed

mapping,
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where j =0,1,..., Ngffgg‘ -1, Nglggg is the number of EREGs per ECCE, and NggCE = 16/N§§§§ is the number of

ECCE:s per resource-block pair. The physical resource-block pairs constituting EPDCCH set X, are in this paragraph

. . X
assumed to be numbered in ascending order from 0 to Npj —1.

Table 6.8A.1-1: Number of EREGs per ECCE, N r.

Normal cyclic prefix Extended cyclic prefix

Special subframe,
configuration 1,2, 6, 7, 9,
10

Normal Special subframe,
subframe configuration 3, 4, 8

Normal Special subframe,
subframe configuration 1, 2, 3, 5, 6

4 8

Table 6.8A.1-2: Supported EPDCCH formats

Number of ECCEs for one EPDCCH, Nggggw
EPDCCH format Case A Case B
Localized Distributed Localized Distributed
transmission transmission transmission transmission
0 2 2 1 1
1 4 4 2 2
2 8 8 4 4
3 16 16 8 8
4 - 32 - 16

Case A in Table 6.8A.1-2 is used when the conditions corresponding to case 1 in clause 9.1.4 of 3GPP TS 36.213 [4]
are satisfied, otherwise case B is used. The quantity npppccy for a particular UE and referenced in 3GPP TS 36.213 [4]

is defined as the number of downlink resource elements (k,/) available for EPDCCH transmission in a physical

resource-block pair configured for possible EPDCCH transmission of EPDCCH set X, and fulfilling all of the

following criteria:
- they are part of any one of the 16 EREGs in the physical resource-block pair, and

- they are assumed by the UE not to be used for cell-specific reference signals, where the positions of the cell-
specific reference signals are given by clause 6.10.1.2 with the number of antenna ports for and the frequency
shift of cell-specific reference signals derived as described in clause 6.10.1.2 unless other values for these
parameters are provided by clause 9.1.4.3 in 3GPP TS 36.213 [4], and-

- they are assumed by the UE not to be used for transmission of CSI reference signals, where the positions of the
CSI reference signals are given by clause 6.10.5.2 with the configuration for zero power CSI reference signals
obtained as described in clause 6.10.5.2 unless other values are provided by clause 9.1.4.3 in
3GPP TS 36.213 [4], and with the configuration for non-zero power CSI reference signals obtained as described
in clause 6.10.5.2, and

- for frame structure type 1 and 2, the index / in the first slot in a subframe fulfils / > lpppecnsee Where
Ieppecstare 18 given by clause 9.1.4.1 of 3GPP TS 36.213 [4], and

- for frame structure type 3,

- if the higher layer parameter subframeStartPosition indicates ‘s07’ and if the downlink transmission starts in
the second slot of a subframe

- the index / in the second slot in the subframe fulfils / > /pppccpsan Where Jgppccpsin 18 given by clause
9.1.4.1 of 3GPP TS 36.213 [4],

- otherwise
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- the index / in the first slot in the subframe fulfils / > /pppccusan Where eppecpsan 1S given by clause
9.1.4.1 of 3GPP TS 36.213 [4].

6.8A.2 Scrambling

The block of bits b(0),...,b(M;, —1) to be transmitted on an EPDCCH in a subframe shall be scrambled, resulting in a
block of scrambled bits b (O),...,I; (M —1) according to

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

where the UE-specific scrambling sequence c(i) is given by clause 7.2. The scrambling sequence generator shall be

initialized with ¢;; = |_ns / 2J- 2%+ nIE]i [,),,CCH where m is the EPDCCH set number.

6.8A.3 Modulation

The block of scrambled bits b (O),...,I; (M —1) shall be modulated as described in clause 7.1, resulting in a block of

complex-valued modulation symbols d(0),...,d(M,., —1). Table 6.8A.3-1 specifies the modulation mappings

symb
applicable for the enhanced physical downlink control channel.

Table 6.8A.3-1: EPDCCH modulation schemes

Physical channel | Modulation schemes
EPDCCH QPSK

6.8A.4 Layer mapping and precoding

The block of complex-valued modulation symbols shall be mapped to a single layer and precoded according to 6.3.4.1

as for y(i)=d (i), i =0,.... M, —1.

6.8A.5 Mapping to resource elements

The block of complex-valued symbols y(0),..., y(M gy, —1) shall be mapped in sequence starting with y(0) to

resource elements (k,l ) on the associated antenna port which meet all of the following criteria:

- they are part of the EREGs assigned for the EPDCCH transmission, and

- they are assumed by the UE not to be used for cell-specific reference signals, where the positions of the cell-
specific reference signals are given by clause 6.10.1.2 with the number of antenna ports for and the frequency
shift of cell-specific reference signals derived as described in clause 6.10.1.2 unless other values for these
parameters are provided by clause 9.1.4.3 in 3GPP TS 36.213 [4], and

- they are assumed by the UE not to be used for transmission of:

- zero-power CSI reference signals, where the positions of the CSI reference signals are given by clause
6.10.5.2. The configuration for zero power CSI reference signals is

- obtained as described in clause 6.10.5.2 unless other values are provided by clause 9.1.4.3 in
3GPP TS 36.213 [4], and

- obtained by higher-layer configuration of up to five reserved CSI-RS resources as part of the discovery
signal configuration following the procedure for zero-power CSI-RS in clause 6.10.5.2.

- non-zero-power CSI reference signals for CSI reporting with the configuration for non-zero power CSI
reference signals for CSI reporting obtained as described in clause 6.10.5.2, and
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- for frame structure type 1 and 2, the index / in the first slot in a subframe fulfils / > /gppccpsan Where
Ieppechstare 18 given by clause 9.1.4.1 of 3GPP TS 36.213 [4], and

- for frame structure type 3,

- if the higher layer parameter subframeStartPosition indicates ‘s07’ and if the downlink transmission starts in
the second slot of a subframe

- the index / in the second slot in the subframe fulfils /> /pppcocpsae Where Lpppecsan 18 given by clause
9.1.4.1 of 3GPP TS 36.213 [4],

- otherwise

- the index / in the first slot in the subframe fulfils / > /pppccpsarn Where pppecpsan 1S given by clause
9.1.4.1 of 3GPP TS 36.213 [4].

The mapping to resource elements (k, / ) on antenna port p meeting the criteria above shall be in increasing order of
first the index k& and then the index /, starting with the first slot and ending with the second slot in a subframe.

For localized transmission, the single antenna port p to use is given by Table 6.8A.5-1 with

. RB . . EPDCCH , RB
n'= Npecp jow MO Npecp + gy modmin(Npecg —  Neecg )

where npccg oy 18 the lowest ECCE index used by this EPDCCH transmission in the EPDCCH set, npyy equals the

C-RNTI, and N Ecpggm is the number of ECCEs used for this EPDCCH.

Table 6.8A.5-1: Antenna port to use for localized EPDCCH transmission

Normal cyclic prefix Extended cyclic prefix
' Normal subframes,
Special subframes, Special subframes, Any subframe
configurations 3, 4, 8 | configurations 1,2, 6,7, 9, 10

0 107 107 107

1 108 109 108

2 109 - -

3 110 - -

For distributed transmission, each resource element in an EREG is associated with one out of two antenna ports in an
alternating manner, starting with antenna port 107, where p € {107,109} for normal cyclic prefix and p € {107,108} for

extended cyclic prefix.

6.8B MTC physical downlink control channel

6.8B.1 MPDCCH formats

The MPDCCH formats are defined as in Clause 6.8A.1 with the following exceptions:
- The term EPDCCH is replaced by MPDCCH.

- The MTC physical downlink control channel carries downlink control information and is transmitted across
Nri/l]f DCCH > 1 consecutive BL/CE DL subframes. Within each of the NM'PC“Y BL/CE DL subframes an

rep

MPDCCH is transmitted using an aggregation of one or several consecutive enhanced control channel elements
(ECCEs) where each ECCE consists of multiple enhanced resource element groups (EREGs), defined in clause
6.2.4A.

- For frame structure type 2,
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- If repetition is not configured for the MPDCCH, the number of EREGs per ECCE is given by Table 6.8A.1-
1. If repetition is configured for the MPDCCH, the number of EREGs per ECCE is given by Table 6.8B.1-1.

- For those special subframes where the MPDCCH is not supported, these special subframes are considered
BL/CE DL subframes for both MPDCCH and PDSCH transmission, only if they are indicated as BL/CE DL
subframe by higher layer signalling.

- For an MPDCCH associated with 2 or 4 PRBs, if repetition is not configured for the MPDCCH, the supported
MPDCCH formats are given by Table 6.8A.1-2. Otherwise, the supported MPDCCH formats are given by Table
6.8B.1-2. However, for MPDCCH format 5, the equation defining the relation between ECCE index and EREG
index does not apply and the number of ECCEs refers to the MPDCCH mapping to the REs of the 2+4 PRB set
as defined in Subclause 6.8B.5.

Table 6.8B.1-1: Number of EREGs per ECCE, N/ ., for frame structure type 2.

Extended cyclic prefix
Special subframe,
configuration 1,2, 3, 5, 6

Normal cyclic prefix
Special subframe,
configuration 3, 4, 8
4 8

Normal subframe Normal subframe

Table 6.8B.1-2: Supported MPDCCH formats

Number of ECCEs in a subframe for one MPDCCH, N%@CCH

ECCE ECCE
Mfi?'g;H Negeg =4 Negpg =8
Localized Distributed Localized Distributed
transmission transmission transmission transmission
0 2 2 1 1
1 4 4 2 2
2 8 8 4 4
3 16 16 8 8
4 - - - -
5 24 24 12 12

6.8B.2 Scrambling

Scrambling shall be perfomed according to Clause 6.8A.2 with EPDCCH replaced by MPDCCH except that the same
scrambling sequence is applied per subframe to MPDCCH for a given block of N, subframes and m is the

MPDCCH set number. For MPDCCH format 5, m = 0 is used to generate the scrambling sequence for mapping to REs

in 6 PRBs.

For the ;" block of N,_, subframes, the scrambling sequence generator shall be initialised with

acc

Cii = [(]0+])N mOle]-29+NIC]§H
init — [(jo"’j)Nacc mOle]-29 n

where

MPDCCH
ID,m

otherwise

for Typel- Common, Type2 - common

N,

jO = L(iO +iA)/Nach

. 0, for frame structure typel or N, =1

Ix =
AN ace — 2, for framestructure type2 and N, =10

. i+ NMPPCCH 1|
Jj= 0,1,..{ 0~ abs = —Jo
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and i, is the absolute subframe number of the first downlink subframe intended for the MPDCCH. The MPDCCH

MPDCCH
abs

transmission spans N, consecutive subframes, including non-BL/CE DL subframes where the MPDCCH

transmission is postponed.
For BL/CE UEs,

- if the MPDCCH transmission is associated with P-RNTI or SC-RNTI:

N, =4 for frame structure type 1 and N, =10 for frame structure type 2

- otherwise

- N, =1for UEs assuming CEModeA (according to the definition in Clause 12 of [4]) or configured with
CEModeA:

- N, =4 for frame structure type 1 and N, =10 for frame structure type 2 for UEs assuming CEModeB
(according to the definition in Clause 12 of [4]) or configured with CEModeB.

6.8B.3 Modulation

Modulation shall be performed according to 6.8A.3 with EPDCCH replaced by MPDCCH.

6.8B.4 Layer mapping and precoding

Layer mapping and precoding shall be done according to Clause 6.8A.4 with EPDCCH replaced by MPDCCH.

6.8B.5 Mapping to resource elements
Mapping to resource elements shall be done according to Clause 6.8 A.5with the following exceptions:

- The term EPDCCH shall be replaced by MPDCCH.

- The mapping shall be repeated across each of the NMFPC“H BL/CE DL subframes.

rep

- Npter ™ is the number of ECCEs used for this MPDCCH in the first of the Nm " subframes.

rep

- For an MPDCCH associated with a 2+4 PRB set as defined in [4], the mapping to resource elements (k, / ) on

antenna port p shall be in increasing order of first the index & and then the index/ over the 6 PRBs for
MPDCCH format 5 and over the 2 or 4 PRBs for the other MPDCCH formats.

- For localized transmission and MPDCCH format 5, the single antenna port p to use is given by Table 6.8A.5-1
with

. RB
n'= npyr Mod N

- Resource elements occupied by CSI reference signals shall be counted in the MPDCCH mapping but not used
for transmission of the MPDCCH.

- A BL/CE UE not configured with higher layer parameter ce-pdsch-maxBandwidth-config may assume there is
no MPDCCH transmission which uses overlapping sets of subframes as PDSCH transmissions to that UE, where
the MPDCCH is located at a different narrowband than the PDSCH.

- A BL/CE UE configured with higher layer parameter ce-pdsch-maxBandwidth-config may assume that there is
no MPDCCH transmission which uses overlapping sets of subframes as PDSCH transmissions to that UE, where
the MPDCCH transmission and PDSCH transmission in any of the overlapping subframes span a PRB region
larger than X contiguous PRBs where X=25 if ce-pdsch-maxBandwidth-config is set to 5 MHz and X=100 if ce-
pdsch-maxBandwidth-config is set to 20 MHz.
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- For BL/CE UEs in CEModeB, in MBSFN subframe(s), resource elements that correspond to the positions of
cell-specific reference signals as in subframe #0 shall not be counted in the MPDCCH mapping and not used for
transmission of the MPDCCH.

- Resource elements belonging to synchronization signals, the core part of PBCH, PBCH repetitions, or resource
elements reserved for reference signals in the mapping operation of PBCH but not used for transmission of
reference signals, shall be counted in the MPDCCH mapping but not used for transmission of the MPDCCH.

- In the subframes where an MPDCCH or its associated PDSCH is transmitted in response to a physical random
access transmission initiated by a PDCCH order, the UE shall receive the MPDCCH or its associated PDSCH,
and assume no other UE-specific reception is needed.

- For MPDCCH transmission associated with C-RNTI or SPS C-RNTI, frequency hopping of the MPDCCH is
enabled when higher layer parameter mpdcch-pdsch-HoppingConfig is set.

- For MPDCCH transmission associated with RA-RNTI or temporary C-RNTI, frequency hopping of the
MPDCCH is enabled when higher layer parameter rar-HoppingConfig is set. Further

ch,DL
- if PRACH CE level 0 or 1 is used for the last PRACH attempt, Nxg is set to the higher layer parameter

interval-DIHopping ConfigCommonModeA,

ch,DL
- if PRACH CE level 2 or 3 is used for the last PRACH attempt, Nys is set to the higher layer parameter

interval-DIHoppingConfigCommonModeB.

- For MPDCCH transmission associated with SC-RNTI, frequency hopping of the MPDCCH is enabled when
higher layer parameter mpdcch-pdsch-HoppingConfig-SC-MCCH is set. Further

- if mpdcch-pdsch-HoppingConfig-SC-MCCH is set to CEModeA, N &%DL is set to the higher layer parameter
interval-DIHopping ConfigCommonModeA,

- if mpdcch-pdsch-HoppingConfig-SC-MCCH is set to CEModeB, N ﬁng L is set to the higher layer parameter
interval-DIHoppingConfigCommonModeB.

- For MPDCCH transmission associated with G-RNTI, frequency hopping of the MPDCCH is enabled when
higher layer parameter mpdcch-pdsch-HoppingConfig-SC-MTCH is set. Further

- if mpdcch-pdsch-CEmodeConfig-SC-MTCH is set to CEModeA, N &%DL is set to the higher layer parameter
interval-DIHopping ConfigCommonModeA,

- if mpdcch-pdsch-CEmodeConfig-SC-MTCH is set to CEModeB, N &%DL is set to the higher layer parameter
interval-DIHoppingConfigCommonModeB.

- The narrowband nl(\l]%) for MPDCCH transmission in the first subframe of MPDCCH search space is provided
by higher layers. Starting subframe configuration of a search space where UE monitors an MPDCCH is also

NMPDCCH >

rep.ss 1 subframes, spanning

provided by higher layers. The MPDCCH search space uses
MPDCCH 5 A rMPDCCH

abs,ss rep,ss

transmission is postponed.

consecutive subframes, including non-BL/CE DL subframes where the MPDCCH

- If frequency hopping is not enabled for MPDCCH, the repetitions of an MPDCCH candidate are located at

. i
the same PRB resources in the same narrowband nN(;;’), and

- if frequency hopping is enabled for MPDCCH, an MPDCCH candidate shall be transmitted in absolute
(1)

subframe i using the same PRB resources within each narrowband 71y
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@) | o) [+1, : ch,DL DL DL
nxg =| Mg’ +| | —apr — Jo | MOd Nygpey |+ oy |MOd Ny

Jo = |_(i0,ss + iA) N;}EDLJ

iO,ss < l < iO,ss + N;\gz?sCCH _1

) 0, for frame structure type 1
1, =

& | NEPE 2. for frame structure type 2

where [,  is the absolute subframe number of the first downlink subframe of MPDCCH search space, and

N ;I}};]ﬁp , N IC\IIEDL and fl\?BL’ nop are cell-specific higher-layer parameters. The UE shall not expect MPDCCH

transmission in absolute subframe i if it is not a BL/CE DL subframe.

- The UE may assume the same precoding matrix being used for a PRB across a block of Nﬁ}};‘) L consecutive

subframes for MPDCCH.

The UE may assume that an MPDCCH associated with the P-RNTI is transmitted on the set {s j} of narrowbands where
{s j} is defined in Subclause 6.4.1. For a UE monitoring an MPDCCH associated with the P-RNTI, the first MPDCCH

narrowband is given by s,, where m = (N Pe + N )mod NSg» NPy € {0,1,..., Nig - 1} is the Paging Narrowband (PN)
obtained according to [10], and N IEB is the higher-layer parameter paging-narrowBands.
- If the higher-layer parameter si-HoppingConfigCommon disables frequency hopping for an MPDCCH associated
with P-RNTI, each MPDCCH candidate shall be located in the same PRB in narrowband s,, where
m =N + N Jmod NS,
- If the higher-layer parameter si-HoppingConfigCommon enables frequency hopping for an MPDCCH with P-
RNTI, an MPDCCH candidate shall be located in narrowband s in absolute subframe i using the same PRB

resources within each narrowband s i where

Nch,DL NB,hop B,hop
NB

Jj= (NIEIB"'NICSH)_'_ \‘Z-HA _joJmOdNCh’DL 'fI\?L mOdNEIB

Jo = \_(i(),ss +i, )/NISI%DLJ

. . . MPDCCH
lO,ss S l S lO,ss + Nabs,ss _1
. {0, for frame structure type 1
Ia =9 prchDL
Nyi —2, for framestructure type 2

where iO,ss is the absolute subframe number of the first downlink subframe of MPDCCH search space according

to locations of paging opportunity subframes, and N ;lg?;p, N%;D L
parameters. For MPDCCH associated with P-RNTIL, if interval-DIHoppingConfigCommonModeB is signalled in

SIB1-BR, then the frequency hopping granularity N IC\IIEDL is set to interval-DIHoppingConfigCommonModeB;

and fh?];hop are cell-specific higher-layer

otherwise, N&%DL is set to interval-DIHopping ConfigCommonModeA signalled in SIB1-BR.

The UE shall not expect MPDCCH transmission in absolute subframe i if it is not a BL/CE DL subframe.
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6.9 Physical hybrid ARQ indicator channel

The PHICH carries the hybrid-ARQ ACK/NACK. Multiple PHICHs mapped to the same set of resource elements
constitute a PHICH group, where PHICHs within the same PHICH group are separated through different orthogonal

sequences. A PHICH resource is identified by the index pair (nﬁﬁl“é’ﬁ JMpricn |» where nS3&y is the PHICH group

number and 7y is the orthogonal sequence index within the group.

For frame structure type 1 and type 3, the number of PHICH groups N§jjdy; is constant in all subframes and given by

g {N e (N 1%5 / Sﬂ for normal cyclic prefix

PHICH =
2- (N . (N RS / 8)-‘ for extended cyclic prefix
where N, € {1/6,1/2,1,2} is provided by higher layers. The index nfj%,; ranges from 0 to N§n&, —1.

For frame structure type 2, the number of PHICH groups may vary between subframes and is given by m;, - N5i&y
where N5y is given by the expression above and m; is given by Table 6.9-1 with the uplink-downlink configuration
provided by the higher-layer parameter subframeAssignment. The index nij &, in a subframe with non-zero PHICH

resources ranges from 0 to m; - NS &y —1.

Table 6.9-1: The factor m; for frame structure type 2

Uplink-downlink Subframe number i

configuration 0/1(2(3|4|5|/6[|7|8|9
0 2/1]0]0|0]|2]1]0]0]O
1 0|1/0f0[1]0|1]0]0O]1
2 0j|0JO|1]0]|0O]OJO|1]0O
3 1/0/0]0]|0|JO|0O|O]1]1
4 0O/0|0|O]JO|O|O|O[1]1
5 0o/o0|0|0O]JO|O|O|O[|1]0O
6 1/1]0[0JO0|1][1]0]0]1

6.9.1 Modulation

The block of bits b(0),...,b(M; —1) transmitted on one PHICH in one subframe shall be modulated as described in
clause 7.1, resulting in a block of complex-valued modulation symbols z(0),...,z(M, —1) , where M, = M4, . Table
6.9.1-1 specifies the modulation mappings applicable for the physical hybrid ARQ indicator channel.

Table 6.9.1-1: PHICH modulation schemes.

Physical channel | Modulation schemes
PHICH BPSK

The block of modulation symbols z(0),...,z(4, —1) shall be symbol-wise multiplied with an orthogonal sequence and

scrambled, resulting in a sequence of modulation symbols d(0),...,d(M —1) according to

symb

d(i) = wlimod NEH ). (1= 2¢(i))- 2(i/ NEHH )

where
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i=0,.,M 1

symb —
_ A7PHICH
Msymb = NSF : Ms

NSF -

puicy _ |4 normal cyclic prefix
2 extended cyclic prefix

and c(7) is a cell-specific scrambling sequence generated according to clause 7.2. The scrambling sequence generator

shall be initialised with ¢;;, = (| n3/2]+1)- (ZN ool y 1)~ 2%+ N at the start of each subframe.

The sequence [w(O) - w(N, ;}HCH - 1)] is given by Table 6.9.1-2 where the sequence index npiy; corresponds to

the PHICH number within the PHICH group.

Table 6.9.1-2: Orthogonal sequences [w(O) o w(NgHEH —1)] for PHICH

Sequence index Orthogonal sequence
seq Normal cyclic prefix | Extended cyclic prefix
NpHICH NgFHICH —4 Né)FHICH )
0 [+1 +1 +1 +1] [+l +1]
1 [+1 -1 +1 —1] [+1 —1]
2 [+1 +1 -1 —l] [+j +j]
3 [+1 -1 -1 +1] [+ -/
# [+j +j +j +J] -
5 [+ -j +j -J] -
6 [+ +j -j -J] -
7 ltj -j —j +J] -

6.9.2 Resource group alignment, layer mapping and precoding

The block of symbols d(0),...,d (M gy, —1) should be first aligned with resource element group size, resulting in a

block of symbols d © 0),...,d © (¢* Mgy, —1) , where ¢ =1 for normal cyclic prefix; and ¢ =2 for extended cyclic

prefix.

For normal cyclic prefix, d‘% (i) =d(i), for i =0,..,.M l.

symb

For extended cyclic prefix,

[d@2i) d@i+1) 0 0] nEoP mod2=0

0), 1+ 0)/ 1+ 0) /s 0), 4-
[d()(41) dO@i+1) d94i+2) d()(4z+3)]r:{[0 0 d@) d@isD] AT mod2-1

for i = 0,...,(Msymb/2)—1 :

The block of symbols d © 0),...,d © (¢ Mgy, —1) shall be mapped to layers and precoded, resulting in a block of

vectors y(i) = [y(o) @ .. y(P_l)(i)]T s 1=0,,0- My, —1, where y(P) (i) represents the signal for antenna port p,
p =0,..., P—1and the number of cell-specific reference signals P e {1,2,4} . The layer mapping and precoding operation

depends on the cyclic prefix length and the number of antenna ports used for transmission of the PHICH. The PHICH
shall be transmitted on the same set of antenna ports as the PBCH.
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For transmission on a single antenna port, P =1, layer mapping and precoding are defined by clauses 6.3.3.1 and

6.3.4.1, respectively, with M

)

symb:C'M

symb *

For transmission on two antenna ports, P =2, layer mapping and precoding are defined by clauses 6.3.3.3 and 6.3.4.3,

respectively,

For transmission on four antenna ports, P =4, layer mapping is defined by clause 6.3.3.3 with

precoding by

ool group
if (i + nppyep

group
MpHICH

MO

with M =

)mod2 =0 for normal cyclic prefix, or (i + \_n

otherwise for i =0,1,2.

chH

| »P (@i +3) |

| P @i+3) ]|

C'Msymb'

¥
(i)
(i)
yO(4i+1)
yD@i+1)
yP i+
yI(di+1)
v 4i+2)
yD4i+2)
¥ (4i+2)
¥y (4i+2)
¥V (4i+3)
vy (4i+3)
¥ (4i+3)

yO i) ]
y P (4)

y® (40

y® (4i)

yO4i+1)
y @i+
y P @i+1)
vy (4i+1)
yO(4i+2)
yV(4i+2)
y P (4i+2)
vy (4i+2)
y 0 (4i +3)
y D (4i +3)
y P (4i +3)

-

S O O O O O O o = O O o o o = O

S O O O O O O o0 O = O o o o o~

(=R

S O O O O O O o o o o = O

oS O O

SO O O O O O O o o o = O

—

—_—

S — O O O O O 2 O O O o o o o o

—_ O O O O O = O O O O o o o o <o

S O O O O O o o o o

|
—_

S O O = O

is the PHICH group number and i =0,1,2, and by

S O O O O O O o o o o

|
—_

S O = O

3GPP

group
PHICH

S O O O O -

|
-

S O O O O O o o O

|
\.OOOOO\.O

S O O O O o o O

S O O O O O O O O O O N o - o o

S O O O O O O O OO O N O~ o o oo

S O O OO - OO O O o o o o

|
O\.

S O O O O N O OO0 o o o o o o

|
~.

S O O~ O N © O O o o o o o o <o

S O N O N O O O OO oo o o o o o <o

Relx@ ()]

Relx (i)
Refx® @)
Relx® (i)
Im{x (i)
Im{x® (7)
Im|x® (i)

| Im{x (7)) |

[Relx@ ()]

Relx® ()
Relx® (i)
Relx® (i)
Im{x© (i)
Im{x" ()
Im{x@ (i)

| Im x(3)(l’) 1

MO

symb — € 'Msymb and

/ 2‘b mod2 =0 for extended cyclic prefix, where
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6.9.3 Mapping to resource elements

The sequence 37 (0),..., 7 (M —1) for each of the PHICH groups is defined by

symb
7P )=y (n)
where the sum is over all PHICHs in the PHICH group and yi(p )(n) represents the symbol sequence from the i :th
PHICH in the PHICH group.
PHICH groups are mapped to PHICH mapping units.
For normal cyclic prefix, the mapping of PHICH group m to PHICH mapping unit m'is defined by
) =5, (n)
where

m'=m=| 0,L,..,Nypo;—1  for frame structure type 1 and type 3’
0,1,...,m, - Nog &y —1 for frame structure type 2

and where m; is given by Table 6.9-1.

For extended cyclic prefix, the mapping of PHICH group m and m+1 to PHICH mapping unit m' is defined by

T () = 5P (n) + 3L (n)

where
m'=m/2

) 02, ,Nindy—2  for framestructure typel
0,2,...,m; - NS&; —2  for frame structure type 2

and where m; is given by Table 6.9-1.

Let 2 ()= <)7(p)(4i),)7”’)(4i +1), 5P (4i +2), 7P (4i + 3)>, i =0,1,2 denote symbol quadruplet i for antenna port p .

Mapping to resource elements is defined in terms of symbol quadruplets according to steps 1-10 below:
1) For each value of I’

2) Let n, denote the number of resource element groups not assigned to PCFICH in OFDM symbol [

3) Number the resource-element groups not assigned to PCFICH in OFDM symbol I' from 0 ton, —1, starting
from the resource-element group with the lowest frequency-domain index.

4) Initialize m' =0 (PHICH mapping unit number)

5) For each value of i =0,1,2

6) Symbol-quadruplet ZP) (7) from PHICH mapping unit m' is mapped to the resource-element group
represented by (£',/"); as defined in clause 6.2.4 where the indices &; and // are given by steps 7 and 8
below:

7) The time-domain index /; is given by
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|m'/2|+i+1)mod?2

(
=1(m'/2]+i+1)mod2
(m'/2]+i+1)mod2

i

114

normal PHICH duration, all subframes

otherwise

extended PHICH duration, MBSFN subframes
extended PHICH duration, subframe 1 and 6 in frame structure type 2

extended PHICH duration,
subframe with the same duration as the DWPTS duration of a specifial subframe configuration in frame structure type 3

3GPP TS 36.211 V14.3.0 (2017-06)

8) Set the frequency-domain index &/ to the resource-element group assigned the number 7, in step 3

above, where 7; is given by

(]_NCell ny [m +m)m0dn,
(l_N“” -y /n1 +m'+ n1 /3ﬁmodnl

QNCCII -y /n1 +m'+ 2n, /3J)modn1 i=2

in case of extended PHICH duration in MBSFN subframes, or extended PHICH duration in subframes 1
and 6 for frame structure type 2, or extended PHICH duration in subframe with the same duration as the

DwPTS duration of a special subframe configuration in frame structure type 3 and by

otherwise.

9) Increase m' by 1.

10)Repeat from step 5 until all PHICH mapping units have been assigned.

The PHICH duration is configurable by higher layers according to Table 6.9.3-1.

(]_Nce” “nyy [ng +m)modn1

(]_NCell “ny /nO +m'+ nl /3Dm0dn,

i=0

¢N°°11 -y /n0 +m'+ 2”1 /3J)m0dn1 i=2

The PHICH shall not be transmitted in MBSFN subframes with zero-size non-MBSFN region.

Table 6.9.3-1: PHICH duration in MBSFN and non-MBSFN subframes

Non-MBSFN subframes
Subframe with the same
duration as the DWPTS MBSFN
PHIQH S_ubframes 1 emel 3 duration of a specifial subframes
duration in case of frame . . . All other cases
subframe configuration in
structure type 2
case of frame structure type
3
Normal 1 1 1 1
Extended 2 2 3 2

6.10

Reference signals

Six types of downlink reference signals are defined:

- Cell-specific Reference Signal (CRS)

- MBSFN reference signal

- UE-specific Reference Signal (DM-RS) associated with PDSCH

- DeModulation Reference Signal (DM-RS) associated with EPDCCH or MPDCCH

3GPP
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- Positioning Reference Signal (PRS)
- CSI Reference Signal (CSI-RS)

There is one reference signal transmitted per downlink antenna port.

6.10.1  Cell-specific Reference Signal (CRS)

The UE may assume cell-specific reference signals are, unless otherwise stated in [4, clause 12], transmitted in
- all downlink subframes for frame structure type 1,
- all downlink subframes and DwPTS for frame structure type 2,
- non-empty subframes for frame structure type 3

in a cell supporting PDSCH transmission.

Cell-specific reference signals are transmitted on one or several of antenna ports 0 to 3.

Cell-specific reference signals are transmitted in subframes where Af =15kHz only.

6.10.1.1 Sequence generation

The reference-signal sequence T, (m) is defined by

L 1—2.c(2m))+ ji(l—z-c(Zm + 1))’ m= 0’1"..’2NII{nBax,DL 1

Tion, (m) = \/E( \/5

where ng is the slot number within a radio frame and / is the OFDM symbol number within the slot. The pseudo-

random sequence c(i) is defined in clause 7.2. The pseudo-random sequence generator shall be initialised with

it =20 -(7-(n, +1)+1+1)- (2 NS 1)+ 2-Nf&'+ Ngp at the start of each OFDM symbol where

A otherwise

, {1 OLnS /1 0J+ ngmod2 for frame structure type 3 when the CRS is part of a DRS
ng =

1 for normal CP
Nep =
0 for extended CP

6.10.1.2 Mapping to resource elements

The reference signal sequence Vi, (m) shall be mapped to complex-valued modulation symbols a,(c‘j) used as reference

symbols for antenna port p in slot n, according to
aiy) =, (m")

where

k= 6m+(v+ vy )mod 6
;10 Noww =3 if pe o1}
1 if pe{23}
m=0,1,.,2-Npg 1
m' =m+ NppPt - NDE
The variables v and vg,;; define the position in the frequency domain for the different reference signals where v is
given by
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116
0 if p=0and/=0
3 if p=0and/=0
3 if p=land/=0
0 if p=land/#0
3(n, mod?2) if p=2
3+3(nymod2) if p=3

The cell-specific frequency shift is given by vy = NiS' mod6 .

Resource elements (k, / ) used for transmission of cell-specific reference signals on any of the antenna ports in a slot

shall not be used for any transmission on any other antenna port in the same slot and set to zero.

In an MBSFN subframe, cell-specific reference signals shall only be transmitted in the non-MBSFN region of the
MBSEFN subframe.

Figures 6.10.1.2-1 and 6.10.1.2-2 illustrate the resource elements used for reference signal transmission according to the
above definition. The notation R, is used to denote a resource element used for reference signal transmission on

antenna port p .

Ro R
‘:
5
2
5
£ Ry Ry
g
g
S
Ry Ry
Ry
=0 I=61=0 1=6
R Ry
£
5
2
s
g Ry Ry
2
g
g
= Ry Ry
R Ry
1=0 1=61=0 1=6
Ry Ry
5
2
s
g Ry Ry
g
5
g R R
Ry Ry
=0 1=61=0 1=6

slots dd:

Antenna port 0

Resource element (k)

i Bl e
& L Not used for transmission on this antenna port
R R ,xg symbols on this antenna port
Rl 1
1=0 I1=61=0 1=6
R R i Rs
R R, R, Ry
R R R Ry
R R R, Ry
1=0 1=61=0 1=6 =0 | 1=61=0 | =6 =0 1=61=0 | =6
slots dd slots, bered slots dd slots, slots dd- slots
Antenna port 1 Antenna port 2 Antenna port 3

Figure 6.10.1.2-1. Mapping of downlink reference signals (normal cyclic prefix)
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RD RO
g
2
g
§ Ry Ry
g
2
S
RO RO
Rﬂ RO
1=0 1=51=0 =5
Resource element (k,/)
4
R Ry R R
£
g
2
g R I R Ry
5 0 0 i Not used for transmission on this antenna port
g
°
=
&
R R 2 4 ¥a symbols on this antenna port
Ry Ry R 1
1=0 1=51=0 =5 1=0 1=51=0 =5
Ry Ry R R Ry Ry
g
2
o
g Ry Ry R, R, R, Ry
g
5
£ R, R, R R R, Ry
Ry R B R Ry
1=0 | 1=51=0 =5 =0 | 1=51=0 =5 1=0 | 1=51=0 =5 1=0 | 1=51=0 =5
even-numbered slots odd-numbered slots even-numbered slots odd-numbered slots even-numbered slots _odd-numbered slots even-numbered slots odd-numbered slots
Antenna port 0 Antenna port 1 Antenna port 2 Antenna port 3

Figure 6.10.1.2-2. Mapping of downlink reference signals (extended cyclic prefix)

6.10.2 MBSFN reference signals

MBSFN reference signals shall be transmitted in the MBSFN region of MBSFN subframes only when the PMCH is
transmitted. MBSFN reference signals are transmitted on antenna port 4.

MBSFN reference signals are defined for extended cyclic prefix only.
6.10.2.1 Sequence generation

6.10.2.1.1 Sequence generation for 15 kHz and 7.5 kHz subcarrier spacing

The MBSFN reference-signal sequence Vi, (m) is defined by
1 o1 x,DL
r, (m)y=—=(1-2-¢c2m))+ j—=(1-2-c2m+1)), m=0],.,6Ngg" -1
l,ng \/5 ( ) \/5 ( ) RB
where ng is the slot number within a radio frame and / is the OFDM symbol number within the slot. The pseudo-
random sequence c¢(i) is defined in clause 7.2. The pseudo-random sequence generator shall be initialised with

Cinit =2° -(7-(ns +1)+l+1)~(2-NHI‘§BSFN + 1)+ NpBS™N at the start of each OFDM symbol.

6.10.2.1.2 Sequence generation for 1.25 kHz subcarrier spacing

The MBSFN reference-signal sequence 7, (m) is defined by
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1 1
Ting (m) = ﬁ(1 -2 ~c(2m))+ jﬁ(l —2-c(2m+ 1))’ m= 0’1’.”’24N1r{n§x,DL _1

where ny is the subframe number within a radio frame and / is the OFDM symbol number within the subframe. The

pseudo-random sequence c(i) is defined in clause 7.2. The pseudo-random sequence generator shall be initialised with

Cinit = 2° -(7~(nsf +1)+l+1)- (2~NH“gBSFN + 1)+ N%BSFN at the start of each OFDM symbol.

6.10.2.2 Mapping to resource elements

6.10.2.2.1 Mapping to resource elements for 15 kHz and 7.5 kHz subcarrier spacing
The reference-signal sequence 7;, (m") in OFDM symbol / shall be mapped to complex-valued modulation symbols
a,((f}) with p =4 according to

ay) =n, (m)

where

2m if / #0and Af =15kHz
2m+1 if/=0and Af =15kHz

K=Vam  if120and Af =7.5kHz
4m+2 if/=0and Af =7.5kHz
2 if n,mod2 =0and Af =15kHz
. 0,4 if nymod2=1and Af =15kHz

1 if n;,mod2 =0and Af' =7.5kHz
0,2 if nymod2=1and Af =7.5kHz
m=0,,.,6Ngs —1
m'=m +3(N§H§X’DL - NE];‘)

Figure 6.10.2.2-1 illustrates the resource elements used for MBSFN reference signal transmission in case of
Af =15kHz . In case of Af =7.5kHz, the MBSFN reference signal shall be mapped to resource elements according to

Figure 6.10.2.2-3. The notation R, is used to denote a resource element used for reference signal transmission on

antenna port p .
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R,
R, R,
R,
R, R,
R,
R, R,
R,
R, R,
R,
R, R,
R,
R, R,
=0 [=51=0 =5
even-numbered slots odd-numbered slots
Antenna port 4

Figure 6.10.2.2-1: Mapping of MBSFN reference signals (extended cyclic prefix, Af =15kHz)

Ry
Ry
R,
R, R,
Ry
R, R,
Ry
Ry Ry
Ry
1=0 [=21=0 [=2
even- odd-
numbered numbered
-qslots p- slotsp

Antenna port 4

Figure 6.10.2.2-3: Mapping of MBSFN reference signals (extended cyclic prefix, Af =7.5kHz)
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6.10.2.2.1 Mapping to resource elements for 1.25 kHz
The reference-signal sequence 7;, (m") in OFDM symbol / shall be mapped to complex-valued modulation symbols

a,((f}) with p =4 according to

al(c,’? = rl,nsf (m’)

where

k

_jom if ngymod2=0
~|6m+3 if ngmod2=1
=0

l
m=0,,.24Np5 —1

m' = m+ 3(N]§“§"’DL - N,Eé)

6.10.3 UE-specific reference signals associated with PDSCH

UE-specific reference signals associated with PDSCH

- are transmitted on antenna port(s) p=5, p=7, p=8, p=11,p=13,p={11,13} or p=78,..,0+6, where
v is the number of layers used for transmission of the PDSCH;

- are present and are a valid reference for PDSCH demodulation only if the PDSCH transmission is associated
with the corresponding antenna port according to clause 7.1 of 3GPP TS 36.213 [4];

- are transmitted only on the physical resource blocks upon which the corresponding PDSCH is mapped.

A UE-specific reference signal associated with PDSCH is not transmitted in resource elements (k, l) in which one of

the physical channels or physical signals other than the UE-specific reference signals defined in 6.1 are transmitted
using resource elements with the same index pair (k, / ) regardless of their antenna port p.

For frame structure type 3, for PDSCH in a subframe with the same duration as the DWPTS duration of a special

subframe configuration, the UE-specific reference signals are defined the same as that for the corresponding special
subframe configuration.

6.10.3.1 Sequence generation

For antenna port 5, the UE-specific reference-signal sequence r, (m) is defined by

1-2-c@m)+ j=(1-2-c@m+D).  m=01, 12NN -1

V2
PDSCH

where Npp denotes the assigned bandwidth in resource blocks of the corresponding PDSCH transmission. The

1
r,, (m) —3(

pseudo-random sequence c(i) is defined in clause 7.2. The pseudo-random sequence generator shall be initialised with
Cinit = (|_ns / 2J+ 1)- (2NI°]§11 + 1)- 2164 npnmi at the start of each subframe where npyr; is as described in clause 7.1

3GPP TS 36.213 [4].

For any of the antenna ports p € {7.,8,...,14} , the reference-signal sequence r(m) is defined by

r(m):L(l—z-c(2m))+ji(1—2-c(2m+1)), mz{

V2 V2

The pseudo-random sequence c(7) is defined in clause 7.2. The pseudo-random sequence generator shall be initialised
with

0,1,...12Np2PL _1 normal cyclic prefix
0,,...,16N, Q“SX’DL —1 extended cyclic prefix .
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Cinit = (L”s /ZJH)‘(Z”%SCID) +1)'216 +nscip

at the start of each subframe.

For BL/CE UEs, the same scrambling sequence is applied per subframe to the UE-specific reference-signal sequence
for a given block of N, subframes. For the ;™ block of N, subframes, the scrambling sequence generator shall be
initialised with

Cinit = ([(]0 + j)Nacc m0d10]+ 1) (2NICI§H + l) 216 + nscip

where

_ Qg + NESM g 1|
Jj= 0,1,..{ 0 b A1,

NS.CC
j() = L(IO + iA)/Nach
. 0, for frame structure typel or N, =1
1, =
& |N,, -2, forframestructure type2 and N, =10

and i, is the absolute subframe number of the first downlink subframe intended for PDSCH. The PDSCH transmissions

span NEPSCH consecutive subframes, including non-BL/CE DL subframes where the PDSCH transmission is

postponed. For a BL/CE UE configured in CEModeA, N, . =1. For a BL/CE UE configured with CEModeB,

N, =4 for frame structure type 1 and N, =10 for frame structure type 2.

acce
The quantities n;g , 1=0,1, are given by

- ”1(3 = Nﬁg“ if no value for n%MRS’i is provided by higher layers or if DCI format 1A, 2B or 2C is used for the

DCI associated with the PDSCH transmission

n() = nYRST otherwise

The value of ngqp is zero unless specified otherwise. For a PDSCH transmission on ports 7 or 8, ngcp 1S given by the

DCI format 2B, 2C, 2D or 6-1A in 3GPP TS 36.212 [3] associated with the PDSCH transmission.
In the case of DCI format 2B, ngq, is indicated by the scrambling identity field according to Table 6.10.3.1-1. In the

case of DCI format 2C or 2D, ngcp is given by Table 5.3.3.1.5C-1 or Table 5.3.3.1.5C-2 in 3GPP TS 36.212 [3]. For a
PDSCH transmission on ports 11 or 13, ngqp is given by the DCI format 2C or 2D in 3GPP TS 36.212 [3] associated
with the PDSCH transmission where ngqp, is given by Table 5.3.3.1.5C-2 in 3GPP TS 36.212 [3].

Table 6.10.3.1-1: Mapping of scrambling identity field in DCI format 2B to 7y, values for antenna
ports 7 and 8

Scrambling identity field in
DCI format 2B nscip
(3GPP TS 36.212 [3])

0

0
1 1

6.10.3.2 Mapping to resource elements

For antenna port 5, in a physical resource block with frequency-domain index npgpp assigned for the corresponding

PDSCH transmission, the reference signal sequence 7, (m) shall be mapped to complex-valued modulation symbols

a,((f}) with p =5 in a subframe according to:

Normal cyclic prefix:
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aif} =r, G-I Ngg>* +m)

k=(k"Ymod NXB + NRB .pnpps

o] AV if 1 € {2,3}
4m'+(2 +vgq ) mod4  if 7 e {5,6}
3 1I'=0
6 I'=1

] =
2 I'=2
5 1I'=3

, 0l if nymod2=0
2,3 ifnymod2=1

m'=0,1,...3Ng>H —1
Extended cyclic prefix:

a,({','}) =7, @-1'-Ngg*M +m")

k=(k"yYmod NRB + NRB .jpni

, 3m'+vgiq ifl=4
- {3m‘+(2 +vgig)mod3 if /=1
- {4 I'e{0,2}
1 =1

, [0 ifn mod2=0
|12 ifnymod2=1

m'=0,1,..,4NFa5H —1

where m' is the counter of UE-specific reference signal resource elements within a respective OFDM symbol of the
PDSCH transmission.

The cell-specific frequency shift is given by vy, = N5 mod3.

The mapping shall be in increasing order of the frequency-domain index npgp of the physical resource blocks assigned

for the corresponding PDSCH transmission. The quantity N f{gSCH denotes the assigned bandwidth in resource blocks
of the corresponding PDSCH transmission.

Figure 6.10.3.2-1 illustrates the resource elements used for UE-specific reference signals for normal cyclic prefix for
antenna port 5.

Figure 6.10.3.2-2 illustrates the resource elements used for UE-specific reference signals for extended cyclic prefix for
antenna port 5.

The notation R, is used to denote a resource element used for reference signal transmission on antenna port p .
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Rs Rs
RS Rs
Rs Rs
Rs Rs
RS Rs
RS Rs
=0 I=61=0 I=6
even-numbered slots odd-numbered slots

Antenna port 5

Figure 6.10.3.2-1: Mapping of UE-specific reference signals, antenna port 5 (normal cyclic prefix)

R5
Rs Rs
Rs
Rs Rs
Rs
Rs Rs
Rs
Rs Rs
[=0 [=51=0 [=5
even-numbered odd-numbered slots
<—SJQIS—><

Antenna port 5

Figure 6.10.3.2-2: Mapping of UE-specific reference signals, antenna port 5 (extended cyclic prefix)
For antenna ports p=7, p=8 p=11 p=13 p={1113} or p=78,...,0+6, in a physical resource block with
frequency-domain index npgpp assigned for the corresponding PDSCH transmission, a part of the reference signal
sequence r(m) shall be mapped to complex-valued modulation symbols a,({f;) in a subframe according to
Normal cyclic prefix:

a,({f}) =w, (l’)~r(3-l'-N£1§X’DL +3 npgg +m")

where
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) w, (i) (m'+npprg)mod2 =0
w, () =4 . \

w,(3—i) (m'+nprg)mod2=1

k= 5m'+NSl§BnPRB +k'

L {7.8,11,13}

|0 pefo1012,14}

I'mod2+2 if in a special subframe with configuration 3, 4, 8 or 9 (see Table 4.2-1)

I=<I'mod2+2+ 3|_l'/ 2J if in a special subframe with configuration 1, 2, 6, or 7 (see Table 4.2 -1)

I'mod2+5 if not in a special subframe

0,1,2,3 if n, mod2 = 0 and in a special subframe with configuration 1, 2, 6, or 7 (see Table 4.2-1)

['=<0,1 if ny mod 2 = 0 and not in special subframe with configuration 1,2, 6, or 7 (see Table 4.2-1)

2,3 if ng mod 2 = 1 and not in special subframe with configuration1, 2, 6, or 7 (see Table 4.2 -1)

m'=0,1,2

The sequence w), (i) is given by Table 6.10.3.2-1.

Table 6.10.3.2-1: The sequence w, (i) for normal cyclic prefix

Antenna port p [WP(O) w,(1) w,(2) Wp(3)]
7 [+1 +1 +1 +1]
8 [+1 -1 +1 —1]
9 [+1 +1 +1 +1]
10 [+1 -1 +1 —1]
11 [+1 +1 -1 —1]
12 [—1 -1 +1 +1]
13 [+1 -1 -1 +1]
14 1 +1 +1 -1

Extended cyclic prefix:

af?) =w,(I'mod2) - r(4-I"Ngg*P" + 4 npgp +m')

where

w, (@) m'mod2 =0
WD =120 mimod2 =1
w,(1-i) m'mod2 =
k =3m'+N s + &'
e 1 ifn,mod2 =0and p e {7,8}
|2 ifn,mod2 =1and p € {7,8}
[=1"'mod2+4

0,1 if n, mod2 = 0and in a special subframe with configuration1, 2, 3,5 or 6 (see Table 4.2 - 1)

['=10,1 if n, mod2 = 0and not in a special subframe

2,3 if n, mod2 = 1and not in a special subframe

m'=0,,2,3

The sequence w), (i) is given by Table 6.10.3.2-2.

3GPP
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Table 6.10.3.2-2: The sequence w, (i) for extended cyclic prefix

Antenna port p [V_Vp 0 w, (1)]
7 [+1 + l]
8 -1 +1]

For extended cyclic prefix, UE-specific reference signals are not supported on antenna ports 9 to 14.
Resource elements (k, / ) used for transmission of UE-specific reference signals to one UE on any of the antenna ports
in the set S, where S ={7.8,11,13} or §={9,10,12,14} shall

- not be used for transmission of PDSCH on any antenna port in the same slot, and

- not be used for UE-specific reference signals to the same UE on any antenna port other than those in S in the
same slot.

Figure 6.10.3.2-3 illustrates the resource elements used for UE-specific reference signals for normal cyclic prefix for
antenna ports 7, 8, 9 and 10. Figure 6.10.3.2-4 illustrates the resource elements used for UE-specific reference signals
for extended cyclic prefix for antenna ports 7, 8.
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Figure 6.10.3.2-3: Mapping of UE-specific reference signals, antenna ports 7, 8, 9 and 10 (normal
cyclic prefix)

Ericsson Ex. 1011, p. 125 of 195

3GPP Ericsson v. Motorola



Release 14 126 3GPP TS 36.211 V14.3.0 (2017-06)

0
o5
N R,[R, Ry| Ry
<
k]
g
cfn R7| Ry Ry| Ry
T o
S =
o o
o
g R, |R, Rg| Ry
5
E
@
g R7 R7 RE RX
o
a
[2)
1=0 | 1=51=0 =5 1=0 | 1=51=0 | 1=5
R,[R; Ry Ry
° R, R, Ry|Rg
£
g
5 Ry |Ry Ry| Ry
@ Ri|R, Ry| Ry
£
% Ry |Ry Rs| Ry
c Ry| Ry Ry | Ry
]
=S
2 Ry Ry Ry| Ry
< L] R, [R, Ry| Ry
1=0 | 1=51=0 1=5 1=0 | 1=51=0 =5
even-numbered odd-numbered even-numbered odd-numbered
ot ot X7 lot:
Antenna port 7 Antenna port 8

Figure 6.10.3.2-4: Mapping of UE-specific reference signals, antenna ports 7 and 8 (extended cyclic
prefix)

6.10.3A Demodulation reference signals associated with EPDCCH or
MPDCCH

The demodulation reference signal associated with EPDCCH/MPDCCH

- is transmitted on the same antenna port p € {107,108,1 09,1 10} as the associated EPDCCH/MPDCCH physical
resource;

- ispresent and is a valid reference for EPDCCH/MPDCCH demodulation only if the EPDCCH/MPDCCH
transmission is associated with the corresponding antenna port;

- is transmitted only on the physical resource blocks upon which the corresponding EPDCCH/MPDCCH is
mapped.

A demodulation reference signal associated with EPDCCH/MPDCCH is not transmitted in resource elements (k, / ) in
which one of the physical channels or physical signals other than the demodulation reference signals defined in 6.1 are

transmitted using resource elements with the same index pair (k, / ) regardless of their antenna port p.
6.10.3A.1  Sequence generation
For any of the antenna ports p {107,108,109,1 10}, the reference-signal sequence r(m) is defined by

max,DL _ .
r(m):L(l—2-c(2m))+ji(1—2~c(2m+1)), = 01,...12Ngg . 1 normal cyclic prefix .
NG V2 01,..16 Ngg™"~ —1 extended cyclic prefix

For non-BL/CE UEs, the pseudo-random sequence c(n) is defined in clause 7.2. The pseudo-random sequence
generator shall be initialised with

EPDCCH 16 ,  EPDCCH
Cinit = (I_”s /2J+1)'(2nID,i +1)'2 +ngcip

at the start of each subframe where ngg%CCH =2 and nIE[i ? CCH ig configured by higher layers. The EPDCCH set to

which the EPDCCH associated with the demodulation reference signal belong is denoted i € {0,1}.
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For BL/CE UEs, the same scrambling sequence is applied per subframe to the demodulation reference signal associated
with MPDCCH for a given block of N, subframes. For the ;™ block of N, subframes, the scrambling sequence

generator shall be initialised with

G+ N mod10 1) (2N 1) 21 4 nECT otherwise where
" (G + )N, mod10]+1)- (ZN ol 4 1)~ 2'0 4 pihpeeH for Typel- Common and Type2 - Common
, i+ NYPPCH g 1|
j= 0’1’“"\‘ 0 abs A _]0
Nacc
j() = |_(l() +iA)/Nach
. 0, for frame structure typel or N, =1
1, =
* |N,. —2, forframestructure type2 and N, =10

and i, is the absolute subframe number of the first downlink subframe intended for MPDCCH. The MPDCCH

transmissions span N3P consecutive subframes, including non-BL/CE DL subframes where the MPDCCH

transmission is postponed.
For BL/CE UEs,
- if the MPDCCH transmission is associated with P-RNTI or SC-RNTI:

N, =4 for frame structure type 1 and N, =10 for frame structure type 2

- otherwise

N, =1for UEs assuming CEModeA (according to the definition in Clause 12 of [4]) or configured with
CEModeA.

N, =4 for frame structure type 1 and N, =10 for frame structure type 2 for UEs assuming CEModeB
(according to the definition in Clause 12 of [4]) or configured with CEModeB.

The quantities né\ggCCH =2 and n%\éﬁDCCH are configured by higher layers. The MPDCCH set to which the MPDCCH

associated with the demodulation reference signal belong is denoted i € {0,1}. For an MPDCCH associated with a 2+4
PRB set as defined in [4], i =0 is used to generate the scrambling sequence for the 6 PRBs as well as for the 2 PRBs
and 4 PRBs.

6.10.3A.2  Mapping to resource elements

For the antenna port p {107,108,109,1 10} in a physical resource block nprp assigned for the associated
EPDCCH/MPDCCH, a part of the reference signal sequence r(m) shall be mapped to complex-valued modulation

symbols a,({f}) in a subframe according to
Normal cyclic prefix:
afh) =w, (I r3-I"Ngg*P" + 3 npgg +m')

where

Ericsson Ex. 1011, p. 127 of 195

3GPP Ericsson v. Motorola



Release 14

Wp(i)={

k=5

-

/=

I'=

m'=0

128 3GPP TS 36.211 V14.3.0 (2017-06)

w, (i) (m'+npprg)mod2 =0

W,(3=0) (m"+npg)mod2 =1

' RB '
m'+ Ny nppg +k

1 pell07,108}

0 pe{l09,110}

I'mod2+2 if in a special subframe with configuration 3,4, 8 or 9 (see Table 4.2-1)
I'mod2+2+ 3|_l'/ 2J if in a special subframe with configuration 1, 2, 6, or 7 (see Table 4.2 -1)
I'mod2+5 if not in a special subframe

0,1,2,3 if n, mod2 = 0 and in a special subframe with configuration 1, 2, 6, or 7 (see Table 4.2-1)

0,1 if ny mod 2 = 0 and not in special subframe with configuration 1,2, 6, or 7 (see Table 4.2-1)
2,3 if ng mod 2 = 1 and not in special subframe with configuration1, 2, 6, or 7 (see Table 4.2 -1)
1,2

The sequence w), (i) is given by Table 6.10.3A.2-1.

Table 6.10.3A.2-1: The sequence w (i) for normal cyclic prefix

Antenna port p [WP(O) w,(1) w,(2) Wp(3)]
107 [+1 +1 +1 +1]
108 [+1 -1 +1 —1]
109 [+1 +1 +1 +1]
110 [+1 -1 +1 —1]

Extended cyclic prefix:

where

The sequence w, (i)

af) =w, ('mod2) - r(4-I-NR§*P" + 4 nppeg + ')

w, (0) m'mod2 =0
w,()=1_" " =,
w,(1-i) m'mod2=1
k=3m+N2Bppps + &'
el if n, mod2 = 0and p € {107,108}
2 if nymod2 =1and p € {107,108}
I=1"mod2+4

0,1 if nymod2 = 0and in a special subframe with configuration 1,2, 3, 5 or 6 (see Table 4.2-1)
1'=10,1 if ny mod2 = 0and not in a special subframe

2,3 if nymod2 =1and not in a special subframe
m'=0,1,2,3

is given by Table 6.10.3A.2-2.

Table 6.10.3A.2-2: The sequence w (i) for extended cyclic prefix

Antenna port p [WP(O) Wp(l)]
107 [+1 +1]
108 1 +1]

For extended cyclic prefix, demodulation reference signals are not supported on antenna ports 109 to 110.

Resource elements (k, / ) used for transmission of demodulation reference signals to one UE on any of the antenna ports
in the set S, where § = {107,108} or S =1{109,110} shall
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- not be used for transmission of EPDCCH/MPDCCH on any antenna port in the same slot, and

- not be used for demodulation reference signals to the same UE on any antenna port other than those in S in the
same slot.

Replacing antenna port numbers 7 — 10 by 107 — 110 in Figure 6.10.3.2-3 provides an illustration of the resource
elements used for demodulation reference signals associated with EPDCCH/MPDCCH for normal cyclic prefix.
Replacing antenna port numbers 7 — 8 by 107 — 108 in Figure 6.10.3.2-4 provides an illustration of the resource
elements used for demodulation reference signals associated with EPDCCH/MPDCCH for extended cyclic prefix.

For frame structure type 3, for EPDCCH in a subframe with the same duration as the DwPTS duration of a special
subframe configuration, the mapping of the demodulation reference signals to the resource elements is the same as that
for the corresponding special subframe configuration.

6.10.4 Positioning reference signals

Positioning reference signals shall only be transmitted in resource blocks in downlink subframes configured for
positioning reference signal transmission. If both normal and MBSFN subframes are configured as positioning
subframes within a cell, the OFDM symbols in a MBSFN subframe configured for positioning reference signal
transmission shall use the same cyclic prefix as used for subframe #0. If only MBSFN subframes are configured as
positioning subframes within a cell, the OFDM symbols configured for positioning reference signals in the MBSFN
region of these subframes shall use extended cyclic prefix length. In a subframe configured for positioning reference
signal transmission, the starting positions of the OFDM symbols configured for positioning reference signal
transmission shall be identical to those in a subframe in which all OFDM symbols have the same cyclic prefix length as
the OFDM symbols configured for positioning reference signal transmission.

Positioning reference signals are transmitted on antenna port 6.

The positioning reference signals shall not be mapped to resource elements (k, / ) allocated to the core part of the
PBCH, PSS or SSS regardless of their antenna port p .

Positioning reference signals are defined for Af =15kHz only.

6.10.4.1 Sequence generation

The reference-signal sequence 7, (m) is defined by

L 1=2-com)+ j—(1=2-cam+1)), m=01,.. 2NZSPL ]

71, (m) = \/E( \/5

where ng is the slot number within a radio frame, / is the OFDM symbol number within the slot. The pseudo-random

sequence c(i) is defined in clause 7.2. The pseudo-random sequence generator shall be initialised with
=228 [ NEES /512 4210 (7- (g +1)+ 1+1)-(2- (NPRS mod 512)+1)+ 2-(NERS mod 512)+ Ny at the start of each
OFDM symbol where Nﬁg‘s € {0,1,...,4095} equals N, ICSH unless configured by higher layers and where

Cinit

1 for normal CP
Nep =
0 for extended CP

6.10.4.2 Mapping to resource elements

If PRS frequency hopping is not configured by higher layers, the reference signal sequence Tim, (m) shall be mapped to

complex-valued modulation symbols a,(fl) used as reference signal for antenna port p =6 in slot n, according to
aif) =, (m)

where
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Normal cyclic prefix:

=6+ NDY = NEES )+ (6 -1 + vy Jmod 6
35,6 if n;mod2=0

[=41,2,3,5,6 if n;mod2=1and (1 or 2 PBCH antenna ports)
23,56  if n;mod2=1and (4 PBCHantenna ports)

m=0,1,...2-NERS _1

m' =m+ NpaxPL _ NFRS

Extended cyclic prefix:

k= 6m+ NBY = NERS J (51 +vyq Jmod 6
4,5 if n;mod2 =0

[=412,4,5 if n;mod2=1and (l or 2 PBCH antenna ports)
2,45 if nymod2=1and (4 PBCH antenna ports)

m=0]1,...2-Nrss -1

r_ max,DL PRS
m'=m+ Nyp — Ngzp

The bandwidth for positioning reference signals N ,5‘;5 is configured by higher layers and the cell-specific frequency

shift is given by v = NIPS{S mod 6 where N}g‘s = NICSH if no value for Nf§s is configured by higher layers.

If PRS frequency hopping is configured by higher layers, a PRS frequency hopping configuration provided by higher
layers contains the following:

. PRS
- The length of the PRS occasion group, Lgroup

- Number of PRS frequency hopping bands, N Bl’iim

- anB defined as twice the starting PRB index of PRS frequency hopping band i where
- R® = NBE - NERS if i=0,

- niRB =2- rNZiRB where ﬁiRB is the index of the first PRB in the PRS frequency hopping narrowband

configured by higher layers if i € {1,..., NBP/liTS;ID . 1}

If PRS frequency hopping is configured by higher layers, the reference signal sequence Tin, (m) in the PRS occasion j,

j= 0,...,LPG}§SOUP —1, in the PRS occasion group shall be mapped to complex-valued modulation symbols a,(cﬁ) used as

reference signal for antenna port p =6 inslot ng according to
ay) =n, (m)

where

- for normal cyclic prefix
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PRS

i=jmod Ng,Xp

k= 6(m +nB )+ (6 =l +vgin )mod 6

3,56

if n;mod2=0

3GPP TS 36.211 V14.3.0 (2017-06)

[=41,2,3,5,6 if n;mod2 =1 and (1 or 2 PBCH antenna ports)

2,3,5,6

m=0,,..2-NERS _1

' RB
m'=m+n; +Ngg

- for extended cyclic prefix

One and two PBCH antenna

max,DL DL
-N RB

PRS

i = jmod NgsXp

k= 6(m +nB )+ (514 vy Jmod 6

4,5

if n,mod2 =0

if n;mod2 =1 and (4 PBCH antenna ports)

1=141,2,4,5 if nymod2=1and (I or 2 PBCH antenna ports)

24,5

if nymod2 =1 and (4 PBCH antenna ports)

m=0,1,..2 Ngg> —1

r_ RB
m'=m+n; + Nyp

max,DL DL
-N RB

Rs
Rs Rs
R R R Rs
=
=}
o
Re Rq g Rs Rg
L
£ Rs Rs El Rs Rs
2 R 5
o
Ry & R,
=
Rs R 2 Rs Rq
Rg Rg Rg R
R Rg R Rg
=0 I=61=0 =6 =0 I=61=0 =6

even- numbered slots

odd- numbered slots

Antenna port 6

even - numbered slots

Antenna port 6

odd- numbered slots

Figure 6.10.4.2-1: Mapping of positioning reference signals (normal cyclic prefix)
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Figure 6.10.4.2-2: Mapping of positioning reference signals (extended cyclic prefix)

6.10.4.3 Positioning reference signal subframe configuration

The subframe configuration period Tppg and the subframe offset Aprg for the transmission of positioning reference
signals are listed in Table 6.10.4.3-1. The PRS configuration index /.4 is configured by higher layers. Positioning

reference signals are transmitted only in configured DL subframes. Positioning reference signals shall not be
transmitted in DWPTS. Positioning reference signals shall be transmitted in Nppg consecutive downlink subframes,

where Npgrg is configured by higher layers.

The positioning reference signal instances, for the first subframe of the Nprg downlink subframes, shall satisfy
(10 1 +]n, /2|~ Apps )mod Tppg =0 .

Table 6.10.4.3-1: Positioning reference signal subframe configuration

PRS configuration Index 7, PRS periodicity 7Tz | PRS subframe offset Apyg
(subframes) (subframes)
0-159 160 Ipgrs

160 — 479 320 Ippg —160
480 - 1119 640 Iprs —480
1120 — 2399 1280 Ipps —1120
2400 — 2404 5 Iprg —2400
2405 - 2414 10 Iprs —2405
2415 — 2434 20 Ippg —2415
2435 — 2474 40 Iprg —2435
2475 — 2554 80 Ipps —2475
2555-4095 Reserved

6.10.5 CSI reference signals

CSI reference signals are transmitted on 1, 2, 4, 8, 12, 16, 20, 24, 28, or 32 antenna ports using p =15, p=15,16,
p=15,..,18, p=15,..22, p=15,.,26, p=15,...,30, p=15,...,34, p=15,..,38, p=15,..,42 and p =15,...,46 ,
respectively.

For CSI reference signals using more than eight antenna ports, N, r(efl >1 CSI-RS configurations in the same subframe,

numbered from 0 to N, rcefl —1, where value 0 corresponds to the configured resourceConfig-ri1 or resourceConfig-ri0

Ericsson Ex. 1011, p. 132 of 195

3GPP Ericsson v. Motorola



Release 14 133 3GPP TS 36.211 V14.3.0 (2017-06)

and value k (k>0) corresponds to the configured &-th entry of nzp-resourceConfigList-ri3, are aggregated to obtain

NN fosrls antenna ports in total. Each CSI-RS configuration in such an aggregation corresponds to N pCOSr{S € {4,8}

antenna ports and one of the configurations in Table 6.10.5.3-1 or 6.10.5.2-1 for normal cyclic prefix, and one of the
configurations in Table 6.10.5.3-1 or 6.10.5.2-2 for extended cyclic prefix. The supported configurations of aggregated
CSI-RS configurations are shown in Table 6.10.5-1. If the higher layer parameter NZP-TransmissionComb is not

configured, Nrcefl unique CSI-RS configurations from Table 6.10.5.2-1 for normal cyclic prefix and from Table

6.10.5.2-2 for extended cyclic prefix are aggregated to form 12, 16, 20, 24, 28, or 32 antenna ports.

For CSI reference signals using more than sixteen antenna ports, when higher layer parameter NZP-TransmissionComb
is configured, the number of unique CSI-RS configurations from Table 6.10.5.2-1 for normal cyclic prefix and from
Table 6.10.5.2-2 for extended cyclic prefix that are aggregated to form 20, 24, 28, or 32 antenna ports can be less than

or equal to N&!

multiple of N}Sﬂs .

. The number of antenna ports within each such unique CSI-RS resource configuration is an integer

CSI reference signals are defined for Af' =15kHz only.

Table 6.10.5-1: Aggregation of CSI-RS configurations.

Total number of Number of antenna ports Number of CSI-RS
antenna ports per CSI-RS configuration configurations
CSI 57CSI CSl CSl
N, Tes N, ports N ports N, Tes
12 4 3
16 8 2
20 4 5
24 8 3
28 4 7
32 8 4
6.10.5.1 Sequence generation

The reference-signal sequence Vi, (m) is defined by

10, (M) = %(I—Zoc(Zm)ﬁ j%(l -2-¢c(2m _,_1)), m= 0’1,.“’Nlr{n§x,DL _1

where ng is the slot number within a radio frame and / is the OFDM symbol number within the slot. The pseudo-

random sequence c(7) is defined in clause 7.2. The pseudo-random sequence generator shall be initialised with

Cinit = 210 -(7 (n; +1)+l+ 1)' (2 . NICDSI +1)+ 2. NICDSI + N¢p at the start of each OFDM symbol where

, {IOLnS / 10J+ ngmod?2 for framestructure type 3 when the CSI - RSis part of a DRS
n; =

n otherwise

S

1 for normal CP
N, cP ~
0 for extended CP

The quantity N3' equals NS unless configured by higher layers.

6.10.5.2 Mapping to resource elements

In subframes configured for CSI reference signal transmission, the reference signal sequence Tin, (m) shall be mapped

to complex-valued modulation symbols a,({f’l) used as reference symbols on antenna port p . The mapping depends on

the higher-layer parameter CDMType.

For the case of CDMType is not configured or is configured to CDM2:
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where

-0 forp'e {15,16} normal cyclic prefix
-6 forp'e {17,1 8, normal cyclic prefix
-1 forp'e {19,20 normal cyclic prefix

k=k+12m+

)

)
-7 forp'e {21,22}, normal cyclic prefix
-0 forp'e {15,16}, extended cyclic prefix
k

~3  for p' e {17,18},extended cyclic prefix
-6 forp'e {19,20}, extended cyclic prefix

-9 forp'e {21,22}, extended cyclic prefix

I"  CSIreferencesignal configurations 0-19, normal cyclic prefix

[ =1'+12]" CSlIreferencesignal configurations 20 - 31, normal cyclic prefix

I"  CSlreferencesignal configurations 0-27, extended cyclic prefix

R EAVATRIY
TR pe{16.18,20,22)
1"=0,1

max,DL DL
m|:m+\‘NRB _NRB
2

For the case of CDMType equal to CDM4:

ai) =w, i) 1, (m')

where

k" forp'e {15,1 6,19,20}, normal cyclic prefix, NESL =g

ports

k=k'+12m—-<k"+6 forp'e {17,18,21,22}, normal cyclic prefix, N3 =8

ports

6k'"  forp'e {15,1 6,17,18}, normal cyclic prefix, NI =4

ports

/- l'+{ [I"" CSlreferencesignal configurations 0 - 19, normal cyclic prefix

2[""  CSl reference signal configurations 20 - 31, normal cyclic prefix

"=0,1
k'"=0,1
i=2k"+1"
max,DL _ A7DL
m‘:m+‘>NRB > NRBJ

and where w,.(i) is given by Table 6.10.5.2-0.

3GPP
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Table 6.10.5.2-0: The sequence w, (i) for CDM4.

N;)Srgs_4p o [, 0wy w2 w,G)]
15 15,17 11 1]
16 16,18 I -11 -1]
17 19,21 L1 -1 -1]
18 20,22 -1 -1 1]

If neither of the higher-layer parameters NZP-FrequencyDensity and NZP-TransmissionComb are configured,
m=0,,.,Ngs 1.

If the UE is configured with one or more of the parameters NZP-FrequencyDensity and NZP-TransmissionComb,

if either NZP-FrequencyDensity equals 1, m =0,1,..., N]%; -1

- if NZP-FrequencyDensity equals 1/2 and NZP-TransmissionComb equals 0,
m=02,.., NP5 —1- (W2 —1)mod2

- if NZP-FrequencyDensity equals 1/2 and NZP-TransmissionComb equals 1,
m=13,...,N*-1-((N" - 2)mod2)

- if NZP-FrequencyDensity equals 1/3 and NZP-TransmissionComb equals 0,
m=03,..,NO5 —1-((N2% ~1)mod3)

- if NZP-FrequencyDensity equals 1/3 and NZP-TransmissionComb equals 1,
m=14,..,NBE 1= (V2% ~2)mod3)

- if NZP-FrequencyDensity equals 1/3 and NZP-TransmissionComb equals 2,
m=25,..NBs —1-((NP% ~3)mod3)

The quantity (£',/") and the necessary conditions on n, are given by Tables 6.10.5.2-1 and 6.10.5.2-2 for normal and
extended cyclic prefix, respectively.

The relation between the antenna port number p and the quantity p’ depends on the number of CSI-RS antenna ports:
- for CSI reference signals using up to eight antenna ports, p = p'

- for CSI reference signals using more than eight antenna ports when the higher-layer parameter CDMType equals

CDM?2
NS
p'+ };Sl forp'e{ 15+N§05r{s/2 1}
p= CSI
, ports( ST 1) for 1’ {15 NCSL /5 154 NCSI 1}
p+ 2 + res Orp € + pOnS/ 900y + ports

where i € {0,1,. W N CSI —1} is the CSI-RS resource number.

Tes

- for CSI reference signals using more than eight antenna ports when the higher-layer parameter CDMType equals
CDM4, antenna port number p =iNSoL + p' where p'e {15,16,..,15 + NSS! 1} for CSI-RS resource number

ports ports
i1, NS -1,

res
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For the case of CDMType equal to CDM$ and the number of CSI-RS antenna ports equal to 32:

(p) _
ak{; =W, (l) T1.n, (m")
where

-0 forp'e {1 5,16}, normal cyclic prefix
-6 forp'e {17,18 ,normal cyclic prefix
-1 forp'e {19,20 ,normal cyclic prefix

j
j
-7 forp'e {2 1,22} normal cyclic prefix
}a
j

k=k'+12m+ .
-0 forp'e {1 5,164, extended cyclic prefix
-3 forp'e {17,1 8}, extended cyclic prefix

-6 forp'e {1 9,20}, extended cyclic prefix

-9 forp'e {2 1,22}, extended cyclic prefix
" CSlreferencesignal configurations 0-19, normal cyclic prefix
I =1'+<2[l" CSlIreferencesignal configurations 20 -3 1, normal cyclic prefix

["  CSlreferencesignal configurations 0 - 27, extended cyclic prefix

["=0,
0 if k—k'-12m = —0,normal cyclic prefix
1 if k—k'-12m = —6,normal cyclic prefix
2 if k—k'-12m = —1,normal cyclic prefix
3 if k—k'-12m = —7,normal cyclic prefix
1= 0 if k—k'-12m = —0,extended cyclic prefix
1 if k—k'-12m = -3, extended cyclic prefix
2 if k—k'-12m = —6,extended cyclic prefix
3 if k—k'-12m = -9, extended cyclic prefix

Nmax,DL _NDL
m'=m+ {—RB 3 RB

m=0,,.,Npg —1

The resource elements for the q‘h CDMS pattern, where ¢ =0,1,2,3, are determined by aggregating pairs of resource

CSI

s aggregated CSI-RS configurations, where at most one pair of resource

elements (k,/) satisfying ¢ =g fromthe N
elements is drawn from each of the NE! aggregated CSI-RS configurations. For the case of CDMType equal to

res
CDMS$ and the number of CSI-RS antenna ports equal to 32, the aggregated CSI-RS configurations from Table
6.10.5.2-1 for normal cyclic prefix and from Table 6.10.5.2-2 for extended cyclic prefix are restricted to one of

{0.1,2,3}, 10,2,3,4}, or {1,2,3,4}. Antenna port number p =iNsoi + p' where p'e {15,16,..,15+ N i —1} for CSI-RS

ports

resource number i € {0,1,...,NCSI - 1}. The sequence w, (i) is given by Table 6.10.5.2-0A.

Tes
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Table 6.10.5.2-0A: The sequence w, (i) for CDM8 with 32 CSI-RS antenna ports.

p [w,(0) w,() w,(2) w,3) w,(4) w,(5) w,(6) w,(7]

15,17, 19, 21 111111 1]

16, 18, 20, 22 I -1 1 11 =11 -1]
23, 25,27,29 1 -1 =111 -1 -1]
24, 26, 28, 30 I -1 -1 11 -1 -1 1]
31,33, 35, 37 111 -1 -1 -1 -]
32, 34, 36, 38 -1 1 -1 =11 -1 1]
39,41, 43,45 1 -1 -1 -1 -111]
40, 42, 44, 46 I -1 -11 -111 -1

For the case of CDMType equal to CDM$8 and the number of CSI-RS antenna ports equal to 24:

a/(cﬁ) =w, (l) T1.n, (m")

where

k' for p' e {15,16,19,20}, normal cyclic prefix, N o =8

ports

k=k+12m— ] h
k"+6 for p'e {17,18,21,22}, normal cyclic prefix, N o =8

/- l'+{ I'"" CSlIreferencesignal configurations 0 - 19, normal cyclic prefix
21" CSl reference signal configurations 20 - 31, normal cyclic prefix
["=0,1
k"=0,1
0 if k—k'-12m+ k"= 0, normal cyclic prefix,
7= {1 if k—k'-12m+ k''= -6, normal cyclic prefix

max,DL DL
mvzm_i_\‘NRB _NRB
2

m=0,,.,Npg —1

For the case of CDMType equal to CDM$8 and the number of CSI-RS antenna ports equal to 24, the aggregated CSI-RS
configurations from Table 6.10.5.2-1 for normal cyclic prefix are restricted to {1,2,3} in that order. Resource elements

for CDMS patterns are determined as follows:

- Aggregating resource element quadruplet (k,/) satisfying g =0 from CSI-RS configuration 1 with resource

element quadruplet (k,/) satisfying ¢ =0 from CSI-RS configuration 2

- Aggregating resource element quadruplet (k,/) satisfying ¢ =0 from CSI-RS configuration 3 with resource

element quadruplet (k,/) satisfying g =1 from CSI-RS configuration 1

- Aggregating resource element quadruplet (k,/) satisfying g =1 from CSI-RS configuration 2 with resource
element quadruplet (k,/) satisfying ¢ =1 from CSI-RS configuration 3

Antenna port number p =iN, CSI p' where p'e {15,16,..,15 + Nr(,i)sr{s - 1} for CSI-RS resource number

ports

ie {0,1,..., NESI —1}. The sequence w, () is given by Table 6.10.5.2-0B.

res
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Table 6.10.5.2-0B: The sequence w, (i) for CDM8 with 24 CSI-RS antenna ports.

p w,(0) w, () w,(2) w,3) w,(4) w,(5) w,(6) w,(7)]

15, 25, 31 111111 1]
16, 26, 32

I -1 1 -1

—_
|
—_
—_
|
—_

19, 29, 35 11 -1 -1

reerel
—_
|
—
|
—

20, 30, 36

reral
|
—
|
—_
—
—
|
—_
|
—_
—_

17,23, 33

18, 24, 34

s
|
—_
—
|
—_
|
—_
—_
|
—_
—

21,27,37

el
—_
|
—_
|
—_
|
—_
|
—
—
—_

22,28, 38

=l
—_
—_
—_
|
—_
|
—_
|
—_
|
—_
el Flai Mol Mol ol Mol Mo

e}
|
—
|
—_
—_
|
—_
—_
—_
|
—_

Multiple CSI reference signal configurations can be used in a given cell. A UE can be configured with multiple sets of
CSI reference signals,

- one or more configurations for CSI reporting for which the UE shall assume non-zero transmission power for the
CSI-RS, and

- zero or more configurations for which the UE shall assume zero transmission power, and

- zero or more configurations valid across the system downlink bandwidth as part of the discovery signals for
which the UE shall assume non-zero transmission power for the CSI-RS.

The CSI-RS configurations for which the UE shall assume non-zero transmission power are provided by higher layers.

The CSI-RS configurations for which the UE shall assume zero transmission power in a subframe are given by a bitmap
derived according to clause 7.2.7 in 3GPP TS 36.213 [4]. For each bit set to one in the 16-bit bitmap, the UE shall
assume zero transmission power for the resource elements corresponding to the four CSI reference signal column in
Tables 6.10.5.2-1 and 6.10.5.2-2 for normal and extended cyclic prefix, respectively, except for resource elements that
overlap with those for which the UE shall assume non-zero transmission power CSI-RS as configured by higher layers.
The most significant bit corresponds to the lowest CSI reference signal configuration index and subsequent bits in the
bitmap correspond to configurations with indices in increasing order.

CSI reference signals not corresponding to higher layer configured parameters csi-RS-ConfigNZP-ApList or csi-RS-
ConfigZP-Ap can only occur in

- downlink slots where n; mod2 fulfils the condition in Tables 6.10.5.2-1 and 6.10.5.2-2 for normal and extended
cyclic prefix, respectively, and

- where the subframe number fulfils the conditions in clause 6.10.5.3.

CSI reference signals corresponding to either higher layer configured parameter csi-RS-ConfigNZP-ApList or csi-RS-
ConfigZP-Ap can only occur in

- downlink slots where n, mod2 fulfils the condition in Tables 6.10.5.2-1 and 6.10.5.2-2 for normal and extended
cyclic prefix, respectively.

The UE shall assume that CSI reference signals are not transmitted

- in the DWPTS for special subframe configuration 0, 5, 9 and 10 for normal cyclic prefix and special subframe
configuration 0, 4 and 7 for extended cyclic prefix, in case of frame structure type 2,

- in the DWPTS for normal CP for the case of CDMType equal to CDMS and the number of CSI-RS antenna ports
equal to 24,
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- in subframes where PDSCH/EPDCCH transmission starts in the second slot of a subframe for frame structure
type 3,

- in subframes where PDSCH/EPDCCH transmission ends prior to the end of a subframe for frame structure type
3,

- in an empty subframe where there is no PDSCH or discovery signal transmission for frame structure type 3,
- in subframes where transmission of a CSI-RS would collide with SystemInformationBlockTypel messages,

- in the primary cell in subframes configured for transmission of paging messages in the primary cell for any UE
with the cell-specific paging configuration.

For special subframe configuration {1, 2, 6, or 7}, a UE does not expect to be configured with one of CSI-RS
configurations {1,2,3,4,6,7,8,9,12, 13, 14, 15, 16, 17} in DWPTS for normal CP.

The UE shall assume that none of the CSI reference signals corresponding to a CSI reference signal configuration are
transmitted in subframes where transmission of any of those CSI reference signals would collide with transmission of
synchronization signals or the core part of PBCH.

Resource elements (k, / ) used for transmission of CSI reference signals on any of the antenna ports in the set S, where
s={15}, s={1516}, S ={17,18}, S ={19,20}, § ={21,22}, §=1{23,24}, S ={25,26}, S ={27,28}, S ={29,30},
S ={31,32}, S={3334}, § ={3536}, S ={37,38}, S ={39,40}, S ={41,42}, S ={43,44} or S ={45,46} shall not

be used for transmission of PDSCH on any antenna port in the same slot if higher layer parameter CDMType is not
configured, or is configured to CDM2.

Resource elements (k, / ) used for transmission of CSI reference signals on any of the antenna ports in the set S, where
- §={1516,17,18}, § =1{19,20,21,22} or § ={23,24,25,26} for CSI reference signals on 12 ports, or
- §={1516,19,20}, S =1{17,18,21,22}, § ={23,24,27,28} or S ={25,26,29,30} for CSI reference signals on 16
ports, or

- §={1516,17,18}, § ={19,20,21,22}, § = {23,24,25,26{, S ={27,28,29,30} or § = {31,32,33,34} for CSI
reference signals on 20 ports, or

- §={1516,19.20}, § ={17,18,21,22}, S = {23,24,27,28}, S = {25,26,29,30}, S ={31,32,35,36} or
S =1{33,34,37,38} for CSI reference signals on 24 ports, or

- §={1516,17,18}, § ={19,20,21,22}, § = {23,24,25,26}, S ={27,28,29,30}, S = {31,32,33,34}, S ={35,36,37,38}
or §= {39,40,41,42} for CSI reference signals on 28 ports, or

§=1{1516,19,20}, § ={17,18,21,22}, § = {23,24,27,28}, § = {25,26,29,30}, S = {31,32,35,36},
S =1{33,34,37,38}, § ={39,40,43,44} or § = {41,42,45,46} for CSI reference signals on 32 ports

shall not be used for transmission of PDSCH on any antenna port in the same slot if higher layer parameter CDMType is
configured to CDMH4.

Resource elements (k, / ) used for transmission of CSI reference signals on any of the antenna ports in the set S, where
- §={1516,19,20,23,24,27,28}, § = {17,18,21,22,31,32,35,36} or S = {25,26,29,30,33,34,37,38} for CSI reference
signals on 24 ports, or
- §=1{1516,23,2431,32,39,40}, S = {17,18,25,26,33,34,41,42}, S = {19,20,27,28,35,36,43,44} or
S ={21,22,29,30,37,38,45,46} for CSI reference signals on 32 ports

shall not be used for transmission of PDSCH on any antenna port in the same slot if higher layer parameter CDMType is
configured to CDMS.

The mapping for CSI reference signal configuration 0 is illustrated in Figures 6.10.5.2-1 and 6.10.5.2-2.
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Table 6.10.5.2-1: Mapping from CSI reference signal configuration to (k',/') for normal cyclic prefix

CSI-RS Number of CSl reference signals configured
config. 1o0r2 4 8
Normal Special Normal Special Normal Special
subframe subframe subframe subframe subframe subframe
(k1) | | ) | oag | k) | e | RSE) | omg | RLE) | g | (K)o
0 (9,5) 0 (9,5) 0 (9,5) 0 (9,5) 0 (9,5) 0 (9,5) 0
1 (11,2) 1 (11,5) 0 (11,2) 1 (11,5) 0 (11,2) 1 (11,5) 0
2 (9,2) 1 (9,2) 1 (9,2) 1 (9,2) 1 (9,2) 1 (9,2) 1
3 (7,2) 1 (7,5) 0 (7,2) 1 (7,5) 0 (7,2) 1 (7,5) 0
4 (9,5) 1 (9,5) 1 (9,5) 1
5 (8,5) 0 (8,5) 0 (8,5) 0 (8,5) 0
6 (10,2) 1 (10,5) 0 (10,2) 1 (10,5) 0
7 (8,2) 1 (8,2) 1 (8,2) 1 (8,2) 1
8 (6,2) 1 (6,5) 0 (6,2) 1 (6,5) 0
9 (8,5) 1 (8,5) 1
10 (3,5) 0 (3,5) 0
11 (2,5) 0 (2,5) 0
12 (5,2) 1 (5,5) 0
13 4,2) 1 (4,5) 0
14 (3,2) 1 (3,2) 1
15 (2,2) 1 (2,2) 1
16 (1,2) 1 (1,5) 0
17 (0,2) 1 (0,5) 0
18 (3,5 1
19 (2,5) 1
20 (11,1) 1 (11,1) 1 (11,1) 1
21 9,1) 1 9,1) 1 (9,1) 1
22 (7,1) 1 (7,1) 1 (7,1) 1
23 (10,1) 1 (10,1) 1
24 (8,1) 1 (8,1) 1
25 (6,1) 1 (6,1) 1
26 (5,1) 1
27 4,1 1
28 (3,1) 1
29 2,1) 1
30 1,1 1
31 0,1) 1
Note: n; = n, mod 2 . Configurations 0 — 19 for normal subframes are available for frame structure types 1, 2

and 3. Configurations 20 — 31 and configurations for special subframes are available for frame structure
type 2 only.
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Table 6.10.5.2-2: Mapping from CSI reference signal configuration to (4',/") for extended cyclic prefix.

CSI-RS Number of CSI reference signals configured
config. 1o0r2 4 8
Normal Special Normal Special Normal Special
subframe subframe subframe subframe Subframe subframe
(k,0) | mg| (k0) | oag | (RSE) | mg | R0) | g | (RLE) || (kL) | g
0 (114 | 0| (114 0 (11,4) 0Ol (M40 (11,4) 0 (11,4) 0
1 94) |0 (9,4) 0 (9,4) 0] 94 |0 (9,4) 0 (9,4) 0
2 (10,4) | 1 (10,4) 1 (10,4) 1
3 (9,4) 1 (9,4) 1 (9,4) 1
4 54) | 0 (5,4) 0 (5,4) 0| B4 | 0
5 B4) |0] 34 [0 34 | 0] (B4 |0
6 (4,4 1 4,4) 1
7 (3,4) 1 (3,4) 1
8 84) | 0 (8,4) 0
9 64) | 0 (6,4) 0
10 24) | 0 (2,4) 0
11 04 | O 0,4) 0
12 (7,4) 1
13 (6,4) 1
14 (1,4) 1
15 0,4) 1
16 (11,1 [ 1 (11,1) 1 (11,1) 11011 [ 1 (11,1) 1 (11,1) 1
17 (10,1 | 1 (10,1) 1 (10,1) 110101 [ 1 (10,1) 1 (10,1) 1
18 9,1) 1 9,1) 1 9,1) 1 (9,1) 1 9,1) 1 (9,1) 1
19 (5,1) 1 (5,1) 1 (5,1) 1 (5,1) 1
20 4,1 1 4,1 1 4,1 1 (4,1) 1
21 (3,1) 1 (3,1) 1 (3,1) 1 (3,1) 1
22 (8,1) 1 (8,1) 1
23 (7,1) 1 (7,1) 1
24 (6,1) 1 (6,1) 1
25 2,1) 1 2,1) 1
26 1,1 1 1,1 1
27 0,1) 1 0,1) 1
Note: n; = n, mod 2 . Configurations 0 — 15 for normal subframes are available for both frame structure type 1

and type 2. Configurations 16 — 27 and configurations for special subframes are available for frame
structure type 2 only.

Ris| Ry RiglRig|
Ri9|Ry7] RigRig
1=0 I1=61=0 1=6 1=0 1=61=0 =6 1=0 1=61=0 1=6 =0 1=61=0 =6
R R, [RaglR:
Ry Ry | Ry |Ry)
1=0 | I=61=0 | 1=6 1=0 | 1=61=0 | =6 1=0 | 1=61=0 | =6 =0 | 1=61=0 | =6
even-numbered odd-numbered even-numbered odd-numbered even-numbered odd-numbered even-numbered odd-numbered
lot: lot lot: lot: lot: lots 1ot slots.

Figure 6.10.5.2-1: Mapping of CSl reference signals (CSI configuration 0, normal cyclic prefix)
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R Rl R

Rig| Ry |Rao| Roo)

RaRyf Roo|Roo|

=0 1=51=0 =5 1=0 1=51=0 =5 1=0 1=51=0 1=5 1=0 1=51=0 =5

cven-numbered slots odd-numbered slots cven-numbered slots odd-numbered slots cven-numbered slots odd-numbered slots cven-numbered slots odd-numbered slots

Figure 6.10.5.2-2: Mapping of CSI reference signals (CSI configuration 0, extended cyclic prefix)

6.10.5.3 CSI reference signal subframe configuration

The subframe configuration period 7-g; rg and the subframe offset Ag;_rg for the occurence of CSI reference signals
are listed in Table 6.10.5.3-1. The parameter /-q;_rg can be configured separately for CSI reference signals for which

the UE shall assume non-zero and zero transmission power. Subframes containing CSI reference signals that do not
correspond to either higher layer configured parameter csi-RS-ConfigNZP-ApList or csi-RS-ConfigZP-Ap shall satisfy

(IOnf + |_”s /2J_ Acsi-rs )mod Tesirs =0

Table 6.10.5.3-1: CSI reference signal subframe configuration

CSI-RS-SubframeConfig /cg_gs CSI-RS periodicity 7 rs | CSI-RS subframe offset A g rg
(subframes) (subframes)
0-4 o Tesirs
5-14 10 Tesirs =3
15-34 20 Tegi_rs —15
35-74 40 Icgirs =35
75154 80 Icsirs — 75

6.11  Synchronization signals

There are 504 unique physical-layer cell identities. The physical-layer cell identities are grouped into 168 unique
physical-layer cell-identity groups, each group containing three unique identities. The grouping is such that each
physical-layer cell identity is part of one and only one physical-layer cell-identity group. A physical-layer cell identity

N f,g“ =3N 1(113) + N 1(12)) is thus uniquely defined by a number N ](113) in the range of 0 to 167, representing the physical-layer
cell-identity group, and a number N 1(123) in the range of 0 to 2, representing the physical-layer identity within the

physical-layer cell-identity group.
6.11.1 Primary synchronization signal (PSS)

6.11.1.1 Sequence generation

The sequence d(n) used for the primary synchronization signal is generated from a frequency-domain Zadoff-Chu

sequence according to
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_jmm(n+l)
e 63 n=0,l,..30
d,(n)= _ e )(+2)
e 63 n=3132,..,61

where the Zadoff-Chu root sequence index u is given by Table 6.11.1.1-1.

Table 6.11.1.1-1: Root indices for the primary synchronization signal

N® Root index u

0 25

1 29

2 34
6.11.1.2 Mapping to resource elements

The mapping of the sequence to resource elements depends on the frame structure. The UE shall not assume that the
primary synchronization signal is transmitted on the same antenna port as any of the downlink reference signals. The
UE shall not assume that any transmission instance of the primary synchronization signal is transmitted on the same

antenna port, or ports, used for any other transmission instance of the primary synchronization signal.

The sequence d (n) shall be mapped to the resource elements according to
agy =d(n), n=0,..,61

k=n-31+ M
For frame structure type 1, the primary synchronization signal shall be mapped to the last OFDM symbol in slots 0 and

10.

For frame structure type 2, the primary synchronization signal shall be mapped to the third OFDM symbol in subframes
1 and 6. Resource elements (k,/) in the OFDM symbols used for transmission of the primary synchronization signal

where
DL »/RB
k=n—31+ NrENse
n=-5,-4,..-1,62,63,..66

are reserved and not used for transmission of the primary synchronization signal.

For frame structure type 3, the primary synchronization signal shall be mapped according to frame structure type 1 with
the following exceptions:

- the primary synchronization signal shall be transmitted only if the corresponding subframe is non-empty and at
least 12 OFDM symbols are transmitted,

- aprimary synchronization signal being part of a discovery signal shall be transmitted in the last OFDM symbol
of the first slot of a discovery signal occasion.

For an MBMS-dedicated cell, the primary synchronization signal shall be mapped according to frame structure type 1
with following exception:

- the primary synchronization signal shall be transmitted in slot 0 in subframes fulfilling #; mod4 =0 only,
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6.11.2 Secondary synchronization signal (SSS)

6.11.2.1 Sequence generation

The sequence d(0),...,d(61) used for the second synchronization signal is an interleaved concatenation of two length-31

binary sequences. The concatenated sequence is scrambled with a scrambling sequence given by the primary
synchronization signal.

The combination of two length-31 sequences defining the secondary synchronization signal differs between subframes
according to

" (m)cy(n) in subframes0,1,2,3,4
Sl(ml)(n)co (n) in subframes 5, 6,7, 8,9
s (n)e;(n)z{"™ (n) ~in subframes0,1,2,3,4
S(()mu) (n)e, (n)zl(’"l)(n) in subframes 5, 6, 7,8, 9

d(2n) ={

d(2n+l):{

where 0<7n<30. The indices m, and m, are derived from the physical-layer cell-identity group N, 1(11)) according to

my =m'mod31
my = (mg +| m'/31]+1)mod31

, NY +q'(q'+D/2 |
m'=Nig +q(g+1)/2, q{ = 2| ¢ =V 30

30

where the output of the above expression is listed in Table 6.11.2.1-1.

The two sequences s(()m(’) (n) and sl('”‘)(n) are defined as two different cyclic shifts of the m-sequence 5(n) according
to

58" (n) =5 ((n +my)mod31)

s (n) = 5((n+m,)mod31)
where 5 (i) =1-2x(i), 0<i <30, is defined by
x(i +5) = (x( +2)+x()))mod2,  0<i<25

with initial conditions x(0) =0, x(1)=0, x(2)=0, x(3)=0, x(4)=1.

The two scrambling sequences ¢, (n) and c,(n) depend on the primary synchronization signal and are defined by two

different cyclic shifts of the m-sequence c¢(n) according to

co(n) =¢((n+N{F)mod31)
¢ (n)=2((n+ N +3)mod31)

where N 1(1%) € {0,1,2} is the physical-layer identity within the physical-layer cell identity group N 1(11)) and
c()=1-2x(i), 0<i <30, is defined by

x(i +5) = (x(@ +3)+x())mod2,  0<i<25

with initial conditions x(0)=0, x(1)=0, x(2)=0, x(3)=0, x(4)=1.
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where m, and m, are obtained from Table 6.11.2.1-1 and Z(i) =1-2x(i), 0<i <30, is defined by

with initial conditions x(0) =0,

x(i +5) = (x(F +4) + x(i +2)+x(7 +1)+ x(i))mod 2,

x(1)=0,

x(2)=0,

x(3)=0,

x(4)=1.

0<i<25

(n) and zl('"‘) (n) are defined by a cyclic shift of the m-sequence Z(n) according to

Table 6.11.2.1-1: Mapping between physical-layer cell-identity group N\ and the indices m, and m,

N my | m N m m N m m N my | m N m m
0 0 1 34 4 6 68 9 12 102 15 | 19 136 | 22 | 27
1 1 2 35 5 7 69 10 | 13 | 103 16 | 20 137 | 23 | 28
2 2 3 36 6 8 70 11 14 | 104 17 | 21 138 | 24 | 29
3 3 4 37 7 9 71 12 | 15 | 105 18 | 22 139 | 25 | 30
4 4 5 38 8 10 72 13 | 16 | 106 19 | 23 140 0 6
5 5 6 39 9 11 73 14 [ 17 | 107 | 20 | 24 141 1 7
6 6 7 40 10 | 12 74 15 | 18 | 108 | 21 | 25 142 2 8
7 7 8 41 11 13 75 16 | 19 | 109 | 22 | 26 143 3 9
8 8 9 42 12 | 14 76 17 | 20 | 110 [ 23 | 27 144 4 10
9 9 10 43 13 | 15 77 18 | 21 111 24 | 28 145 5 11
10 10 | 11 44 14 | 16 78 19 | 22 112 | 25 | 29 146 6 12
11 11 12 45 15 | 17 79 20 | 23 | 113 | 26 | 30 147 7 13
12 12 | 13 46 16 | 18 80 21 | 24 | 114 0 5 148 8 14
13 13 | 14 47 17 | 19 81 22 | 25 | 115 1 6 149 9 15
14 14 | 15 48 18 | 20 82 23 | 26 | 116 2 7 150 10 | 16
15 15 | 16 49 19 | 21 83 24 | 27 | 117 3 8 151 11 17
16 16 | 17 50 20 [ 22 84 25 | 28 | 118 4 9 152 12 | 18
17 17 | 18 51 21 | 23 85 26 | 29 | 119 5 10 153 13 | 19
18 18 | 19 52 22 | 24 86 27 | 30 | 120 6 11 154 14 | 20
19 19 | 20 53 23 | 25 87 0 4 121 7 12 155 15 | 21
20 20 | 21 54 24 | 26 88 1 5 122 8 13 156 16 | 22
21 21 | 22 55 25 | 27 89 2 6 123 9 14 157 17 | 23
22 22 | 23 56 26 | 28 90 3 7 124 10 | 15 158 18 | 24
23 23 | 24 57 27 | 29 91 4 8 125 11 16 159 19 | 25
24 24 | 25 58 28 | 30 92 5 9 126 12 | 17 160 | 20 | 26
25 25 | 26 59 0 3 93 6 10 | 127 13 | 18 161 21 | 27
26 26 | 27 60 1 4 94 7 11 128 14 | 19 162 22 | 28
27 27 | 28 61 2 5 95 8 12 129 15 | 20 163 | 23 | 29
28 28 | 29 62 3 6 96 9 13 | 130 16 | 21 164 | 24 | 30
29 29 | 30 63 4 7 97 10 [ 14 | 131 17 | 22 165 0 7
30 0 2 64 5 8 98 11 15 | 132 18 | 23 166 1 8
31 1 3 65 6 9 99 12 | 16 | 133 19 | 24 167 2 9
32 2 4 66 7 10 | 100 13 | 17 | 134 [ 20 | 25 - - -
33 3 5 67 8 11 101 14 | 18 | 135 | 21 | 26 - - -

6.11.2.2 Mapping to resource elements

The mapping of the sequence to resource elements depends on the frame structure. In a subframe for frame structure
type 1 and 3 and in a half-frame for frame structure type 2, the same antenna port as for the primary synchronization
signal shall be used for the secondary synchronization signal.

The sequence d (n) shall be mapped to resource elements according to
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ay, =d(n), n=0,..61

/DL \/RB
k=n-31+—RB—_
N, S];ﬁlb —2 inslotsOand10 for frame structure type 1 except for an MBMS - dedicated cell
Ng;b -1 inslotsland11 for frame structure type 2
N, S];;b —2 inslots where the PSS is transmitted for frame structure type 3
stﬁlb —2 inslots where the PSS is transmitted for an MBMS - dedicated cell

Resource elements (k,/) where

DL \RB
k=n-31+—RB_sc_
N, s?/rl;lb —2 inslotsO0and 10 for frame structure type 1 except for an MBMS - dedicated cell
N, Sab -1 inslotsland11 for frame structure type 2
N, Sl;anb —2 inslots where the PSS is transmitted  for frame structure type 3
N, s];[%b —2 inslots where the PSSis transmitted  for an MBMS - dedicated cell

n=-54,..,-1,62,63,..66

are reserved and not used for transmission of the secondary synchronization signal.

6.11A Discovery signal

A discovery signal occasion for a cell consists of a period with a duration of
- one to five consecutive subframes for frame structure type 1
- two to five consecutive subframes for frame structure type 2
- 12 OFDM symbols within one non-empty subframe for frame structure type 3
where the UE in the downlink subframes may assume presence of a discovery signal consisting of

- cell-specific reference signals on antenna port 0 in all downlink subframes and in DwPTS of all special
subframes in the period for frame structure type 1 and 2

- cell specific reference signals on antenna port 0 when higher layer parameters indicate only one configured
antenna port for cell specific reference signals for a serving cell using frame structure type 3

- cell specific reference signals on antenna port 0 and antenna port 1 when higher layer parameters indicate at least
two configured antenna ports for cell specific reference signals for a serving cell using frame structure type 3

cell specific reference signals on antenna port 0 and antenna port 1 when higher layer configured parameter
presenceAntennaPortl is signalled to be 1, for a neighbour cell when using frame structure type 3

primary synchronization signal in the first subframe of the period for frame structure types 1 and 3 or the second
subframe of the period for frame structure type 2,

secondary synchronization signal in the first subframe of the period, and

- non-zero-power CSI reference signals in zero or more subframes in the period. The configuration of non-zero-
power CSI reference signals part of the discovery signal is obtained as described in clause 6.10.5.2

For frame structures 1 and 2 the UE may assume a discovery signal occasion once every dmtc-Periodicity.

For frame structure type 3, the UE may assume a discovery signal occasion may occur in any subframe within the
discovery signals measurement timing configuration in clause 5.5.2.10 of [9].

For frame structure type 3, simultaneous transmission of a discovery signal and PDSCH/PDCCH/EPDCCH may occur
in subframes 0 and 5 only.
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For frame structure type 3, the UE may assume that a discovery signal occasion occurs in the first subframe containing
a primary synchronization signal, secondary synchronization signal and cell-specific reference signals within the
discovery measurement timing configuration in clause 5.5.2.10 of [9].

6.12 OFDM baseband signal generation

The time-continuous signal sl(” )(t) on antenna port p in OFDM symbol / in a downlink slot is defined by

[vps o 2]
2 ./zfzkA./'(t—Ncp,,Ts)_i_ z a(p) _ejZHkA_f'(t—Nc},’,Ts)
J k(*)’l k(‘r)’l

—1
§70)-

k=|NBENER 12 =

for 0<t< (Ncp,, + N)x T, where kO =k + \_N%NSEB /2J and k™ =k + \_N%N;B/ZJ—I . The variable N equals

2048 for Af =15kHz subcarrier spacing, 4096 for Af =7.5kHz subcarrier spacing, and 24576 for Af =1.25kHz

subcarrier spacing.

The OFDM symbols in a slot shall be transmitted in increasing order of /, starting with / =0, where OFDM symbol
I—

[ > O starts at time Zz'—lo (Ncp + N)T; within the slot. In case the first OFDM symbol(s) in a slot use normal cyclic

prefix and the remaining OFDM symbols use extended cyclic prefix, the starting position the OFDM symbols with
extended cyclic prefix shall be identical to those in a slot where all OFDM symbols use extended cyclic prefix. Thus
there will be a part of the time slot between the two cyclic prefix regions where the transmitted signal is not specified.
For Af =1.25kHz, there is one OFDM symbol per slot and one slot per subframe.

Table 6.12-1 lists the value of N(p, that shall be used. Note that different OFDM symbols within a slot in some cases
have different cyclic prefix lengths.

In case NB-IoT is supported, the OFDM baseband signal generation is defined in subclause 10.2.8.

Table 6.12-1: OFDM parameters

Configuration Cyclic prefix length Np
160 for /=0

144 for [=1,2,...,6

Af =15kHz 512 for /=0,1,...,5
Extended cyclic prefix | Af =7.5kHz 1024 for /=0,1,2

Af =125kHz | 6144 for /=0

Normal cyclic prefix Af =15kHz

6.13  Modulation and upconversion

Modulation and upconversion to the carrier frequency of the complex-valued OFDM baseband signal for each antenna
port is shown in Figure 6.13-1. The filtering required prior to transmission is defined by the requirements in
3GPP TS 36.104 [6].
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/

7.1

Generic functions

Modulation mapper

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

In case of BPSK modulation, a single bit, b(i) , is mapped to a complex-valued modulation symbol x=/+jQ according to

output.

7.1.1 BPSK
Table 7.1.1-1.

7.1.2 QPSK

Table 7.1.1-1: BPSK modulation mapping

b(i) I Q
o | /2 | 142
1| —1/\2 | -1/\2

In case of QPSK modulation, pairs of bits, b(i),b(i +1) , are mapped to complex-valued modulation symbols x
according to Table 7.1.2-1 where x =7+ jQO unless “MUST interference presence and power ratio (MUSTIdx)” is

signalled in the associated DCI and is not ‘00" in which case x = e/%"¢(I —d )+ e/ "*?7 (0 —d) where ¢ and d are
determined from MUSTIdx using Table 7.1.2-2, and each ¢,,¢, € {0,1} is selected by eNB independently of

b(i),b(i +1).

7.1.3

16QAM

b)bG+1) | Q
00 N2 | /2
01 /N2 | -1/\2
10 ~1N2 | 12
11 —1/N2 | -1/\2

MUSTIdx c d
01 Vi/s V2
10 2\ | 5/2)
11 | 71578 | 23/0042)

Table 7.1.2-1: QPSK modulation mapping

Table 7.1.2-2: Values for ¢ and d for QPSK

In case of 16QAM modulation, quadruplets of bits, b(i),b(i +1),b(i +2),b(i + 3) , are mapped to complex-valued
modulation symbols x according to Table 7.1.3-1 where x =7+ jQ unless “MUST interference presence and power

3GPP
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ratio (MUSTIdx)” is signalled in the associated DCI and is not ‘00’ in which case x = /%" ¢(I —d)+ e/ 4 ' D7c(Q - d)
where ¢ and d are determined from MUSTIdx using Table 7.1.3-2, and each ¢, ¢, < {0,1} is selected by eNB
independently of b(i),b(i +1),b(i +2),b(i +3) .

7.1.4

Table 7.1.3-1: 16QAM modulation mapping

b(i),b(i +1),b(i +2),b(i +3) I Q
0000 1/vio | 1/410
0001 /410 | 3/410
0010 3410 | 1/410
0011 3/¥10 | 3/410
0100 /410 | -1/410
0101 1/410 | -3/J10
0110 3/d10 | -1/410
0111 3410 | —3/410
1000 _1/\@ 1/\@
1001 —1/410 | 3/410
1010 _3/\@ 1/\@
1011 ~3/410 | 3/410
1100 _1/\@ _1/\@
1101 —1/410 | =3/410
1110 ~3/410 | —1/+10
1111 ~3/410 | -3/410

Table 7.1.3-2: Values for ¢ and d for 16QAM

MUSTIdx ¢ d
01 Js21 232/5
10 | 3457334 | 17/6410)
11 J5/69 4M2/5

In case of 64QAM modulation, hextuplets of bits, b(7),b(i +1),b( + 2),b(i +3),b(i +4),b(i +5) , are mapped to complex-
valued modulation symbols x according to Table 7.1.4-1 where x =17+ jQO unless “MUST interference presence and

power ratio (MUSTIdx)” is signalled in the associated DCI and is not ‘00’ in which case

x=eMe(I - d)+ ej(¢‘+l/2)”c(Q— d) where ¢ and d are determined from MUSTIdx using Table 7.1.4-2, and each

o, ¢, € {0,1} is selected by eNB independently of b(i),b(i +1),b(i +2),b(i +3),b(i +4),b(i +5) .
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Table 7.1.4-1: 64QAM modulation mapping

(1), b(i +1),b(i + 2),b(i +3),b(i + 4),b(i + 5) / Q (1), b(i +1),b(i + 2),b(i + 3),b(i + 4),b(i + 5) I Q
000000 342 | 3N 100000 ~3/J42 | 3[4
000001 342 | 142 100001 —3/Va2 | 1N4a
000010 1/Va2 | 3/J4a2 100010 —1/Ja2 | 3/Ja2
000011 1/V42 | 142 100011 ~1/Va2 | 1V
000100 3/Va2 | s/\42 100100 ~3/Ja2 | 5/\42
000101 Y42 | 7/ 100101 —3/Va2 | 7/
000110 1/N42 | 5/Va2 100110 ~1/V82 | 5/Va
000111 1/Na2 | 7/ 100111 ~1/Va2 | 7/\42
001000 s/N42 | 3/N42 101000 ~s5/\a2 | 3/da2
001001 s/N42 | 1/V42 101001 ~s/Na2 | 1/Va
001010 742 | 3/Va 101010 ~7Na2 | 3N
001011 742 | 142 101011 ~7/N42 | /W42
001100 s/Na2 | 5/Va2 101100 —5/\a2 | 5/Va2
001101 s/Na2 | 7/\42 101101 ~s5/\a2 | /a2
001110 742 | 5/\42 101110 —7/\42 | 5/a2
001111 7/N42 | 1/V42 101111 ~7/42 | 7/Va2
010000 3/Va2 | -3/\42 110000 —3/Ja2 | -3/\a2
010001 N2 | -1/Va2 110001 T VNI
010010 1/V42 | -3/Va2 110010 ~1/V82 | —3/Ja
010011 1/¥42 | -1/Ja2 110011 ~1/Va2 | —1/Ja2
010100 342 | -5/ 110100 ~3/42 | —s/V42
010101 342 | -7/ 110101 —3/Va2 | —7/d42
010110 /42 | —5/Va2 110110 —1/V42 | -5/V42
010111 1/V42 | -7/Ja2 110111 —1/Va2 | —7/a2
011000 s/N42 | -3/Va2 111000 ~5/\a2 | -3/Va2
011001 s/N42 | -1/V4a2 111001 ~5/\a2 | —1/Va2
011010 7/42 | -3/Jaz 111010 ~7/42 | -3/
011011 7/42 | —1/J42 111011 ~7/N42 | -1/Na2
011100 s/N42 | —5/\a2 111100 —5/V42 | —5/Va2
011101 s/N42 | —7/\%2 111101 ~s5/\a2 | —7/d42
011110 7/V82 | -5/Va2 111110 ~7/V42 | -5/Va2
011111 7/\42 | -7/\42 111111 ~7/\42 | —7/42
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Table 7.1.4-2: Values for ¢ and d for 64QAM

MUSTIdx c d
01 21/85 | 44221
10 7/34 | 3314
11 7/55 | 24/6/7

7.1.5  256QAM

In case of 256QAM modulation, octuplets of bits, b(i),b(i +1),b( +2),b(i +3),b(i +4),b(i+5),b(i +6),b(i+7) , are
mapped to complex-valued modulation symbols x = (1 + jQ)/ /170 according to Table 7.1.5-1.
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Table 7.1.5-1: 256QAM modulation mapping

b(@)esb(i+7) | | | Q | b@hsbG+7) | I | Q | 6o+ | 1 | Q| bGubi+) [ I | Q
00000000 5|5 01000000 5 | -5 10000000 515 11000000 5 1 -5
00000001 | 5 | 7 | 01000001 | 5 | -7 | 10000001 | -5 | 7 | 11000001 | -5 | -7
00000010 | 7 | 5 | 01000010 | 7 | -5 | 10000010 | -7 | 5 | 11000010 | -7 | -5
00000011 717 01000011 7| -7 10000011 717 11000011 -7 | -7
00000100 | 5 | 3 | 01000100 | 5 | -3 | 10000100 | -5 | 3 | 11000100 | -5 | -3
00000101 | 5 | 1 | 01000101 | 5 | -1 | 10000101 | -5 | 1 | 11000101 | -5 | -1
00000110 | 7 | 3 | 01000110 | 7 | -3 | 10000110 | -7 | 3 | 11000110 | -7 | -3
00000111 7 1 01000111 7 11 10000111 -7 1 11000111 711
00001000 | 3 | 5 | 01001000 | 3 | -5 | 10001000 | -3 | 5 | 11001000 | -3 | -5
00001001 | 3 | 7 | 01001001 | 3 | -7 | 10001001 | -3 | 7 | 11001001 | -3 | -7
00001010 | 1 | 5 | 01001010 | 1 | -5 | 10001010 | -1 | 5 | 11001010 | -1 | -5
00001011 | 1 | 7 | 01001011 | 1 | -7 | 10001011 | -1 | 7 | 11001011 | -1 | -7
00001100 | 3 | 3 | 01001100 | 3 | -3 | 10001100 | -3 | 3 | 11001100 | -3 | -3
00001101 3 1 01001101 3 | 1 10001101 -3 1 11001101 3 1
00001110 | 1 | 3 | 01001110 | 1 | -3 | 10001110 | -1 | 3 | 11001110 | -1 | -3
00001111 | 1 | 1 | 01001111 | 1 | -1 | 10001111 | -1 | 1 | 11001111 | -1 | 1
00010000 | 5 | 11 | 01010000 | 5 | -11 | 10010000 | -5 | 11 | 11010000 | -5 | -11
00010001 | 5 | 9 | 01010001 | 5 | -9 | 10010001 | -5 | 9 | 11010001 | -5 | -9
00010010 7 |11 ] 01010010 7 | -11 | 10010010 -7 |11 ] 11010010 -7 | -1
00010011 | 7 | 9 | 01010011 | 7 | -9 | 10010011 | -7 | 9 | 11010011 | -7 | -9
00010100 | 5 | 13 | 01010100 | 5 | -13 | 10010100 | -5 | 13 | 11010100 | -5 | -13
00010101 | 5 | 15| 01010101 | 5 | -15| 10010101 | -5 | 15| 11010101 | -5 | -15
00010110 7 | 13| 01010110 7 | -13 | 10010110 -7 |13 | 11010110 -7 | -13
00010111 7 | 15| 01010111 7 | -15 ] 10010111 -7 115 ] 11010111 -7 | -15
00011000 | 3 | 11| 01011000 | 3 | -11 | 10011000 | -3 | 11 | 11011000 | -3 | -11
00011001 | 3 | 9 | 01011001 | 3 | -9 | 10011001 | -3 | 9 | 11011001 | -3 | -9
00011010 | 1 | 11| 01011010 | 1 | -11] 10011010 | -1 |11 | 11011010 | -1 | -11
00011011 1 9 01011011 1 -9 10011011 -1 9 11011011 -1 -9
00011100 | 3 | 13 | 01011100 | 3 | -13 | 10011100 | -3 | 13 | 11011100 | -3 | -13
00011101 | 3 | 15| 01011101 | 3 | -15| 10011101 | -3 | 15| 11011101 | -3 | -15
00011110 | 1 | 13| 01011110 | 1 | -13 | 10011110 | -1 | 13 | 11011110 | -1 | -13
00011111 1 115 | 01011111 1 [-15] 10011111 -1 115 ] 11011111 -1 1-15
00100000 | 11| 5 | 01100000 |11 | -5 | 10100000 |-11 | 5 | 11100000 | -11 | -5
00100001 |11 | 7 01100001 | 11| -7 10100001 | -11 | 7 11100001 | -11 | -7
00100010 | 9 | 5 | 01100010 | 9 | -5 | 10100010 | -9 | 5 | 11100010 | -9 | -5
00100011 | 9 | 7 | 01100011 | 9 | -7 | 10100011 | -9 | 7 | 11100011 | -9 | -7
00100100 | 11| 3 | 01100100 |11 | -3 | 10100100 |-11 | 3 | 11100100 | -11 | -3
00100101 |11 ] 1 01100101 |11 ] 1 10100101 | -11 | 1 11100101 | -11 | -1
00100110 | 9 | 3 | 01100110 | 9 | -3 | 10100110 | -9 | 3 | 11100110 | -9 | -3
00100111 | 9 | 1 | 01100111 | 9 | -1 | 10100111 | -9 | 1 | 11100111 | -9 | -1
00101000 | 13| 5 | 01101000 |13 | -5 | 10101000 |-13 | 5 | 11101000 | -13 | -5
00101001 |13 | 7 01101001 |13 | -7 10101001 | -13 | 7 11101001 | -13 | -7
00101010 | 15| 5 | 01101010 | 15| -5 | 10101010 |-15| 5 | 11101010 | -15| -5
00101011 [ 15| 7 01101011 [ 15| -7 10101011 | -15 | 7 11101011 | 15| -7
00101100 | 13| 3 | 01101100 |13 | -3 | 10101100 |-13 | 3 | 11101100 | -13 | -3
00101101 | 13| 1 | 01101101 |13 | -1 | 10101101 |[-13 | 1 | 11101101 | -13 | -1
00101110 |15 ] 3 01101110 [ 15| -3 10101110 | -15| 3 11101110 | -15 ] -3
00101111 |15 ] 1 01101111 | 15| 1 10101111 | -15 | 1 11101111 | 15| -1
00110000 | 11| 11| 01110000 |11 |-11| 10110000 | -11 | 11| 11110000 | -11 | -11
00110001 |11 ] 9 | 01110001 |11 | -9 | 10110001 | -11 | 9 | 11110001 | -11 | -9
00110010 | 9 | 11| 01110010 | 9 | -11 | 10110010 | -9 |11 | 11110010 | -9 | -11
00110011 919 01110011 91 -9 10110011 919 11110011 91 -9
00110100 | 11|13 | 01110100 |11 |-13 | 10110100 | -11 | 13 | 11110100 | -11 | -13
00110101 | 11| 15| 01110101 | 11 | -15| 10110101 | -11 | 15| 11110101 | -11 | -15
00110110 | 9 | 13| 01110110 | 9 | -13 | 10110110 | -9 | 13 | 11110110 | -9 | -13
00110111 | 9 | 15| 01110111 | 9 | -15| 10110111 | -9 | 15| 11110111 | 9 | -15
00111000 |13 | 11| 01111000 |13 |-11 | 10111000 | -13 | 11| 11111000 | -13 | -11
00111001 |13 ] 9 01111001 |13 | -9 10111001 | -13 | 9 11111001 | -13 | -9
00111010 | 15| 11| 01111010 | 15| -11 | 10111010 | -15| 11 | 11111010 | -15 | -11
00111011 | 15| 9 | 01111011 | 15| -9 | 10111011 | -15| 9 | 11111011 | 15| -9
00111100 | 13| 13| 01111100 | 13 | -13 | 10111100 | -13 | 13 | 11111100 | -13 | -13
00111101 |13 | 15| 01111101 |13 | -15| 10111101 | 13 | 15| 11111101 | -13 | -15
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00111110 | 1513 | 01111110 | 15| -13 | 10111110 | 15|13 | 11111110 | -15 | -13
00111111 [ 15| 15| 01111111 | 15| -15] 10111111 | -15 | 15| 11111111 [ -15 | -15

7.2 Pseudo-random sequence generation

Pseudo-random sequences are defined by a length-31 Gold sequence. The output sequence c(n) of length Mpy,

wheren =0,1,..., My —1, is defined by

c(n)=(x,(n+ N.)+x,(n+ N.))mod2
x(n+31) = (xl (n+3)+x, (n))m0d2
x,(n+31)= (xz(n+3)+x2(n+2)+x2(n+1)+x2(n))mod2
where N =1600 and the first m-sequence shall be initialized with x, (0) =1,x,(n) = 0,2 =1,2,...,30 . The initialization

30 ,
of the second m-sequence is denoted by c¢;,; = Z'—o x,(7)-2" with the value depending on the application of the

sequence.

8 Timing

8.1 Uplink-downlink frame timing

Transmission of the uplink radio frame number i from the UE shall start (Nyx + Ny ofret) X T seconds before the start
of the corresponding downlink radio frame at the UE, where 0 < N.., <4096 if the UE is configured with a SCG and
0< Ny, 20512 otherwise. For frame structure type 1 Ny ogrer =0 and for frame structure type 2 Ny oprer = 624

unless stated otherwise in [4]. Note that not all slots in a radio frame may be transmitted. One example hereof is TDD,
where only a subset of the slots in a radio frame is transmitted.

Downlink radio frame i

Uplink radio frame i

(NTA + N offset ) T seconds

Figure 8.1-1: Uplink-downlink timing relation
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9 Sidelink

9.1 Overview

A sidelink is used for ProSe direct communication and ProSe direct discovery between UEs.

9.1.1 Physical channels

A sidelink physical channel corresponds to a set of resource elements carrying information originating from higher
layers and is the interface defined between 3GPP TS 36.212 [3] and the present document 3GPP TS 36.211. The
following sidelink physical channels are defined:

- Physical Sidelink Shared Channel, PSSCH

- Physical Sidelink Control Channel, PSCCH

- Physical Sidelink Discovery Channel, PSDCH
- Physical Sidelink Broadcast Channel, PSBCH

Generation of the baseband signal representing the different physical sidelink channels is illustrated in Figrue 5.3-1.

9.1.2 Physical signals

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

- Demodulation reference signal

- Synchronization signal

9.1.3 Handling of simultaneous sidelink and uplink/downlink transmissions

For a given frequency, on an uplink subframe included in discTxGapConfig [9], a UE shall not transmit an uplink
transmission that is not a PRACH transmission and that is partly or completely overlapping in time with a PSDCH
transmission or a SLSS transmission for PSDCH by the same UE. Else, for a given carrier frequency and sidelink
transmission mode 1 or 2 or sidelink discovery, a UE shall not transmit a sidelink signal or channel overlapping partly
or completely in time with an uplink transmission from the same UE.

For a given carrier frequency, no PSDCH, PSCCH, or PSSCH transmission shall occur from a UE in a sidelink
subframe configured for synchronization purposes by the higher-layer parameters

- syncOffsetindicatorl or syncOffsetIndicator2 in [9] if the UE has no serving cell fulfilling the S criterion
according to [10, clause 5.2.3.2], or

- syncOlffsetIndicator in commSyncConfig or discSyncConfig which includes txParameters in [9] if the UE has a
serving cell fulfilling the S criterion according to [10, clause 5.2.3.2]. The UE may assume the same
configuration in commSyncConfig and discSyncConfig.

For a given carrier frequency, with the exception of PSSCH transmissions with transmission mode 1 and same sidelink
cyclic prefix as PUSCH, no sidelink transmissions shall occur in sidelink subframe » from a UE if uplink SRS is
transmitted from the same UE in uplink subframe 7 .

In case of a UE capable of transmission on multiple carriers, sidelink transmission may only occur on a single carrier
frequency at a given time.

A UE with limited transmission capabilities, on an uplink subframe included in discTxGapConfig [9], shall first
prioritize a PSDCH transmission or a SLSS transmission for PSDCH over an uplink transmission that is not a PRACH
transmission. Else, a UE with limited transmission capabilities shall at a given time first prioritize uplink transmissions,
followed by sidelink transmission mode 1 or 2 or sidelink discovery.
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A UE with limited transmission capabilities shall at a given time prioritize sidelink communication transmissions
(PSSS, SSSS, PSBCH, PSSCH, PSCCH) over sidelink discovery transmissions (PSDCH).

A UE with limited reception capabilities, on a downlink subframe included in discRxGapConfig [9], shall first prioritize
reception of PSDCH or reception of SLSS for PSDCH over downlink reception. Else, a UE with limited reception
capabilities shall at a given time first prioritize downlink reception over sidelink reception.

A UE with limited reception capabilities shall at a given time first prioritize sidelink communication reception, sidelink
discovery reception on carriers configured by the eNodeB, and last sidelink discovery reception on carriers not
configured by the eNodeB.

9.2 Slot structure and physical resources

Sidelink transmissions are organized into radio frames with a duration of 7}, each consisting of 20 slots of duration

Tyt - A sidelink subframe consists of two consecutive slots, starting with an even-numbered slot.

9.2.1 Resource grid

A transmitted physical channel or signal in a slot is described by a resource grid of N35NRB subcarriers and NsSyLmb SC-

FDMA symbols. The sidelink bandwidth N35 = Ny if the S criterion according to [10, clause 5.2.3.2] is fulfilled for a
serving cell having the same uplink carrier frequency as the sidelink, otherwise a preconfigured value is used [9].

The sidelink cyclic prefix is configured independently for type 1 discovery, type 2B discovery, sidelink transmission
mode 1, sidelink transmission mode 2, control signalling, and PSBCH and synchronization signals. Configuration is per

resource pool for discovery, sidelink transmission mode 2, and control signalling. The PSBCH and synchronization
signals always use the same cyclic prefix.

Only normal cyclic prefix is supported for PSSCH, PSCCH, PSBCH, and synchronization signals for a sidelink
configured with transmission mode 3 or 4.

The resource grid is illustrated in Figure 5.2.1-1.

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. There is one resource grid per
antenna port. The antenna ports used for transmission of a physical channel or signal are shown in Table 9.2.1-1.

Table 9.2.1-1: Antenna ports used for different physical channels and signals

Physical channel or signal | Antenna port number
PSSCH 1000
PSCCH 1000
PSDCH 1000
PSBCH 1010
Synchronization signals 1020

922 Resource elements

Each element in the resource grid is called a resource element and is uniquely defined by the index pair (k,l ) in a slot
where k=0,..,NggNR® 1 and 1 =0,..., Ny, —1 are the indices in the frequency and time domains, respectively.
Resource element (k,/) on antenna port p corresponds to the complex value al?) . When there is no risk for confusion,

or no particular antenna port is specified, the index p may be dropped.

Quantities a,((p,) corresponding to resource elements not used for transmission of a physical channel or a physical signal

in a slot shall be set to zero.
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9.2.3 Resource blocks
A physical resource block is defined as Nssyfnb consecutive SC-FDMA symbols in the time domain and N, 51213 consecutive

subcarriers in the frequency domain, where Nssyfnb and N SIEB are given by Table 9.2.3-1. A physical resource block in

the sidelink thus consists of N5=, x NXB resource elements, corresponding to one slot in the time domain and 180 kHz

symb X
in the frequency domain.

Table 9.2.3-1: Resource block parameters

Configuration NRB Ngjeab
Normal cyclic prefix 12 7
Extended cyclic prefix 12 6

The relation between the physical resource block number 7,y in the frequency domain and resource elements (k,/) in

|k
Nprp = @

a slot is given by

9.24 Resource pool

The subframe pools and resource block pools are defined in [4].

PSSCH _ PSSCH
ss - 2nssf

For PSSCH, the number of the current slot in the subframe pool n

PSSCH
ssf

+i, where i € {0,1} is the number of

the current slot within the current sidelink subframe n = jmod10 with ;j equal to the subscript of ZJPSSCH ,

defined in clauses 14.1.4 and 14.2.3 of [4] for sidelink transmission modes 1 and 2, respectively; and where i € {0,1} is

PSSCH
ssf

the number of the current slot within the current sidelink subframe » =kmod10 with £ equal to the subscript of

t,fL , defined in clauses 14.1.1.5 of [4] for sidelink transmission modes 3 and 4.

9.2.5 Guard period

The last SC-FDMA symbol in a sidelink subframe serves as a guard period and shall not be used for sidelink
transmission.

9.3 Physical Sidelink Shared Channel

9.3.1 Scrambling

The block of bits 5(0),...,b(My;, —1), where M, is the number of bits transmitted on the physical sidelink shared

channel in one subframe shall be scrambled according to clause 5.3.1.

PSSCH
ssf

The scrambling sequence generator shall be initialised with ¢;,;, = nl)f) 2M4n 2% +510 at the start of every

PSSCH subframe where

- for sidelink transmission modes 1 and 2, nj, = ny}y is destination identity obtained from the sidelink control
channel, and

L-1

i=0 £

equals the decimal representation of CRC on the PSCCH transmitted in the same subframe as the PSSCH.

- for sidelink transmission modes 3 and 4, nl)]() = z 21717 with p and L given by clause 5.1.1 in 3]
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932 Modulation

Modulation shall be done according to clause 5.3.2. Table 9.3.2-1 specifies the modulation mappings applicable for the
physical sidelink shared channel.

Table 9.3.2-1: PSSCH modulation schemes

Physical channel | Modulation schemes
PSSCH QPSK, 16QAM

9.3.3 Layer mapping

Layer mapping shall be done according to clause 5.3.2A assuming a single antenna port, v =1.

9.3.4 Transform precoding

Transform precoding shall be done according to clause 5.3.3 with M ,‘;‘gSC“

PSSCH
Msc

and M SPCUSCH replaced by M ]l;]s;SCH and

, respectively.

9.3.5 Precoding

Precoding shall be done according to clause 5.3.3A assuming a single antenna port, v =1.

9.3.6 Mapping to physical resources

The block of complex-valued symbols z(0),...,z(M2P

symb — 1) shall be multiplied with the amplitude scaling factor Spsscy

in order to conform to the transmit power Bggey specified in [4], and mapped in sequence starting with z(0) to
physical resource blocks on antenna port p and assigned for transmission of PSSCH. The mapping to resource
elements (k, / ) corresponding to the physical resource blocks assigned for transmission and not used for transmission of

reference signals shall be in increasing order of first the index &, then the index /, starting with the first slot in the
subframe. Resource elements in the last SC-FDMA symbol within a subframe shall be counted in the mapping process
but not transmitted.

If sidelink frequency hopping is disabled the set of physical resource blocks to be used for transmission is given by
nprp = Myrp Where nygrp is obtained from [4, clause 14.1.1.2.1].

If sidelink frequency hopping with type 1 hopping is enabled, the set of physical resource blocks to be used for
transmission is given by [4].

If sidelink frequency hopping with predefined hopping pattern is enabled, the set of physical resource blocks to be used
for transmission is given by the sidelink control information together with a predefined pattern in clause 5.3.4 with the
following exceptions:

- only inter-subframe hopping shall be used

- the number of subbands Ny € {1,2,4} is given by higher layers as described in [4, clause 14.1.1.2]

- the quantity N,%? € {0,...,1 10} is given by higher layers as described in [4, clause 14.1.1.2]

PSSCH
ss

PSSCH

- the quantity n, =n where ng is given by clause 9.2.4

- the quantity CURRENT TX NB =nlpcH

- the pseudo-random sequence generator is initialized at the start of each slot fulfilling n:;SSCH =0 with the

initialization value ¢;;;, € {0,1,...,503,510} given by hoppingParameter-ri2 in [9]
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- the quantity nygp shall be replaced by nygg, given by [4, clause 14.1.1.2.1]
- for sidelink transmission mode 1
Nig = Nis
- for sidelink transmission mode 2
Nig = MEsSHRP where MESSHRP s given by [4, clause 14.1.3]
- the quantity nprp shall be replaced by npgrg , given by [4, clause 14.1.1.4]

- the physical resource block to use for transmission npgg = m,fiiCH with mf SSCH

given by [4, clause 14.1.3]

9.4 Physical Sidelink Control Channel

9.4.1 Scrambling

The block of bits b(0),...,b(My;, —1), where M, is the number of bits transmitted on the physical sidelink control

channel in one subframe shall be scrambled according to clause 5.3.1.

The scrambling sequence generator shall be initialised with ¢;,;; =510 at the start of every PSCCH subframe.

942 Modulation

Modulation shall be done according to clause 5.3.2. Table 9.4.2-1 specifies the modulation mappings applicable for the
physical sidelink control channel.

Table 9.4.2-1: PSCCH modulation schemes

Physical channel | Modulation schemes
PSCCH QPSK

9.4.3 Layer mapping

Layer mapping shall be done according to clause 5.3.2A assuming a single antenna port, v =1.

9.4.4 Transform precoding

Transform precoding shall be done according to clause 5.3.3 with M ,‘;‘};SCH

PSCCH
M,

and M SPCUSCH replaced by M IIQECCH and

, respectively.

9.4.5 Precoding

Precoding shall be done according to clause 5.3.3A assuming a single antenna port, v =1.

9.4.6 Mapping to physical resources

The block of complex-valued symbols z(0).....z(Mg,, —1) shall be multiplied with the amplitude scaling factor Spgccy
in order to conform to the transmit power Ppgccpy specified in [4], and mapped in sequence starting with z(0) to
physical resource blocks on antenna port p and assigned for transmission of PSCCH. The mapping to resource
elements (k, / ) corresponding to the physical resource blocks assigned for transmission and not used for transmission of

reference signals shall be in increasing order of first the index &, then the index /, starting with the first slot in the
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subframe. Resource elements in the last SC-FDMA symbol within a subframe shall be counted in the mapping process
but not transmitted.

9.5 Physical Sidelink Discovery Channel

9.5.1 Scrambling

The block of bits 5(0),...,b(M;, —1), where M, is the number of bits transmitted on the physical sidelink discovery

channel in one subframe shall be scrambled according to clause 5.3.1.

The scrambling sequence generator shall be initialised with ¢;;;; =510 at the start of each PSDCH subframe.

952 Modulation

Modulation shall be done according to clause 5.3.2. Table 9.5.2-1 specifies the modulation mappings applicable for the
physical sidelink discovery channel.

Table 9.5.2-1: Sidelink modulation schemes

Physical channel | Modulation schemes
PSDCH QPSK

9.5.3 Layer mapping

Layer mapping shall be done according to clause 5.3.2A assuming a single antenna port, v =1.

9.5.4 Transform precoding

Transform precoding shall be done according to clause 5.3.3 with M }{g SCH and

PSDCH
M sc

PSDCH

MEUSH replaced by My and

, respectively.

9.5.5 Precoding

Precoding shall be done according to clause 5.3.3A assuming a single antenna port, v =1.

9.5.6 Mapping to physical resources

The block of complex-valued symbols z(0).....z(M

—1) shall be multiplied with the amplitude scaling factor Bpgpcy
in order to conform to the transmit power Pygpcy specified in [4], and mapped in sequence starting with z(0) to
physical resource blocks on antenna port p and assigned for transmission of PSDCH. The mapping to resource
elements (k,l ) corresponding to the physical resource blocks assigned for transmission and not used for transmission of

reference signals shall be in increasing order of first the index &, then the index /, starting with the first slot in the
subframe. Resource elements in the last SC-FDMA symbol within a subframe shall be counted in the mapping process
but not transmitted.

The set of physical resource blocks that shall be used are given by [4, clause 14.3.1].
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9.6 Physical Sidelink Broadcast Channel

9.6.1 Scrambling

The block of bits 5(0),...,b(My;, —1), where M, is the number of bits transmitted on the physical sidelink broadcast
channel in one subframe, shall be scrambled according to clause 5.3.1. The scrambling sequence generator shall be
initialised at the start of every PSBCH subframe with ¢, ;, = N, ISDL .

96.2 Modulation

Modulation shall be done according to clause 5.3.2. Table 9.6.2-1 specifies the modulation mappings applicable for the
physical sidelink broadcast channel.

Table 9.6.2-1: PSBCH modulation schemes

Physical channel | Modulation schemes
PSBCH QPSK

9.6.3 Layer mapping

Layer mapping shal be done according to clause 5.3.2A assuming a single antenna port, v =1.

9.6.4 Transform precoding

Transform precoding shall be done according to clause 5.3.3 with M ,‘;‘};SC“ and M SPCUSCH replaced by M IEES,BCH and

PSBCH :
M, , respectively.

9.6.5 Precoding

Precoding shall be done according to clause 5.3.3A assuming a single antenna port, v =1.

9.6.6 Mapping to physical resources

The block of complex-valued symbols z(0),...,z(M, :;’mb —1) shall be multiplied with the amplitude scaling factor Bpggcy
in order to conform to the transmit power Pgpcy specified in [4], and mapped in sequence starting with z(0) to
physical resource blocks on antenna port p. The PSBCH shall use the same set of resource blocks as the
synchronization signal. The mapping to resource elements (k,l ) corresponding to the physical resource blocks used for

the PSBCH and not used for transmission of reference signals or synchronization signals shall be in increasing order of
first the index &, then the index /, starting with the first slot in the subframe. The resource-element index £ given by

NSL N RB
k= k’—36+%, k'=0,1,.,71

Resource elements in the last SC-FDMA symbol within a subframe should be counted in the mapping process but not
transmitted.

9.7 Sidelink Synchronization Signals

A physical-layer sidelink synchronization identity is represented by N ISI% € {0,1,...,335} , divided into two sets id_net and
id_oon consisting of identities {0,1,...,167} and {168,169,...,335}, respectively.
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9.7.1 Primary sidelink synchronization signal

The primary sidelink synchronization signal is transmitted in two adjacent SC-FDMA symbols in the same subframe.

9.7.1.1 Sequence generation

Each of the two sequences d;(0),...,d;(61),i =1,2 used for the primary sidelink synchronization signal in the two SC-

L

FDMA symbols is given by clause 6.11.1.1 with root index u =26 if NISD <167 and u =37 otherwise.

9.71.2 Mapping to resource elements
The sequence d; (n) shall be multiplied with the amplitude scaling factor /72/62 - Bpgpcy and mapped to resource
elements on antenna port 1020 in the first slot in the subframe according to

ag, :dl-(n), n=0,..,61

ML\

1,2 normal cyclic prefix
0,1 extended cyclic prefix

9.7.2 Secondary sidelink synchronization signal

The secondary sidelink synchronization signal is transmitted in two adjacent SC-FDMA symbols in the same subframe.

9.7.2.1 Sequence generation

Each of the two sequences d;(0),...,d;(61),i =1,2 used for the secondary sidelink synchronization signal is given by
clause 6.11.2.1 assuming

- subframe 0 with N{) = Nps mod168 and N3 = \_N o / 1 68J for transmission modes 1 and 2, and

- subframe 5 for transmission modes 3 and 4.

9.7.2.2 Mapping to resource elements

The sequence d; (n) shall be multiplied with the amplitude scaling factor fggqq in order to conform to the transmit

power specified in clause 14.4 in 3GPP TS 36.213 [4] and mapped to resource elements on antenna port 1020 in the
second slot in the subframe according to

Al =d,-(’l), n=0,..,61
SL A/RB
k= n—31+—NRBNSC

_ |45 normal cyclic prefix
13,4 extended cyclic prefix

9.8 Demodulation reference signals

Demodulation reference signals associated with PSSCH, PSCCH, PSDCH, and PSBCH transmission shall be
transmitted according to PUSCH in clause 5.5.2.1 with the following exceptions:

- The parameters in Tables 9.8-1, 9.8-2, and 9.8-3 shall be used.

- The term PUSCH shall be replaced by PSSCH, PSCCH, PSDCH or PSBCH, depending on the physical channel
to which the reference signal is associated.
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Antenna ports are given by Table 9.2-1.

The set of physical resource blocks used in the mapping process shall be identical to the corresponding
PSSCH/PSCCH/PSDCH/PSBCH transmission.

The index & in the mapping process in clause 5.5.2.1.2 corresponding to the case where higher-layer parameter

ul-DMRS-IFDMA is not set shall be identical to that for the corresponding PSSCH/PSCCH/PSDCH/PSBCH

transmission.

- For sidelink transmission modes 3 and 4 on the PSSCH and PSCCH, the mapping shalluse /=2 and /=5
for the first slot in the subframe and /=1 and [ =4 for the second slot in the subframe.

- For sidelink transmission modes 3 and 4 on the PSBCH, the mapping shall use / =4 and /=6 for the first
slot in the subframe and / =2 for the second slot in the subframe.

- For sidelink transmission modes 1 and 2, the pseudo-random sequence generator in clause 5.5.1.3 shall be

initialized at the start of each slot fulfilling ng

PSSCH

=0 . For sidelink transmission modes 3 and 4 the pseudo-

random sequence generator in clause 5.5.1.3 shall be initialized at the start of each slot fulfilling

nSS M mod2=0.

- For sidelink transmission modes 3 and 4 on the PSCCH, the cyclic shift n ; to be applied for all DM-RS in a

subframe shall be chosen according to clause 14.2.1 of [4].

- For sidelink transmission modes land 2 and sidelink discovery, the quantity m in clause 5.5.2.1.1 takes the
values m = 0,1 and for sidelink transmission modes 3and 4, the quantity m in clause 5.5.2.1.1 takes the values

m=0,1,2,3 for PSSCH and m =0,1,2 for PSBCH.

- For sidelink transmission modes 3 and 4, the quantity nl)]() equals the decimal representation of CRC on the

L1 :
PSCCH transmitted in the same subframe as the PSSCH according to nﬂg = z oPi 25717 with p and L
i=

given by clause 5.1.1 in [3].

Table 9.8-1: Reference signal parameters for PSSCH.

Parameter in clause 5.5.2.1

Sidelink transmission
modes 1 and 2

PSSCH
Sidelink transmission
modes 3 and 4

enabled enabled
nil> iy nip
PSSCH ¢ .
Group hopping . L PSSCH 2ng, first DM-RS symbol in a slot
S
¥ Zn:;SSCH +1 second DM-RS symbol in a slot
S npy mod30 \_nf,g/l 6Jm0d30
Sequence hopping disabled disabled
Cyclic shift Aes 2 Lnlsﬁ‘ /2Jmod8 \_nﬁ() / 2Jm0d8
onth | [ ”“()J [+1 +1] if npy mod2=0 [+1 +1 +1 +1] ifnjmod2=0
ogonal sequence w* (-
o d [+1 —1] if njy mod2=1 [+1 -1 +1 —1] ifnf mod2=1
Reference signal
lenath 9 MS%S MSP;SSCH MSPCSSCH
Number of layers v 1 1
Number of antenna
ports P 1 1
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Table 9.8-2: Reference signal parameters for PSCCH.

PSCCH
Parameter in clause 5.5.2.1 Sidelink transmission Sidelink transmission
modes 1 and 2 modes 3 and 4
disabled disabled

ks - -
Group hopping

ng - -

s 0 8
Sequence hopping disabled disabled
Cyclic shift Tes 2 0 {0, 3, 6, 9}
Orthogonal sequence lm/1 (-)J [+1 +1] [+1 +1 +1 +1]
Reference signal length MRS M ESECH M ESCCH
Number of layers v 1 1
Number of antenna ports P 1 1

Table 9.8-3: Reference signal parameters for PSDCH and PSBCH.

PSDCH PSBCH

Parameter in clause 5.5.2.1

) disabled disabled disabled
Group hopping fs 0 [VSL /16 Jmod 30 [ VSL /16 Jmod 30
Sequence hopping disabled disabled disabled
Cyclic shift Meg s 0 [VSL /2 lmods VS /2 |mods

. SL : SL

(Orthogonal) l W () J [ 4] [+1 +1] if NISL mod2 =0 [+1 +1 +1] if NISDL mod2 =0
sequence [+1 1] if Njymod2=1 [+1 =1 +1] if Ny mod2=1
Reference signal PSBCH PSBCH
fonath 9 MRS MESDCH MP MP
Number of layers v 1 1 1
Number of antenna
ports P 1 1 1

9.9

SC-FDMA baseband signal generation

The time-continuous signal sl(p ) (t) for antenna port p in SC-FDMA symbol / in a sidelink slot is defined by clause

5.6 with Ngg replaced by Nslé.

The cyclic prefix length for each sidelink channel or signal may differ from that configured for uplink transmissions.

9.10 Timing

Transmission of a sidelink radio frame number i from the UE shall start (N7, g1, + N1a offer) - T S€conds 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 6247 after the end of a sidelink transmission.

For PSDCH transmission and sidelink synchronization signal transmission for PSDCH:

if the UE has a serving cell fulfilling the S criterion according to [10, clause 5.2.3.2]

- the timing of reference radio frame i equals that of downlink radio frame i of the cell ¢ as given in Subclause

14.3.1 of [4] and

3GPP
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NTA offset g given by clause 8.1,
otherwise

- the timing of reference radio frame I s implicitly obtained from [4] and

- Nraofe =0.
For all other sidelink transmissions:
if the UE has a serving cell fulfilling the S criterion according to [10, clause 5.2.3.2]

- 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

- Nraofiet 1 given by clause 8.1,

otherwise

- the timing of reference radio frame i is implicitly obtained from [4] and

- NTA offset = 0.

Timing reference radio frame i

Sidelink radio frame i

(N A SL T V1A offet ) T, seconds

Figure 9.9-1: Sidelink timing relation.
The quantity Ny, differs between channels and signals according to

Nrps for PSSCH in sidelink transmission mode 1

N =
TA,SL {0 for all other cases

10 Narrowband loT

10.1  Uplink

10.1.1  Overview

10.1.11 Physical channels
The following narrowband physical channels are defined:
- Narrowband Physical Uplink Shared Channel, NPUSCH

- Narrowband Physical Random Access Channel, NPRACH

10.1.1.2 Physical signals

The following uplink narrowband physical signals are defined:
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- Narrowband demodulation reference signal

10.1.2  Slot structure and physical resources

10.1.21 Resource grid

A transmitted physical channel or signal in a slot is described by one or several resource grids of V. SliL subcarriers and
N, s[}j/;b SC-FDMA symbols. The resource grid is illustrated in Figure 10.1.2.1-1. The slot number within a radio frame

is denoted n, where n € {0,1,...,19} for Af =15kHz and ng € {0,1,...,4} for Af =3.75kHz.

One uplink slot iy
e E—

'NEs SC-FDMA symbols
-—p

subcarriers

Resource element (%7}

L8
=

Ng

k=0

1=0 1=Namp -1

Figure 10.1.2.1-1: Uplink resource grid for NB-loT

The uplink bandwidth in terms of subcarriers No", and the slot duration 7, are given in Table 10.1.2.1-1.

sc

Table 10.1.2.1-1: NB-loT parameters.

Subcarrier UL

spacing N Tsto
Af =3.75kHz 48 61440-T,
Af =15kHz 12 15360- T

A single antenna port p =0 is used for all uplink transmissions.

10.1.2.2 Resource elements

Each element in the resource grid is called a resource element and is uniquely defined by the index pair (k,l ) in a slot

where £ =0,..., NsliL -1 and /=0,..., NS[;anb —1 are the indices in the frequency and time domains, respectively.

Resource element (k,) corresponds to the complex value a, . Quantities @, , corresponding to resource elements not

used for transmission of a physical channel or a physical signal in a slot shall be set to zero.
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10.1.2.3 Resource unit

Resource units are used to describe the mapping of the NPUSCH to resource elements. A resource unit is defined as
N S[;anbN oL consecutive SC-FDMA symbols in the time domain and N2V consecutive subcarriers in the frequency

domain, where N2V and Nslj;b are given by Table 10.1.2.3-1.

Table 10.1.2.3-1: Supported combinations of N}V, NV and nN'E

sc slots » symb *
NPUSCH format Af NEY N ot Ny
3.75 kHz 1 16
1 16
1 3 8
15 kHz 5 ) 7
12 2
> 3.75 kHz 1 4
15 kHz 1 4

10.1.3 Narrowband physical uplink shared channel
The narrowband physical uplink shared channel supports two formats:
- NPUSCH format 1, used to carry the UL-SCH

- NPUSCH format 2, used to carry uplink control information

10.1.3.1 Scrambling

Scrambling shall be done according to clause 5.3.1. The scrambling sequence generator shall be initialised with
Cinit = HRNTI 2% ymod2- 2P 4 |_nS / 2J' 2+ N II]\ID“H where ng is the first slot of the transmission of the codeword. In

case of NPUSCH repetitions, the scrambling sequence shall be reinitialised according to the above formula after every

M SPUSCH transmissions of the codeword with 7, and n; set to the first slot and the frame, respectively, used for the

NPUSCH

transmission of the repetition. The quantity M, niical

is given by clause 10.1.3.6.

10.1.3.2 Modulation

Modulation shall be done according to clause 5.3.2. Table 10.1.3.2-1 specifies the modulation mappings applicable for
the narrowband physical uplink shared channel.

Table 10.1.3.2-1: NPUSCH modulation schemes

NPUSCH format NS%U Modulation scheme

1 1 BPSK, QPSK
>1 QPSK
2 1 BPSK

10.1.3.3 Layer mapping

Layer mapping shall be done according to clause 5.3.2A with v =1.

10.1.3.4 Transform precoding

Transform precoding shall be done according to clause 5.3.3 with M }Q};SCH =1and M SPCUSCH replaced by M SI;IPUSCH .
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10.1.3.5 Precoding

Precoding shall be done according to clause 5.3.3A assuming a single antenna port.

10.1.3.6 Mapping to physical resources

NPUSCH can be mapped to one or more than one resource units, Ny, , as given by clause 16.5.1.2 of

3GPP TS 36.213 [4], each of which shall be transmitted M XFVSH times.

rep
The block of complex-valued symbols z(0),...,z(M g, 1) shall be multiplied with the amplitude scaling factor
Prpuscy 1n order to conform to the transmit power Pypygcy specified in [4], and mapped in sequence starting with
z(0) to subcarriers assigned for transmission of NPUSCH. The mapping to resource elements (k,l ) corresponding to

the subcarriers assigned for transmission and not used for transmission of reference signals, shall be in increasing order
of first the index k , then the index /, starting with the first slot in the assigned resource unit.

NPUSCH
identical

slots, the N
mapping of z(+) to the following slot, where

After mapping to N, slots shall be repeated M —1 additional times, before continuing the

slots slots

MNPUsCH _ {mion EII:USCH / 214) NRU S
identical — RU
1 NRU 1

1 Af=3.75kHz
slets 712 Af =15kHz

If a mapping to N, slots or a repetition of the mapping contains a resource element which overlaps with any
configured NPRACH resource according to NPRACH-ConfigSIB-NB,

- for Af =3.75kHz the NPUSCH transmission in overlapped N,
not overlapping with any configured NPRACH resource.

sots Slots is postponed until the next N slots

- for Af =15kHz the NPUSCH transmission in overlapped N, slots is postponed until the next N slots
starting with the first slot satisfying 7, mod 2 = 0 and not overlapping with any configured NPRACH

resource.

The mapping of z(0),...,z(M ¥ _ —1) is then repeated until M NPUSCH v ruV. UL slots have been transmitted. After

symb rep slots
transmissions and/or postponements due to NPRACH of 256 - 307207 time units, a gap of 40307207, time units

shall be inserted where the NPUSCH transmission is postponed. The portion of a postponement due to NPRACH which
coincides with a gap is counted as part of the gap.

When higher layer parameter npusch-AllSymbols is set to false, resource elements in SC-FDMA symbols overlapping
with a symbol configured with SRS according to srs-SubframeConfig shall be counted in the NPUSCH mapping but not
used for transmission of the NPUSCH. When higher layer parameter npusch-AllSymbols is set to true, all symbols are
transmitted.

10.1.4 Demodulation reference signal
10.1.41 Reference signal sequence

10.1.4.1.1 Reference signal sequence for NXY =1

The reference signal sequence 7, (n) for NS}EU =1 is defined by
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mn=

where the binary sequence ¢(r) is defined by clause 7.2 and shall be initialised with ¢;,, =35 at the start of the

NPUSCH transmission. The quantity w(n) is given by Table 10.1.4.1.1-1 where u = Ny mod16 for NPUSCH

format 2, and for NPUSCH format 1if group hopping is not enabled, and by clause 10.1.4.1.3 if group hopping is
enabled for NPUSCH format 1.

slots

(1+/)(1-2¢(n)) w(nmod16), 0<n<MySUNI Ny,

Table 10.1.4.1.1-1: Definition of w(n)

w(O),...,w(lS)

11111101 1111717101
111111141 il A O O I T O O
el I et I O O O I I 111111171

A1 11101
1111 ]-1]-1]41

A A1 111101
O O O I O I I
111111171 il A e T I A
il I I N O I O O O e O s e O I O
el I O e
111111 {11111/ 17-17-1]-1
A1ttt A1t A1t 11
111114/ /1117170171
I I O e e e O I O I O A A
R R O e T T e e I A A
I O T e e e e I I O I O
111144111/ 1 /17170 1]-1]-1
A1ttty 1

Alalalalalala

JEENG SN KNG PN [N UEN NI NN U\ IS\ NG U (NN RN NS\ UEN
1
[N

alnlmIs|2|a|e|x(N|o|o|s|win|=|of =

The reference signal sequence for NPUSCH format 1 is given by:
u(n)=7,(n)

7,

The reference signal sequence for NPUSCH format 2 is given by

r,(Bn+m)=w(m)r,(n), m=0,2

;
where w(m) is defined in Table 5.5.2.2.1-2 with the sequence index chosen according to (Z c(8ns + i)2iJm0d3 with

i=0
11
Cinit =NIIII)Ce ‘
10.1.4.1.2 Reference signal sequence for N2V >1

The reference signal sequences 7, (n) for NSEU >1is defined by a cyclic shift & of a base sequence according to
_ plan jp(n)z/4 RU
r(n)=e""e , 0<n<N_ ,

where @(n) is given by Table 10.1.4.1.2-1 for NXV =3, Table 10.1.4.1.2-2 for NXV =6 and Table 5.5.1.2-1 for
NRYU =12,

If group hopping is not enabled, the base sequence index u is given by higher layer parameters threeTone-

BaseSequence, sixTone-BaseSequence, and twelveTone-BaseSequence for Nslz =3, NSIEU =6, and NSIEU =12,

respectively. If not signalled by higher layers, the base sequence is given by
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for NRY =12
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If group hopping is enabled, the base sequence index u is given by clause 10.1.4.1.3.

The cyclic shift o for N SEU =3 and N, SEU =6 is derived from higher layer parameters threeTone-CyclicShift and

sixTone-CyclicShift, respectively, as defined in Table 10.1.4.1.2-3. For NSEU =12, a=0.

Table 10.1.4.1.2-1: Definition of ¢(n) for N2V =3

: $(0).4(1).¢(2)

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

Table 10.1.4.1.2-2: Definition of ¢(n) for N2 =6

u $(0).....4(5)
0 1 1 1 1 3 -3
1 1 1 3 1 -3 3
2 1 -1 -1 -1 1 -3
3 1 -1 3 -3 -1 -1
4 1 3 1 -1 -1 3
5 1 -3 -3 1 3 1
6 -1 -1 1 -3 -3 -1
7 -1 -1 -1 3 -3 -1
8 3 -1 1 -3 -3 3
9 3 -1 3 -3 -1 1
10 3 -3 3 -1 3 3
11 -3 1 3 1 -3 -1
12 -3 1 -3 3 -3 -1
13 -3 3 -3 1 1 -3
Table 10.1.4.1.2-3: Definition of «
NEV =3 N2V =6
threeTone- a sixTone- a
CyclicShift CyclicShift

0 0 0 0

1 27 /3 1 2716

2 4/3 2 47 /6

3 87 /6

3GPP
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10.1.4.1.3 Group hopping

For the reference signal for NPUSCH format 1, sequence-group hopping can be enabled where the sequence-group
number u inslot ng is defined by a group hopping pattern f,, () and a sequence-shift pattern f; according to

u= (fgh (nb) + fss )mOd Ni‘llj

where the number of reference signal sequences available for each resource unit size, N S‘i}lj is given by Table 10.1.4.1.3-
L.

Table 10.1.4.1.3-1: Definition of N}Y

seq

NRU Nyo
1 16
3 12
6 14
12 30

Sequence-group hopping can be enabled or disabled by means of the cell-specific parameter groupHoppingEnabled
provided by higher layers. Sequence-group hopping for NPUSCH can be disabled for a certain UE through the higher-
layer parameter groupHoppingDisabled despite being enabled on a cell basis unless the NPUSCH transmission
corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the
contention based random access procedure.

The group-hopping pattern f,;, () is given by

San(ng) = (21‘7:0 c(8n} +1i)- Zi)mod Ns]zg

where n! =n, for NX >1 and n] is the slot number of the first slot of the resource unit for N2V =1. The pseudo-

random sequence c(i) is defined by clause 7.2. The pseudo-random sequence generator shall be initialized with

Neell
Cinit = {%J at the beginning of the resource unit for N SEU =1land in every even slot for N SIEU >1.

seq

The sequence-shift pattern f is given by

oo = (VR 4 A Jmod NRU

seq

where A € {0,1,...,29}is given by higher-layer parameter groupAssignmentNPUSCH. If no value is signalled ,A =0.

10.1.4.2 Mapping to physical resources

The sequence r() shall be multiplied with the amplitude scaling factor Sypyscy and mapped in sequence starting with
7(0) to the sub-carriers.

The set of sub-carriers used in the mapping process shall be identical to the corresponding NPUSCH transmission as
defined in clause 10.1.3.6.
The mapping to resource elements (k,/) shall be in increasing order of first £, then /, and finally the slot number. The

values of the symbol index / in a slot are given in Table 10.1.4.2-1.
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Table 10.1.4.2-1: Demodulation reference signal location for NPUSCH.

Values for /
NPUSCH format
Af =3.75kHz Af =15kHz
1 4 3
2 0,1,2 2,34

10.1.5 SC-FDMA baseband signal generation

For NXY > 1, the time-continuous signal s,(¢) in SC-FDMA symbol / in a slot is defined by clause 5.6 with the
quantity Ngg NXP replaced by NO-.

For NRY =1, the time-continuous signal Sk (¢) for sub-carrier index 4 in SC-FDMA symbol / in an uplink slot is
defined by

— s, i2a(k+1/2)Af (t-Nep T2
Sk,l(t)_akwjl'e e cr

KO =k+| N /2]

For 0<t< (NCPJ +N)TS where parameters for Af' =15kHz and Af =3.75kHz are given in Table 10.1.5-1, a,(, , is

the modulation value of symbol / and the phase rotation ¢k’ ; is defined by

P =,0(l~ mod2)+ o, (7)

" for BPSK
p =

2
% for QPSK

o, (7) 0 =0
S @ T =1)+ 2287 (k+172)\N + Ny, )T, T50
[=0,,. MUy NUENU ]

rep slots® ' symb

I=1 mod N

symb

where | isa symbol counter that is reset at the start of a transmission and incremented for each symbol during the
transmission.

Table 10.1.5-1: SC-FDMA parameters for N =1

Parameter Af =3.75kHz Af =15kHz
N 8192 2048
. . 160 for /=0
Cyclic prefix length N,
yellep g Nep 256 144 for [ =1.2,...6
Set of values for & -24,-23,...,23 -6,-5,...,5

The SC-FDMA symbols in a slot shall be transmitted in increasing order of /, starting with [ =0, where SC-FDMA
symbol / > 0 starts at time Zj__lo (Ncp + N)T within the slot. For Af' =3.75kHz, the remaining 23047, in T, are

not transmitted and used for guard period.
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Only normal CP is supported for Narrowband IoT uplink in this release of the specification.
10.1.6  Narrowband physical random access channel

10.1.61 Time and frequency structure

The physical layer random access preamble is based on single-subcarrier frequency-hopping symbol groups. A symbol
group is illustrated in Figure 10.1.6.1-1, consisting of a cyclic prefix of length T, and a sequence of 5 identical

symbols with total length 75, . The parameter values are listed in Table 10.1.6.1-1.

Figure 10.1.6.1-1: Random access symbol group

Table 10.1.6.1-1: Random access preamble parameters

Preamble format Tep Tspq
0 20487, | 5-81927,
1 81927, | 5-81927,

The preamble consisting of 4 symbol groups transmitted without gaps shall be transmitted times.

NPRACH
N rep

The transmission of a random access preamble, if triggered by the MAC layer, is restricted to certain time and
frequency resources.

A NPRACH configuration provided by higher layers contains the following:

- NPRACH resource periodicity N - RACH (nprach-Periodicity),

period

- frequency location of the first subcarrier allocated to NPRACH NXNRACH (s rach-SubcarrierOffset),

scoffset

NPRACH
N, sc

- number of subcarriers allocated to NPRACH (nprach-NumSubcarriers),

- number of starting sub-carriers allocated to UE initiated random access N sfp;/:tc H (nprach-NumCBRA-

StartSubcarriers),

- number of NPRACH repetitions per attempt N E;RACH

(numRepetitionsPerPreambleAttempt),

NPRACH
start

- NPRACH starting time N, (nprach-StartTime),

- Fraction for calculating starting subcarrier index for the range of NPRACH subcarriers reserved for indication of

UE support for multi-tone msg3 transmission N QEE?CH (nprach-SubcarrierMSG3-RangeStart).

NPRACH transmission can start only N i~ .307207, time units after the start of a radio frame fulfilling

ne mod(N NPRACH 10): 0. After transmissions of 4- 64(TCP + TSEQ) time units, a gap of 40307207, time units shall

period

be inserted.

NPRACH configurations where NXFeact! 4 NNPRACH 5 UL are invalid.
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The NPRACH starting subcarriers allocated to UE initiated random access are split in two sets of subcarriers,

NPRACH 37 NPRACH NPRACH 37NPRACH NPRACH . e
{0,1,...,NSC_cont NyisGs —1} and \Wg cont NVmisGs s+ Ve cont —1},where the second set, if present, indicate UE

support for multi-tone msg3 transmission.

The frequency location of the NPRACH transmission is constrained within Ns%A =12 sub-carriers. Frequency hopping
shall be used within the 12 subcarriers, where the frequency location of the i symbol group is given by

RA (; ~RA NPRACH RA RA
Ay (l) = Ngtart + ngc (l) where Pgtart = Nscoffset +\_ninit /Nsc J Nsc and

(ﬁs‘iA (0)+ f(i/4))mod NRA imod4=0andi>0

ARA G -1)+1 imod4 =1,3and it (i—1)mod2 = 0
ARA (1) =4 aRA (1= 1) -1 imod4 = 13 and i (i~ 1)mod2 =1

i (i =1)+6 imod4 =2and i (i-1) <6

gt (i=1)-6 imod4 =2and iR (i-1)> 6

n=10¢+1

1049
f(t—1)+[ zc(n)zn—(wf+l>]mod(zvgy\ “1)+ 1]modN;§A
0

/()
1)
mod N* with n L NNPRACH b

and the pseudo random sequence c(n) is given by clause 7.2. The pseudo random sequence generator shall be

_ a7 Ncell
- NID .

where ﬁSRCA (0) = nyyy mic being the subcarrier selected by the MAC layer from {0,L,..

initialised with ¢;,;,

10.1.6.2 Baseband signal generation

The time-continuous random access signal s, (¢) for symbol group i is defined by

S; (Z‘) = ﬂNPRACHeﬂ”("g?(i)+Kk0+1/2)AfRA(,,TCP)

Where 0 <7 < TSEQ +Tep» Prpracu is an amplitude scaling factor in order to conform to the transmit power

Pupracy Specified in clause 16.3.1 in 3GPP TS 36.213 [4], k, = - NS* / 2, K =Af/Afgs accounts for the difference
in subcarrier spacing between the random access preamble and uplink data transmission, and the location in the
frequency domain controlled by the parameter ngé (i) is derived from clause 10.1.6.1. The variable Afp, is given by

Table 10.1.6.2-1.

Table 10.1.6.2-1: Random access baseband parameters

Preamble format | Afx,
0, 1 3.75 kHz

10.1.7 Modulation and upconversion

Modulation and upconversion to the carrier frequency of the complex-valued baseband signal or the complex-valued
NPRACH baseband signal is shown in Figure 5.8-1. The filtering required prior to transmission is defined by the
requirements in 3GPP TS 36.101 [7].
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10.2 Downlink

10.2.1 Overview

10.2.1.1 Physical channels

A downlink narrowband physical channel corresponds to a set of resource elements carrying information originating
from higher layers and is the interface defined between 3GPP TS 36.212 [3] and the present document
3GPP TS 36.211.

The following downlink physical channels are defined:
- Narrowband Physical Downlink Shared Channel, NPDSCH
- Narrowband Physical Broadcast Channel, NPBCH

- Narrowband Physical Downlink Control Channel, NPDCCH

10.2.1.2 Physical signals

A downlink narrowband 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:

- Narrowband reference signal, NRS
- Narrowband synchronization signal

- Narrowband positioning reference signal, NPRS

10.2.2 Slot structure and physical resource elements

10.2.21 Resource grid

The transmitted signal on one antenna port in each slot is described by a resource grid of size one resource block as
defined in clause 6.2.3.

Only Af =15kHz is supported.

Narrowband positioning reference signals are transmitted on antenna port p =2006 . The channel over which a symbol
on antenna port p = 2006 is conveyed can be inferred from the channel over which another symbol on the same
antenna port is conveyed only within M consecutive subframes where

- if the higher layer parameter nprsBitmap is configured , M equals the length of the nprsBitmap;
- if the higher layer parameter nprsBitmap is not configured, M = Nyprg Where Nypgrg 1s configured by higher
layers.
10.2.2.2 Resource elements

Resource elements are defined according to clause 6.2.2.

10.2.2.3 Guard period for half-duplex FDD operation

Only type-B half-duplex FDD operation is supported.
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10.2.3 Narrowband physical downlink shared channel

10.2.3.1 Scrambling

Scrambling shall be done according to clause 6.3.1. If the NPDSCH is carrying the BCCH, the scrambling sequence
generator shall be initialised with Conit = Mt - 25 4 ( NIT)CCH +1)((n ; mod61) +1). Otherwise, the scrambling sequence

generator shall be initialised with ¢

it = Mpaery -2y mod 22" 4+ | g /2]-2° + NN where ng is the first slot of the

transmission of the codeword.

In case of NPDSCH repetitions and the NPDSCH carrying the BCCH, the scrambling sequence generator shall be
reinitialized according to the expression above for each repetition.

In case of NPDSCH repetitions and the NPDSCH is not carrying the BCCH, the scrambling sequence generator shall be

M NPDSCH

reinitialized according to the expression above after every min( rep ,4) transmission of the codeword

with ng and n; set to the first slot and the frame, respectively, used for the transmission of the repetition.

10.2.3.2 Modulation

Modulation shall be done according to clause 6.3.2 using one of the modulation schemes in Table 10.2.3-1

Table 10.2.3-1: Modulation schemes

Physical channel | Modulation schemes
NPDSCH QPSK

10.2.3.3 Layer mapping and precoding

Layer mapping and precoding shall be done according to clause 6.6.3 using the same set of antenna ports as the
NPBCH.

10.2.3.4 Mapping to resource elements

NPDSCH can be mapped to one or more than one subframes, Ng, as given by clause 16.4.1.3 of 3GPP TS 36.213 [4],

M NPDSCH

rep times.

each of which shall be transmitted

For each of the antenna ports used for transmission of the physical channel, the block of complex-valued symbols
yP(0y,..., y'P (M smb —1) shall be mapped to resource elements (k,7) which meet all of the following criteria in the

current subframe:
- the subframe is not used for transmission of NPBCH, NPSS, or NSSS, and
- they are assumed by the UE not to be used for NRS, and
- they are not overlapping with resource elements used for CRS as defined in clause 6 (if any), and

- theindex / in the first slot in a subframe fulfils /> Iy, Where /p,sian 1 given by clause 16.4.1.4 of
3GPP TS 36.213 [4].

The mapping of y"(0),..., y(p ) M :}?mb —1) in sequence starting with 7’ (0) to resource elements (k,l ) on antenna

port p meeting the criteria above shall be in increasing order of first the index & and then the index/, starting with the
first slot and ending with the second slot in a subframe. For NPDSCH not carrying BCCH, after mapping to a subframe,

the subframe shall be repeated for min(M 52;’ DSCH ,4)— 1 additional subframes, before continuing the mapping of y('” ) “)
to the following subframe. The mapping of y(” ) 0),..., y(” ) M :;’mb —1) is then repeated until M ﬁ:g b SCHNSF subframes
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have been transmitted. For NPDSCH carrying BCCH, the y?(0),..., y'? (M :ypmb —1)is mapped to Ng subframes in

M NPDSCH

sequence and then repeated until M o

Ngp subframes have been transmitted.
The NPDSCH transmission can be configured by higher layers with transmission gaps where the NPSDCH

transmission is postponed. There are no gaps in the NPDSCH transmission if R,,, < Ngap threshold Where N gap threshold 1S

given by the higher layer parameter dl-GapThreshold and R_,, is given by [4]. The gap starting frame and subframe is

max

given by (l Ong + |_nS / ZJ)mod N, =0 where the gap periodicity, N

gap,period = gap,period » 18 given by the higher layer parameter

= where

dIl-GapPeriodicity. The gap duration in number of subframes is given by N

gap,duration gap, coeff N, gap,period >

Ngap, coetr 18 given by the higher layer parameter dl-GapDurationCoeff. For NPDSCH carrying the BCCH there are no
gaps in the transmission.

The UE shall not expect NPDSCH in subframe i if it is not a NB-IoT downlink subframe, except for transmissions of
NPDSCH carrying SystemInformationBlockTypel-NB in subframe 4. In case of NPDSCH transmissions, in subframes

that are not NB-IoT downlink subframes, the NPDSCH transmission is postponed until the next NB-IoT downlink
subframe.

10.2.4 Narrowband physical broadcast channel

10.2.4.1 Scrambling

Scrambling shall be done according to clause 6.6.1 with M ;, denoting the number of bits to be transmitted on the

NPBCH. M,; equals 1600 for normal cyclic prefix. The scrambling sequence shall be initialised with ¢;; = NII]\]DCell in

init

radio frames fulfilling n, mod64 =0.

10.2.4.2 Modulation

Modulation shall be done according to clause 6.6.2 using the modulation scheme in Table 10.2.4.2-1

Table 10.2.4.2-1: Modulation schemes for NPBCH

Physical channel | Modulation schemes
NPBCH QPSK

10.2.4.3 Layer mapping and precoding

Layer mapping and precoding shall be done according to clause 6.6.3 with P e {1,2}. The UE shall assume antenna
ports 2000 and 2001 are used for the transmission of the narrowband physical broadcast channel.

10.24.4 Mapping to resource elements

The block of complex-valued symbols y(" ) 0),..., y(” ) (M —1) for each antenna port is transmitted in subframe 0

symb

during 64 consecutive radio frames starting in each radio frame fulfilling n; mod64 =0. M, =800 for normal

sym|

cyclic prefix. Define y}p ) (0),..., y}p ) (K —1) as the block of complex-valued symbols to be transmitted in subframe 0 of

radio frame f = n; mod 64, as y}p) (=06, (i)y(p)(KLf/8J+ i), 1=0,.,99 with K =100 for normal cyclic prefix,

and

Lif ¢ (2i)=0andc,(2i+1)=0
—-Lif ¢, (2i)=0andc,(2i+1) =1
Jsif ¢, (2i)=landc, (2i+1)=0
—Jifc,(20)=landc,(2i+1) =1

()=

Ericsson Ex. 1011, p. 177 of 195

3GPP Ericsson v. Motorola



Release 14 178 3GPP TS 36.211 V14.3.0 (2017-06)

where the scrambling sequence ¢ (), j =0,...,199 is given by clause 7.2, and shall be initialized at the start of each

radio frame with ¢, ;, = (Nl + 1)(n , mod 8 + 1)® .22 + NJ¥!' The block of complex-valued symbols

init
y}p ) 0),..., y(fp ) (K —1) shall be mapped in sequence starting with y;p ) (0) to resource elements (k, / ) The mapping to
resource elements (k,/) not reserved for transmission of reference signals shall be in increasing order of first the

index k , then the index /. The first three OFDM symbols in a subframe shall not be used in the mapping process.

For the purpose of the mapping, the UE shall assume cell-specific reference signals for antenna ports 0-3 and

narrowband reference signals for antenna ports 2000 and 2001 being present irrespective of the actual configuration.
The frequency shift of the cell-specific reference signals shall be calculated by replacing NS with NS in the

calculation of vy in clause 6.10.1.2.

10.2.5 Narrowband physical downlink control channel

10.2.51 NPDCCH formats

The narrowband physical downlink control channel carries control information. A narrowband physical control channel
is transmitted on an aggregation of one or two consecutive narrowband control channel elements (NCCEs), where a
narrowband control channel element corresponds to 6 consecutive subcarriers in a subframe where NCCE 0 occupies
subcarriers 0 through 5 and NCCE 1 occupies subcarriers 6 through 11. The NPDCCH supports multiple formats as
listed in Table 10.2.5.1-1. For NPDCCH format 1, both NCCEs belong to the same subframe.

One or two NPDCCHs can be transmitted in a subframe.

Table 10.2.5.1-1: Supported NPDCCH formats

NPDCCH format | Number of NCCEs
0 1
1 2

10.2.5.2 Scrambling

Scrambling shall be done according to clause 6.8.2. The scrambling sequence shall be initialised at the start of subframe
ko according to [4] Subclause 16.6 and after every 4% NPDCCH subframe with ¢;; = |1 /2 2% + N where 7, is the
first slot of the NPDCCH subframe in which scrambling is (re-)initialized.

10.2.5.3 Modulation

Modulation shall be done according to clause 6.8.3 using the modulation scheme in Table 10.2.5.3-1

Table 10.2.5.3-1: Modulation schemes

Physical channel | Modulation schemes
NPDCCH QPSK

10.2.54 Layer mapping and precoding

Layer mapping and precoding shall be done according to clause 6.6.3 using the same set of antenna ports as the
NPBCH.

10.2.5.5 Mapping to resource elements

The block of complex-valued symbols y(0),..., (M., —1) shall be mapped in sequence starting with y(0) to

symb
resource elements (k,/) on the associated antenna port which meet all of the following criteria:

Ericsson Ex. 1011, p. 178 of 195

3GPP Ericsson v. Motorola



Release 14 179 3GPP TS 36.211 V14.3.0 (2017-06)

- they are part of the NCCE(s) assigned for the NPDCCH transmission, and
- they are not used for transmission of NPBCH, NPSS, or NSSS, and
- they are assumed by the UE not to be used for NRS, and

- they are not overlapping with resource elements used for PBCH, PSS, SSS, or CRS as defined in clause 6 (if
any), and

- theindex [ in the first slot in a subframe fulfils /> I\ppccusat Where Inppechsiar 1S given by clause 16.6.1 of
3GPP TS 36.213 [4].

The mapping to resource elements (k, / ) on antenna port p meeting the criteria above shall be in increasing order of

first the index k& and then the index /, starting with the first slot and ending with the second slot in a subframe.

The NPDCCH transmission can be configured by higher layers with transmissions gaps where the NPDCCH
transmission is postponed. The configuration is the same as described for NPDSCH in clause 10.2.3.4.

The UE shall not expect NPDCCH in subframe i if it is not a NB-IoT downlink subframe. In case of NPDCCH
transmissions, in subframes that are not NB-IoT downlink subframes, the NPDCCH transmission is postponed until the
next NB-IoT downlink subframe.

10.2.6  Narrowband reference signal (NRS)
Before a UE obtains operationModelnfo:

- The UE may assume narrowband reference signals (NRSs) are transmitted in subframes #0 and #4 and in
subframes #9 not containing NSSS.

On an NB-IoT carrier for which a UE receives higher-layer parameter operationModelnfo indicating guardband or
standalone.

- Before the UE obtains SystemInformationBlockTypel-NB, the UE may assume narrowband reference signals are
transmitted in subframes #0, #1, #3, #4 and in subframes #9 not containing NSSS.

- After the UE obtains SystemInformationBlockTypel-NB, the UE may assume narrowband reference signals are
transmitted in subframes #0, #1, #3, #4, subframes #9 not containing NSSS, and in NB-IoT downlink subframes.

On an NB-IoT carrier for which DL-CarrierConfigCommon-NB is present and no inbandCarrierlnfo is present.

- When an NB-IoT UE is configured by higher layers to decode NPDCCH with CRC scrambled by the P-RNTI,
the UE may assume NRSs are transmitted in the NPDCCH candidate where the UE finds a DCI with CRC
scrambled by the P-RNTI. The UE may also assume NRSs are transmitted 10 NB-IoT DL subframes before and
4 NB-IoT DL subframes after the NPDCCH candidate where the UE finds a DCI with CRC scrambled by the P-
RNTI. If the DCI with CRC scrambled by the P-RNTI schedules a NPDSCH, the UE may assume NRSs are
transmitted in the NB-IoT DL subframes carrying the NPDSCH as well as 4 NB-IoT DL subframes before and
after the scheduled NPDSCH.

- During random access procedure, during the window controlled by higher layers where the UE shall attempt to
decode the NPDCCH with DCI scrambled by RA-RNTI (see [8], subclause 5.1.4), before the DCI scrambled by
RA-RNTI is detected, the UE may assume NRSs are transmitted in the Type-2 CSS configured by higher layers,
as well as 10 NB-IoT DL subframes before and 4 NB-IoT DL subframes after each Type-2 CSS. If a DCI
scrambled by the RA-RNTI is detected, the UE may assume NRSs are transmitted in the NPDSCH scheduled by
the DCI scrambled by the RA-RNTI, as well as 4 NB-IoT DL subframes before and after the scheduled
NPDSCH. In addition, when the UE attempts to decode a DCI with CRC scrambled by the RA-RNTI as well as
receiving the NPDSCH scheduled by the DCI scrambled by the RA-RNTI, the UE may assume NRSs are
transmitted in subframes #0, #1, #3, #4 and #9.

- During random access procedure, when an NB-IoT UE is configured by higher layers to decode NPDCCH with
CRC scrambled by the temporary C-RNTI and/or the C-RNTI, before the the DCI scrambled by temporary C-
RNTTI and/or C-RNTI is detected, the UE may assume NRSs are transmitted in the Type-2 CSS configured by
higher layers, as well as 10 NB-IoT DL subframes before the start of each Type-2 CSS and 4 NB-IoT DL
subframes after the end of each Type-2 CSS until the mac-ContentionResolutionTimer expires. If a DCI
scrambled by the temporary C-RNTI or C-RNTT is detected, the UE may assume NRSs are transmitted in the
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NPDSCH scheduled by the DCI scrambled by the temporary C-RNTI or C-RNTT as well as 4 NB-IoT DL
subframes before and after the scheduled NPDSCH.

- An NB-IoT UE may assume NRSs are transmitted in NB-IoT DL subframes that are used for Typel A-NPDCCH
common search space, and Type2 A-NPDCCH common search space, as well as 10 NB-IoT DL subframes prior
and 4 NB-IoT DL subframes after each Typel A-NPDCCH common search space and Type2 A-NPDCCH
common search space. A UE may assume NRSs are transmistted in NB-IoT DL subframes carrying NPDSCH
scheduled by DCI CRC scrambled by G-RNTI or SC-RNTTI as well as 4 NB-IoT DL subframes prior and after
the scheduled NPDSCH.

- In other cases, the UE may assume NRSs are transmitted in subframes #0, #1, #3, #4, #9, and in NB-IoT
downlink subframes and shall not expect NRSs in other downlink subframes.

On an NB-IoT carrier for which a UE receives higher-layer parameter operationModelnfo indicating inband-SamePCI
or inband-DifferentPCI.

- Before the UE obtains SystemInformationBlockTypel-NB, the UE may assume narrowband reference signals are
transmitted in subframes #0, #4 and in subframes #9 not containing NSSS.

- After the UE obtains SystemInformationBlockTypel-NB, the UE may assume narrowband reference signals are
transmitted in subframes #0, #4, subframes #9 not containing NSSS, and in NB-IoT downlink subframes.

On an NB-IoT carrier for which DL-CarrierConfigCommon-NB is present and inbandCarrierInfo is present:

- When an NB-IoT UE is configured by higher layers to decode NPDCCH with CRC scrambled by the P-RNTI,
the UE may assume NRSs are transmitted in the NPDCCH candidate where the UE finds a DCI with CRC
scrambled by the P-RNTI. The UE may also assume NRSs are transmitted 10 NB-IoT DL subframes before and
4 NB-IoT DL subframes after the NPDCCH candidate. If the DCI with CRC scrambled by the P-RNTI
schedules a NPDSCH, the UE may assume NRSs are transmitted in the NB-IoT DL subframes carrying the
NPDSCH as well as 4 NB-IoT DL subframes before and after the scheduled NPDSCH.

- During random access procedure, during the window controlled by higher layers where the UE shall attempt to
decode the NPDCCH with DCI scrambled by RA-RNTI (see [8], subclause 5.1.4), before the DCI scrambled by
RA-RNTI is detected, the UE may assume NRSs are transmitted in the Type-2 CSS configured by higher layers,
as well as 10 NB-IoT DL subframes before and 4 NB-IoT DL subframes after the start of each Type-2 CSS. If a
DCI scrambled by the RA-RNTI is detected, the UE may assume NRSs are transmitted in the NPDSCH
scheduled by the DCI scrambled by the RA-RNTI, as well as 4 NB-IoT DL subframes before and after the
scheduled NPDSCH. In addition, when the UE attempts to decod a DCI with CRC scrambled by the RA-RNTI
as well as receiving the NPDSCH scheduled by the DCI scrambled by the RA-RNTI, the UE may assume NRSs
are transmitted in subframes #0, #4 and #9.

- During random access procedure, when an NB-IoT UE is configured by higher layers to decode NPDCCH with
CRC scrambled by the temporary C-RNTI and/or the C-RNTI, before the DCI scrambled by temporary C-RNTI
and/or C-RNTI, is detected, the UE may assume NRSs are transmitted in the Type-2 CSS configured by higher
layers, as well as 10 NB-IoT DL subframes before the start of each Type-2 CSS and 4 NB-IoT DL subframes
after the end of each Type-2 CSS until the mac-ContentionResolutionTimer expires. If a DCI scrambled by the
temporary C-RNTI or C-RNTI is detected, the UE may assume NRSs are transmitted in the NPDSCH scheduled
by the DCI scrambled by the temporary C-RNTI or C-RNTI as well as 4 NB-IoT DL subframes before and after
the scheduled NPDSCH.

- An NB-IoT UE may assume NRSs are transmitted in NB-IoT DL subframes that are used for Typel A-NPDCCH
common search space, and Type2 A-NPDCCH common search space, as well as 10 NB-IoT DL subframes prior
and 4 NB-IoT DL subframes after each Typel A-NPDCCH common search space and Type2 A-NPDCCH
common search space. A UE may assume NRSs are transmistted in NB-IoT DL subframes carrying NPDSCH
scheduled by DCI CRC scrambled by G-RNTT or SC-RNTT as well as 4 NB-IoT DL subframes prior and after
the scheduled NPDSCH.

- In other cases, the UE may assume NRSs are transmitted in subframes #0, #4, #9, and in NB-IoT downlink
subframes and shall not expect NRSs in other downlink subframes.

On an NB-IoT carrier for which DL-CarrierConfigDedicated-NB is present and no inbandCarrierInfo is present:

- The UE may assume NRSs are transmitted in subframes #0, #1, #3, #4, #9, and in NB-IoT downlink subframes
and shall not expect NRSs in other downlink subframes.

3GPP
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On an NB-IoT carrier for which DL-CarrierConfigDedicated-NB is present and inbandCarrierInfo is present:

- The UE may assume NRSs are transmitted in subframes #0, #4, #9, and in NB-IoT downlink subframes and shall
not expect NRSs in other downlink subframes.

An NB-IoT UE may assume NRSs are not transmitted in subframes that are configured by higher layer parameter
nprsBitmap for narrowband positioning reference signal transmission.

10.2.6.1 Sequence generation

The narrowband reference sequence shall be initialised according to clause 6.10.1.1 where N{S! is replaced with

Necell
NID .

10.2.6.2 Mapping to resource elements
Narrowband reference signals are transmitted on one or two antenna ports p € {2000,2001}.

cell c

If the higher layer indicates UE may assume that Ny is equalto N IIII) Il 'UE may assume

- the number of antenna ports for the cell-specific reference signals as defined in clause 6.10.1 is the same as for
the narrowband reference signals,

- the antenna ports for cell-specific reference signals {0, 1} are equivalent to antenna ports for narrowband
reference signals {2000, 2001}, respectively, and

- the cell-specific reference signals are available in all subframes where the narrowband reference signals are
available.

If the higher layer does not indicate UE may assume that N5 is equal to Nj¥", UE may assume

- the number of antenna port for the cell-specific reference signals as defined in clause 6.10.1 is obtained from the
higher layer parameter eutra-NumCRS-Ports,

- the cell-specific reference signals are available in all subframes where the narrowband reference signals are
available, and

the cell-specific frequency shift for cell-specific reference signals as defined in clause 6.10.1.2 is given by

_ arNcell
Veniet = Nip~ mod6.

The reference signal sequence 7, , (m) shall be mapped to complex-valued modulation symbols a,(cf}) used as reference

symbols for antenna port p in slot n, according to
aiy) =, (m")

where

k=6m+ (v + Venine )m0d6
I=NDPL _2 NDPL 1

symb symb —
m=0,1
m' =m+ NgxPl

The variables v and vg,;; define the position in the frequency domain for the different reference signals where v is
given by
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if p=2000and/= N2 -2

symb —

if p=2000and/= N2 —1

symb —

if p=2001and/=NJn, -2

if p=2001and/=NP- —1

symb

S W W O

The cell-specific frequency shift is given by vy; = Ny mod6.

Resource elements (k, / ) used for transmission of narrowband reference signals on any of the antenna ports in a slot
shall not be used for any transmission on any other antenna port in the same slot and set to zero.

Narrowband reference signals shall not be transmitted in subframes containing NPSS or NSSS.

Figure 10.2.6.2-1 illustrates the resource elements used for reference signal transmission according to the above
definition. The notation R, is used to denote a resource element used for reference signal transmission on antenna

port p.

Ry Ry
b=
=}
a
<
g Ry Ry
k=]
<
o
S
Ry L)
Ry Ry
1=0 1=61=0 =6
Resource element (k,/)
-
Ry Ry Ry R,
£
3
o
g Ry Ry R Ry - .
5 Not used for transmission on this antenna port
g
°
3
= Ry Ry R R .
Reference symbols on this antenna port
Ry Ry R R
=0 1=61=0 =6 =0 1=61=0 =6
even-numbered slots odd-numbered slots even-numbered slots odd-numbered slots
- > - >
Antenna port 2000 Antenna port 2001

Figure 10.2.6.2-1. Mapping of downlink narrowband reference signals (normal cyclic prefix)

10.2.6A Narrowband positioning reference signal (NPRS)

Narrowband positioning reference signals (NPRSs) shall only be transmitted in resource blocks in NB-IoT carriers
configured for NPRS transmission. In a subframe configured for NPRS transmission, the starting positions of the
OFDM symbols configured for NPRS transmission shall be identical to those in a subframe in which all OFDM
symbols have the same cyclic prefix length as the OFDM symbols configured for NPRS transmission. NPRS are
defined for Af =15kHz and normal CP only.

NPRSs are transmitted on antenna port 2006.
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10.2.6A.1  Sequence generation

The NPRS sequence 7, (m) is defined by
1 o1 x,DL
r, (m)=—=(1-2-cCm))+ j——=(1-2-c2m+1)), m=0,1,..2Ngg>" -1
O =2 com) ) i

where ng is the slot number within a radio frame, / is the OFDM symbol number within the slot. The pseudo-random

sequence c(i) is defined in clause 7.2. The pseudo-random sequence generator shall be initialised with
_ ~28 | A7NPRS 10 NPRS NPRS
Cnie =225 VPR /512 1210 (7 (n, +1)+ 1+1)- (2- (VPR mod 512)+ 1)+ 2- (W NPRS mod 512)+ N

at the start of each OFDM symbol where NINDP RS ¢ {0,1,...,4095} equals NII\IJDCell unless configured by higher layers and

where Nqp =1.

10.2.6A.2  Mapping to resource elements

For an NB-IoT carrier which is configured for NPRS tranmission, the reference signal sequence Tin, (m) shall be

mapped to complex-valued modulation symbols a,(c‘j) used as reference signal for antenna port p in slot n, according

to
afh) =n, (m'

where

- when the higher layer parameter when the higher layer parameter operationModelnfoNPRS for the configured
NB-IoT carrier is set to in-band

k =6m+(6—1+vgy;; )Jmod6
3,5,6 if n;mod2=0
[=41,2,3,5,6 if n;mod2 =1 and (1 or 2 PBCH antenna ports)
23,56 if nymod2=1and (4 PBCH antenna ports)
m=0,1
max,DL _ ~

m'=m+2 npgg + Npp

where ni,RB is signalled by higher layers nprs-Sequencelnfo, and 7 =1 if the higher layer parameter nprs-
Sequencelnfo indicates N, % is odd, and 7 =0 if the higher layer parameter nprs-Sequencelnfo indicates N, % is
even.

- when the higher layer parameter operationModelnfoNPRS for the configured NB-IoT carrier is set to standalone
or guard-band

k = 6m+(6—1+ vy )mod6
[=0,1,2,3,4,56

m=0,1
m'=m+ NgaxPk 1

and where vg;q = N RS mod 6 . If N RS s not configured by higher layers, N RSN II\]JDCSH . The number of PBCH
antenna ports is signalled by higher layers.

If higher layer parameter nprsBitmap is not configured, resource elements in OFDM symbols 5 and 6 in each slot shall
not be used for transmission of NPRS.
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Figure 10.2.6A.2-1: Mapping of NPRS (operationModelnfoNPRS is set to in-band, nprsBitmap
configured)

=0 : I=61=0 : i=6

even- numbered slots odd- numbered slots
Antenna port 2006

Figure 10.2.6A.2-2: Mapping of NPRS (operationModelnfoNPRS is set to standalone or guard-band,
nprsBitmap configured)

10.2.6A.3 NPRS subframe configuration

On a NB-IoT DL carrier configured for NPRS transmission, an NB-IoT UE can assume NPRSs are transmitted in DL
subframes configured by all higher layer parameters nprsBitmap, the NB-IoT carrier-specific subframe configuration
period Typrg, the NB-loT-carrier-specific starting subframe offset a\prg, and the number of consecutive downlink

subframes Nyprg Where NPRS shall be transmitted.

- If Typrs> Onprs> and Nypgrs are not configured for an NB-IoT downlink carrier configured for NPRS

transmission, an NB-IoT UE shall assume NPRSs are transmitted in downlink subframes configured by higher
layer parameter nprsBitmap.

- If nprsBitmap is not configured for an NB-IoT downlink carrier configured for NPRS transmission, an NB-IoT
UE shall assume NPRSs are transmitted in downlink subframes configured by the higher layer parameters

Txprs> @nprss and Nypgs -
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- If the higher layer parameter operationModelnfoNPRS for the configured NB-IoT carrier is set to in-band, the
higher layer parameters nprsBitmap shall be configured.

- If Tprs> nprs> and Nypgrg are configured, the NPRS instances in the first subframe of the Nyprg downlink

subframes, shall satisfy (1 Ong + |_ns / 2J — anprs I NPRS )mod Txprs =0

The NPRSs shall not be mapped to resource elements (k,l ) allocated to resource blocks of NPBCH, NPSS, NSSS, or
SystemInformationBlock-Typel-NB regardless of their antenna port p.

10.2.7 Synchronization signals

There are 504 unique physical-layer cell identities indicated by the narrowband secondary synchronization signal.
10.2.71 Narrowband primary synchronization signal (NPSS)

10.2.7.1.1 Sequence generation

The sequence 4,(n) used for the narrowband primary synchronization signal is generated from a frequency-domain
Zadoff-Chu sequence according to

_qun(n+1)

dy(n)=8()-e” 1, n=0,1,..,10

where the Zadoff-Chu root sequence index u# =5 and S(l) for different symbol indices / is given by Table 10.2.7.1.1-1.

Table 10.2.7.1.1-1: Definition of S(/).

Cyclic prefix length S(3),...,S(13)
Normal 111111111
10.2.7.1.2 Mapping to resource elements

The same antenna port shall be used for all symbols of the narrowband primary synchronization signal within a
subframe.

UE shall not assume that the narrowband primary synchronization signal is transmitted on the same antenna port as any
of the downlink reference signals. The UE shall not assume that the transmissions of the narrowband primary
synchronization signal in a given subframe use the same antenna port, or ports, as the narrowband primary
synchronization signal in any other subframe.

The sequences d, (n) shall be mapped to resource elements (k, / ) in increasing order of first the index

k=0,,.,NX® —2 and then the index / =3,4,...,.2N_"

wm — | in subframe 5 in every radio frame. For resource elements

(k, / ) overlapping with resource elements where cell-specific reference signals according to clause 6.10 are transmitted,

the corresponding sequence element d (n) is not used for the NPSS but counted in the mapping process.

10.2.7.2 Narrowband secondary synchronization signal (NSSS)

10.2.7.2.1 Sequence generation

The sequence 4(n) used for the narrowband secondary synchronization signal is generated from a frequency-domain
Zadoff-Chu sequence according to

,ﬂun’(n’Jrl)

d(n)= by (m)e e 1

where
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n=0,1,..,131
n'=nmodl131
m=nmod128

u=NN"mod126+3
.- N[I;I)cell
126

The binary sequence b, (m) is given by Table 10.2.7.2.1-1. The cyclic shift 6; in frame number #; is given by

33
6; =13—2(nf /2)mod4 .

Table 10.2.7.2.1-1: Definition of 5,(m).

q b,(0).....5,(127)
M11111111111111111111111111111111111111111111111111

0 (1111111111111111111111111111111111111111111111111111
1111111111111111111111111]
M111111111111111111111-111111-111-11-1

T e T s s e s s B O s O B B B
4111111111111 111111111-11111-11-1-11-11
1111111111111 11-1-111-111-111-1]
M-111111111111-111-111111-111-1-11-111-1-11

D T s T s T T s T s T Ty O B B
4111111111111 111111111-11-111-1-111-11-1
1111111111 1-111-111-1-111-11-1-11]
M1111411111111111111111111111-111-1-11

g [1T-11-1111 441111411111 11-1-111-019-19-191-111-1
1111111111111 1111111111111-111-1-11-11
1-111111-111-111-11-1-111-1-11-111-1]

10.2.7.2.2 Mapping to resource elements

The same antenna port shall be used for all symbols of the narrowband secondary synchronization signal within a
subframe.

UE shall not assume that the narrowband secondary synchronization signal is transmitted on the same antenna port as
any of the downlink reference signals. The UE shall not assume that the transmissions of the narrowband secondary
synchronization signal in a given subframe use the same antenna port, or ports, as the narrowband secondary
synchronization signal in any other subframe.

The sequence d (n) shall be mapped to resource elements (k, / ) in sequence starting with d(0) in increasing order of
first the index & over the 12 assigned subcarriers and then the index/ over the assigned last N, Sl\ylrsn symbols of

subframe 9 in radio frames fulfilling n; mod2 =0, where N NS3S is given by Table 10.2.7.2.2-1.

symb

Table 10.2.7.2.2-1: NSSS number of symbols

Cyclic prefix length | N, SI\yIISn%S

Normal 11

For resource elements (k,l ) overlapping with resource elements where cell-specific reference signals according to
clause 6.10 are transmitted, the corresponding sequence element d(n) is not used for the NSSS but counted in the
mapping process.
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10.2.8 OFDM baseband signal generation
For an NB-IoT carrier

- for which the higher layer parameter operationModelnfo indicates ‘inband-DifferentPCI’ and for all NB-IoT
downlink physical channels and signals except NPRS,

- for which the higher layer parameter operationModelnfo indicates ‘Guardband’ or ‘Standalone’,

- for an NB-IoT carrier for which the higher layer parameter Carrier ConfigDedicated-NB or
CarrierConfigCommon-NB is present and no inbandCarrierInfo is present, or

- for an NB-IoT carrier for which the higher layer parameters CarrierConfigDedicated-NB or

CarrierConfigCommon-NB is present and inbandCarrierInfo is present and the higher layers do not indicate

cell

N III;CCH is the same as Ny and for all NB-IoT downlink physical channels and signals except NPRS,

the time-continuous signal sl(p )(t) on antenna port p in OFDM symbol / in a downlink slot is defined by

’VNS‘EB / 211
(

stV (t)= F‘ Jak{a_)) K 2Rk (- Ney )
k=—|NRB/2 ’

for0<t< (NCPJ + N)>< T, where k7 =k +\_ kB /ZJ, N =2048, Af =15kHz and a,(c’;) is the content of resource

clement (k,/) on antenna port p.

Otherwise, the time-continuous signal Sl(,p ) (l ) on antenna port p in OFDM symbol /', where

I'=1+NDPE (n, mod4) € {0,...,27} is the OFDM symbol index from the start of the last even-numbered subframe, is

symb
defined by
. DL 5;RB A .
» —1 0 o ) /2ﬂkAf[t_Ncp l’mmlNDLbT;] ’VNRB Nsc /2—‘ 0 (+) ») ]27lkAf[t_Ncp I'mod MDLst]
P — K V4 b syml Sl D k Nsyml
S (t) = z e ac e + z e a e
! s ),l' k(ﬂ,l'
k=—|_N,§§N:§B /2J k=1

for 0<t<(Nep, +N)xT, where k) =k+|NPENEB /2 | and k) = k+ | NBENEE /2 ]-1,

P

O = J27 np_1or T, {l 'N+ ZN CP’[mOM] if resource element (k,/') is used for Narrowband IoT except for NPRS, and
i=0

0 otherwise including NPRS. The quantity f, na—1or 18 the frequency location of the center of the Narrowband loT PRB

minus the frequency location of the center of the LTE signal.

Only normal CP is supported for Narrowband IoT downlink in this release of the specification.

10.2.9 Modulation and upconversion

Modulation and upconversion to the carrier frequency of the complex-valued OFDM baseband signal for each antenna
port is shown in Figure 6.13-1. The filtering required prior to transmission is defined by the requirements in
3GPP TS 36.104 [6].
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Change history

Date TSG # TSG Doc. |CR Rev |Subject/Comment Old New
2006-09-24 - - - Draft version created - 0.0.0
2006-10-09 - - - Updated skeleton 0.0.0 0.0.1
2006-10-13 - - - Endorsed by RAN1 0.0.1 0.1.0
2006-10-23 - - - Inclusion of decision from RAN1#46bis 0.1.0 0.1.1
2006-11-06 - - - Updated editor’s version 0.1.1 0.1.2
2006-11-09 - - - Updated editor’s version 0.1.2 0.1.3
2006-11-10 - - - Endorsed by RAN1#47 0.1.3 0.2.0
2006-11-27 - - - Editor’s version, including decisions from RAN1#47 0.2.0 0.2.1
2006-12-14 - - - Updated editor’s version 0.2.1 0.2.2
2007-01-15 - - - Updated editor’s version 0.2.2 0.2.3
2007-01-19 - - - Endorsed by RAN1#47bis 0.2.3 0.3.0
2007-02-01 - - - Editor’s version, including decisions from RAN1#47bis 0.3.0 0.3.1
2007-02-12 - - - Updated editor’s version 0.3.1 0.3.2
2007-02-16 - - - Endorsed by RAN1#48 0.3.2 0.4.0
2007-02-16 - - - Editor’s version, including decisions from RAN1#48 0.4.0 0.4.1
2007-02-21 - - - Updated editor’s version 0.4.1 0.4.2
2007-03-03 | RP_35 [RP-070169 For information at RAN#35 0.4.2 1.0.0
2007-04-25 ) ) ) Editor’s version, including decisions from RAN1#48bis and RAN1 1.0.0 1.0.1
TDD Ad Hoc
2007-05-03 - - - - |Updated editor’s version 1.0.1 1.0.2
2007-05-08 - - - - |Updated editor’s version 1.0.2 1.0.3
2007-05-11 - - - - |Updated editor’s version 1.0.3 1.0.4
2007-05-11 - - - - _|Endorsed by RAN1#49 1.0.4 1.1.0
2007-05-15 - - - - | Editor’s version, including decisions from RAN1#49 1.1.0 1.1.1
2007-06-05 - - - - |Updated editor’s version 1.1.1 1.1.2
2007-06-25 - - - - |Endorsed by RAN1#49bis 1.1.2 1.2.0
2007-07-10 - - - - | Editor’s version, including decisions from RAN1#49bis 1.2.0 1.2.1
2007-08-10 - - - - |Updated editor’s version 1.2.1 1.2.2
2007-08-20 - - - - |Updated editor’s version 1.2.2 1.2.3
2007-08-24 - - - - |Endorsed by RAN1#50 1.2.3 1.3.0
2007-08-27 - - - - | Editor’s version, including decisions from RAN1#50 1.3.0 1.3.1
2007-09-05 - - - - |Updated editor’s version 1.3.1 1.3.2
2007-09-08 | RP_37 [RP-070729| - - |For approval at RAN#37 1.3.2 2.0.0
12/09/07 RP 37 |RP-070729 Approved version 2.0.0 8.0.0
28/11/07 RP_38 |RP-070949| 0001 | - [Introduction of optimized FS2 for TDD 8.0.0 8.1.0
Introduction of scrambling sequences, uplink reference signal
28/11/07 RP_38 |RP-070949( 0002 | - [sequences, secondary synchronization sequences and control 8.0.0 8.1.0
channel processing
Update of uplink reference-signal hopping, downlink reference
05/03/08 RP_39 |RP-080219( 0003 | 1 ([signals, scrambling sequences, DWPTS/UpPTS lengths for TDD |8.1.0 8.2.0
and control channel processing
28/05/08 RP 40 |RP-080432| 0004 | - g;zgg%i?; of the number of subcarriers in PUSCH transform 8.0 8.3.0
28/05/08 RP_40 |RP-080432) 0005 | - [Correction of PHICH mapping 8.2.0 8.3.0
28/05/08 RP_40 |RP-080432[ 0006 | - [Correction of PUCCH resource index for PUCCH format 2 8.2.0 8.3.0
28/05/08 RP 40 |RP-080432| 0007 | 3 [Correction of the predefined hopping pattern for PUSCH 8.2.0 8.3.0
28/05/08 RP_40 |RP-080432] 0008 | - [Non-binary hashing functions 8.2.0 8.3.0
28/05/08 RP_40 |RP-080432) 0009 | 1 [PUCCH format1 8.2.0 8.3.0
28/05/08 RP 40 |RP-080432) 0010 | 1 [CR on Uplink DM RS hopping 8.2.0 8.3.0
28/05/08 RP 40 |RP-080432| 0012 | 1 iCrB]olgrLngtg)S to limitation of constellation size of ACK transmission 8.20 8.3.0
28/05/08 RP_40 |RP-080432{ 0015 | 1 [PHICH mapping for one and two antenna ports in extended CP  |18.2.0 8.3.0
28/05/08 RP_40 |RP-080432) 0016 | 1 [Correction of PUCCH in absent of mixed format 8.2.0 8.3.0
28/05/08 RP_40 |[|RP-080432[ 0017 | - |[Specification of CCE size and PHICH resource indication 8.2.0 8.3.0
28/05/08 RP 40 |RP-080432| 0018 | 3 [Correction of the description of frame structure type 2 8.2.0 8.3.0
28/05/08 RP_40 |RP-080432) 0019 | - [On Delta"pucch_shift correction 8.2.0 8.3.0
28/05/08 RP 40 |RP-080432{ 0021 - | Corrections to Secondary Synchronization Signal Mapping 8.2.0 8.3.0
28/05/08 RP 40 |RP-080432( 0022 | - [Downlink VRB mapping to PRB for distributed transmission 8.2.0 8.3.0
28/05/08 RP 40 |RP-080432| 0023 | - [Clarification of modulation symbols to REs mapping for DVRB 8.2.0 8.3.0
28/05/08 RP 40 |RP-080432[ 0024 | 1 [Consideration on the scrambling of PDSCH 8.2.0 8.3.0
28/05/08 RP 40 |RP-080432| 0025 | - |[Corrections to Initialization of DL RS Scrambling 8.2.0 8.3.0
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28/05/08 RP_40 [RP-080432) 0026 | 1 |CR on Downlink RS 8.2.0 8.3.0
28/05/08 RP_40 |RP-080432) 0027 | - [CR on Uplink RS 8.2.0 8.3.0
28/05/08 RP_40 |RP-080432) 0028 | 1 [Fixed timing advance offset for LTE TDD and half-duplex FDD 8.2.0 8.3.0
28/05/08 RP 40 |RP-080432{ 0029 | 1 [Timing of random access preamble format 4 8.2.0 8.3.0
28/05/08 RP_40 |RP-080432) 0030 | 1 [Uplink sounding RS bandwidth configuration 8.2.0 8.3.0
28/05/08 RP 40 |RP-080432{ 0031 - |Use of common RS when UE-specific RS are configured 8.2.0 8.3.0
28/05/08 RP_40 |RP-080432]| 0032 | 1 [Uplink RS Updates 8.2.0 8.3.0
28/05/08 RP 40 |RP-080432| 0033 | - %’thogonal cover sequence for shortened PUCCH format 1a and 8.20 8.3.0
28/05/08 RP 40 |RP-080432) 0034 | - |Clarification of PDCCH mapping 8.2.0 8.3.0
28/05/08 RP 40 |RP-080432| 0035 | - |TDD PRACH time/frequency mapping 8.2.0 8.3.0
28/05/08 RP 40 |RP-080432( 0036 | - [Cell Specific Uplink Sounding RS Subframe Configuration 8.2.0 8.3.0
28/05/08 RP 40 |RP-080432| 0038 | - _II?'Z%CC)H length for carriers with mixed MBSFN and Unicast 8.20 8.3.0

y _|Correction to the scrambling sequence generation for PUCCH,
28/05/08 | RP_40 |RP-080432| 0040 PCFICH, PHICH, MBSFN RS and UE specific RS 820 1830
28/05/08 RP_40 |RP-080432)| 0041 | - [PDCCH coverage in narrow bandwidths 8.2.0 8.3.0
28/05/08 RP 40 |RP-080432{ 0042 | - [Closed-Loop and Open-Loop Spatial Multiplexing 8.2.0 8.3.0
28/05/08 RP_40 |RP-080432) 0043 | - [Removal of small-delay CDD 8.2.0 8.3.0
09/09/08 RP_41 |RP-080668| 48 1 |Frequency Shifting of UE-specific RS 8.3.0 8.4.0
09/09/08 RP 41 |RP-080668[ 49 1 [Correction of PHICH to RE mapping in extended CP subframe 8.3.0 8.4.0
09/09/08 RP 41 |RP-080668[ 50 - | Corrections to for handling remaining Res 8.3.0 8.4.0
09/09/08 RP 41 |RP-080668| 51 - | PRACH configuration for frame structure type 1 8.3.0 8.4.0
09/09/08 RP 41 |RP-080668| 52 2 |Correction of PUCCH index generation formula 8.3.0 8.4.0
09/09/08 RP 41 |RP-080668| 53 ) %’thogonal cover sequence for shortened PUCCH format 1a and 8.3.0 8.4.0
09/09/08 RP 41 |RP-080668| 54 - | Correction of mapping of ACK/NAK to binary bit values 8.3.0 8.4.0
09/09/08 RP_41 |RP-080668[ 56 2 |Remaining issues on SRS hopping 8.3.0 8.4.0

Correction of n_cs(n_s) and OC/CS remapping for PUCCH

09/09/08 RP_41 |RP-080668| 57 1 formats 1/1a/1b and 2/2a/2b 8.3.0 8.4.0
09/09/08 RP 41 |RP-080668| 59 ) 8;);?;2'%5 to Rank information scrambling in Uplink Shared 8.3.0 8.4.0
09/09/08 RP_41 |RP-080668( 60 - | Definition on the slot number for frame structure type 2 8.3.0 8.4.0
09/09/08 RP 41 |RP-080668| 61 ) ﬁ)ﬁg/er;ion of the Npucch sequence upper limit for the formats 8.3.0 8.4.0
09/09/08 RP 41 |RP-080668[ 62 1 |[Clarifications for DMRS parameters 8.3.0 8.4.0
09/09/08 RP_41 |RP-080668| 63 - | Correction of n_prs 8.3.0 8.4.0
09/09/08 RP_41 |RP-080668( 64 1 [Introducing missing L1 parameters to 36.211 8.3.0 8.4.0
09/09/08 RP 41 |RP-080668| 65 3 | Clarification on reception of synchronization signals 8.3.0 8.4.0
09/09/08 RP_41 |RP-080668( 66 - | Correction to the downlink/uplink timing 8.3.0 8.4.0
09/09/08 RP_41 |RP-080668| 67 - |ACK/NACK Scrambling scheme on PUCCH 8.3.0 8.4.0
09/09/08 RP_41 |RP-080668| 68 - |DCI format1C 8.3.0 8.4.0
09/09/08 RP_41 |RP-080668| 69 - | Refinement for REG Definition forn = 4 8.3.0 8.4.0
09/09/08 RP 41 |RP-080668| 71 - | Correcting Ncs value for PRACH preamble format 0-3 8.3.0 8.4.0
09/09/08 RP 41 |RP-080668[ 73 - | Correction of the half duplex timing advance offset value 8.3.0 8.4.0
09/09/08 RP_41 |RP-080668( 74 - | Correction to Precoding for Transmit Diversity 8.3.0 8.4.0
09/09/08 RP_41 |RP-080668[ 75 - | Clarification on number of OFDM symbols used for PDCCH 8.3.0 8.4.0
09/09/08 RP 41 |RP-080668( 77 - |Number of antenna ports for PDSCH 8.3.0 8.4.0
09/09/08 RP 41 |RP-080668| 78 ) gg;zzgcr)]n to Type 2 PUSCH predetermined hopping for Nsb=1 8.3.0 8.4.0
09/09/08 RP_41 |RP-080668| 79 - |PRACH frequency location 8.3.0 8.4.0
03/12/08 RP 42 |RP-081074( 70 1 | Correction for the definition of UE-specific reference signals 8.4.0 8.5.0
03/12/08 RP 42 |RP-081074[ 72 2 |Corrections to precoding for large delay CDD 8.4.0 8.5.0
03/12/08 RP_42 |RP-081074| 80 - | Correction to the definition of nbar_oc for extended CP 8.4.0 8.5.0
03/12/08 RP 42 |RP-081074| 81 1 |Specification of reserved REs not used for RS 8.4.0 8.5.0
03/12/08 RP 42 |RP-081074[ 82 2 |[Clarification of the random access preamble transmission timing |8.4.0 8.5.0
03/12/08 RP 42 |RP-081074| 83 1 |Indexing of PRACH resources within the radio frame 8.4.0 8.5.0
03/12/08 RP_42 |RP-081074| 84 6 |Alignment of RAN1/RAN2 specification 8.4.0 8.5.0
03/12/08 RP 42 |RP-081074| 86 g;a;g;‘;cahon on scrambling of ACK/NAK bits for PUCCH format 8.4.0 8.5.0
03/12/08 RP_42 |RP-081074| 87 - | Correction of introduction of shortened SR 8.4.0 8.5.0
03/12/08 RP_42 |RP-081074| 88 - |Corrections to 36.211 8.4.0 8.5.0
03/12/08 RP_42 |RP-081074| 89 - _|Clarification on PUSCH DM RS Cyclic Shift Hopping 8.4.0 8.5.0
03/12/08 RP 42 |RP-081074| 92 1 |Correction to the uplink DM RS assignment 8.4.0 8.5.0
03/12/08 RP 42 |RP-081074[ 93 - | Clarify the RNTI used in scrambling sequence initialization 8.4.0 8.5.0
03/12/08 RP 42 |RP-081074| 94 1 |On linkage Among UL Power Control Parameters 8.4.0 8.5.0
03/12/08 RP 42 |RP-081074[ 95 - | Clarification on PUSCH pre-determined hopping pattern 8.4.0 8.5.0
03/12/08 RP 42 |RP-081074| 96 - | Clarification of SRS sequence-group and base sequence number |8.4.0 8.5.0
03/12/08 RP_42 |RP-081074| 97 1 | SRS subframe configuration 8.4.0 8.5.0
03/12/08 RP_42 |RP-081074| 98 - _|Remaining SRS details for TDD 8.4.0 8.5.0
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03/12/08 RP_42 |RP-081074| 99 - _|Clarifying UL VRB Allocation 8.4.0 8.5.0
03/12/08 RP 42 |RP-081074| 100 - | Clarification on PUCCH resource hopping 8.4.0 8.5.0
03/12/08 RP 42 |RP-081074| 101 ) F)orrectlon .for definition of Qm and a pseudo code syntax error 8.4.0 850
- in Scrambling.
03/12/08 RP 42 |RP-081074| 105 1 |Remaining Issues on SRS of TDD 8.4.0 8.5.0
03/12/08 RP 42 |RP-081074| 106 ) g;r:gevsitgirr: of reference to RAN4 specification of supported uplink 8.4.0 8.5.0
03/12/08 RP_42 |RP-081074| 107 - |General corrections to SRS 8.4.0 8.5.0
03/12/08 RP 42 |RP-081074| 109 2 |Correction to PCFICH specification 8.4.0 8.5.0
03/12/08 RP 42 |RP-081074| 110 1 Correction to Layer Mapping for Transmit Diversity with Four 8.4.0 850
- Antenna Ports
03/12/08 RP 42 |RP-081074| 111 ) Correctlon_of the_map_plng of cyclic shift filed in DCI format 0 to 8.40 850
= the dynamic cyclic shift offset
03/12/08 RP_42 |RP-081074| 112 - _|DRS collision handling 8.4.0 8.5.0
03/12/08 RP 42 |RP-081074| 113 ) gﬁggc:tlon to enable reuse of non-active PUCCH CQI RBs for 8.4.0 8.5.0
03/12/08 RP_42 |RP-081074| 114 1 [PUSCH Mirror Hopping operation 8.4.0 8.5.0
03/12/08 RP 42 |RP-081074| 108 1 |Extended and normal cyclic prefix in DL and UL for LTE TDD 8.4.0 8.5.0
04/03/09 RP 43 |RP-090234| 115 1 |Alignment of PRACH configuration index for FS type 1 and type 2(8.5.0 8.6.0
04/03/09 RP 43 |RP-090234| 118 1 | Clarification for DRS Collision handling 8.5.0 8.6.0
04/03/09 RP 43 |RP-090234( 121 1 |Removing inverse modulo operation 8.5.0 8.6.0
04/03/09 RP_43 |RP-090234| 123 1 |[Clarification on the use of preamble format 4 8.5.0 8.6.0
04/03/09 RP 43 |RP-090234| 124 - | Clarification of RNTI used in scrambling sequence 8.5.0 8.6.0
04/03/09 RP 43 |RP-090234| 125 1 | Clarifying PDCCH RE mapping 8.5.0 8.6.0
04/03/09 RP 43 |RP-090234| 126 - | Correction of preamble format 4 timing 8.5.0 8.6.0
04/03/09 RP 43 |RP-090234| 127 | 2 |Corrections to SRS 8.5.0 8.6.0
04/03/09 RP 43 |RP-090234| 128 2 | Clarification of PDSCH Mapping to Resource Elements 8.5.0 8.6.0
04/03/09 RP_43 |RP-090234| 129 1 |Alignment with correct ASN1 parameter names 8.5.0 8.6.0
04/03/09 RP 43 |RP-090234| 130 - | Correction to PUCCH format 1 mapping to physical resources 8.5.0 8.6.0
04/03/09 RP 43 |RP-090234| 132 - | Correction to type-2 PUSCH hopping 8.5.0 8.6.0
04/03/09 RP 43 |RP-090234| 134 - |Alignment of SRS configuration 8.5.0 8.6.0
27/05/09 RP 44 |RP-090527| 135 - | Correction on UE behavior for PRACH 20ms periodicity 8.6.0 8.7.0
15/09/09 RP 45 |RP-090888| 137 1 | Clarification on DMRS sequence for PUSCH 8.7.0 8.8.0
15/09/09 RP 45 |RP-000888 138 1 g;gfnc;:%r;to PHICH resource mapping for TDD and to PHICH 8.7.0 8.8.0
01/12/09 RP 46 |RP-091168 142 - gl;rgilcs:ation of the transmit condition for UE specific reference 8.8.0 8.9.0
01/12/09 RP 46 |RP-091172] 139 | 2 [Introduction of LTE positioning 8.9.0 9.0.0
01/12/09 RP_46 |RP-091177| 140 3 | Editorial corrections to 36.211 8.9.0 9.0.0
01/12/09 RP_46 |RP-091257( 141 1 |Introduction of enhanced dual layer transmission 8.9.0 9.0.0
16/03/10 RP 47 |RP-100209| 144 1 |Removal of square brackets on positioning subframe periodicities [9.0.0 9.1.0
16/03/10 RP 47 |RP-100209 145 - g?;?::riggn of the CP length of empty OFDM symbols in PRS 9.00 910
16/03/10 RP_47 |RP-100210| 146 - | Clarification of MBSFN subframe definition 9.0.0 9.1.0
07/12/10 RP 50 |RP-101320| 148 - |Introduction of Rel-10 LTE-Advanced features in 36.211 9.1.0 10.0.0
15/03/11 RP 51 |RP-110254| 149 1 | Correction on UE behavior for PRACH preamble format 4 10.0.0 [10.1.0
15/03/11 RP_51 |RP-110256| 150 - | Corrections to Rel-10 LTE-Advanced features in 36.211 10.0.0 [10.1.0
01/06/11 RP_52 |RP-110818| 153 2 |PUSCH interaction with periodic SRS 10.1.0 [10.2.0
01/06/11 RP_52 |RP-110819| 154 1 [Correction on describing PUCCH format 3 10.1.0 [10.2.0
01/06/11 RP 52 |RP-110821 155 3 [Correction on codebooks for CSI-RS based feedback for up to 4 1010 |102.0
CSI-RS ports.
01/06/11 RP 52 |RP-110821 156 - Correctlpn on‘overlapplng non-zero-power and zero-power CSI- 1010 |102.0
RS configurations
01/06/11 RP_52 |RP-110821| 157 - | Correction on CSI-RS configuration 10.1.0 [10.2.0
01/06/11 RP_52 |RP-110821| 158 - |PDSCH transmission in MBSFN subframes 10.1.0 [10.2.0
01/06/11 RP 52 |RP-110823 159 - | Correction on implicit derivation of transmission comb per 1010 1020
— antenna port for SRS
01/06/11 RP 52 |RP-110823| 160 - |Uplink DMRS sequence in RACH procedure 10.1.0 [10.2.0
15/09/11 RP 53 |RP-111229| 162 - |Corrections on DMRS for Extended CP 10.2.0 [10.3.0
15/09/11 RP 53 |RP-111228| 163 ) gllgg?:c:hon of applicability of precoding power scaling factors for 1020 |103.0
15/09/11 RP 53 |RP-111228| 164 - | Correction to modulation and upconversion on PRACH 10.2.0 [10.3.0
15/09/11 RP_53 |RP-111229| 165 - | Clarification on cyclic prefix of PDSCH in MBSFN subframes 10.2.0 [10.3.0
15/09/11 RP 53 |RP-111229| 166 3 gé)r;((:jtlggs on indication in scrambling identity field in DCI format 1020 |103.0
05/12/11 RP_54 |RP-111668| 167 - | A correction to PDSCH precoding for CQlI calculation 10.3.0 [10.4.0
05/12/11 RP 54 |RP-111668| 168 - | Correction to figure of CSI-RS pattern in extended-CP subframe [10.3.0 ]10.4.0
13/06/12 RP_56 |RP-120736| 169 - | Correction to resource mapping for PDSCH 10.4.0 [10.5.0
13/06/12 RP 56 |RP-120739( 171 - | Correction for DMRS group hopping and sequence hopping 10.4.0 [10.5.0
13/06/12 RP_56 |RP-120738| 172 - | Correction to assumed CSI-RS transmissions in subframes used [10.4.0 ]10.5.0
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04/09/12 RP 57 |RP-121274| 170 4 |Introduction of an additional special subframe configuration 10.5.0 [11.0.0
04/09/12 RP 57 |RP-121272] 173 - |Inclusion of Rel-11 features 10.5.0 [11.0.0
04/12/12 RP 58 |RP-121839| 175 - | Correction to assumed CSI-RS transmissions in secondary cells [11.0.0 |11.1.0
04/12/12 RP_58 |RP-121846| 176 - | Correction to assumed CSI-RS transmissions in secondary cells [{11.0.0 ]11.1.0
26/02/13 RP 59 |RP-130254| 178 - | Clarification of CSI RS mapping to resource elements 11.1.0 [11.2.0
26/02/13 RP_59 |RP-130254| 180 - | Correction to CSI Reference Signals 11.1.0 [11.2.0
26/02/13 RP 59 |RP-130255| 181 ) gicti:jt;gr;al clarifications/corrections for introducing Rel-11 1110 |1120
11/06/13 RP 60 |RP-130752| 182 - |Correction to EPDCCH PRB pair indication 11.2.0 [11.3.0
11/06/13 RP_60 |RP-130752| 183 - _|CR on collision between EPDCCH and PSS/SSS/PBCH 11.2.0 [11.3.0
03/09/13 MCC clean-up 11.3.0 [11.4.0
03/09/13 RP_60 |RP-131250| 185 - | Correction to QCL behaviour on CRS 11.3.0 [11.4.0
03/12/13 RP 62 |RP-131894| 186 ) '(Dlgrlnz'?cc;};on on the derivation of the non-MBSFN region by 1140 1150
03/12/13 RP_62 |RP-131896| 184 3 |Introduction of Rel 12 feature for Downlink MIMO Enhancement  |11.5.0 |12.0.0
03/03/14 RP 63 |RP-140286| 187 - |On PMCH starting symbol in an MBSFN subframe 12.0.0 [12.1.0
10/06/14 RP 64 |RP-140858| 189 - |CR on antenna port definitions 12.1.0 [12.2.0
10/06/14 RP 64 |RP-140858| 190 1 | Clarification of downlink subframes 12.1.0 [12.2.0
10/06/14 RP 64 |RP-140862( 191 - |Inclusion of eIMTA, TDD-FDD CA, and coverage enhancements [12.1.0 ]12.2.0
10/09/14 RP 65 |RP-141485| 192 - |Inclusion of low-cost MTC and 256QAM 12.2.0 [12.3.0
CR on port 5 UE-specific reference signal when PDSCH is
10/09/14 | RP_65 |RP-141477| 194 | - overlap%e it EPDOCH 9 1220 [12.3.0
08/12/14 RP 66 |RP-142098| 195 3 |Clarification of PUSCH rate matching with SRS 12.3.0 [12.4.0
08/12/14 RP_66 |RP-142106| 197 4 |Inclusion of small-cell enhancements 12.3.0 [12.4.0
09/03/15 RP 67 |RP-150366| 196 7 |Inclusion of ProSe 124.0 [12.5.0
09/03/15 RP_67 |RP-150364| 198 - | Correction on 256QAM applicability to PMCH 124.0 [12.5.0
09/03/15 RP_67 |RP-150364| 199 - | Correction of discovery signal transmission 12.4.0 [12.5.0
15/06/15 RP 68 |RP-150935( 201 - | Alignment of ProSe parameters 12.5.0 [12.6.0
14/09/15 RP 69 |RP-151465| 203 - | Clarification on SRS BW configuration 12.6.0 [12.7.0
07/12/15 RP 70 |RP-152036| 209 1 |Modify max TA for dual connectivity 12.7.0 ]12.8.0
07/12/15 RP_70 |RP-152025| 206 | 2 [Introduction of EB/FD-MIMO 12.8.0 [13.0.0
07/12/15 RP_70 |RP-152027| 208 1 |Introduction of Rel-13 eCA 12.8.0 [13.0.0
07/12/15 RP_70 |RP-152125| 204 | 2 |[eD2D CR for 36.211 12.8.0 [13.0.0
07/12/15 RP_70 [RP-152258| 205 | 4 |[Introduction of LAA 12.8.0 [13.0.0
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Change history
Date Meeting TDoc CR |[Rev | Cat Subject/Comment Neyv
version
2016-03 | RAN#71 | RP-160359 | 210 | - | F |Alignment eD2D CR for 36.211 13.1.0
2016-03 | RAN#71 | RP-160367 | 212 | - | F |Clarification on PDSCH collision with PSS/SSS/PBCH 13.1.0
2016-03 | RAN#71 | RP-160357 | 213 | - | F |Correction on support of CA with up to 32 CCs 13.1.0
2016-03 | RAN#71 |RP-160357 | 214 | - | F [Correction on PUCCH format 4 and 5 13.1.0
2016-03 | RAN#71 |RP-160360 | 217 | - | F [Correction on DRS subframe in 36.211 13.1.0
2016-03 | RAN#71 | RP-160360 | 218 | - | F |Correction on EPDCCH start symbol in LAA 13.1.0
2016-03 | RAN#71 | RP-160360 | 219 | - | F [Correction to MBSFN subframe configuration 13.1.0
2016-03 | RAN#71 | RP-160358 | 220 ) F g)é?zﬂr; CSI-RS configuration for more than eight antenna ports in  |13.1.0
2016-03 | RAN#71 | RP-160358 | 221 | - | F [CR on mismatch between 36.211 and 36.331 13.1.0
2016-03 | RAN#71 | RP-160358 | 222 | - | F |Clarification on additional SC-FDMA symbols in UpPTS for SRs | 1310
2016-03 | RAN#71 | RP-160358 | 223 | - | F [Correction on Precoding and definition of DMRS ports 13.1.0
2016-03 | RAN#71 | RP-160361 | 207 | 9 | B |introduction of LC/CE MTC 13.1.0
2016-06 | RAN#72 | RP-161063 | 216 | 2 | F |CRon CSI-RS transmission in DWPTS 13.20
2016-06 | RAN#72 | RP-161067 | 224 | 8 | B [Introduction of NB-loT 13.20
2016:06 | RAN#T2 | RP161086 | 229 | 2 | F_|COsion between PSSSSSPBCH and MPDCCHPDSCHor (1320
2016-06 | RAN#72 | RP-161066 | 230 | - | F |DMRS initialization of CSS for MTC 13.20
2016-06 | RAN#72 | RP-161066 | 231 | - | F |Missing words in PRACH starting subframe paragraph for MTC | 1320
2016-06 | RAN#72 | RP-161065 | 232 | - | F |Correction to EPDCCH procedures for LAA FS 3 13.20
2016-06 | RAN#72 | RP-161063 | 233 | - | F |Clarification on PDSCH mapping to resource elements 13.20
2016-06 | RAN#72 | RP-161063 | 234 | - | F |CRon CSI-RS description in TS 36.211 13.20
2016-06 | RAN#72 | RP-161065 | 235 | - | F |Corrections on the support of ending partial subframe in LAA 13.20
2016-06 | RAN#72 | RP-161063 | 236 | - | F [Clarification of CSI-RS on extended CP 13.20
2016-06 | RAN#72 | RP-161063 | 237 ) F ‘C‘)?cl;:esg?c(ﬁ description about UpPTS length for preamble format |13.2.0
2016-06 | RAN#72 | RP-161066 | 238 | - | F [Correction to TS 36.211 for eMTC 13.20
2016-06 | RAN#72 | RP-161066 | 239 | - | F |Narrow band hopping 13.20
2016-06 | RAN#72 | RP-161066 | 240 | 1 | F |CR on MPDCCH format for Rmax=1 and 2/4 PRBs 13.20
2016-06 | RAN#72 | RP-161066 | 241 1 F ggr'\rﬂe(;:éigg on RE mapping in MBSFN subframe for BL/CE UEs in |13.2.0
2016-06 | RAN#72 | RP-161063 | 242 | - | F [Correction on the description about DMRS 13.20
2016-06 | RAN#72 | RP-161066 | 243 | - | F |CR for TS36.211 related to 2+4 PRB set 13.20
2016-06 | RAN#72 | RP-161065| 244 | - | F |CR on UE assumptions on number of CRS ports in DRS 13.20
2016-06 | RAN#72 | RP-161066 | 245 | - | F |Some corrections for eMTC 13.20
2016-06 | RAN#72 | RP-161066 | 247 ) F gsgtfiitcig:on of MPDCCH over empty CRS tones in PBCH 13.2.0
2016-06 | RAN#72 | RP-161066 | 248 | - | F |Scrambling sequence initialization 13.20
2016-06 | RAN#72 | RP-161066 | 249 | - | F |On MPDCCH AL for 8 EREGs per ECCE in TS 36.211 1320
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2016-06 | RAN#72 | RP-161066 | 250 | - | F |Overriding of valid-invalid subframes for R=1 13.20
2016-06 | RAN#72 | RP-161066 | 251 | - | F |Scrambling Sequence for paging MPDCCH and PDSCH 13.20
2016-06 | RAN#72 | RP-161066 | 252 | - | F |Scrambling sequence initialization for PDSCH 13.20
2016-09 | RAN#73 | RP-161563 | 253 | - | F |Correction on DMRS for NB-loT in TS 36.211 13.3.0
2016-09 | RAN#73 | RP-161563 | 254 | 1 | F |Correction on NPRACH in TS 36.211 13.3.0
2016-09 | RAN#73 | RP-161563 | 255 | - | F |Correction on SC-FDMA signal generation for NB-IoT in TS 36.211 | 13-3-0
2016-09 | RAN#73 | RP-161563 | 256 | - | F |Corrections to RRC parameter names for NB-loT in TS 36.211 | 13:3:0
2016-09 | RAN#73 |RP-161562 | 259 | - | F |MPDCCH search-space with Temporary C-RNTI 13.3.0
2016-09 | RAN#73 | RP-161563 | 260 | - | F |Correction on NPBCH in TS 36.211 13.3.0
2016-09 | RAN#73 |RP-161563 | 261 | 1 | F [Correction on UL collisions in TS 36.211 13.3.0
2016-09 | RAN#73 |RP-161563 | 262 | 1 | F |Correction on NPSS mapping in TS 36.211 13.3.0
2016-09 | RAN#73 | RP-161563 | 263 1 F g:rzijegg(;?jtﬁ; trr:]ecs)g;eiie?gesce)flzl\ilﬁs for standalone and guard 13.3.0
2016-09 | RAN#73 | RP-161561 | 264 | - | F |Correction on the determination of EPDCCH starting position 13.3.0
2016-09 | RAN#73 | RP-161563 | 265 | - | F |Corrections on NPDCCH scrambling in TS 36.211 13.3.0
2016-09 | RAN#73 |RP-161562 | 272 | 1 | F |Frequency hopping for SI and paging messages for BLICE UE | 1330
2016-09 | RAN#73 |RP-161562 | 275 | - | F [Scrambling of DL DMRS for BL/CE UE 13.3.0
2016-09 | RAN#73 | RP-161562 | 276 | - | F |Enable cross-subframe channel estimation for BL/ICE UE 1330

F Frequency hopping interval for MPDCCH during random access 13.3.0

2016-09 | RAN#73 | RP-161562 | 278 - for BL/CE UE

2016-09 | RAN#73 | RP-161565| 279 | - | F |CR on the correction from SC-FDFMA to SC-FDMA 13.3.0

Correction for PHICH resource reservation on the LAA cell in 13.3.0
36.211 for Rel-13 LAA
Correction on MPDCCH transmission without repetition in special [13.3.0

2016-09 | RAN#73 | RP-161561 [ 280 - F

2016-09 | RAN#73 | RP-161562 | 281 - F

subframes
2016-09 | RAN#73 | RP-161563 | 282 1 F Lrg;?gﬁﬁggnbgggdrgii;vsid range of NPRACH sub-carriers for 13.3.0
2016-09 | RAN#73 |RP-161562 | 283 | - | F |Clarification of valid subframe in eMTC 13.3.0
2016-09 | RAN#73 | RP-161563 | 284 | - | F |Correction of NB-IoT antenna port mapping 13.3.0
2016-09 | RAN#73 | RP-161562 | 285 | - | F |Clarification on PRACH system frame number 1330
2016-09 | RAN#73 | RP-161562 | 286 | - | F |PUCCH retuning with puncturing for BL/CE UE 13.3.0
2016-09 | RAN#73 | RP-161563 | 287 | 1 | F |Phase difference between NRS and CRS 13.3.0
2016-09 | RAN#73 | RP-161825 | 288 | 1 | B |Continuous uplink transmission in eMTC 13.3.0
2016-09 | RAN#73 |RP-161571 | 266 | 2 | B |Introduction of eLAA 14.0.0
2016-09 | RAN#73 | RP-161570 | 267 | 2 | B |introduction of V2V support 14.00
2016-12 | RAN#74 | RP-162368 | 0207 | - | F |CR on start timing of PUSCH 14.1.0
2016-12 | RAN#74 | RP-162358 | 0298 ) A %(f)rrection to DMRS for MPDCCH associated with P-RNTI - Rel- |14.1.0
2016-12 | RAN#74 | RP-162359 | 0300 | - | A |Clarification on NPRACH and NPUSCH collision 14.1.0
2016-12 | RAN#74 | RP-162358 | 0302 | 1 | A [Clarification on i_0 value 14.1.0
2016-12 | RAN#74 | RP-162358 | 0304 | - | A [Correction of PRACH starting subframes for eMTC 14.1.0
2016-12 | RAN#74 | RP-162359 | 0306 | - | A |Correction of NPRACH frequency hopping 14.1.0
2016-12 | RAN#74 | RP-162358 | 0307 | - | A [Correction on MPDCCH transmission without repetition 14.1.0
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2016-12 | RAN#74 | RP-162358 | 0308 A E)orrgc_:tior) of typos_ due to wrong impIerTentation of CR0283 14.1.0
Clarification of valid subframe in eMTC
2016-12 | RAN#74 | RP-162356 | 0309 A |Correction on NZP CSI-RS aggregation for Class A 14.1.0
2016-12 | RAN#74 | RP-162367 | 0310 B Introduption of performance enhancements for high speed 14.1.0
scenario
2016-12 | RAN#74 | RP-162450 | 0311 B |Introduction of further indoor positioning enhancements 14.1.0
2016-12 | RAN#74 | RP-162365 | 0312 B |Introduction of Multiuser Superposition Transmission (MUST) 14.1.0
2016-12 | RAN#74 | RP-162359 | 0316 A |Correction on NPDSCH Mapping to resource elements in 36.211 | 141-0
2016-12 | RAN#74 | RP-162358 | 0320 A |UL gap applicability for CE Mode A 14.1.0
CR on pseudo-random sequence generator for PUCCH format 4 14.1.0
2016-12 | RAN#74 | RP-162355 | 0322 A |and PUCCH format 5 and sequence group hopping for PUCCH o
format 4
2016-12 | RAN#74 | RP-162359 | 0324 A |Clarification on vShift value for CRS 14.1.0
2016-12 | RAN#74 | RP-162359 | 0326 A |Correction to OFDM baseband signal generation of NB-loT 14.1.0
2016-12 | RAN#74 | RP-162358 | 0327 A |Mapping of MPDCCH and PDSCH 14.1.0
2016-12 | RAN#74 | RP-162364 | 0328 B |Introduction of SRS switching between LTE component carriers | 1410
2016-12 | RAN#74 | RP-162366 | 0329 F | Corrections for V2V 14.1.0
2017-03 | RAN#75 | RP-170605 | 0330 B |Introduction of Uplink Capacity Enhancements for LTE 14.20
2017-03 | RAN#75 | RP-170608 | 0331 B |Introduction of eMBMS enhancements for LTE 14.20
2017-03 | RAN#75 | RP-170623 | 0332 B |Introduction of Further Enhanced MTC for LTE 14.20
2017-03 | RAN#75 | RP-170624 | 0333 B |Introduction of NB-loT enhancements 14.2.0
2017-03 | RAN#75 | RP-170622 | 0334 B |Introduction of V2X 14.2.0
2017-03 | RAN#75 | RP-170607 | 0335 B |Introduction of éFD-MIMO 14.2.0
2017-03 | RAN#75 | RP-170625 | 0336 B |Introduction of Voice and Video enhancement for LTE 14.2.0
2017-03 | RAN#75 | RP-170610 | 0338 A |Correction on the scrambling of NPDSCH carrying the BCCH 14.2.0
2017-03 | RAN#75 | RP-170609 | 0340 A |Frequency hopping in eMTC 14.2.0
2017-03 | RAN#75 | RP-170609 | 0342 A |Retuning gap with shortened PUCCH format for BL/CE UE 14.2.0
Parameters for number of PUCCH repetitions for Msg4 for BL/ICE [14.2.0
2017-03 | RAN#75 | RP-170609 | 0344 A | UE  persaded by GRO3322
2017-03 | RAN#75 | RP-170609 | 0346 A Clarification on repetition and starting subframe of the MPDCCH 14.2.0
search space
2017-03 | RAN#75 | RP-170615 | 0347 F |CR for SRS switching in 36.211 14.20
2017-03 | RAN#75 | RP-170617 | 0348 F CRon _the new restricted sets of cyclic shifts for PRACH for high 14.2.0
speed in 36.211
2017-03 | RAN#75 | RP-170612 | 0352 A |Correction on single layer precoding for EPCCH 14.20
2017-03 | RAN#75 | RP-170610 | 0354 A |NPBCH symbol rotation for interference randomization in NB-loT | 1420
2017-03 | RAN#75 | RP-170617 | 0355 F CorrecFio_n to PRACH resource configuration for high speed 14.2.0
scenario in TS 36.211
2017-06 | RAN#76 | RP-171205 | 0356 F Correction on ba)seband generation for paging/random access 14.3.0
non-anchor carriers
2017-06 | RAN#76 | RP-171204 | 0357 F Correction of reference to PRS occasion group for OTDOA 14.3.0
enhancements
2017-06 | RAN#76 | RP-171204 | 0358 F _Center frequency for PUSCH allocation in larger bandwidth mode |14.3.0
in FeMTC
2017-06 | RAN#76 | RP-171205 | 0359 F |Clarification of NRS presence 14.3.0
2017-06 | RAN#76 | RP-171194 | 0360 F | Clarification and Correction on IFDMA UL-DMRS for eFD-MiM0O | 14-3-0
2017-06 | RAN#76 | RP-171199 | 0363 A |Clarification on PDSCH collision with PSS/SSS in TDD 14.3.0
2017-06 | RAN#76 | RP-171195 | 0364 F | Clarification on CDM-8 pattern for 24-ports CSI-RS in DWPTS 14.3.0
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2017-06 | RAN#76 | RP-171192 | 0365 F Correction on I_DUSCH symbol locations in UpPTS for UL capacity |14.3.0
enhancement in TS 36.211
2017-06 | RAN#76 | RP-171196 | 0366 A |CR on correction of PRACH transmission across SFN boundary | 1430
2017-06 | RAN#76 | RP-171204 | 0367 F | Correction on resource mapping in case of retuning in 36.211 14.3.0
2017-06 | RAN#76 | RP-171197 | 0369 A |Correction on NB-loT DMRS definition in 36.211 14.3.0
2017-06 | RAN#76 | RP-171197 | 0371 A ?())é)rzr??tion on NB-loT SC-FDMA baseband signal generation in 14.3.0
2017-06 | RAN#76 | RP-171197 | 0373 A Clarification on the definition of the nprach-NumCBRA- 14.3.0
StartSubcarriers
2017-06 | RAN#76 | RP-171204 | 0374 F |Parallel reception of MPDCCH and PDSCH for BL/CE UE 14.3.0
2017-06 | RAN#76 | RP-171194 | 0375 F CR for pre_‘coding for spgtial m_ultiplexing using antenna ports with |14.3.0
UE-specific reference signals in 36.211
2017-06 | RAN#76 | RP-171194 | 0376 F |Correction to CSI-RS configuration 14.3.0
2017-06 | RAN#76 | RP-171196 | 0378 A gﬁggc:tion of frequency hopping for “PDCCH order” initiated 14.3.0
2017-06 | RAN#76 | RP-171196 | 0380 A ]%?rr]:zft;on on determination of number of repetitions PUCCH 14.3.0
2017-06 | RAN#76 | RP-171204 | 0381 F | Correction on PRS hopping 14.3.0
2017-06 | RAN#76 | RP-171205 | 0383 F [NRS presence assumptions on unicast non-anchor carriers 14.3.0
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