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Foreword
This Technical Specification has been produced by the 3" Generation Partnership Project (3GPP).

The contents ofthe presentdocument are subject to continuing work within the TSGand may change following formal
TSG approval. Should the TSGmodify the contents ofthe present document, it will be re-released by the TSGwith an

identifying change ofrelease date and an increase in version number as follows:
Versionxy.z
where:
x the first digit:
1 presentedto TSGforinformation;
2 presentedto TSGforapproval;
3 or greaterindicates TSGapproved document under change control.

y theseconddigitis incremented forall changes of substance, i.e. technical enhancements, corrections,
updates, etc.

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

The present documentdescribes thephysical channels forevolved UTRA.

2 References

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

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

e Fora specific reference, subsequent revisions donot apply.

e Fora non-specific reference, thelatest version applies. In the case ofareference to a 3GPP document (including
a GSM document), a non-specific reference implicitly refers to the latest version ofthatdocument 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 (EFUTRA); LTE physical layer;
General description".

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

[4] 3GPP TS 36.213: "Evolved Universal Terrestrial Radio Access (E-FUTRA); 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-FUTRA); Base Station (BS)

radio transmissionandreception".

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

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

3 Symbols and abbreviations

3.1 Symbols

Forthe purposes ofthe present document, the following symbols apply:

(k,D) Resource element with frequency-domain index £ and time-domain index /
a,((f’l) Value of resource element (k,/) [forantennaport p |
D Matrix for supporting cyclic delay diversity
Dia Density ofrandomaccess opportunities per radio frame
fo Carrier frequency
3GPP
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fra

PUSCH
M,

PUSCH
Myg

(q)
Mg

(@)
symb

layer
M symb

min, DL
N RB
DL
N max,
RB
UL
N, RB
min, UL
N RB

max, UL
N RB

N TA offset

(1,p)
Npyccu

(2,p)
npyccH

(3.p)
"pyccH

nppccH

I'prB

RA
I'prB

”11}1?3 offset
nyrB
NRNTI

ng
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PRACH resource frequency indexwithin the considered time-domain location
Scheduled bandwidth foruplink transmission, expressed as a number of subcarriers
Scheduled bandwidth foruplink transmission, expressed as a number ofresource blocks
Number of coded bits to transmit on a physical channel [for codeword ¢ ]

Number of modulation symbols to transmit on a physical channel [for codeword ¢ ]
Number of modulation symbols to transmit per layer fora physical channel

Number of modulation symbols to transmit per antenna port fora physical channel

A constant equalto 2048 for Af'=15kHz and 4096 for Af =7.5kHz
Downlink cyclic prefix length for OFDM symbol / inaslot

Cyclic shift value used forrandomaccess preamble generation

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

Bandwidth available foruse by PUCCH formats 2/2a/2b, expressed in multiples of N2P
The offset used for PUSCH frequency hopping, expressed in number ofresourceblocks (setby
higherlayers)

Physicallayercellidentity

MBSEFEN area identity

Downlink bandwidth configuration, expressed in multiples of N SIEB

Smallest downlink bandwidth configuration, expressed in multiples of NX®

Largest downlink bandwidth configuration, expressed in multiples of NXB

Uplink bandwidth configuration, expressed in multiples of NXP

Smallest uplink bandwidth configuration, expressed in multiples of N 2P

Largest uplink bandwidth configuration, expressed in multiples of NXB

Numberof OFDM symbols in adownlink slot

Numberof SC-FDMA symbols in an uplink 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 ofeach sub-band for PUSCH frequency-hopping with predefined hopping pattern, expressed

as anumber ofresource blocks
Number of downlink to uplink switch points within the radio frame

Number of reference symbols perslot for PUCCH

Timing offset betweenuplink and downlink radio frames at the UE, expressed in units of 7
Fixed timing advanceoffset, expressed in units of 7,

Resource indexfor PUCCH formats 1/1a/1b

Resource indexfor PUCCH formats 2/2a/2b

Resource indexfor PUCCH formats 3

Numberof PDCCHs present in a subframe

Physicalresource blocknumber

First physicalresourceblock occupiedby PRACH resource considered
First physicalresourceblock available for PRACH

Virtual resource block number

Radio network temporary identifier

System frame number

3GPP
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ng Slot number within a radio frame

P Number of antenna ports used for transmission ofa channel

p Antennaport number

q Codeword number

TRA Index for PRACH versions with same preamble format and PRACH density
On Modulationorder: 2 for QPSK, 4 for I6QAM and 6 for 64QAM transmissions
sl(” ) (t) Time-continuous baseband signal forantennaport p and OFDM symbol / inaslot
1 Radio frame indicatorindexof PRA CH opportunity

fl(z]/)a Half frame index of PRACH opportunity within the radio frame

tl(& Uplink subframe number for start of PRA CH opportunity within the half frame
T; Radio frame duration

T, Basic time unit

Tiot Slot duration

w Precoding matrix for downlink spatial multiplexing

Prracu Amplitude scaling for PRACH

Bruccn Amplitude scaling for PUCCH

Pruscu Amplitude scaling for PUSCH

Psrs Amplitude scaling for sounding reference symbols

Af Subcarrierspacing

Afra Subcarrier spacing for the randomaccess preamble

v Number of transmission layers

3.2 Abbreviations

Forthe purposes ofthe present document, the abbreviations givenin TR 21.905 [1] and the following apply.
An abbreviation defined in the present documenttakes precedence over thedefinition ofthe same abbreviation, ifany,
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
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

PRACH Physical Random A ccessCHannel

PRB Physical Resource Block

PRS Positioning Reference Signal

PUCCH Physical Uplink Control CHannel
PUSCH Physical Uplink Shared CHannel

REG Resource-Element Group

SRS Sounding Reference Signal

VRB Virtual Resource Block

3GPP
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4 Frame structure

Throughoutthis specification, unless otherwise noted, the size of various fields in the time domain is expressedasa
numberoftime units 7, = 1/(15000x 2048) seconds.

Downlink and uplink trans mis sions are organized into radio frames with 7; =307200x 7, =10 ms duration.
Two radio frame structures are supported:

- Type 1,applicable to FDD,
- Type2,applicable to TDD.

Transmissions in multiple cells can be aggregated where up to four secondary cells can be used in addition tothe
primary cell. Unless otherwise noted, thedescriptionin this specification applies to eachofthe up to five serving cells.
In case of multi-cellaggregation, the UEmay assume the same frame structure is used in all the servingcells.

4.1 Frame structure type 1

Frame structure type 11is applicable to both fullduplexand halfduplexFDD. Each radio frame is
Ty =307200-T, =10 ms long and consists 0of 20 slots oflength Ty, =15360- T, = 0.5 ms , numbered fromO to 19. A

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

ForFDD, 10 subframes are available for downlink transmission and 10 subframes are available for uplink transmis sions
in each 10ms interval. Uplinkand 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 suchrestrictions in full-duplexFDD.

One radio frame, Ty= 3072007, = 10 ms
One slot, Tg,= 153607,= 0.5 ms
4—»1

#0 #1 #2 H3 | 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 2is applicable to TDD. Each radio frame oflength 7; =307200-7, =10 ms consists oftwo half-
frames of length 153600 -7, = 5 ms each. Each half-frame consists of five subframes oflength 307207, =1ms.

The supported uplink-downlink configurations are listed in Table 4.2-2 where, for each subframe in a radio frame, "D"
denotes the subframe is reserved for downlink transmis sions, "U" denotes the subframe is reserved foruplink
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
equalto 30720-7, =1ms.Each subframe ;is definedas two slots, 2; and 2i +1 oflength T, =15360-7, =0.5msin
each subframe.

Uplink-downlink configurations with both 5 ms and 10 ms downlink-to-uplink switch-point periodicity are supported.
In case of Sms 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 0and 5 and DwWPTS are always reserved for downlink transmission. UpPTS and the subframe immediately
following the special subframe are always reserved foruplink transmission.

In case multiple cells are aggregated, the UEmay assume that the guard period ofthe special subframe in the different
cells have an overlapofat least 1456-T;.

In case multiple cells with different uplink-downlink configurations are aggregated and the UEis 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 UEshallnot transmit any signal orchannelon a
secondary cellin the same subframe

- if the subframe in the primary cell is an uplink subframe, the UEis not expectedto receiveany 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 cellis a downlink
subframe, the UEis not expected to receive PDSCH/EPDCCH/PM CH/PRS transmissions in the secondary cellin the
same subframe, and the UEis not expected to receive any other signals on the secondary cellin OFDM symbols that
overlaps with the guard period or UpPTS in the primary cell.

One radio frame, T; = 307200Ts = 10 ms

One half-frame, 153600Ts = 5 ms

One slot, [

Too=15360Ts 30720T, T

-~ T
I \ \ UV \ — \ \ SN
Subframe #0 | | Subframe #2 ‘ Subframe #3 Subframe #4 ‘ Subframe #5 ‘ | | ‘ Subframe #7 ‘ Subframe #8 ‘ Subframe #9
ore ! ! | | | | | | |
subframe, / T \ /
L—3v<-}7’z‘<¥|'—>s
pwpTs G UPPT owets  Gp JPPT

Figure 4.2-1: Frame structure type 2 (for 5 ms switch-point periodicity)
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Table 4.2-1: Configuration of special subframe (lengths of DWPTS/GP/UpPTS)

Normal cyclic prefix in downlink

Extended cyclic prefix in dow nlink

SrEHlaTeE DwPTS UpPTS DwPTS UpPTS
pcorl1ﬁ ubt Normal cyclic Extended . .
guration . Normal cyclic Extended cyclic
prefix cyclic prefix fix i link fix i link
0 il in uplink prefix in uplin prefix in uplin
0 6592-T, 7680- T,
1 19760-T, 20480-T,
2192-T, 2560-T,
2 21952-T, 2192-T, 2560-T, 23040-T,
3 24144 -T, 25600-T,
4 26336-T, 7680 - T,
5 6592-T, 20480-T,
4384-T, 5120-T;
6 19760-T, 23040-T,
7 21952-T, 4384-T, 5120-T; 128007
8 24144-T, - - -
9 13168-T, - - -
Table 4.2-2: Uplink-downlink configurations
Uplink-dow nlink Dow nlink-to-Uplink Subframe number
configuration Switch-point periodicity 0 1 2 3 4 5 6 7 8 9
0 5ms D S U U U D S U U U
1 5ms D S U U D D S U U D
2 5ms D S Y] D D D S U D D
3 10 ms D S U U U D D D D D
4 10 ms D S U U D D D D D D
5 10 ms D S U D D D D D D D
6 5ms D S U U U D S U U D
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5 Uplink

51 Overview

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

5.1.1 Physical channels

Anuplink physical channel corresponds to a setofresourceelements carrying information originating fromhigher
layers and is the interface defined between 3GPP TS 36.212 [3] and the presentdocument 3GPP TS 36.211.
The following uplink physical channels are defined:

- Physical Uplink Shared Channel, PUSCH
- Physical Uplink Control Channel, PUCCH
- Physical Random A ccessChannel, PRACH

5.1.2  Physical signals

Anuplink physicalsignalis used by the physical layer but does not carry information originating fromhigher layers.
The following uplink physical signals are defined:

- Reference signal

5.2 Slot structure and physical resources

5.2.1 Resource grid

UL

The transmitted signal in each slot is described by oneorseveralresource grids of Ny NXP subcarriersand NU-

symb
SC-FDMA symbols. The resource grid is illustrated in Figure 5.2.1-1. The quantity Ng5 depends onthe uplink
trans mis sion bandwidth configured in the celland shall fulfil

min, UL UL max,UL
Npg~"" < Ngg < Ngp

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

current version ofthis specification. The set ofallowed values for Ny is given by 3GPP TS 36.101 [7].

The number of SC-FDMA symbols in a slot depends onthe cyclic prefix length configured by thehigher layer
parameter UL-CyclicPrefixLength and is givenin Table 5.2.3-1.

An antennaport 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 thesame antennaportis conveyed. There is one resource grid per
antenna port. The antenna ports used for transmission ofa physical channel or signal depends onthe number ofantenna

ports configured for the physical channel orsignal as shownin Table 5.2.1-1. The index p is used throughoutclause 5
when a sequentialnumbering ofthe antenna ports is necessary.

3GPP

IPR2025-00138
Petitioner's Exhibit 1016
Page 000013



Release 11

14 3GPP TS 36.211 V11.4.0 (2013-09)

One uplink slot 7,

O L

Ny SC-FDMA symbols

k=NgsNRB 1

Resource

b

NI&CKX yRB resource
symb = 7Tse alements

-
L

= 5]

8 |t
518

9 a Resource

3 | 3 (k,1)
2y @ ® element

x| =

—=m

=~

> A

v
v k=0
1=0 I=NY 1

symb

Figure 5.2.1-1: Uplink resource grid

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

Antennaport number p as a function of
: : ~ | the number of antennaports configured
Ph I ch | | Ind
ysical channefor sighal | Index p for the respective physical channel/signal
1 2 4
0 10 20 40
1 - 21 41
PUSCH 5 - . Yy
3 - - 43
0 10 20 40
1 - 21 41
SRS > N - 42
3 - - 43
0 100 200 -
PUCCH 7 - 501 .
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522 Resource elements

Each element in the resource grid is called a resourceelement and is uniquely defined by the indexpair (k, / ) in aslot

where k=0,..,Ngs NSB —1 and 1=0,..., Nsljﬁlb —1 are the indices in the frequency and time domains, respectively.

Resource element (k,l) on antenna port p corresponds to thecomplexvalue a,({"f.

When there is no risk for confusion, orno particularantennaport is specified, the index p may be dropped.

Quantities g 1}) corresponding to resource elements notused for transmission ofa physical channel or a physical signal

(
k,
in a slot shallbe set to zero.

523 Resource blocks

A physicalresourceblockis definedas Nsl;;b consecutive SC-FDMA symbols in the time domain and

UL

NP consecutive subcarriers in the frequency domain, where Ng -, and Ng* are given by Table 5.2.3-1.

)

UL

RB . .
symb X Nge resourceelements, corresponding to one slot in

A physicalresourceblockin the uplink thus consists of N
the time domain and 180kHz in the frequency domain.

Table 5.2.3-1: Resource block parameters

Configuration N2B Ns[;Ir;b
Normal cyclic prefix 12 7
Extended cyclic prefix 12 6

The relation between the physicalresourceblock number npgy in the frequency domain and resourceelements (k,7) in
aslotis given by
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5.3 Physical uplink shared channel
The baseband signal representing the physical uplink shared channel is defined in terms ofthe following steps:
- scrambling
- modulation of scrambled bits to generate complex-valued symbols
- mapping ofthe complex-valued modulation symbols onto one or several transmission layers
- transformprecoding to generate complex-valued symbols
- precodingofthe complex-valued symbols
- mapping of precoded complex-valued symbols to resource elements

- generationofcomplex-valuedtime-domain SC-FDMA signal for each antennaport

codewords layers antenna ports

) Modulation Transform Resource SC-FDMA
Scrambling }—b{ mapper }—’ \Loder'—’ element mapper signal gen.
Layer

Resource SC-FDMA
element mapper signal gen.

mapper
Figure 5.3-1: Overview of uplink physical channel processing

>
Precoding
s

Scramblin Modulation Transform
9 mapper precoder

5.3.1 Scrambling

Foreach codeword ¢, theblockofbits 57 (0),...,6 (M%) 1), where M{? is the number ofbits transmitted in
codeword ¢ on the physicaluplink shared channel in one subframe, shall be scrambled with a UE-specific scrambling

sequence prior to modulation, resulting in a block of scrambled bits 5 () (0),...,5 (Méci‘t) —1) accordingto the

following pseudo code
Seti=0
while i < M%)
if 59()=x  // ACK/NACK orRank Indication placeholderbits
b (i) =1
else
if 5(i)=y// ACK/NACK orRank Indicationrepetition placeholder bits
p@ (i) = @ (i-1)
else // Data or channel quality coded bits, Rank Indication coded bits or ACK/NACK coded bits

B9 = (b )+ ¢ (1) 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 ¢'?(;) is
given by clause 7.2. The scrambling sequence generator shall be initialised with

Cint = Mrnrr -2 +q -2 +[ng/2]-2° + Ni" at the start of each subframe where Ny COtTesponds to the RNTI

init
associated with the PUSCH transmission as described in clause 8 in 3GPP TS 36.213 [4].
Up to two codewords can be transmitted in one subframe, i.e., g € {O,l}. In the case ofsingle-codeword transmission,

q=0.

532 Modulation

Foreach codeword ¢ , theblock of scrambledbits 59 (0),...,5 @ (M —1) shallbe modulatedas described in
clause 7.1, resulting in a block of complex-valued symbols d(q)(O),,,,,d(q)(Ms;fgjb —1). Table 5.3.2-1 specifies the

modulation mappings applicable for the physicaluplink shared channel.

Table 5.3.2-1: Uplink modulation schemes

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

The complex-valued modulationsymbols foreach ofthe codewords to be transmitted are mapped onto one ortwo
layers. Complex-valued modulation symbols 49 (0)....,d? (Msf;fr;b —1) forcodeword ¢ shallbe mappedonto the

r . :
layers x(i) = [x(o)(i) x(”’l)(i)] , i= 0,1,,,,,Mi;1y1fl§ —1 where p is the numberoflayers and Mslzfnel; is the number of

modulation symbols perlayer.

5.3.2A1 Layer mapping for transmission on a single antenna port

Fortransmission onasingle antenna port,a single layeris used, v = 1,and the mapping is defined by
x©@ (i) = AL (i)

: layer __ 0)
with M symb M symb *

5.3.2A.2 Layer mapping for spatial multiplexing

Forspatialmultiplexing, the layer mapping shallbe done accordingto Table 5.3.2A.2-1. The number oflayers v is less
than orequalto the numberofantennaports P used fortransmission ofthe physicaluplink shared channel.

The case ofasingle codeword mapped to multiple layers is only applicable when the number ofantenna 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 codew ords i 0,1,...,MSI;§; _1
0) . 0) /. 1 _ (0)
1 1 )C( )(l) = d( )(l) MS;}r:g - Msymb
Oy = 70 ;
x () =d T (20) laye (0)
2 1 )+ (0) 7+ Ms;i/r‘;ti = Msymb/2
xV (@) =d"(2i+1)
Oy = 40 (;
) ) x (i) =d" (i) Mlaver _ O e

symb — “symb T 7 symb

xXM@y=dW)
X6 =d" (i)
3 2 O@y=dV@y M =M =M, /2
XA =dVi+1)

X)) =d2i)

Wiy 7O
xV (@) =d"(2i+1) ) ) )
4 2 o MBS =M [2=ME), /2
x“()y=d"’(2i)

P @) =dV(2i+1)

3GPP

IPR2025-00138
Petitioner's Exhibit 1016
Page 000018



Release 11 19 3GPP TS 36.211 V11.4.0 (2013-09)

5.3.3  Transformprecoding

Foreach layer A =0,,...,0—1 theblockofcomplex-valued symbols x*(0),..., x? (Msl;yneg —1) is dividedinto
M / MPUSCH sets, each corresponding to one SC-FDMA symbol. Transformprecoding shall be applied according
to

PUSCH . 2mk

~Jpusci
/ PUSCH Z (M(I'MSPCUSCH M
MSC

k=0.. ,MPUSCH _1

layer PUSCH _
M symb / M

y AU MM 4y = +i)e

resulting in a block of complex-valued symbols ™ (0),...,y® (M2 —1y. The variable M PUSH = prFUSCH . v RB

symb sc 2

where Myn" represents the bandwidth ofthe PUSCH in terms of resource blocks, and shall fulfil
MEPYSH — g 3% 525 < VUL

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

5.3.3A Precoding

The precoder takes as input a block of vectors [y(@) (i) .. y(“‘”(z‘)r, i=0,1,...M 2% —1 from the transform
precoderand generates a blockofvectors [z(o) @ ... z(P’l)(i)],, i:O,l,...,Msymb —1 to be mapped onto resource
elements.

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

Fortransmission ona single antenna port, precoding is defined by
220 =y"0

1, M ap Ay layer

where 1= 0’1""’Msymb symb symb *

5.3.3A.2 Precoding for spatial multiplexing
Precoding forspatial multiplexing is only usedin 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 setofantenna ports used for
spatialmultiplexing is p {20,21} and pe {40,41,42,43} , respectively.

Precoding for spatialmultiplexing is defined by
0 ya)
: =W :
2P0 | )

1, M a layer

where i= 0’1’ o Msymb symb symb *

The precoding matrix 7 ofsize Pxuv is given by one ofthe entries in Table 5.3.3A.2-1 for P =2 and by Tables
5.3.3A.2-2 through 5.3.3A 2-5for P =4 where the entries in each row are ordered fromleft to right in increasing order
of codebook indices.

3GPP

IPR2025-00138
Petitioner's Exhibit 1016
Page 000019



Release 11

20

3GPP TS 36.211 V11.4.0 (2013-09)

Table 5.3.3A.2-1: Codebook for transmission on antenna ports {20,21}

Codebook index Number of layers
v=1 v=2
0 1|1 1|1 O
V2|1 V210 1
1 — -
21-1
2

: -
1
3 are _
21-J
1
4 1 )
2{0}
5 Lo :
211
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]
07 11 11 1)1 1] 1 117 117 17 117
2] 1 2| 2|1 | 2|-J 201 2| 20-1(| 2=/
—1_ i _1 = 1 —J _—1_
1] 1 1 1] [ 1 (1] [ 1
1 1 | 3 . . . .
8_15 1 1 1 L Bt S et IS e B NS e R B
201 2| 20-1 | 2]-jl]| 2|1 2| 20 -1 | 2|-/
1] -J 1] J ] -J -1 L J ] |1
1 1 1 (1] 0 [0 0 0
110 110 110 1/ 0 11 1] 1 11 1| 1
16 — 23 = = = = = - - -
2|1 2|-1 2| 20— 2|0 2] 0 210 210
0 K 0 | 0 | 1 -1 j -
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Table 5.3.3A.2-3: Codebook for transmission on antenna ports {40,41,42,43} with p=2

Codebook index Number of layers v =2

1 0 10 1 0 1 0
03 11 0 110 1=j 0f[1|-j ©
210 1 210 1 210 1 210 1
0 —j 0 j 0 1 0 -1
1 0 (1 0] 10 1 0
4o 1[-1 0 1[-10 1]'0] 11j 0
2 1 210 1 210 1 210 1
- 10 /] 0 1 0 -1
(1 0] 1 0] (1 0] (1 0]
6 11 10 1 10 1 110 1 110 1
2|11 0 2|1 0 2|-1 0 2|-1 0
10 1] 0 —1] 10 1] [0 —1]
1 0] 1 0] (1 0] (1 0]

1{0 1 110 110 1 110

12 -15 — — — —

200 1 210 -1 210 1 210 -1
11 0] 1 0| -1 0] -1 0|

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

Codebook index Number of layers v =3
(1 0 0] (1 0 0] (1 0 0] 1 0 0]
03 110 0ff 1f=1 0 0] 1/0 1 0 f1]0 10
210 1 0/ 2[/0 1 0off2[1 0 o0ff2/-100
10 0 1) 10 0 1] 0 0 1) 10 0 1]
[1 0 0] 1 0 0] [0 1 0] [0 1 0]
110 1. 0/ 10 1 O] 1|1 0 Ol 1/1 0O O
a7 200 0 1| 2]0 o 1]] 2/t 0 o||2]-1 00
1 0 0] -1 0 0 10 0 1] 10 0 1)
[0 1 0] [0 1 0] [0 1 0] [0 1 0]
8 11 110 off1f1 00| 1/00 1||1[0 01
210 0 1] 2[0 0 1 2[1 0 0] | 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 0 00
110 1T 0 O
0 _
210 01 0O
0 0 0 1
3GPP
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5.3.4  Mappingto physical resources

Foreach antenna port p used fortransmissionofthe PUSCH in a subframe the block of complex-valued symbols
P 0),...,z P (M, — 1) shallbe multiplied with the amplitude scaling factor Spygcy in orderto conformto the
transmit power Ppjgcy Specified in clause 5.1.1.1in 3GPP TS 36.213 [4], and mappedin sequencestarting with

P (0) to physicalresourceblocks on antenna port p andassigned fortransmission of PUSCH. The relation between
theindex 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 transmissionand

- notusedfortransmissionofreferencesignals, and

- notpartofthe last SC-FDMA symbolin a subframe, if the UE transmits SRS in the same subframe, and

- notpartofthe last SC-FDMA symbolin a subframe configured with cell-specific SRS, if the PUSCH
transmission partly or fully overlaps with the cell-specific SRS bandwidth, and

- notpartofan SC-FDMA symbolreserved for possible SRS transmission in a UE-specific aperiodic SRS
subframe, and

- notpartofan SC-FDMA symbolreserved for possible SRS transmission in a UE-specific periodic SRS
subframe in the same serving cellwhen the UEis configured with multiple TAGs

shallbe in increasing order of first the index k , then the index/ , starting with thefirst slot in the subframe.

If uplink frequency-hopping is disabled or the resource blocks allocated for PUSCH transmission are notcontiguous in
frequency, the set of physical resource blocks to be used for transmissionis givenby nppg = nygg Where nygp 18

obtained fromthe uplink scheduling grantas described in clause 8.1in 3GPP TS 36.213 [4].

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

Ifuplink frequency-hopping with predefined hopping pattern is enabled, the set of physical resourceblocks to be used
for transmissionin slot n is given bythe scheduling grant together with a predefined patternaccording to

own (1) = (vkn + o 1) N+ (38 ~1)- 20 mod N, 19 mod (Vi - N,y
|_n /2] inter — subframe hopping
intra and inter — subframe hopping

. ”PRB(”) Ng =1
"tera U nPRB(n )+ 0/2-‘ Ng >1

nyrB Ny =1
Ny = HO
yrB ~ NRB/Z-‘ Ng >1

where nygp is obtained fromthe scheduling grantas described in clause 8.1 in 3GPP TS 36.213 [4]. The parameter
pusch-HoppingOffset, NJ ,is provided by higher layers. The size N3 ofeach sub-band is givenby,

Vb _ Ngs Ny =1
"7 |(V - NEO - NHO mod2 )/, | Ny >1

where the number ofsub-bands N, is givenby higherlayers. The function f,, (i) € {0,1} determines whether mirroring
is used ornot. The parameter Hopping-mode provided by higher layers determines if hopping is "inter-subframe" or
"intra and inter-subframe".

The hopping function f, (/) and the function f,, (i) are givenby
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0 Ng =1
i-10+9 )
(frop=D+ D ()20 ymod Ny Ny, =2
Jiop () = k=i-10+1
i-10+9 )
(frop =D+ Zc(k)xzk*“‘””” mod(Ny —1)+1)mod Ny Ny >2

k=i-10+1
imod?2 Ng, =1 andintra and inter — subframe hopping
fm(@=9CURRENT _TX NBmod2 Ny =1 andinter —subframe hopping
c(i-10) Ny >1

where Jhop (D=0 and the pseudo-randomsequence c¢(i) is given by clause 7.2and CURRENT TX NBindicatesthe
transmissionnumber for the transportblock transmitted in slot n, as defined in [8]. The pseudo-randomsequence
generator shallbe initialised with ¢, . = N IC];H for frame structure type 1 and ¢, =2° - (n; mod4)+ N5 for frame

structure type 2 at the start of each frame.
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5.4 Physical uplink control channel

The physical uplink control channel, PUCCH, carries uplink control information. Simultaneous transmis sion of PUCCH
and PUSCH from the same UE is supportedifenabled 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.
Formats 2a and 2b are supported fornormal 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

2 QPSK 20
2a QPSK+BPSK 21
2b QPSK+QPSK 22

3 QPSK 48

Al PUCCH formats use a cyclic shift, nll (ng,!), which varies with the symbolnumber / andthe slot number n

Ccs
accordingto

1 1) = BNy g +81+0)-2'

where the pseudo-randomsequence ¢(i) is definedby clause 7.2. The pseudo-randomsequence generator shallbe

initialized with ¢, = nt> , where nfy is given by clause5.5.1.5 with Ni3' correspondingto the primary cell, at the

beginningofeach radio frame.

The physicalresources used for PUCCH depends on two parameters, N% and NV, given by higherlayers.

cs 2
The variable N >0 denotes the bandwidth in terms ofresourceblocks that are available for use by PUCCH formats
2/2a/2b transmissionin each slot. The variable N denotes the numberofcyclic shift used for PUCCH formats
1/1a/1b in a resource block used fora mix of formats 1/1a/1b and 2/2a/2b. Thevalue of N1 is an integer multiple of

AZE%CH within the range of {0, 1, ..., 7}, where A‘;hUi‘;tC” is providedby higher layers. No mixed resource blockis

presentif N{! = 0. Atmostone resource block in each slot supports a mix of formats 1/1a/1b and 2/2a/2b.
Resources used fortransmission of PUCCH formats 1/1a/1b,2/2a/2b and 3 are represented by thenon-negative indices
(1)

1,p 2.5 2 N 1 3.5 .
i B <NV | M5 28 -, and i sl

541 PUCCH formats 1, 1aand 1b

ForPUCCH format 1, information is carried by the presence/absence oftransmission of PUCCH from the UE.
In the remainder ofthis clause, d(0) =1 shallbe assumed for PUCCH format 1.

ForPUCCH formats 1a and 1b, one ortwo explicit bits are transmitted, respectively. The block ofbits
b(0),...,b(M;, —1) shallbe modulated as describedin 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) shallbe multiplied with a cyclically shifted length N/ /" =12 sequence ru(f:ﬁ) (n)
for each ofthe P antenna portsused for PUCCH transmission according to

seq

5 1 _
PP )= d O ROm), n= 0., NEC
—~d(0)r,
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where r (n) is defined by clause 5.5.1 with M 25 = NSP;;CCH The antenna-portspecific cyclic shift o; varies

between symbols and slots as defined below.

The block of complex-valued symbols y(ﬁ)(o),___,y(ﬁ)(NSchCCH —1) shallbe scrambled by S(n,) and block-wise

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

Z(p)( \NZUCCH | \PUCCH ) \PUCCH n):S(ns)-wng§>(m)~y(ﬁ)(n)

seq seq
where
m=0... NPUCCH 1
n=0,.,No -1
m'=0,1
and

1 if n%(n;)mod 2=0
S(n)=+ . pRS
() {e/ 7/2 otherwise

with NSPC = 4 for both slots ofnormal PUCCH formats 1/1a/1b,and N&“™ =4 forthe first slot and
NgECCH =3 for the secondslotofshortened PUCCH formats 1/1a/1b. The sequence w ; (i) is givenby Table 5.4.1-2

and Table 5.4.1-3 and n’;(ny) is defined below.

Resources used for transmission of PUCCH format 1, 1a and 1b are identified by a resource index nl(,'[’J‘Z)CH from which

the orthogonal sequence index n(”) (ny) and the cyclic shift o (n,/) aredeterminedaccording to

A p) (n)= L A‘;‘jﬁ“‘ / N J for normal cyclic prefix
2 \_’1 5(ng)- A% " / N 'J for extended cyclic prefix

ay(ng,0)= 20 (ng 1)/ NEB

o [ clng, 1)+ ( L(ng)- ATESEH + ( (P) (. ymod APPSH ))mod N ’] mod NXB  for normal cyclic prefix
(ng,D)=
[ Mg, 1)+ ( L(ny)- ATESEH 4 n(” )(n,) / Z)mod N ] mod N2B for extended cyclic prefix

where

D oo 1) / APUCCH
N' = Nc(s) 1f”1(> ?H <c: N( )/Ashift
N2B otherwise
{3 normal cyclic prefix

|2 extended cyclic prefix

The resource indices within the two resourceblocks in the two slots ofa subframe to which the PUCCH is mapped are
given by

1, . 1,p) 1 PUCCH
ns(n,) = {( g’UpC)CH if npyeen < - NG )/Ashlﬁ

(Lp) ) PUCCH) ( RB / \PUCCH
npticen — ¢ Neg' [ A Jmodic- Nye™ [ A otherwise

for nymod2 =0 andby
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, RB / \PUCCH L5 1) / \PUCCH
a ()= {[C(n;(”s —1)+1)] mOd(CNsc Agige + 1)—1 nofen = e N /A%
pls) =

Lhﬁ / cJ+ (h; mod c)N Y APPECH otherwise
for nymod2 =1, where /; = (niﬁ (ng—1)+ d)mod(cN'/A‘;EigCH ), with ¢ = 2 for normal CP and = 0 forextended CP.
The parameter deltaPUCCH-Shifi A"’ is providedby higher layers.

Table 5.4.1-1: Modulation symbol 4(0) for PUCCH formats 1a and 1b

PUCCH format | b5(0),...,b(My;; —1) | d(0)
0 1
1a 1 1
00 1
01 —J
1b J
10 J
11 ]
Table 5.4.1-2: Orthogonal sequences [w(O) e w(NgTEH —1)] for NZVCH — 4
Sequence index n(()f:’)(ns) Orthogonal sequences [W(O) o W(NGPEH —1)]
0 [+1 +1 +1 +1]
1 [+1 -1 +1 —1]
2 [+1 -1 -1 +1]
Table 5.4.1-3: Orthogonal sequences [W(O) e W(NSPEH —l)] for NUCcH =3
Sequence index n(()g’)(ns) Orthogonal sequences [W(O) W(Né}EJCCH —l)]
0 11 1]
1 [1 Q23 A3 ]
2 [1 QA3 23 ]
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5.4.2  PUCCH formats 2, 2a and 2b
Theblock ofbits 5(0),...,5(19) shallbe 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 ¢(i) is givenby clause 7.2. The scrambling sequence generator shall be initialised with

it = (ng/2]+1)- <2NI°1§H + 1) 2'® 4 npnrr atthe start ofeach subframe where ngyyy is C-RNTL

The block ofscrambled bits 5 (0),...,5(19) shallbe QPSK modulated as described in clause 7.1, resulting in a block of
complex-valued modulation symbols d(0),...,d(9).

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

seq

ru(gvtﬁ )(n) for each ofthe P antenna ports used for PUCCH trans missionaccording to

d(n)-r.% (i)

u,v

2P (NEICH i) = \/_

n=0,1,..9
i=0,,.,NRB_1

where %7 (i) is defined by clause 5.5.1 with M &5 = N2UCCH.

seq

Resources used for transmission of PUCCH formats 2/2a/2b are identified by a resource index nl%?CH fromwhich the
cyclicshift &;(ng,/) is determined according to

ay(ng,l) =271 (n,, )| N2
where
0P (ng,1) = (0 (n, 1) + s (n,) Jmod NR®
and

RB 3/(2
n(ng) = nien mod NP if nilen < NaPN G
(2 1’) - +N(1) -v—l)modNRB otherwise

for ny,mod2 =0 andby

NEB (s (g —1)+1;]mod(NRB +1)-1 i By < NRENG)

RB @ RB :
Ny —2-— npUCCH mod Ny, otherwise

o]

For PUCCH formats 2a and 2b, supported fornormal cyclic prefix only, the bit(s) 5(20),...,b(M; —1) shallbe
modulated as describedin Table 5.4.2-1 resulting in a single modulation symbol d(10) usedin the generationofthe
reference-signal for PUCCH format 2a and 2b as described in clause 5.5.2.2.1.

for nymod2=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) | d(10)
0 1
2a 7 )
00 1
01 -Jj
2 /
10 J
11 -1

542A PUCCHformat 3

Theblockofbits 5(0),...,b(M; —1) shallbe scrambled with a UE-specific scrambling sequence, resultingin a block of
scrambled bits Z(O),...,PI;(Mbit —1) accordingto

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

where the scrambling sequence c(7) is givenby clause 7.2. The scrambling sequence generator shall be initialised with

Canie = (Lng/2]+1)- (ZNICS" + l)- 2'% 4 npypy atthe start ofeach subframe where ngy .y is the C-RNTL

The block of scrambled bits I;(O),...,l;(Mbit —1) shallbe QPSK modulatedas describedin Section7.1,resulting in a
blockofcomplex-valued modulationsymbols d(0),...,d (M gy, —1) Where M =M, /2 = 2NRB.

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

oc,0

symb

and w ;, (i) resultingin NGsM + NSPT setsof N values each according to
oc,1 ’ ’

— At (ngh/6alf2 o PUCCH
2 W) (”)'e/”b“ (s -d (i) n<Nggo
)= . A
w & (17)~ej”|-"““ (12 -d(NXP +i)  otherwise
oc,1

n= nmodNé)}{gCH

PUCCH PUCCH
n =O,‘..,NSF,0 +NSF,] -1
i=0,,..,NRB 1

where Ngpg ™ = Nggy <" =5 forboth slots in a subframe usingnormal PUCCH format 3 and Ngig ™" =5,

Ng’;{?CH =4 holds forthe first and second slot, respectively, in a subframe using shortened PUCCH format 3. The
orthogonal sequences w ; (i) and w ;, (i) are given by Table 5.4.2A-1. Resources used for transmission of PUCCH
nac,U naz:,l

formats 3 are identified by a resource index n%g)CH from which the quantities ng’z) and n(();:ﬁ,)l are derived according to
P 3.5 PUCCH
"c()f,)o = npyces Mod N |
p PUCCH ¢ APUCCH
® _ {(3”5)5,)0 )mod Ngr,1 if Ngg; " =5

oc,l — D .
nf)f}) mod Ngp M otherwise

n

Each set of complex-valued symbols shall be cyclically shifted according to
520 = yP i+ 0" (n,, 1) Jmod NEB

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

CcS
number within a slot.
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The shifted sets of complex-valued symbols shall be trans formprecoded according to

tht1 27nk
p RB I
2P0 N =—\/— TB Z (e
§C
k=0,.,NXB -1
n=0,.,Nego "+ Ngpr M -1

where P is the numberofantennaports used for PUCCH transmission, resulting in a block of complex-valued s ymbols
2P(0),.., 2P ((WEUSCH 4 pPUCCH |y RB _y),

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

Orthogonal sequence [wn ) - (NPUCCH_l)]

Sequence index n,, oc
NPUCCH _ 5 NPUCCH _ 4
: BEER o

j2afs  ,jdnfs  ,j6u/s [+1 -1 +1 -1

-
—
Q

Q4I5S i8n/S i[5 [+1 +1 -1 -1

N
—_

w
_
Q

]
]

Jorls  gi2af5 i8S ej47r/5] [+1 -1 -1 +1
]

4 [1 oI8EIS Gi6T[5  jduls
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5.4.3  Mappingto physical resources

The block ofcomplex-valued symbols z® (i) shallbe multiplied with the amplitude scaling factor fSpyccy inorderto
conformto the transmit power Bpcy specified in Section5.1.2.1 in 3GPP TS 36.213 [4], and mapped in sequence

starting with zP (0) to resourceelements. PUCCH uses one resource block in each ofthe two slots in a subframe.

Within the physicalresourceblock used for transmis sion, the mapping of P (i) toresource elements (k,l) on antenna
port p and not used fortransmission ofreference signals shallbe in increasing order of first & ,then / and finally the
slot number, starting with the first slotin the subframe. The relationbetweentheindex p and the antenna portnumber
p is given by Table 5.2.1-1.

The physicalresource blocks tobe used for transmission of PUCCH in slot n, are given by

L%J if (m + ny mod 2)m0d2 =0

nprp =
Ngs _1_[%J if (m+n, mod2)mod2 =1

where the variable m depends onthe PUCCH format. For formats 1, 1a and 1b

1 PUCCH
NG /A

2)
Ngg if nPUCCH <c shift

_ 1,5) (1) / \PUCCH (O]
m= {nPUCCH —c Ny /Ashiﬁ J+NI(‘2§ +(Ni—| otherwise
8

RB / \PUCCH
c-N, sc / Ashift
{3 normal cyclic prefix

“12 extended cyclic prefix

and for formats 2, 2a and 2b
2
m =[N
and for format 3
m={nfi e /NS5
Mapping ofmodulation symbols for the physicaluplink controlchannelis illustrated in Figure 5.4.3-1.

In case of simultaneous transmission of sounding referencesignaland PUCCH format 1, 1a, 1b or3 when there is one
serving cell configured, a shortened PUCCH format shallbe used wherethe last SC-FDMA symbolin the secondslot

of asubframe shallbe left empty.

Nprp = Ngg —1 m=1 m=0
m=3

m=3

npgrp =0 m=0 m=1

<«—O0One subframe—»

Figure 5.4.3-1: Mapping to physical resource blocks for PUCCH
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5.5 Reference signals

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

The same set ofbasesequences is used for demodulation and sounding reference signals.

5.5.1 Generation of the reference signal sequence

Reference signal sequence ru(,i) (n) is definedby acyclic shift & ofabasesequence 7, ,(rn) according to

R ()=, ,(n), 0<n<ME

where MRS = mN2B is the length ofthe reference signal sequenceand 1 < m < Ngp*U" . Multiple reference signal

sequences are defined froma single basesequence through differentvalues of « .

Base sequences 7, (n) aredividedinto groups, where u € {0,1,...,29} is the groupnumberand v is the base sequence

u,v

number within the group, such that each group contains onebase sequence (v = 0 ) ofeach length MRS = mNEP

sc ?
1<m <5 and two base sequences (v = 0,1)ofeach length MRS = mNRB | 6 <m < NgaU". The sequence group

number y and the number v within the group may vary in time as describedin clauses 5.5.1.3and 5.5.1.4,

respectively. The definitionofthe basesequence 7, ,(0)....,7, , (MslzS —1) depends on thesequencelength M:zs .

u,v

5.5.1.1 Base sequences of length 3~RB or larger

For MR >3NRB thebasesequence 7

sc = sc u,v

(0),...,7;,, (M3 —1) is given by

’711,\)(") :xq(anngg), 0<n <Msl§:S

where the ¢™ root Zadoff-Chu sequence is defined by
_ .mgm(m+1)
xq(m):eA Nz , OSmSNgg—l

with ¢ given by

q=|g+1/2]+v- (-1
=Nz (u+D)/31

Thelength Njo ofthe Zadoff-Chusequence is givenby thelargest prime numbersuch that N5o < MRS
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5.5.1.2

For MRS = NRB

— “Vsc

where the value of ¢(n) is given by Table 5.5.1.2-1 and Table 5.5.1.2-2 for M5 = N®® and M 25 =2NRB

respectively.

32

Base sequences of length less than 38R

RS
and M

=2NX2B basesequenceis given by

sc ?

Table 5.5.1.2-1:

— i 4 RS
7, (m) = e/ 0<n< M -1

3GPP TS 36.211 V11.4.0 (2013-09)

sc 2

Definition of p(n) for M35 = NRB.

u ¢(0),...,0(11)

0 -1 1| 3(-3| 3| 3| 1] 1] 3] 1]-3] 3
11 1] 1] 3] 3] 3[-1] 1]-3[-3] 1[-3] 3
2 1 1[-3[-3[-3|-1[-3|-3| 1]-3] 1]-1
3 -1 1 1 1| 1{-1[-3(-3| 1[-3| 3(-1
4 -1 31 1]-11 1|-11-3|-1] 1|-1] 1| 3
5 1(-3] 3{-1[-1] 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(-31 3 1[-1]-1[-1] 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
111 3] 1]-1]-1] 3] 3|-3] 1] 3] 1] 3] 3
121 11-3( 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[-1] 1
151 3{-1| 1[-3|-1{-1] 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[-3[ 1| 1| 1| 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| 1(-1]-3[-1]-3] 1(-1] 1| 3|-1] 1
24 | 1| 1] 3| 1] 3| 3]-1| 1]-1(-3]|-3| 1
25| 1]-3| 3| 3| 1] 3| 3| 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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=2NXP

RS
sc

Table 5.5.1.2-2: Definition of ¢(n) for M
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55.1.3 Group hopping
The sequence-group number u inslot n, is definedby a grouphoppingpattern San(ng) andasequence-shift pattern

[ according to

u :(fgh (ns)+fss)m0d30

There are 17 different hopping patterns and 30 different sequence-shift patterns. Sequence-group hopping canbe
enabled or disabled by means ofthe cell-specific parameter Group-hopping-enabled provided by higher layers.
Sequence-group hopping for PUSCH can be disabled fora certain UE throughthehigher-layer parameter Disable-
sequence-group-hopping despite being enabled ona cell basis unless the PUSCH transmission corresponds to a
RandomA ccess Response Grant or a retransmission of the same transport block as part ofthe contentionbased random
access procedure.

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

0 if group hopping is disabled
Jen () = (Z;O c(8ng +1)- 2’) mod 30 if group hopping is enabled

where the pseudo-randomsequence c¢(i) is definedby clause 7.2. The pseudo-randomsequence generator shallbe

RS
initialized with ¢, ;, = V;—BJ at the beginning of each radio frame where ny 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 f,-"““" is givenby frU“H =15 mod30 where nyy is givenby clause
5.5.1.5.

For PUSCH, the sequence-shift pattern f.FUSH is given by fFUSH = (fo)’“ +Ag )mod30,where Ay €{0.1,..,29} is

configured by higher layers, ifno value for nfy>“"" is provided by higher layers or if the PUSCH transmission

corresponds toa Random A ccess Response Grant or a retrans mission ofthe same transport block as part ofthe

contention based randomaccess procedure, otherwise it is given by fS':USCH

5.5.1.5.

=npS mod30 with nfs givenby clause

For SRS, the sequence-shift pattern /%S is given by f3*° = nRS mod30 where nyy is given by clause 5.5.1.5.
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5514 Sequence hopping

Sequence hopping only applies forreference-signals oflength M 25 > 6 NRE .

RB

Forreference-signals oflength M5 < 6NRB

v=0.

the base sequence number v within the base sequence groupis given by

Forreference-signals oflength MRS > 6 NRB | the base sequence number v within the base sequence groupin slot 7,
is defined by

c(ng) if group hopping is disabled and sequence hopping is enabled
V=
0 otherwise

where the pseudo-randomsequence c(i) is givenby clause7.2. The parameter Sequence-hopping-enabledprovided by

higher layers determines if sequence hopping is enabled ornot. Sequence hopping for PUSCH can be disabled fora
certain UE throughthehigher-layer parameter Disable-sequence-group-hopping despitebeing enabled on a cell basis
unless the PUSCH transmission corresponds to a Random A ccess Response Grant or a retransmissionofthe same
transport block as part ofthecontentionbased randomaccess procedure.

RS
For PUSCH, the pseudo-randomsequence generator shall be initialized with ¢, ;, = V;—BJ 2% 4 fPUSCH atthe

beginning ofeach radio frame where nfy is given by clause 5.5.1.5.

init

RS
For SRS, the pseudo-randomsequence generator shall be initialized with ¢, . = V;_EJ 254 (anDS +A, )mod 30 atthe

beginning ofeach radio frame where nfy is given by clause 5.5.1.5and A is given by clause 5.5.1.3.

55.1.5 Determining virtual cell identity for sequence generation

The definition of ny depends on the type oftransmission.

Transmissions associated with PUSCH:

niS = NeUif no value for nfySH is configured by higher layers or ifthe PUSCH transmission corresponds to

a Random A ccess Response Grant or a retrans mission ofthe same transport block as part ofthe contention based

randomaccess procedure,
RS _ _PUSCH .
- np =npy o otherwise.

Transmissions associated with PUCCH:

niy = Niif no value for nfy““" is configured by higher layers,
RS _  PUCCH ,
- oy =y otherwise.

Soundingreference signals:

RS _ qrcell
np =Np -
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5.5.2  Demodulation reference signal
5.5.2.1 Demodulation reference signal for PUSCH

5.5.2.1.1 Reference signal sequence

The PUSCH demodulation reference signal sequence VI%)SCH () associatedwith layer 4 € {0.1,...0—1} is defined by
rl%)scH (m 'Mslzs + n): wd (m)”u(,?) (n)

where

m=0,1
n=0,., M2 -1

and
RS _ PUSCH
M sc M sc

Section 5.5.1 defines thesequence ru(,?)(o) r(“‘)(MSIES —1) . The orthogonal sequence wh (m) is given by

seees )

wh(0) w’ (1)] = [1 1] for DCI format 0 if the higher-layer parameter Activate-DMRS-with OCC is notsetorif the

temporary C-RNTIwas used to transmit the most recentuplink-related DCI for the transport block associated with the
corresponding PUSCH transmission, otherwiseit is given by Table 5.5.2.1.1-1 using the cyclic shift field in most recent
uplink-related DCI3GPP TS 36.212 [3] for the transport block associated with the corresponding PUSCH transmission.

Thecyclicshift ar; inaslot ng is givenas o, =2, , /12 with

_{,,» (2)
Nes, g = (nDMRS +71pMrs, 2 TN (”s))mOdlz

where the values of nl()llz/IRS is given by Table 5.5.2.1.1-2 according to the parameter cyclicShifi provided by higher
layers, ng&RS, , Is given by the cyclic shift for DMRS field in most recent uplink-related DCI3GPP TS 36.212 [3] for
the transport block associated with the corresponding PUSCH transmission where the value of ”1()213/1113, , Isgivenin

Table 5.5.2.1.1-1.

The first row of Table 5.5.2.1.1-1 shallbe usedto obtain »@ . and w'*)(m) ifthere is no uplink-related DCI for the

DMRS,0
same transportblockassociated with the corresponding PUSCH transmis sion, and

- if the initial PUSCH for the same transportblock is semi-persistently scheduled, or
- if the initial PUSCH for the same transportblockis scheduled by the randomaccess response grant.

The quantity npy(n,) is givenby

7 A
Mon (1) = D BNy -1 +1)-2

where the pseudo-randomsequence c(i) is defined by clause 7.2. The applicationof ¢(i) is cell-specific. The pseudo-
randomsequence generator shall be initialized with c¢;; atthe beginningofeach radio frame. The quantity ¢, is

cell

givenby ¢, = V\Q—SJ 2%+ ((Nﬁg” +Ag )mod30) ifno value for Nj3-"M*® is configured by higherlayers orthe

PUSCH transmission corresponds to a Random A ccess Response Grant or a retrans mission ofthe same transport block
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as part ofthe contention based randomaccess procedure, otherwise it is given by

_|N i 25 (Ncsh_DMRS d30)
Cinit = 30 | +WVip mo .

The vectorofreference signals shallbe precodedaccordingto

~(0 0
h P(U%CH 7 ISU)SCH
: =W :

~(P-1) (v-1)
"pUscH TpuscH

where P is the numberofantennaports used for PUSCH transmission.

For PUSCH transmissionusingasingle antennaport, P=1, W =1 and v=1.

3GPP TS 36.211 V11.4.0 (2013-09)

Forspatialmultiplexing, P =2 or P =4 and the precoding matrix ¥ shallbe identicalto the precoding matrix used

in clause 5.3.3A.2 forprecoding ofthe PUSCH in the same subframe.

Table 5.5.2.1.1-1: Mapping of Cyclic Shift Field in uplink-related DCI format to ngl\)/mw and
[Wu)(o) WM)(D]
Cyclic Shift Field in Al [W(/l)(o) wu)(l)]
uplink-related DClformat [3] 1=0 1 2211 2221 223 1=0 1=1 1=2 1=3
000 0 6 3 S T Y I /O U I A RS |
001 6 0 9 3= [t =] | ]| o]
010 3 9 6 o | =] ([t =] | ] |1
011 4 10 7 1 Y Y I O 1 I I { O
100 2 8 5 oo | [ 1 | [t1]
101 8 2 11 5 |0 =] ([t =] | [ =] ] 1]
110 10 4 1 LA I | S | R Y I Y Y I | RS |
11 9 3 0 6 |t |t |t -1 -]

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

cyclicShift | n{)rs
0

N W=
-—
o|©|®|o|~[wINv|o
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55.2.1.2 Mapping to physical resources

Foreach antenna port used for transmission of the PUSCH, the sequence rP(USCH (-) shallbe multiplied with the

amplitude scaling factor gy andmappedin sequence starting with 7; rPUSCH (0) to the resourceblocks.

The set of physical resourceblocks used in the mapping process and therelation between the index p and the antenna
portnumber p shallbeidenticalto the corresponding PUSCH transmissionas defined in clause 5.3.4.

The mapping to resource elements (k,/),with / =3 for normalcyclic prefix and / = 2 forextended cyclic prefix, in
the subframe shallbe in increasing order of first k , then theslot number.

5.5.2.2 Demodulation reference signal for PUCCH

5.5.2.2.1 Reference signal sequence

The PUCCH demodulationreference signal sequence rlﬁg)CCH () is defined by

1 (p)(m)z(m) (a p)( )

(P) 1 ATPUCCH ; RS RS _
rPUCCHmNRS Msc +mMsc +n)=

where

m=0,..,Npg - ~1
n=0,.. M1

sC
m'=0,1

and P is the numberofantenna 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 othercases, z(m) =1.

The sequence r (n) is given by clause 5.5.1 with MRS =12 where the expression for the cyclic shift aj s
determined by the PUCCH format.

ForPUCCH formats 1, 1a and 1b, & (n,/) is givenby

7D ()= [ ny)- 4785 v
ay(ng, )= 27-0P (n, 1)/ NP

B [ M, 1)+ ( L(ng) - ATPSCH 4 ( (P) () mod APUCCH ))mod N '] mod NX®  for normal cyclic prefix
(p)

(1= i PUCCH | — RB .
[ o (ng, D)+ ( L (ng)- APSCH 4 7P ( ))mod N'] mod N, for extended cyclic prefix

where n%(ng), N', APCCH and n&M(n 1) are defined by clause 5.4.1. The number ofreference symbols perslot

NN and the sequence w(n) are givenby Table 5.5.2.2.1-1 and 5.5.2.2.1-2, respectively.

For PUCCH formats 2, 2a and 2b, a;;(n,/) is defined by clause5.4.2. The number ofreference symbols perslot

NPYCH and the sequence w'?)(n) are givenby Table 5.5.2.2.1-1 and 5.5.2.2.1-3, respectively.

For PUCCH format 3, a;(ny,/) is givenby

ay(ng,0) =27 -0 (ng,1)/ N
1P (e, 1) = (10 (o, 1)+ 8 () Jmod N X2
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where n(ny) is given by Table 5.5.2.2.1-4 and ng% and nga forthe first and second slot in a subframe,

PUCCH

respectively, are obtained fromclause 5.4.2A. The number ofreference symbols perslot Nyg 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 N 55"

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(‘N’) (0) WP (ypJecH —1)] for PUCCH formats 1, 1a and

1b

Normal cyclic prefix | Extended cyclic prefix

L 1]
=

N/A

Sequence index ﬁéf) (ng)
0 11 1]
1 [1 23 ej4zz/3]

2 [1 oI, j27r/3]

Table 5.5.2.2.1-3: Orthogonal sequences [77(0) - w(P NIV _1)| for PUCCH formats 2, 2a, 2b

and 3.

Normal cyclic prefix | Extended cyclic prefix

L1 1]

Table 5.5.2.2.1-4: Relation between n?’ and »/(n,) for PUCCH format 3.

P n5(n,)
NSF,] =5 NSF,l =4
0 0 0
1 3 3
2 6 6
3 8 9
4 10 N/A

55.2.2.2 Mapping to physical resources

The sequence rlﬁﬁngH () shallbe multiplied with the amplitude scaling factor Spccy and mappedin sequencestarting
with rég)CCH (0) to resource elements (k, ) on antennaport p.The mapping shallbe in increasingorder offirst & , then
[ and finally the slot number. The set of values for £ and the relationbetween the index p and the antenna port
number p shallbe identicalto thevalues used forthe corresponding PUCCH trans mission. The values ofthe symbol
index / in a slotare given by Table 5.5.2.2.2-1.
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Table 5.5.2.2.2-1: Demodulation reference signal location for different PUCCH formats.

PUCCH format Set of values for /
Normal cyclic prefix | Extended cyclic prefix
1, 1a, 1b 2, 3,4 2,3
2,3 1,5 3
2a, 2b 1,5 N/A
3GPP

IPR2025-00138
Petitioner's Exhibit 1016
Page 000040



Release 11 41 3GPP TS 36.211 V11.4.0 (2013-09)

5.5.3  Sounding reference signal

5.5.3.1 Sequence generation

The sounding reference signal sequence rs(ff% (n) = rxi)(n) is defined by clause5.5.1, where u is the sequence-group
number defined in clause 5.5.1.3 and v is the base sequence number definedin clause 5.5.1.4. The cyclic shift a; of

the sounding reference signalis given as

ncs,ﬁ
ay =258

5 8p
csp _ cs
negs = {nSRS +—— |mod8,
ap

pefol.. N, -1}

where n&g ={0,1,2,3,4,5,6,7} is configured separately for periodic and each configuration ofaperiodic sounding by the
higher-layer parameters cyclicShift and cyclicShifi-ap, respectively, foreach UEand Ny is the number ofantenna

ports used for sounding reference signal transmission.

55.3.2 Mapping to physical resources

The sequenceshall be multiplied with the amplitude scaling factor Sgpg in orderto conformto the transmit power

Pyrs specified in clause 5.1.3.1in 3GPP TS 36.213 [4], and mapped in sequence starting with rsfn@ (0) toresource
elements (k,/) onantennaport p accordingto

1 ~
——BarsT b (k) K'=0,1,... . MY 1

(p) —J
a =
26k 1 N ap

0 otherwise

where N, is the numberofantennaports used for sounding reference signal transmissionandthe relation between the
index p and the antennaport p is givenby Table 5.2.1-1. The set ofantennaports used for sounding reference signal
transmissionis configured independently for periodic and each configuration ofaperiodic sounding. The quantity ké” )
is the frequency-domain starting position ofthe sounding reference signaland for b = Bgpg and M i?b is the length of

the sounding reference signal sequence defined as
RS RB
Msc,b = mSRS,szc /2

where mggg , is given by Table 5.5.3.2-1 through Table 5.5.3.2-4 foreach uplinkbandwidth N <& . The cell-specific
parameter srs-BandwidthConfig, Cqyg €10,1,2,3,4,5,6,7) and the UE-specific parameter srs-Bandwidth, B, < {0,1,2,3} are
given by higherlayers. For UpPTS, mggg , shallbe reconfiguredto mdys | = max, ¢ {ngs,o }s (Nl‘{é~ - 6NRA) ifthis
reconfigurationis enabled by the cell-specific parameter srsMaxUpPts given by higher layers, otherwise ifthe
reconfigurationis disabled mggg o = mgpg o,Where ¢ is a SRS BW configuration and Cggg is the set of SRSBW

configurations fromthe Tables 5.5.3.2-1 to 5.5.3.2-4 for each uplinkbandwidth Ng§, Ny, is the numberofformat 4
PRACH in the addressed UpPTS and derived fromTable 5.7.1-4.

The frequency-domain starting position &y is defined by
_ Bsrs
kP =k + D 2M S,
b=0
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where fornormal uplink subframes l;ép) is defined by

Eép) = (I,Nll{% /2J_ mSRS,O/z)Ngg + k%)

and for UpPTS by

i) _ | (Vg =msis ING® + ki) if ((np mod2)- (2= Ngp) + my Jmod 2 =0
0 k%) otherwise

The quantity £{?) e {0,1} is givenby

L {1 ke if ng €{4,5,6,7}and b e {1,3}and N, =4
TC

ke otherwise

where the relation betweenthe index p and the antenna port p is given by Table 5.2.1-1, k.. € {0,1} is given by the
UE-specific parameter transmissionComb or transmissionComb-ap for periodic and each configuration ofaperiodic
transmission, respectively, provided by higher layers forthe UE, and », is frequency position index The variable n,
is equalto O for UpPTS in the first half frame and equalto 1 for UpPTS in the second half frame of a radio frame.

The frequency hopping ofthe sounding referencesignal is configured by the parameter bpop € 10,1,2,3} ,providedby

higher-layer parameter srs-HoppingBandwidth. Frequency hopping is not supported for aperiodic transmission.. If
frequency hopping ofthe soundingreference signalis not enabled (i.c., bnop = Bsrs ), the frequencypositionindex #,

remains constant (unless re-configured) and is defined by n, = |_4”RRC /mSRS ,,Jmod N, where the parameter ngg. is given

by higher-layer parameters freq DomainPosition and freq Domain Position-ap for periodic and each configuration of
aperiodic transmission, respectively. If frequency hopping of the sounding reference signalis enabled (i.e.,
bhop < Bsrs ), the frequency positionindexes n, are defined by

. |4nggc /msgs» Jmod N, b < Byop
’ {Fb (nsgs)+ \_4nRRC /Msrs.p J}mod N, otherwise

where N, is given by Table 5.5.3.2-1 through Table 5.5.3.2-4 foreach uplinkbandwidth Ngx,

b b
ngrg modIT b=bpep Vb ngrg modIT bty Vo |
F (nne) = (N, /2) = + N if N, even
»lsps) = b'=byp V" b=y, Vb

|V, /2J\_nSRS /g N,,,J if N, odd

—
=bhop

where Ny, =1 regardless ofthe N, value onTable 5.5.3.2-1 throughTable 5.5.3.2-4, and

10 T

fsrs = offset_max
|_(nf x10+ Lns / ZJ) / Tgrs J, otherwise

T, Lo
2Ngpng + Z(NSP - lin—sJ + {WJ, for 2 ms SRS periodicity of frame structure type 2

counts the number of UE-specific SRS transmissions, where T4 is UE-specific periodicity of SRS transmission
defined in clause 8.20f3GPP TS 36.213 [4], T 4., 1S SRS subframe offset definedin Table 8.2-2 of

3GPP TS 36.213 [4] and T, is the maximum value of 7., for a certain configuration of SRS subframe offset.

ffset_max

Forall subframes otherthan special subframes, the sounding referencesignal shall be transmitted in the last symbol of
the subframe.
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Table 5.5.3.2-1: mg,, and N, b=0,1,2,3, valuesfor the uplink bandwidth of 6 < Ny <40

SRS-Bandwidth | SRS-Bandwidth | SRS-Bandwidth | SRS-Bandwidth
SRS bandwidth configuration Bsrs =0 Bsrs =1 Bsps =2 Bsps =3
Csrs MgRs,0 Ny MgRrs,1 N, MgRs,2 N, MgRs,3 Ny
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: Msgs b and N,, b=0,2,3, values for the uplink bandwidth of 40 < N5 <60

] ] ] SRS-Bandwidth | SRS-Bandwidth | SRS-Bandwidth | SRS-Bandwidth
SRS bandw |dgh configuration Bggs =0 Begs =1 Baps =2 Bggs =3

S8 MgRrs,0 Ny MgRrs,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, valuesfor the uplink bandwidth of 60 < Ny <80

. SRS-Bandwidth SRS-Bandwidth SRS-Bandwidth SRS-Bandwidth
SRS bandwidth Bee =0 Buo — Bue = B =3
configuration SRS SRS SRS SRS
Cgrs MgRs,0 Ny MgRs,1 N, MgRs,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 5.5.3.24: mgq,andN,, »=0,1,2,3, values for the uplink bandwidth of 80 < N5 <110

SRS-Bandwidth | SRS-Bandwidth | SRS-Bandwidth | SRS-Bandwidth
SRS bandwidth configuration Bsgs = Bsrs =1 Bsrs =2 Bsrs =
Csrs MgRs,0 Ny MgRs,1 N, MgRs,2 N, MgRs,3 Ny
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
3GPP
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5.5.3.3 Sounding reference signal subframe configuration

The cell-specific subframe configuration period Ty~ andthe cell-specific subframe offset Agp forthe transmission of

soundingreference 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-SubframeConfigis provided by higher layers. Sounding reference signal subframes are the

subframes satisfying \_ns / ijod Typc € Agpe - For frame structure type 2, sounding reference signal is transmitted only
in configured UL subframes or UpPTS.

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

i Configuration Period | Transmission offset

srs-SubframeConfig | Binary Tspc (subframes) Agrc (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

i Configuration Period | Transmission offset

SR SEIIAEEi) | | 21T 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 alluplink physical signals and physical channels except the physical randomaccess channel.

The time-continuous signal 57 (¢) forantenna port p in SC-FDMA symbol / in an uplinkslot is defined by

[NgwRe 2] -1 , _
S[(P)(t) — al(ji)) ] .eJZ”(k*l/z)Af(’_NCP,ITs)
k= NN 2]

foro<r< (NCP,I +N)><TS where £ :k+\_N1’§'§N§,B/2J, N =2048, Af =15kHz and q4{#) is the content of resource

element (k,/) on antennaport p.

The SC-FDMA symbols in a slot shall be transmitted in increasing order of 7, starting with / = 0, where SC-FDMA
symbol / > 0 starts at time ijo (Ncp s +N)T, within the slot.

Table 5.6-1 lists the values of Nepy that shallbe used.

Table 5.6-1: SC-FDMA parameters

Configuration Cyclic prefixlength N,
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 Physical random access channel

5.7.1 Time and frequency structure

The physicallayerrandomaccess preamble, illustrated in Figure 5.7.1-1, consists ofa cyclic prefixoflength 7, and a
sequence partoflength Tsgq - The parameter values are listed in Table 5.7.1-1 and depend on the frame structure and the

randomaccess 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 T Tskq
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-T.and 5120-7; only.

The transmissionofa randomaccess preamble, if triggered by the MAClayer, 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 thatindex0 correspond to the lowestnumbered physical
resourceblockand subframe within the radio frame. PRA CH resources within theradio frame are indicated by a
PRACH ResourceIndex, where the indexing is in the order ofappearance in Table 5.7.1-2 and Table 5.7.1-4.

Forframe structure type 1 with preamble format 0-3, there is at most one randomaccess resource per subframe.

Table 5.7.1-2 lists the preamble formats accordingto Table 5.7.1-1 and the subframes in which randomaccess preamble
transmissionis allowed fora given configuration in frame structure type 1. The parameter prach-Configurationindex is
given by higherlayers. The start of the randomaccess preamble shall be aligned with the start ofthe corresponding

uplink subframe at the UEassuming Ny, =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 forhandover purposes assume an absolute valueofthe
relative time difference betweenradio frame ; in the currentcelland the target cellofless than 153600 7.

The first physical resource block nfay, allocatedto the PRACH opportunity considered for preamble formats 0, 1, 2 and
3is defined as npgy = hgp ofier » Where the parameter prach-FrequencyOffset, npgpome: 1S €Xpressedas a physical

resourceblock number configured by higher layers and fulfilling 0 < niay s < Ngg — 6.
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Table 5.7.1-2: Frame structure type 1 random access configuration for preamble formats 0-3

Cor?i?gﬁjcr;;ion Preamble Sf)r/::r?em Subframe Corm(r;:tion Preamble Sf)rlasrtr?em Subframe
Format number Format number
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 27
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 2,58 42 2 Any 2,58
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 NA NA N/A
56,7,89

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 2,58 58 3 Any 2,58
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 N/A
29 1 Any 1,35 7,9 61 NA N/A N/A
30 N/A N/A N/, 62 NA NA N/A
31 1 Even 9 63 3 Even 9

For frame structure type2 with preamble formats 0-4, there might be multiple randomaccess resources in an UL
subframe (or UpPTS for preamble format 4) depending onthe UL/DL configuration [seetable 4.2-2]. Table 5.7.1-3 lists
PRACH configurations allowed for frame structure type 2 where the configuration indexcorres ponds toa certain

combination of preamble format, PRACH density value, Dy, and versionindex, ry, -

The parameter prach-Configurationlndex is givenby higher layers. For frame structuretype 2 with PRACH
configurationO, 1, 2, 20, 21, 22, 30, 31, 32, 40, 41, 42, 48, 49, 50, or with PRACH configuration51, 53, 54, 55, 56, 57
in UL/DL configuration 3,4, 5, the UE may forhandover purposes assume an absolute valueofthe relative time
difference between radio frame ; in the current celland the target cellis less than 153600 7.
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Table 5.7.1-3: Frame structure type 2 random access configurations for preamble formats 0-4

ARG Preamble Densty Version Axa(On Preamble Density Version
configuration Format Per 10 ms . configuration Format Per 10 ms p

Index Diga RA Index Dia 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 NA N/A NA
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 randomaccess opportunities needed fora certain
PRACH density value, Dy, . Each quadruple ofthe format (f3,, tl(& , tl(& , 11(1213) indicates thelocation ofa specific
randomaccess resource, where fp, is a frequencyresourceindexwithin the considered time instance, tl(& =0,1,2
indicates whether theresource is reoccurring in allradio frames, in even radio frames, orin odd radio frames,
respectively, tl({l/l = 0,1 indicates whether the randomaccess resource is located in first half frame orin second half
frame, respectively, and where tl(f,i is the uplink subframe number where the preamble starts, counting from0 at the
first uplink subframe between 2 consecutive downlink-to-uplink switch points, with the exception of preamble format 4
where tl%{ is denotedas (*). The start oftherandomaccess preamble formats 0-3 shallbe aligned with the startofthe
corresponding uplink subframe at the UEassuming N;, =0 andthe randomaccess preamble format 4 shallstart
4832-T, before the end ofthe UpPTS at the UE, where the UpPTS is referenced to the UE’s uplink frame timing

assuming N, =0.

The randomaccess opportunities foreach PRACH configurationshall be allocated in time first and then in frequency if
and only iftime multiplexing is not sufficient tohold all opportunities ofa PRA CH configurationneeded fora certain
density value Dy, without overlapin time. For preamble format 0-3, the frequency multiplexing shallbe done

accordingto
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A MPRB offset + 6[fRTAJ, if frRamod2=0
NprB = I
N}li% —6— n]l}RAB offset — 6[%} otherwise

where Ny is the numberofuplinkresource blocks, npgy is the first physical resource block allocated to the PRACH

opportunity considered and where the parameter prach-FrequencyOffset, nias e 1 the first physical resourceblock
available for PRACH expressedas a physical resource block number configured by higher layers and fulfilling

RA UL
0 < nprpofrset < Nrg —6-

Forpreamble format 4, the frequency multiplexing shallbe done according to

JRA _ |6ras if((nfmodz)x(z—NSP)H,g‘)\)modz:o
PRE NZE —6(frp +1), otherwise

where 7, is the systemframe number and where N is thenumber of DL to UL switch points within the radio frame.

Each randomaccess preamble occupies a bandwidth corresponding to 6 consecutive resource blocks forboth frame
structures.
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Table 5.7.1-4: Frame structure type 2 random access preamble mapping in time and frequency
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0,0,0,7) [ (0,0,0,0) {0,0,0,7) [ (0,0,0,0) 0,007

97137 0,0,1,1) | (0,0,1,0) (1,0,0,1) | (1,0,0,0) (0,0,1,0)

(1,0,0,1) | (1,00,0) | NA | 20,0,1) | (2,0,00]| 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) 0,0,0,7) | (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)

(1,01,1) | 1,0,1,0)| NA | (3,00,1) | (3000 ]| NA |(1,01,0)

(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) (0,0,0,7) | (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)

29139 (1,0,0,1) | (1,0,0,0) (2,0,0,1) | (2,0,0,0) (1,0,0,1)

(1,010 [ (1,0,10) | a | B001) | 3000 | \ya |10.10)

(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)

70 0,700 | NA NA [ ©,1,0,00 | NA N/A 1 (0,1,0,0)

1 02,00 | NA /A 02,00 | NA NA | (0,2,0,0)
a2 011,00 NA N/A N/A N/A N/A N/A

i3 0,000 | NA NA | (00,000 | NA NA | (0,0,0,0)
v} 0,010 NA N/A N/A N/A /A N/A

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

45 0010 | NA NA | o0y | VA NA | 10%00)

(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)

1000y | NA NA | o0 | VA 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)

(1,0,00) | NA NA | (2,00,0) | NA NA | (2,0,0,0)

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

78 0.1.0° [ ©0,1,07 [ 0,7,0,9 [ ©.1,0°) [ ©0,7,07) [ 0,7,09 | 0,1,0,9

79 0,207 [ (0,207 | 0,2,0,) | (0,2,0,7) | (0,2,0,7) | (0,2,0,5) | (0,2,0,9)

50 01,15 [ 01,19 | 0,1,1, N/A N/A NA | (0,1,1,7)

51 (0,0,0,5 | (0,0,0,) | (0,0,0,) | (0,0,0,%) | (0,0,0,) | (0,0,0,) | (0,0,0,)

52 0,075 [ (0,0, | (0,0,1,9) N/A N/A NA | (0,0,1,7)

0 (0,0,0,5 [ (0,0,0,) | (0,0,0,) | (0,0,0,) | (0,0,0,) | 0,0,0, | (0,0,0,)

0,014 | 0,01 | 0,015 ]| 1,004 | (1,00 | (1,0,0% | (0,01,

(0,0,07) | (0,0,0,%) | (0,0,0,) | (0,0,0,) | (0,0,0,%) | (0,0,0,") | (0,0,0,%)

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

1,009 | (1,0,0%) | (1,0,0,% | 2.0,0, | 2,0,0,%) | 2,0,0,% | (1,0,0,%

0,0,0,5 [ (0,0,0,) | (0,0,0,) | (0,0,0,%) | (0,0,0,) | (0,0,0,) | (0,0,0,)

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

1,009 | (1,0,0,%) | (1,0,0,% | 2,0,0,%) | 2,0,0,%) | 2,0,0,% | (1,0,0,%

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

0,0,0,5 [ (0,0,0, | 0,0,0,9 | 0,0,0,7) [ (0,0,0,) | (0,00, | 0,0,0,9)

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

56 (1,0,0,9 | (1,0,0,%) | (1,0,0, | 2.0,0,) | 2,0,0,%) | (2,0,0,%) | (1,0,0,%

1,019 | 1,01, | (1,0, | 3,0,0,) | (3,0,0,%) | (3,0,0,%) | (1,0,1,%

2,0,09 | (2,0,0%) | (2,0,0,) | 4,0,0%) | (4,0,0,%) | 4,0,0,% | (2,0,0,%)

(0,0,0,9 [ (0,0,0,) | (0,0,0,) | (0,0,0,%) | (0,0,0,) | (0,0,0,") | (0,0,0,7)

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

57 1,0,09 | (1,0,0%) | (1,0,0, | 2.0,0,%) | 2,0,0,%) | (2,0,0,%) | (1,0,0,%

(1,019 | (1,01, | (1,0, | 3.0,0,%) | (3,0,0,%) | (3,0,0,%) | (1,0,1,%

20,0 | 2,00 | 2,0,0,%) | 4.0,0%) | (4,0,0,%) | 4,00, | (2,0,0,%

20,1 | 2,019 | 2.0.1, | 5.0,0%) | (5,0,0,%) | (5.0,0,%) | (2,0,1,%
58 NTA N/A NTA NTA NTA NTA NTA
59 NTA NTA N/A NTA N/A A N/A
50 NTA N/A /A NTA /A 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 /A N/A
63 N/A N/A N/A N/A N/A /A N/A

NOTE.  * UpPTS
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5.7.2  Preamble sequence generation

The randomaccess preambles are generated from Zado ff-Chu sequences with zero correlation zone, generated fromone
or severalroot Zadoff-Chusequences. The network configures thesetofpreamble sequences the UEis allowed to use.

There are 64 preambles available in each cell. The set of 64 preamble sequences in a cell is found by including first, in
the orderofincreasing cyclic shift, all the available cyclic shifts ofa root Zadoff-Chu sequence with the logical index
RACH _ROOT_SEQUENCE, where RACH _ROOT_SEQUENCE is broadcasted as partofthe SystemInformation.
Additional preamble sequences, in case 64 preambles cannotbe generated froma single root Zadoff-Chusequence, are
obtained fromthe root sequences with the consecutive logical indexes untilall the 64 sequences are found.

The logicalroot sequence orderis cyclic: the logicalindex0 is consecutive to 837. The relation betweena logicalroot
sequence indexand physicalroot 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 ™ root Zadoff-Chusequence is defined by

_mun(n+l)

xu(n):eA Nze 0<n< Ny -1

th

where the length N, ofthe Zadoff-Chu sequence is givenby Table 5.7.2-1. Fromthe 4™ root Zadoff-Chu sequence,

randomaccess preambles with zero correlationzones oflength N g —1are defined by cyclic shifts according to
xu,v (l’l) =X, ((}’l + Cv)mod NZC)

where the cyclic shift is given by

VN v=0,1,...,| Nyo/Ngg |=1,Neg #0  for unrestricted sets
C, =10 Nes =0 for unrestricted sets
don Lv/n:;ﬁt J +(vmodnii )Neg  v="0,1,...n50nee +7gm —1 for restricted sets

and Ng is given by Tables 5.7.2-2 and 5.7.2-3 for preamble formats 0-3 and 4, respectively, where the parameter
zeroCorrelationZoneConfig is provided by higher layers. The parameter High-speed-flag provided by higher layers
determines ifunrestricted set orrestricted set shallbe used.

The variable d, is the cyclic shift corresponding to a Doppler shift of magnitude 1/TSEQ and is givenby

q - p 0< p< Ny /2
Ny —p otherwise

where p is the smallest non-negative integer that fulfils (pu)mod N, = 1. The parameters forrestrictedsets ofcyclic
shifts dependon d,.For Nog <d,, < N /3,the parameters are given by

”s%?ﬂ = Ldu/NCSJ

o = 2d,, +ngin Nes

ngrlgup = LN zC / dstartj

ﬁs%f}t = maX(L(NZC -2d, - ngr/(?updstan )/Ncs JO)

For Ny /3<d, <(Ngz- —Ncg)/2, the parameters are givenby

”s%?ft = \_(Nzc -2d, )/NCSJ
dgary = Nz —2d, +”sll{1A§ﬁNcs
”gréup = Ldu / dstanJ

—RA _ - RA RA
Nhife = mm(max(]_(d u~ ngroupdstart )/ Ncs JO), Pghife )

3GPP

IPR2025-00138
Petitioner's Exhibit 1016
Page 000052



Release 11 53 3GPP TS 36.211 V11.4.0 (2013-09)

Forall othervaluesof d,, there are no cyclic shifts in the restricted set.

Table 5.7.2-1: Random access preamble sequence length

Preamble format | N,
0-3 839
4 139

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

zeroCorrelationZoneConfig Wi VLD
Unrestricted set | Restricted set
0 0 15
1 13 18
2 15 22
3 18 26
4 22 32
5 26 38
6 32 46
7 38 55
8 46 68
9 59 82
10 76 100
11 93 128
12 119 158
13 167 202
14 279 237
15 419 -

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

zeroCorrelationZoneConfig | Ng value

0 2

1 4
2 6
3 8
4 10
5 12
6 15
7 NA
8 NA
9 NA
10 NA
1 NA
12 NA
13 NA
14 NA
15 NA

3GPP

IPR2025-00138
Petitioner's Exhibit 1016
Page 000053



Release 11

54 3GPP TS 36.211 V11.4.0 (2013-09)

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

Logical root

Physical root sequence number

szﬁumebnecre (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
36-41 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, 710,729, 89,750, 103,736,671, 778,55,784, 15, 824,
90-115 14825
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, 734,705, 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
384-455 767,76,763,94,745,102,737,90,749, 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
230,609, 232,607,262,577,252,587,418,4271,4716,423,413,426,4711,428,376,463, 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, 387,458,399, 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
630-659 330,509, 338,501, 341,498, 340,499, 342,497,301, 538, 366,473,401,438,371,468, 408, 431, 375,464, 249,
590, 269, 570, 238,601,234, 605
257,582,273,566, 255,584, 254,585,245,594,251,588,412,427,372,467,282,557, 403, 436, 396,443,392,
660-707 447,391,448,382,457,389, 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, 357,488, 306, 533,289,550, 400, 439,378,461, 374, 465,415,424, 270, 569, 241,598
730-751 231,608, 260,579, 268,571, 276,563, 409,430, 398, 441,290,549, 304, 535, 308,531, 358, 481,316,523
752-765 293,546, 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
number (in increasing order of the corresponding logical sequence number)
0-19 1138 2137 3136 4135 5[134| 6 (133 7 ([132] 8| 131 913010 129
20-39 TT1 128112112713 126 | 14 | 12515 12416 | 123 17 | 122118 127 19 120 20 [ 719
40-59 2T 1822117123116 24 [ 11525 [ 114126 | 11327 [ 112128 11129 710 30| 109
60-79 31T 7083270733106 34 1053510436 10337 70238 70T 39 [ 100[40[ 99
80-99 471 98142 9743 9644 95|45 94|46 9347 9248 9T[49| 90|50 89
100-119 51| 88|[52| 87|53| 86|54 85|55 84|56 83|57 82[58| 81|59| 80|60 79
120-137 61| 78|62 77|63| 76|64 75|65 74|66 73[67| 72|68 71[69| 70| - -
138 —837 N/A

5.7.3  Baseband signal generation

The time-continuous randomaccess signal s(¢) is definedby

Nye—1Nye—1 . 27mk

S(t):ﬂPRACH Z Z xuv(}’l)-eij Nz _6/2”(k+¢+K(k0*%))AfRA(’*TCP)

k=0 n=0

where 0 <7 < Tgpo +Tcp > Bpracu 18 anamplitude scaling factorin order to conformto the transmit power Pogacy
specified in clause6.1in 3GPP TS 36.213 [4], and k, = nkay NRB — NYENRB /2 The location in the frequency domain
is controlled by the parameter npyy, is derived fromclause5.7.1. The factor K = Af /Afz, accounts for the difference
in subcarrier spacing between therandomaccess preamble and uplink data transmission. The variable Afg , , the

subcarrier spacing for the randomaccess preamble, and the variable ¢ , a fixed offset determining the frequency-domain
location ofthe randomaccess 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 | Afg . @
0-3 1250 Hz | 7
4 7500 Hz | 2
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5.8 Modulation and upconversion

Modulationand upconversion to the carrier frequency ofthe complex-valued SC-FDM A baseband signal for each
antenna port orthe complex-valued PRACH baseband signalis shown in Figure 5.8-1. The filtering required prior to

transmissionis defined by therequirements in 3GPP TS 36.101 [7].

cos (2fyt)

Re{s; (1)}

s;(1)

— > Split Filtering | —>

Im{s, (1)}

T

—sin (27f,¢)

Figure 5.8-1: Uplink modulation
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6 Downlink

6.1 Overview

The smallest time-frequencyunit for downlink transmissionis denoted a resource element and is definedin
clause 6.2.2.

A subset ofthedownlink subframes in a radio frame on a carrier supporting PDSCH transmission can be configured as
MBSEFEN subframes by higher layers. Each MBSFN subframe is divided into a non-MBSFN region and an MBSFN
region.

- Thenon-MBSFNregionspans thefirst one ortwo OFDM symbols in an MBSFN subframe where thelength of
the non-MBSFNregion is givenby Table 6.7-1.

- The MBSFNregion in an MBSFN subframe is defined as the OFDM symbols notused for the non-MBSFN
region.

Unless otherwise specified, transmission in each downlink subframe shalluse thesame cyclic prefix length as used for
downlink subframe #0.

6.1.1 Physical channels

A downlink physical channel corresponds to a setofresourceelements carrying information originating fromhigher
layers and is the interface defined between 3GPP TS 36.212 [3] and the presentdocument 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
- EnhancedPhysical Downlink Control Channel, EPDCCH

6.1.2  Physical signals

A downlink physical signal corresponds to a setofresourceelements used by the physical layer but does not carry
information originating fromhigher layers. The following downlink physical signals are defined:

- Reference signal

- Synchronizationsignal
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6.2 Slot structure and physical resource elements

6.2.1 Resource grid

DL

The transmitted signal in each slot is described by one orseveralresource grids of Ngg NXP subcarriersand N2-

symb
OFDM symbols. The resource grid structure is illustrated in Figure 6.2.2-1. The quantity Ny depends on the
downlink transmis sion bandwidth configured in the celland shall fulfil

min,DL DL max,DL
Nrp™"" < Ngg < Ngg

where NoiPL — 6 and NPt =110 are the smallest and largest downlink bandwidths, respectively, supported by

the current version ofthis specification.

The set ofallowed values for N2 is given by 3GPP TS 36.104 [6]. The numberof OFDM symbols in a slot depends
on the cyclic prefix length and subcarrier spacing configured andis given in Table 6.2.3-1.
An antennaport 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 thesame antennaportis conveyed. There is one resource grid per
antenna port. The set ofantennaports supported depends on the reference signal configurationin the cell:

- Cell-specific reference signals support a configuration ofone, two, or four antenna ports and are transmitted on
antennaports p=0,p e {0,1} ,and p e {O,l,2,3},respective1y.

-  MBSFN reference signals are transmitted on antennaport p = 4.

- UE-specific reference signals associated with PDSCH are transmitted on antenna port(s) p=5, p=7, p =8,
oroneorseveralof p e {7,8,9,10,1 1,12,13,14}.

- Demodulation reference signals associated with EPDCCH are transmitted on one orseveral of
p €{107,108,109,110}.

- Positioningreference signals are transmitted on antenna port p =6 .

- CSI reference signals support a configuration of one, two, four or eight antennaports and are transmitted on
antennaports p =15, p=1516, p=15,...,18 and p =15,...,22 ,respectively.

Two antenna ports are said to be quasico-located if the large-scale properties ofthe channel over which a symbolon
one antenna portis conveyed canbe inferred fromthe channel over which a symbol on the other antennaportis
conveyed. The large-scale properties include one ormore of delay spread, Doppler spread, Doppler shift, average gain,

and average delay.
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6.2.2 Resource elements

Each element in the resource grid forantennaport p is called a resourceelement and is uniquely identified by the
index pair (k, l) in a slot where k = 0,...,NE§NS}§B —land /=0..., Ngﬁlb —1 arethe indices in the frequency and time
domains, respectively. Resource element (k, Z) on antennaport p corresponds to thecomplexvalue a,(f}) .

When there is no risk for confusion, orno particular antennaport is specified, the index p may be dropped.

One downlink slot T},

.

N{n» OFDM symbols

»

! k=NRLNRE
Resource
I\t}lﬁ‘:kx kB resource
/ symb s alements
f -
2
|3
Q|2
S | &
3aq8 R
> 45 esource D)
2yl @ element
2y
X =
2
[ap> A
=
v k=0

1=0 I=Ngm—1

Figure 6.2.2-1: Downlink resource grid
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6.2.3 Resource blocks

Resource blocks are used to describethe mapping of certain physical channels to resource elements. Physicaland
virtualresourceblocks are defined.

DL

symp consecutive OFDM symbols in the time domain and N2 consecutive

A physicalresourceblockis definedas N,
subcarriers in the frequency domain, where Nghb and NRP are givenby Table 6.2.3-1. A physicalresource block thus
consistsof N S%b x N, S%B resource elements, corresponding to one slotin the time domain and 180 kHz in the frequency
domain.

Physicalresource blocks are numbered from0 to Ny —1 in the frequency domain. The relation between the physical
resourceblocknumber nprp in the frequency domain andresourceelements (k,/) inaslotis given by

|k
PRB NSEB

Table 6.2.3-1: Physical resource blocks parameters

Configuration NXB Ns?,hb
Normal cyclic prefix Af =15kHz 19 7
Af =15kHz 6
Extended cyclic prefix
Af =7.5kHz 24 3

A physicalresource-block pairis defined as the two physical resource blocks in one subframe having the same physical
resource-blocknumber npgy .

A virtualresourceblockis ofthe same size as a physicalresourceblock. Two types of virtual resource blocks are
defined:

- Virtual resource blocks oflocalized type

- Virtual resource blocks of distributed type

Foreach type of virtual resource blocks, a pair of virtual resource blocks over two slots in a subframe is assigned
togetherby a single virtualresource block number, 7,5, -

6.2.3.1 Virtual resource blocks of localized type

Virtual resource blocks oflocalized type are mappeddirectly to physical resource blocks such that virtual resource
block nygp corresponds tophysicalresource block npgp = nygp . Virtualresource blocks are numbered from0

to Nogg —1,where Nogs = Npg .

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

N Gap (N,,)
System BW ( Nyy)
RB qst Gap ( Ngap,l) 2nd Gap ( Ngap,2)
6-10 ’_NI'QBL / 2-‘ NA
11 4 NA
12-19 8 N/A
20-26 12 N/A
27-44 18 N/A
45-49 27 NA
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 < Ny <49, only one gap value N gyp.1 18 definedand
N
Neap = Neap2 is signaled as partofthe downlink scheduling assignmentas described in 3GPP TS 36.212 [3].

For 50 < Ngy <110, two gap values N, , and N, , aredefined. Whether N, = N,,, or

eap = Ngap1- RB =

Virtual resource blocks ofdistributed type are numbered from0 to § 0. — 1, where
N\?II;B = N\?I%B,gapl =2-min(N NI]{)EI; - Ngap) for Ngap = Ngap,l and N\?IEB = N\?I%B,gapZ = \_NI?BL /2N

N =N

J. 2N, for

gap? gap

gap,2°

Consecutive KI%B VRB numbers compose a unit of VRB numberinterleaving, where 2L

_ an7bL —
VRB — NVRB for Ngap =N

gap,1

and NPt

VRB

columns and N, rows,where N, = ’_ﬁVDl%B/(4P)-‘-P ,and P is RBG size as describedin 3GPP TS 36.213 [4]. VRB

=2N,, for Ngap = Ngap - Interleaving of VRB numbers ofeach interleaving unit is performed with 4

gap,2
numbers are written row by row in the rectangular matrix, and read out column by column. N, nulls are inserted in

thelast N, /2 rows ofthe 2"and 4" column, where N, =4N
VRB numbers mapping to PRBnumbers including interleaving is derived as follows:

— N2k, Nulls are ignored whenreadingout. The

null = row

Foreven slot number »,;

ﬁl;RB - Nrow

ﬁpRB (ns) _ i}:"RB - Nrow + Nnull /2
nprp = Nyt /2
ﬁI”'RB

~ ~pL

Nyt #0 and  nygg 2 Nygg — Ny
~ ~pL

sNoan #0 and  nygg 2 Nygg = Ny
~ ~pL

sNoan 20 and nypg < Nygp — Ny

, otherwise

and Hyggmod2 =1
and 7iyggmod2 =0
and 7ygg mod4>2

where 7iprg = 2N, - (ﬁVRB mod 2)+ LﬁVRB /2J + ﬁ\?}%B : \_nVRB /ﬁ\]?l%B J>

~n

and 7ppg = N

row '(ﬁVRB mod4)+ |_’~1VRB /4J+ N\]:/)II{B '\_nVRB /N\%B Ja

where 7iypg = nygs mod Nokg and nygp is obtained fromthe downlink scheduling assignment as described in

Forodd slot number #g;

3GPP TS 36.213 [4].

fippg (1) = (ﬁPRB (ng—D+ ]\7\[/)1]{13 /2)mod ﬁ\?lliB + ﬁ\?l%B : \_nVRB /ﬁ\?IIzBJ

Then, forall ng;

nprp (ng) = {

ﬁPRB (ns )’

3GPP
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6.2.4  Resource-elementgroups

Resource-elementgroups are used for defining the mapping of control channels toresource elements.

A resource-element group is represented by the indexpair (k',/") of the resource elementwith the lowest index £ in
the group with allresource elements in the grouphavingthe same value of /. The set ofresource elements (k,/) ina
resource-element group depends onthe number of cell-specific reference signals configured as described below with

RB DL
0 < nprg < Ngg -

sc

ko = npgg - N,

- In the first OFDM symbol ofthe first slot in a subframe thetwo resource-element groups in physical resource
block nprp consist ofresource elements (k,/ =0) with k =k, +0,k, +L...,k, +5 and

k=ky+6,ky+7,..,ky+11, respectively.

- In the second OFDM symbol ofthe first slot in a subframe in case ofone or two cell-specific reference signals
configured, the three resource-element groups in physicalresourceblock nppp consistofresourceelements

(k,l=1) with k=ky+0,ky+1,...ky+3, k=ky+4,ky+5,...ky+7 and k =ky+8,ky+9,....,ky +11,
respectively.

- In the second OFDM symbolofthe first slot in a subframe in case of four cell-specific reference signals
configured, the two resource-element groups in physical resource block npr consist ofresource elements

(k,l=1) with k=ky+0,ky+1,....ky+5 and k=ky+6,k, +7,..., ky +11,respectively.

- In the third OFDM symbol ofthe first slot in a subframe, the three res ource-element groups in physical resource
block npgp consist ofresource elements (k,/ =2) with k=ky+0,ky+1,.... kg +3, k=ky+4, ko +5,.... kg +7
and k =k, +8,ky+9,..., ky +11,respectively.

- In the fourth OFDM symbol ofthe first slot in a subframe in case ofnormal cyclic prefix, the three resource-
element groups in physicalresource block npyp consist ofresource elements (k,/ =3) with

k=ky+0,ky+L...ky+3, k=ky+4,ky+5,....ky+7 and k =k, +8,ky +9,..., ky +11, respectively.

- In the fourth OFDM symbol ofthe first slot in a subframe in case ofextended cyclic prefix, the two resource-
element groups in physicalresource block npy consist ofresource elements (k,/ =3) with

k=ky+0,ky+L....ky+5and k=ky+6,ky+7,...,ky +11, respectively.

Mappingofasymbol-quadruplet <z(i), z(i+1),z(i+2),z(i + 3)) onto a resource-element group represented by resource-
element (k',/") is defined suchthat elements z(i) are mapped toresource elements (k,/) oftheresource-element

group notused for cell-specific reference signals in increasingorderof ; and k. In case asingle cell-specific reference
signalis configured, cell-specific reference signals shallbe assumed to be presenton antenna ports 0 and 1 for the
purpose of mappinga symbol-quadrupletto a resource-element group, otherwise the number of cell-specific reference
signals shallbe assumed equal to the actual number of antenna ports used for cell-specific reference signals. The UE
shallnot make any assumptions about resource elements assumed to be reserved for reference signals but not used for
transmission ofa reference signal.
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6.2.4A Enhanced Resource-Element Groups (EREGS)

EREGs are used fordefining the mapping ofenhanced control channels to resource elements.

There are 16 EREGs, numbered fromO to 15, perphysicalresource block pair. Number all resource elements, except
resource elements carrying DM-RS forantennaports p = {107,108,109,1 10} fornormal cyclic prefix or p = {107,108}

for extended cyclic prefix, in a physical resource-block pair cyclically fromO to 15 in an increasing order of first
frequency, then time. Allresource elements with number ; in that physical resource-block pair constitutes EREG

number ; .

6.2.5  Guard period for half-duplex FDD operation

Forhalf-duplexFDD operation, a guard periodis created by the UEby not receivingthelast partofa downlink
subframe immediately preceding an uplink subframe fromthe same UE.

6.2.6  Guard Period for TDD Operation

For frame structure type2, the GP field in Figure 4.2-1 serves as a guard period.
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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 channelis defined in terms ofthe following steps:
- scrambling ofcodedbits in each ofthe codewords to be transmitted ona physical channel
- modulation of scrambled bits to generate complex-valued modulationsymbols
- mapping ofthe complex-valued modulation symbols onto one or several transmission layers
- precodingofthe complex-valued modulation symbols oneachlayer for transmission on theantennaports
- mapping of complex-valued modulation symbols for each antenna port to resource elements

- generationofcomplex-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

6.3.1 Scrambling

Foreach codeword ¢,the blockofbits 5 (0),...,5 (M}giqt) —1),where Mt(n?t) is the number ofbits in codeword ¢
transmitted on thephysical channel in one subframe, shallbe scrambled prior to modulation, resulting in a block of
scrambled bits 5@ (0),...,5 @ (M9 ~1)accordingto

5D (@) = (b9 () + ¢ () Jmod 2

where the scrambling sequence ¢(?)(i) is givenby clause 7.2. The scrambling sequence generator shall be initialised at

the start of each subframe, where the initialisation value of c;

it depends on the transport channel typeaccording to

Cinit =

s -2 +q 28+ ng /2 ]-2° + NES' for PDSCH
[n,/2]-2° + NS for PMCH

where npypp corresponds to the RNTIassociated with the PDSCH transmis sion as described in clause 7.1
3GPP TS 36.213 [4].

Up to two codewords can be transmitted in one subframe, i.e., g € {0,1}. In the case of single codeword transmission, ¢
is equalto zero.

6.3.2 Modulation

Foreach codeword ¢, the block ofscrambledbits 59 (0),...,b @ (M —1)shallbe modulated as described in
clause 7.1using oneofthe modulationschemes in Table 6.3.2-1, resulting in a block of complex-valued modulation
symbols d'?(0),....d " (M, -1).
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Table 6.3.2-1: Modulation schemes

Physical channel | Modulation schemes
PDSCH QPSK, 16QAM, 64QAM
PMCH QPSK, 16QAM, 64QAM

6.3.3 Layer mapping

The complex-valued modulationsymbols for each ofthe codewords to be transmitted are mapped onto one orseveral
layers. Complex-valued modulation symbols ¢ (0),...,d? (MS(‘y‘r)nb —1) forcodeword ¢ shallbe mapped ontothe

layers x(i) = [x(o) @ .. x(“_l)(i)]l, i= O,l,...,Msl%f,; —1 where v is the numberoflayers and M;;f:; is the number of

modulation symbols perlayer.

6.3.3.1 Layer mapping for transmission on a single antenna port

Fortransmission ona single antenna port,asingle layeris used, v =1, and the mapping is defined by
xXO@) =d @)

. layer _ 0)
with M symb =M symb -
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6.3.3.2 Layer mapping for spatial multiplexing

Forspatial multiplexing, the layer mapping shallbe done accordingto Table 6.3.3.2-1. The numberoflayers v is less

than orequalto the number ofantennaports P used fortransmission ofthe physical channel. The case ofasingle
codeword mappedto multiple layers is only applicable when the number of cell-specific referencesignals is fouror

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 . 1
i=0,1,. Mszfne{, -1
1 1 OO0 =dV0) MG =M,
Oy = 70 H;
2 1 x () =d" (2) layer il

x(l)(l-) _ d(o)(2i+l) symb - symb/2

O iy = 4O (;
X (l) - d (l) 1 © 0
2 2 Oy M) ys M:’ilne; _Mbyr)nb Msymb
xV(@)=d" i)
Q) =d3i)
3 1 Wy = 7O (2, Mler _ a0 /3
X (l) =d (31 + 1) symb symb
(i) =d”(i+2)
xXO@6)=d? (i)
layer _ p(0) _ ()

3 2 @ =dV@iy My = MG = MG 2
xP @) =dV(2i+1)
xO @) =a 4i)

Mry= 70 g7
x () =d(4i+1) layer _ 3 7(0)
x® (i) = 40 (4i +2) Msymb - Msymb/4
xD@) =d O 4i+3)
Oy =d©2i)
V@) =dPQi+1)

4 2 MBE =M =MD 2
x(z) (l) _ d(l)(Zi) symb symb/ symb/

Xy =dV2i+1)

Q@) =d i)

V(@) =d P @i+1)

5 2 (i) =dV 3i) M =M =M, /3
@) =dVGBi+1)
xXy=dVGi+2)
Q0 =d93i)
V@) =dGi+1)
D) =d"Gi+2)
xP @) =dV3i)
@@ =dV @i+
D) =dVEi+2)
Q0 =d93i)
D) =d 9 @i+
P =d2Gi+2)
7 2 NME) (i) = dm (4i) Msl;i/neg MS(}?K)nb/:% M(lfnb/4
xP (@) =dV@i+1)

& @) =dV4i+2)

xO()=dM(4i+3)

1 (0) I yaU)
Ms;i]nel:r) ]\/[symb/3 _Msymb/3
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xO @) =d (4i)

xXMiy=d Q@i+
xXP)=d4i+2)
xP)y=d 0 4i+3)

8 2 M =m0 Ja=m) 4
x(4) (l) _ d(l) (41) symb symb/ symb/

xO@)y=dV @i+
xO @) =d"V4i+2)
xXD@y=dV4i+3)

6.3.3.3 Layer mapping for transmit diversity

Fortransmit diversity, the layermappingshallbe done according to Table 6.3.3.3-1. There is only one codeword and
the numberoflayers v is equalto the numberofantenna ports P used for transmission ofthe physical channel.

Table 6.3.3.3-1: Codeword-to-layer mapping for transmit diversity

Number of Number of Codeword-to-layer mapping

. layer
layers codewords = O,l,...,MSymb -1

xO @) =d i)

layer (0)
2 1 O =dQi+1) | Moym =M o2
)\ — 700 g; 0 0
X ()=d T (4) wer _ | M /4 if M) mod4=0
xD (@) =dV4i+1) MG, +2)/4 i M) mod4 =0

2) 0y, 4
x! )(l) =d' )(41 +2) [ 1f M(O) mod4 # 0 two null symbols shall be appended
x(3)(i):d(0)(4i+3) to d(O)(M(O) 1)

symb
6.3.4  Precoding
The precodertakes as input a block of vectors x(i) = [x(()) (i) .. x@ (i)]r, i=01,.., Sl;y:r 1 fromthe layer
mapping and generates a block of vectors y(i) = [ () ]r ,i=0,1,...,M Symb —1 to be mapped onto resources on

each ofthe antenna ports, where y?) (i) represents thesignal forantenna port p .

6.3.4.1 Precoding for transmission on a single antenna port

Fortransmission ona single antenna port, precoding is defined by
y(p)(i) =© (@)

where p e {O 45,7 8} is the number ofthe single antenna port used for transmission ofthe physical channel and

P=0L. MP —1, MP =MD
6.3.4.2 Precoding for spatial multiplexing using antenna ports with cell-specific

reference signals

Precoding forspatial multiplexing using antennaports with cell-specific reference signals is only used in combination
with layer mapping forspatial multiplexing as described in clause 6.3.3.2. Spatial multiplexing supports two or four
antenna ports and the set ofantennaportsusedis p {0,1} 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 spatialmultiplexing is defined by

(i) xO@)
=W (i)
y ) xUD (i)

-1, MP :Mlaycr

where the precoding matrix W (i) is ofsize Pxv and i =0,1,....M*>® Symb symb -

symb
Forspatial multiplexing, the values of W (i) shallbe selected among theprecoder elements in the codebook configured
in the eNodeB and the UE. The eNodeB can further confine the precoderselectionin the UEto a subsetofthe elements
in the codebook using codebook subsetrestrictions. The configured codebook shall be selected fromTable 6.3.4.2.3-1
or 6.3.42.3-2.

6.3.4.2.2 Precoding for large delay CDD
Forlarge-delay CDD, precoding for spatial multiplexing is defined by
YO S0
=W (i)D(i)U
Y 0]

where the precoding matrix W (i) is of size Pxv and i = 0,1,...,Msay‘°mb -1, M:y"mb = Msl;yme; . The diagonal size-

vxvmatrix D(i) supportingcyclic delay diversity and the size- v x v matrix U are both givenby Table 6.3.4.2.2-1
for different numbers oflayers v.

The values ofthe precoding matrix # (i) shallbe selected among the precoder elements in the codebook configured in

the eNodeBand the UE. The eNodeB can further confine the precoderselection in the UEto a subset ofthe elements in
the codebookusing codebook subsetrestriction. The configured codebook shallbe selected fromTable 6.3.4.2.3-1 or
6.3.4.2.3-2.

For2 antenna ports, the precoderis selectedaccording to W (i) = C, where C, denotes the precoding matrix
corresponding to precoder index0 in Table 6.3.4.2.3-1.
For4 antenna ports, the UEmay assume that the eNodeB cyclically assigns different precoders to different vectors

[x(o) (i) .. x@ (i)}r on the physical downlink shared channel as follows. A different precoderis usedevery
v vectors,where o denotes the number of transmission layers in the case of spatial multiplexing. In particular, the
precoder is selected accordingto W (i) = C; ,where £ is the precoder indexgiven by

k= QLJ mod 4J +le {1’2’3,4} and C,,C,,C;,C,denote precoder matrices corresponding to precoder indices
v

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)
11 1 1 0
2 E 1 e—j27z/2 0 eszm/z
1 1 1 1 0 0
3 | B gidaf3 0 e 23 0
V3 | e /A3 isf3 0 0 e~ /4m/3
1 1 1 1 1 0 0 0
. 11 e 24 pinlA en/d 0 o2 0 0
E 1 e—j47r/4 efj87r/4 e—j127r/4 0 0 e—j4m’/4 0
1 e—j67z’/4 e—j127r/4 e—jl87z/4 0 0 0 e—jém’/4

6.3.4.2.3 Codebook for precoding and CSl reporting

Fortransmission ontwo antennaports, p € {0,1} ,and forthe purpose of CSlreporting based on two antenna ports
pe {0,1} or pe {15,16}, the precoding matrix W (i) shallbe selected fromTable 6.3.4.2.3-1 ora subsetthereof. Forthe

closed-loop spatial multiplexing trans mission mode definedin 3GPP TS 36.213 [4], the codebook index0 is not used
when the numberoflayersis v =2.

Table 6.3.4.2.3-1: Codebook for transmission on antenna ports {0,1} and for CSI reporting based on
antenna ports {0,1} or {15,16}

Codebook Number of layers v
index 1 2
0 1|1 11 0
J2 |1 J2l0 1
] 1|1 {1 1
J2 -1 211 -1
1 1 1
2 L{ .} l{. .}
N2 21j —J
1
5 L{ } _
AR

Fortransmission on four antennaportts, p € {0,1,2,3}, and forthe purpose of CSIreporting based on four antenna ports
pE {0,1,2,3} or pe {15,16,17,18}, the precoding matrix  shallbe selected fromTable 6.3.4.2.3-2 ora subsetthereof.

The quantity % denotes thematrix defined by the columns givenby theset {s} fromthe expression

W, =I-2uul /ufun where [ is the 4x 4 identity matrixand the vector u, is givenby Table 6.3.4.2.3-2.
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Table 6.3.4.2.3-2: Codebook for transmission on antenna ports {0,1,2,3} and for CSl reporting based on
antenna ports {0,1,2,3} or {15,16,17,18}

Codebook index u, . 2Numberofla;;ers [ _
0 ug =1 -1 -1 -1f | w2 | wi B w124 [
1 w= -j 1 j] w | w2 | wi s | w2
2 u2:[1 1 —1 l]T Wz{l} WZ{IZ}/\/E W2{1z3}/\/§ W2{3214}/2
3 w=[j 1 -jf w | Wi N2 | s | w2
4 ug =l C1-pN2 =i a-p/af | | W | w | i
° us=l (A=p/N2 j (-1- ])/\/_ T wil | wi /ﬁ w2 / | wiee
® ug=l A+ /N2 —j /2] | | W N | | i
! =l N2 G aep/N2f || N B B e
8 ug =t -1 1 1] W | w2 2| Wi s | e
o w =l —j -1 -jf wh | w2 | | w2
o w11 v | T | | e
" w = j -1 jf w2 | R w
2 wp =t -1 1) M| N | WP NB | w2
13 wy=[ -1 1 -1f wy Wl{gm/\/_ W{m}/\/_ W{]324}/2
z =l 11 i | i | i s |
15 ”15=[1 11 1]T Wl{sl} 12}/\/_ 123}/\/‘ 151234 /2

Forthe purpose of CSIreporting foreight CSIreference 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 fortwo and four antennaports.

Fortransmission ontwo antennaports, p € {O,l},the output y(i) = [y(o) @) yO (i)]T ,i=01..,M*» —1 ofthe

symb
precoding operationis defined by

y02i) 1 0 j O|Relx@@)
(24 1 0 -1 0 j|Relx®@)
y(O)(2i+]) \/5 0 1 0 Jj|lIm x(o)(i)
D (2i+1) L0 —j 0 mlx®()
fori=0,1,..,M 2% —1 with M¥ . =2M 2%

Fortransmission onfourantennaportts, p € {O 1,2 3} theoutput y(i) =y G) yP@ »Pu) y® (i)]T R
i=01,.,M Symb —1 of'the precodingoperationis defined by
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[ 0wy | 1 000 j 0 0 0
vy (4i) 0000 0 0 0 0
P (4i) 0 -10 0 0 ,; 0 0
¥ (4i) 0000 0 0 0 0
yO i t1) 01 0 0 0 j 0 0fRelx@))
yD@i+1) 00 00 0 0 0 0fRelx®@
yP@i+1) 1 00 0 —j 0 0 OfRelx®@)
v @i+n| 10 0 0 0 0 0 0 0|Relx®@)
yO@i+2)| ¥2[0 0 0 0 0 0 0 0mx®0
yD(i+2) 00 1 0 0 0 j 0fmk®aw
y P (4i+2) 00 0 0 0 0 0 O0fmx?@
v (4i+2) 00 0 -1 0 0 0 ;lmx®a
1O (4i +3) 0000 00 0 0f _
yV(4i +3) 0 0 01 0 0 0
(4 +3) 000 0 0 0 0 0
3O (4i +3) 0 01 0 0 0 —j 0]
_ layer . am®e it MO mod4 =0
for i=0,1,.. M2 -1 with py2»  — symb symb .
T symb symb {(4M;;ly§g ~2if M%), mod4 %0
6.3.4.4 Precoding for spatial multiplexing using antenna ports with UE-specific

reference signals

Precoding forspatial multiplexing using antennaports with UE-specific referencesignals is only used in combination
with layer mapping for spatial multiplexing as described in clause 6.3.3.2. Spatial multiplexing using antennaports with
UE-specific reference signals supports up to eightantennaports and the set ofantenna portsusedis p=7.8,...,0+6.

Fortransmission on p antenna ports, the precoding operation is defined by

YOu || 0
Yoo | _| 2P0

R O BN B ()

. ap ap layer
where ; = 0’1"”"}‘/[symb L, Msymb - Msymb .
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6.3.5 Mappingto resource elements

Foreach ofthe antennaports used for transmission ofthe physical channel, the block of complex-valued symbols
P (0),..., y? (Mg, —1) shallconformto the downlink powerallocation specified in clause 5.2 in

3GPP TS 36.213 [4] and be mapped in sequence startingwith 7’ (0) to resourceelements (k, l) which meet allofthe
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 PBCH, synchronization signals, and

- they are assumed by the UEnot to be used for cell-specific reference signals, where the positions ofthe cell-
specific reference signals are given by clause 6.10.1.2 with the number ofantenna 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, l) on antenna port p notreserved forother purposes shallbe in increasing order

of first the index k overthe assigned physical resourceblocks andthentheindex/, starting with the first slotin a
subframe.
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6.4

Physical downlink shared channel

The physical downlink shared channelshallbe processed and mappedto resource elements as described in clause 6.3
with the following additions and exceptions:

6.5

In resource blocks in which UE-specific reference signals are not transmitted, the PDSCH shall be transmitted on
the same set ofantenna ports as the PBCH, which is one of {0}, {0,1}, or {0,1,2,3}.

In resource blocks in which UE-specific reference signals are transmitted, the PDSCH shall be transmitted on
antenna port(s) {5}, {7}, §8},0r p € {7.8,..,0+6}, where v is the number of layers used fortransmission ofthe
PDSCH.

If PDSCH is transmitted in MBSFN subframes as defined in 3GPP TS 36.213 [4], the PDSCH shallbe
transmitted on one orseveral ofantenna port(s) p € {7,8,..., v+ 6} ,where p is the numberoflayers used for

transmission ofthe PDSCH.

PDSCH is not mapped to resource elements used for UE-specific reference signals associated with PDSCH

In mapping to resource elements, the positions ofthe cell-specific reference signals are givenby clause 6.10.1.2
with the number ofantenna ports and the frequency shift ofthe cell-specific referencesignals derived as
describedin clause 6.10.1.2, unless other values for these parameters are provided by clause 7.1.9in

3GPP TS 36.213 [4], in which case thesevalues are used in the resource blocks indicated by therelevant DCL.

If the DCI associated with the PDSCH uses the C-RNTI or semi-persistent C-RNTI, the PDSCH is not mapped
to resourceelements assumed by the UEto be used for transmission of CSIreference signals, where the
positions ofthe CSIreference 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 7.1.91in 3GPP TS 36.213 [4], in which case these values are used in the resource blocks
indicated by the relevant DCI. The configuration for non-zero power CSI reference signals is obtained as
describedin clause6.10.5.2,

PDSCH is not mapped to any physical resource-block pair(s ) carrying an EPDCCH associated with the PDSCH.

Theindex / inthe first slotin a subframe fulfils / > Iy, Where Ipygn 1S given by clause 7.1.6.4 of
3GPP TS 36.213 [4].

In mapping to resource elements, ifthe 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, resource elements in an OFDM symbol assumed

by the UE to contain CSI-RS shallbe used in the mappingifand only ifall of the following criteria are fulfilled:

- thereis an even number ofresource elements forthe OFDM symbol in each resource block assigned for
transmission, and

the complex-valued symbols y (i) 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 n < 3.

Physical multicast channel

The physical multicastchannel shallbe processed and mapped to resource elements as described in clause 6.3 with the
following exceptions:

No transmit diversity scheme is specified.

Layermapping and precoding shallbe doneassuming a single antennaport and thetransmission shalluse
antenna port 4.

The PMCH can only be transmitted in the MBSFN region ofan MBSFN subframe.
The PMCH shalluse extended cyclic prefix.

The PMCH is not mappedto resource elements used for transmission of MBSFN reference signals.
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6.6 Physical broadcast channel

6.6.1 Scrambling

The block ofbits 5(0),...,b(M; —1), where M,; ,the number ofbits transmitted on the physical broadcast channel,
equals 1920 for normal cyclic prefix and 1728 forextended cyclic prefix, shallbe scrambled with a cell-specific

sequence prior to modulation, resulting in a block of scrambled bits 5 (0),...,5 (M, —1) according to
b (i) = (b(i) + c(i))mod 2

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

it = Ni&! in each radio frame fulfilling 7, mod4 =0.

6.6.2 Modulation

The block of scrambled bits l;(O),...,l;(Mbit —1) shallbe modulatedas 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) shallbe mappedto layers according toone ofclauses 6.3.3.1 or

symb

6.3.3.3 with Ms(;)glb = M, and precodedaccordingto one of clauses 6.3.4.1 0r6.3.4.3, resulting in a block of vectors

y(i) = [y(o) @@ .. y(P’l)(i)]7 s 1=0,, M, —1, where 3P (i) represents thesignal forantenna 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  Mappingto resource elements

The block of complex-valued symbols ) (0)...., y'¥’ (M, ., —1) foreach antenna portis transmitted during 4

symb
consecutive radio frames starting in each radio frame fulfilling »; mod4 = 0 and shallbe mapped in sequence starting
with y(0) to resource elements (k, l) . The mapping to resource elements (k,l) not reserved fortransmission of
reference signals shallbe in increasing order of first the index 4 , then theindex / inslot 1 in subframe 0 and finally the
radio frame number. The resource-clementindices are givenby

Ngi V"

k= -36+k', k'=0,..,71

[=0,l,..,3

where resource elements reserved for referencesignals shall be excluded. The mapping operationshall assume cell-
specific reference signals forantenna ports 0-3 being presentirrespective of the actual configuration. The UEshall
assume that theresource elements assumed to be reserved forreference signals in the mapping operationabove butnot
used fortransmission ofreference signal are not available for PDSCH transmission. The UE shallnot make any other

assumptions about these resource elements.
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6.7 Physical control format indicator channel

The physical control format indicator channel carries information aboutthe number of OFDM symbols used for
transmission of PDCCHs in a subframe. The setof OFDM symbols possible to use for PDCCH in a subframe is given
by Table 6.7-1.

Table 6.7-1: Number of OFDM symbols used for PDCCH

Number of OFDM symbols Number of OFDM symbols
Subframe for PDCCH when NPX 10 | for PDCCH when N2 <10
Subframe 1 and 6 for frame structure type 2 1,2 2
MBSFN subframes on a carrier supporting PDSCH, 12 5
configured with 1 or 2 cell-specific antenna ports ’
MBSFN subframes on a carrier supporting PDSCH, 2 5
configured with 4 cell-specific antenna ports
Subframes on a carrier not supporting PDSCH 0 0
Non-MBSFN subframes (except subframe 6 for frame
structure type 2) configured w ith positioning reference 1,2,3 2,3
signals
All other cases 1,2,3 2,3,4

The PCFICH shallbe transmitted when the number of OFDM symbols for PDCCH is greater than zero.

6.7.1 Scrambling

Theblockofbits 5(0),...,5(31) transmitted in one subframe shall be scrambled with a cell-specific sequence prior to

modulation, resulting in a block of scrambled bits & (0),...,5 (31) according to
b (i) = (b(i) + c(i))mod 2

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

et = (ng/2]+1)- (2NI°]§” + 1)- 2% + N at the start ofeach subframe.

6.7.2 Modulation

The block ofscrambled bits b (0)....,5(31) shallbe modulatedas 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 forthe
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 ofmodulation symbols d(0),...,d(15) shallbe mappedto layers according toone ofclauses 6.3.3.1 0r6.3.3.3

with Ms(%b =16 and precoded according to one of clauses 6.3.4.1 or 6.3.4.3, resulting in a blockofvectors

y(@)= [y(o) @ .. y(P’l)(i)]z , i=0,..15, where y”) (i) represents thesignal forantenna port p and where
p =0,..., P—1and the numberofantennaports for cell-specific reference signals P {1,2,4} . The PCFICH shallbe
transmitted on thesame setofantenna ports as the PBCH.
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6.7.4  Mappingto resource elements

The mapping to resource elements is defined in terms of quadruplets of complex-valued symbols. Let
2P (i) = <y(”) (4i), y'P) (4i +1), yP) (4i + 2), P (4i + 3)> denote symbol quadruplet ; forantennaport p.Foreach of
the antennaports, symbol quadruplets shallbe mapped in increasing orderof ; to the fourresource-element groups in

the first OFDM symbolin a downlink subframe with the representativeresource-elementas defined in clause 6.2.4
given by

2P0y s mapped to the resource - element group represented by

;A

v |nBe 2l vz

PA (2) is mapped to the resource - element group represented by & = k+ \_2N ]‘3]& / 2J- NSIEB / 2

k
2P (1)  is mapped to the resource - element group represented by &

ZP@3) s mapped to the resource - element group represented by & = k+ \}N 1%]5 / 2J~ N, SlzB / 2

where the additions are modulo NRy NP |

k =(NR® 2) (e mod 2N )

and N{Z' is the physical-layer cell identity as givenby clause 6.11.
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6.8 Physical downlink control channel

6.8.1 PDCCH formats

The physicaldownlink control channel carries scheduling assignments and other control information. A physical control
channelis 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 ofres ource-element groups not
assignedto PCFICH or PHICH is Ny . The CCEs available in the systemare numbered from0 to N —1, where

Necg =| Ngeg /9 ]. The PDCCH supports multiple formats as listed in Table 6.8.1-1. A PDCCH consisting of 7
consecutive CCEs may only start on a CCE fulfilling i mod n = 0, where ; 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 blockofbits 57 (0),...,5"” (M) —1) oneach ofthe control channels to be transmitted in a subframe, where M)

is the number ofbits in one subframe to be transmitted on physical downlink control channelnumber ; ,shallbe
multiplexed, resulting in ablock ofbits

b0 (0),....6 0 (M ~1),60(0),....60 (M ~1),..., p"roccnD (), prrocen=D (pg Gocen) 1) where nppecy is the
number of PDCCHs transmitted in the subframe.

The blockofbits 5 (0),...,6 (MO ~1),60(0),..., b0 (M) ~1),...,p"occ™D (@), preocen= (pg Beocen) _1y shallbe
scrambled with a cell-specific sequence prior to modulation, resulting in a block of scrambled bits
b(0),....b (M, —1) accordingto

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

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

Cinit =|1s /227 + NES! at the start of each subframe.

CCE number n corresponds to bits 5(72n),b(72n+1),...,b(72n+ 71) . If necessary, <NIL>elements shall be inserted in
the block ofbits priorto scrambling to ensure thatthe PDCCHs starts at the CCE positions as described in

3GPP TS 36.213 [4] and to ensure that thelength M, =8Ny > Z’_’jz“”"Mgg ofthe scrambled block ofbits

matches theamount ofresource-element groups not assigned to PCFICH or PHICH.

6.8.3 Modulation

Theblock of'scrambled bits Z(O),...,E(Mtot —1) shallbe modulatedas 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.
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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 4(0),...,d (M 1) shallbe mappedto layersaccording toone ofclauses 6.3.3.1 or

symb

6.3.3.3 with Ms(;’;b =M gyt and precoded according toone of clauses 6.3.4.1 or6.3.4.3, resulting in a blockofvectors

y(@) = [y(o) @) .. y&D (i)]T, i=0,.,M._ . —1tobemapped ontoresources onthe antenna ports used for

seees M gy
transmission, where y(?) (i) represents thesignal forantenna port p.The PDCCH shallbe transmitted on the same set
of antenna ports as the PBCH.

6.8.5 Mappingto resource elements

The mapping to resource elements is defined by operations on quadruplets of complex-valued symbols. Let
P )= <y(p) (40), y P (4i +1), y'P) (4i +2), y'P) (4i + 3)> denote symbol quadruplet ; forantennaport p.

The block of quadruplets z'P(0),..., 2P (M .4 —1) , Where M M gy, /4> shallbe permuted resulting in

quad quad —
® 0 ) pr
w ( ),...,W ( quad

3GPP TS 36.212 [3] with the following exceptions:

—1). The permutationshallbe according to the sub-block interleaverin clause 5.1.4.2.1 of

- theinputandoutputto the interleaveris defined by symbol quadruplets instead ofbits

- interleaving is performed on symbol quadruplets instead ofbits by substituting theterms "bit", "bits" and "bit
sequence"in clause5.1.4.2.1 of 3GPP TS 36.212 [3] by "symbol quadruplet", "symbol quadruplets" and
"symbol-quadruplet sequence", respectively

<NULL> elements at the output ofthe interleaverin 3GPP TS 36.212 [3] shallbe removed when forming
wP(0),...,w? (M g0q —1) - Note that the removal of <NULL> elements does not affectany <NIL>elements inserted

in clause 6.8.2.
The block of quadruplets w'”(0),..., w'” (M goq —1) shallbe cyclically shifted, resulting in

TP (0),0s ) (Mg —1) Where 0 (1) = w (i + NS mod Mg )-

quad

Mappingofthe block of quadruplets w'”(0),..., w?’ (M goq —1) is definedin terms ofresource-clement groups,
specified in clause6.2.4, accordingto steps 1-10below:
1) Initialize m' =0 (resource-eclement group number)
2) Initialize k'=0
3) Initialize /'=0

4) Iftheresourceelement (k',/") represents aresource-element group andthe resource-element group is not
assignedto PCFICH or PHICH then performstep 5 and 6, else go to step 7

5) Map symbol-quadruplet W) (m') to the resource-elementgrouprepresentedby (k',/") foreach
antennaport p

6) Increase m' by 1

7) Increase [' by 1
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8) Repeat fromstep 4if ['< L, where [ correspondsto the number of OFDM symbolsused for PDCCH
transmission as indicated by the sequence transmitted on the PCFICH

9) Increase &' by 1

10) Repeat fromstep 3if k'< Npg - NP

6.8A  Enhanced physical downlink control channel

6.8A.1 EPDCCH formats

The enhanced physical downlink control channel (EPDCCH) carries scheduling assignments. An enhanced physical
downlink control channel is trans mitted 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 forone 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 transmis sion is

supported.

An EPDCCH can use either localized or distributed transmission, differing in the mapping of ECCEs to EREGs and
PRB pairs.

A UE shallmonitor multiple EPDCCHs as defined in 3GPP TS 36.213 [4]. One ortwo sets of physical res ource-block
pairs which a UE shallmonitor for EPDCCH transmissions can be configured. AIlEPDCCH candidates in EPDCCH

set X, useeitheronly localized oronly distributed transmissionas configured by higher layers. Within EPDCCH set

X, insubframe i ,the ECCEs available for transmission of EPDCCHs are numbered from0 to Neccgmi —1 and
ECCE number n corresponds to

- EREGs numbered (n mod N e )+ JjN o in PRBindex \_”/NJE:{(?CEJ for localized mapping, and
EREGs L X, L RB . o , X,, |+ ECCE X, L

- numbered n/NRB + jNgcop N PRBindices (n + jmax|l, Npj /NEREG mod Ny for distributed
mapping,

where j = 0,1,..-,N§§§§ -1, NE:}SEE is the number of EREGs per ECCE, and Nl};gCE = 16/N§§§§ is the number of

ECCEs perresource-block pair. The physical resource-block pairs constituting EPDCCH set X are in this paragraph

assumedto be numbered in ascending order from0 to lelg’ -1.

Table 6.8A.1-1: Number of EREGs per ECCE, N ¢CF

EREG
Normal cyclic prefix Extended cyclic prefix
Normal Special subframe, Special subframe, Normal Special subframe,
subframe configuration 3, 4, 8 configuration1, 2,6, 7,9 subframe configuration1, 2, 3, 5, 6
4 8

Table 6.8A.1-2: Supported EPDCCH formats

Number of ECCEs for one EPDCCH, NECPBECH
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
3GPP
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Case A in Table 6.8A.1-2 is used whenthe conditions corresponding to case 11in clause 9.1.4 of 3GPP TS 36.213 [4]
are satisfied, otherwise case Bis used. The quantity nyppccy foraparticular UE and referenced in 3GPP TS 36.213 [4]

is defined as the number of downlink resource elements (k,/) in a physicalresource-block pair configured for possible
EPDCCH transmission of EPDCCH set X, and fulfilling all of the following criteria:

- theyare part ofany oneofthe 16 EREGs in the physical resource-block pair, and

- they are assumed by the UEnot to be used for cell-specific reference signals, where the positions ofthe cell-
specific reference signals are given by clause 6.10.1.2 with the number ofantenna ports for and the frequency
shift of cell-specific reference signals derivedas 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 assumedby the UEnot to be used for transmission of CSI reference signals, where the positions ofthe
CSI reference signals are givenby clause 6.10.5.2 with the configuration for zero power CSI reference signals
obtainedas 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 fornon-zero power CSI reference signals obtained as described
in clause 6.10.5.2, and

- theindex/ in the first slotin a subframe fulfils / > I ppocusan Where lpppecusiare 1S given by clause9.1.4.1 of
3GPP TS 36.213 [4].

6.8A.2 Scrambling

The blockofbits 5(0),...,b(M, . —1) to be transmitted on an EPDCCH in a subframe shallbe scrambled, resulting in a

bit
blockofscrambled bits 5(0),...,[;(Mbit —1) according to

b (i) = (b(i) + (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 / ZJ- 2+ nIE]i 3CCH where m is the EPDCCH set number.

6.8A.3 Modulation

The block of scrambled bits l;(O),...,l;(Mbit —1) shallbe modulatedas describedin clause 7.1, resulting in a block of

complex-valued modulation symbols 4(0),...,d(M ., —1). Table 6.8A.3-1specifies the modulationmappings

symb
applicable forthe 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 shallbe mapped to a single layerand precoded according to

V@) =d(i) s i =0, My —1.

6.8A.5 Mappingto resource elements

The block of complexvalued symbols y(0),..., (M, —1) shallbe mapped in sequence startingwith y(0) to

symb
resourceelements (k,/) on the associated antenna port which meet all of the following criteria:

- they are part ofthe EREGs assigned forthe EPDCCH transmission, and
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- they are assumed by the UEnot 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 ofantenna 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

- theyareassumedby theUEnot to be used for transmission of CSIreference signals, where the positions ofthe
CSI reference signals are given by clause 6.10.5.2 with the configuration for zero power CSI reference signals
obtainedas 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 CSlreference signals obtained as described
in clause 6.10.5.2, and

- theindex/ in the firstslotin a subframe fulfils / > Igppccnsar Where Igppochsart 1S iven by clause9.1.4.1 of
3GPP TS 36.213 [4].

The mapping to resource elements (k,l) on antenna port p meeting thecriteria above shallbe in increasing order of
firstthe index £ and thenthe index/, starting with thefirst slot and ending with the second slot in a subframe.

Forlocalized transmission, the single antenna port p to useis givenby Table 6.8A.5-1 with

. RB . . EPDCCH ,,RB
n'= Npecp jow MOd Npccp + gy mod min(Ngecg  Ngeeg )

where npecg o, 18 the lowest ECCE indexused by this EPDCCH transmission in the EPDCCH set, ngyp equals the
C-RNTIL and NEPPCCH g the number of ECCEs used forthis EPDCCH.

ECCE

Table 6.8A.5-1: Antenna port to use for localized EPDCCH transmission

Normal cyclic prefix Extended cyclic prefix
, Normal subframes,
n Special subframes, Special subframes, Any subframe
configurations 3, 4, 8 | configurations 1, 2,6, 7,9

0 107 107 107

1 108 109 108

2 109 - -

3 110 - -

Fordistributed transmis sion, each resource element in an EREG is associated with one out oftwo antennaports in an
alternating manner, starting with antennaport 107, where p {1 07,109} fornormal cyclic prefixand p e {107,108} for
extended cyclic prefix.
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6.9 Physical hybrid ARQ indicator channel

The PHICH carries the hybrid-ARQ A CK/NACK. Multiple PHICHs mappedto thesame setofresourceelements
constitute a PHICH group, where PHICHs within the same PHICH group are separated through different orthogonal

sequences. A PHICHresource is identified by the indexpair (nl%f_‘[’f'é’H MpicH ), where ng &, is the PHICH group

numberand npoy is the orthogonal sequence indexwithin the group.

For frame structure type 1,the number of PHICH groups N§;&, is constantin all subframes and givenby

e (N g (N o5/ 8)—‘ for normal cyclic prefix

PHICH —
2- (N o (N o / 8)-‘ for extended cyclic prefix
where N, € {1/6,1/2,1,2} is provided by higherlayers. The index n§jg &, ranges from 0 to N, —1.

For frame structure type2, the number of PHICH groups may vary between downlink subframes and is givenby
m; - NSy where m; is given by Table 6.9-1 and N5 &, by the expression above. Theindex nigdy; ina downlink

subframe with non-zero PHICH res ources ranges from 0 to m, - N5y — 1.

Table 6.9-1: The factor m, for frame structure type 2

Uplink-dow nlink Subframe number ;

configuration ol112[3[4|5[6]7[8]9
0 2110 --1-12]1[-1-1-
1 Ol 1| -[-[1]0]1]-]-1[1
2 ojof-[1][0]JO]JO[-[1]O
3 110 -]-[-[0]O0]Of[1]1
4 0OJ]O|[-[-[O0]JO]JO]JO[|1[1
5 0j]Of[-|/0]JO0]JO|Of[O]1]0
6 1T{1]-1-]-[1[1]-]1-]1

6.9.1 Modulation

Theblockofbits 5(0),...,b(M; —1) transmitted onone PHICH in one subframe shallbe modulatedas described in
clause 7.1, resulting in a block of complex-valued modulation symbols z(0),...,z(M, —1) ,where M = M, . Table
6.9.1-1 specifies the modulation mappings applicable forthe 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(M, —1) shallbe symbol-wise multiplied with an orthogonal sequence and

scrambled, resulting in a sequence of modulation symbols d(0),...,d(M ., —1) accordingto

symb
d(i) = wlimod NEFI ). (1~ 2¢(5))- =i/ N ZHH |
where

i=0,.,M 1

symb

_ /PHICH
Msymb = NSF 'Ms

NPHICH _ 4 normal cyclic prefix
- 2 extended cyclic prefix
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and c¢(i) is acell-specific scrambling sequence generated according to clause 7.2. The scrambling sequence generator

shallbe initialised with ¢, = (n/2]+1)- (2NI°1§11 + 1)- 2% + NiS! at the start of each subframe.

init

The sequence [w(O) o w(NEHICH 1)] is given by Table 6.9.1-2 where the sequence index npyy corresponds to

the PHICH number within the PHICH group.

Table 6.9.1-2: Orthogonal sequences [w(O) o W(NGH —1)] for PHICH

Sequence index Orthogonal sequence
weq Normal cyclic prefix | Extended cyclic prefix
NpHicH NéJFHICH -4 NgFHICH )
0 [+1 +1 +1 +1] [+1 +1]
1 [+1 -1 +1 -1 [+1 —1]
2 [+1 +1 -1 —1] [+j +j]
3 [+1 -1 -1 +1] [+ -]
4 [rj v +j +J] :
5 i —j +j -J] -
6 i +j —j -J] -
U i —j —j +J] -

6.9.2  Resource group alignment, layer mapping and precoding

Theblockofsymbols d(0),...,d(M . —1) shouldbe first aligned with resource element group size, resulting in a

symb
blockofsymbols ¢?(0),...,d ¥ (c-M

prefix.

symb — 1) » Where ¢ =1 fornormal cyclic prefix; and ¢ =2 forextended cyclic

Fornormal cyclic prefix, d (i)=d(i), for i=0,.,M 1.

symb
Forextended cyclic prefix,

[d@2i) d@i+1) 0 0] nE%% mod2=0

0) /4 0) /4 0) /4 0, 5
[d()(4l) d()(4l+1) d()(41+2) d()(4l+3)]rz{[0 0 d(2i) d(2i+l)]r nngolugHmOdZZI

for i =0,.., (M /2)-1

The blockofsymbols d©(0),...,d?(c “M g, — 1) shallbe mappedto layers and precoded, resultingin a block of

vectors y(i):[y(o)(i) y(P_l)(i)]], i:O,...,c-Msymb—l,where yP) (i) represents the signal forantennaport p,

p =0,..., P—1and the number of cell-specific referencesignals P {1,2,4} . The layer mapping and precoding operation
depends on the cyclic prefix length and the number ofantenna ports used for transmission ofthe PHICH. The PHICH
shallbe transmitted on the same set ofantennaports as the PBCH.

Fortransmission ona single antenna port, P =1,layermapping and precodingare defined by clauses 6.3.3.1and

6.3.4.1, respectively, with Ms(;)r)nb =c"Mgmp,-

Fortransmission ontwo antennaports, P = 2,layermapping and precodingare defined by clauses 6.3.3.3and 6.3.4.3,

respectively, with A7

symb — € 'Msymb'
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Fortransmission on four antennaports, P = 4,layermapping is defined by clause 6.3.3.3 with MS(;)r)nb =c M, and

precodingby

[ 3O ] 1 0 0 0 j 0 0 0]

3O (44) 00 00 0 0 0 O

1@ (4) 0 -10 0 0 ,; 0 0

y(3)(4l’) 0O 0 0 O 0O 0 0 O

YO 47 41) 01 00 0 j 0 0fRe[x@c)
vy (4i+1) 00 00 0 0 0 0fRelx®@)
3O 4i+1) 1 0 0 0 —j 0 0 OfRelx®@)
yP@i+ | 110 0.0 0 0 0 0 0fRe[x®()
yO@i+2) V2/0 0 1 0 0 0 j 0of ml@u
30 (47 +2) 0000 0 0 0 0fmkVa
YD i12) 00 0 -1 0 0 0 J|lmk®w
10 (4i+2) 0000 0 0 0 0fmx®
y(o)(4i+3) o 0o 0 1 0 0 0 g ) )
y(l)(4i+3) o 0 0 0 o0 0 o0 O
1D (4i+3) 0 01 0 0 0 -0

O (4i13) 0 000 0 0 0 O]

group

if (i +n¥gdy)mod2 =0 for normalcyclic prefix, or (i + Ln%ﬁ’l“é’H / 2_b mod2 =0 for extended cyclic prefix, where

niincy is the PHICH group numberand i = 0,1,2,and by

3O (4)) 000 0 0 0 0 0

y (4 1 00 0 5 0 0 O

3 (4)) 00 00 0 0 0 0

13 (47) 0-10 0 0 ; 0 0

3@ (4i+1) o 0 0 06 0 O 0 O _Rex(o)(i)_
y (i +1) 01 .0 0 0 j 0 0fRelx®)
y®(4i+1) 000 0 0 0 0 0fRelx®()
yP@i+ | 11 0 0 0 —j 0 0 0fRelx®()
yO@is2) 2/0 0 0 0 0 0 0 Of ml @)
y(4i+2) 00 1 0 0 0 j 0fmx"a
y @ (4i+2) 00 0 0 0 0 0 0fmx?®4
YO 4i+2) 00 0 -1 0 0 0 Jlmx®a
3O (47 43) 0000 0 0 0 0] i
3O (4i+3) 000 1 0 0 0

3 (4i +3) 000 0 0 0 0 0
| @ (4i+3) 0 01 0 0 0 —j 0]

otherwise for i =0,1,2.
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6.9.3  Mappingto resource elements

The sequence 37 (0),..., 3 (Ms(;);b —1) foreach ofthe PHICH groups is defined by

P =Y 3P o)

where the sumis overall PHICHs in the PHICH group and y{*’(n) represents the symbol sequence fromthe ; :th
PHICH in the PHICH group.

PHICH groups are mapped to PHICH mapping units.

Fornormal cyclic prefix, the mapping of PHICH group m to PHICH mapping unit n'is defined by
T () = i (n)

where

0,L...,Nndy —1  for framestructure type 1

1

e {0,1,..., m; - NEP —1  for frame structure type 2
and where m; is given by Table 6.9-1.
Forextended cyclic prefix, the mapping of PHICH group mand m +1 to PHICH mapping unit »' is defined by
T (m) = 7,0 (m) + 7,75 ()
where
m'=m/2

_ { 0.2,...N§dy —2  for framestructure type 1

0,2,...,m; - NSy —2  for frame structure type 2

and where m; is given by Table 6.9-1.

Let /()= <;<P)(4i),)7(1’>(4i+1),J7<P)(4,'+ 2),;<P>(4i+3)>, i =0,1,2 denote symbolquadruplet ; forantennaport p.

Mappingto resource elements is defined in terms of'symbol quadruplets according to steps 1-10below:
1) Foreachvalueof I’

2) Let n, denotethe number ofresource element groups not assigned to PCFICH in OFDM symbol [’

3) Numberthe resource-element groups not assigned to PCFICH in OFDM symbol /' from O to n, —1, starting
from the resource-element group with the lowest frequency-domain index.

4) Initialize m’ =0 (PHICH mapping unit number)
5) Foreachvalueofi=0,1,2

6) Symbol-quadruplet z”) (i) fromPHICH mapping unit m' is mapped tothe resource-element group
represented by (k',/'); as defined in clause 6.2.4 where the indices k] and /] are givenby steps 7and 8
below:

7) The time-domain index /] is given by
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0 normal PHICH duration, all subframes
/o (Lm’/ ZJ +i+ l)mod 2 extended PHICH duration, MBSFN subframes
" |(m'/2]+i+1)mod2 extended PHICH duration, subframe 1 and 6 in frame structure type 2

i otherwise

8) Setthe frequency-domain index 4] to the resource-element group assignedthe number 7; instep 3
above,where 7, is givenby

(I-NICS" “ny /n] J+ m‘)modn,; i=0
;= (LNICSH “ny, /”1J+ m'+|111: /3J)modn,; i=1

(l—NIC]S“ -y /n1 J+ m’+L2n,; /3J)modn,/ i=2

in case ofextended PHICH duration in MBSFN subframes, or extended PHICH duration in subframes 1
and 6 for frame structuretype 2and by

QNICSII “ny /”oJ*’ m')modnl; i=0
n; = q_jvﬁg” oy /nOJ‘F m'+|_n,; /3J)modn1’« i=1
q_NlClgll .n,;/noj+ m'+|_2n,; /3J)m0d ny i=2

otherwise.
9) Increase m' by l.

10)Repeat fromstep Suntilall PHICH mapping units havebeenassigned.
The PHICH duration is configurable by higher layers according to Table 6.9.3-1.

Table 6.9.3-1: PHICH duration in MBSFN and non-MBSFN subframes

Non-MBSFN subframes
PHICH durati Subf 1and 6 MBSFN subframes
uration ubtrames 1an All other cases | on a carrier supporting PDSCH
in case of frame structure type 2
Normal 1 1 1
Extended 2 3 2
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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
- Positioning Reference Signal (PRS)
- CSI Reference Signal (CSI-RS)

There is one reference signal transmitted per downlink antennaport.

6.10.1 Cell-specific Reference Signal (CRS)

Cell-specific reference signals shall be transmitted in all downlink subframes in a cell supporting PDSCH trans mission.

Cell-specific reference signals are transmitted on one or several of antenna ports O to 3.

Cell-specific reference signals are defined for Af' =15kHz only.

6.10.1.1 Sequence generation

The reference-signal sequence 7, , (m) is definedby

1, (m) = %(l —2-c(2m))+ ji(l ~2-c2m+1)), m=0,l,..2NpPL ]

72

where ng is the slot number within a radio frame and / is the OFDM symbolnumber within the slot. The pseudo-
randomsequence c¢(i) is definedin clause 7.2. The pseudo-randomsequence generator shallbe initialised with

it =2"0 - (7-(ng +1)+1+1)- (2 NS 1)+ 2-N&" + Nep atthe start of each OFDM symbol where

1 for normal CP
Nep =
0 for extended CP

6.10.1.2 Mapping to resource elements

The reference signalsequence 7, , (m) shallbe mapped to complex-valued modulationsymbols a,(fl) used as reference

symbols forantennaport p inslot n, accordingto

(p) _ '
ak,l - rl,ns (m )
where

k=6m+ (V+ Vshift )m0d6

I {o, NEL -3 it pefo)

1 if p e {2,3}
m=0,,.,2-Ng§ -1
m' =m+ NgaPL — NDE
3GPP
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The variables v and vg;; define the positionin the frequency domain for the different reference signals where v is

given by
0 if p=0and/=0
3 if p=0and/#0
3 if p=land/=0
"o 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, l) used for transmission of cell-specific reference signals onany ofthe antennaportsin a slot
shallnot be used forany transmission on any other antenna port in the same slot andsetto zero.

In an MBSFN subframe, cell-specific reference signals shall only be transmitted in the non-MBSFNregionofthe
MBSFN 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. Thenotation R, is usedto denotea resource elementused for reference signal transmission on

antennaport p.

Ry Ry
g
2
g
H Ry Ry
g
3
8
Ry Ry
Ry Ry
=0 1=61=0 =6
Resource clement (k./)
A
Ro Ry R R
P
g
=
g
5 fo L L Ry Not used for transmission on this antenna port
2
= R R, R )
0 R d i 4% symbols on this antenna port
Rn Rn Rl 1
1=0 1=61=0 1=6 1=0 1=61=0 1=6
R R R R Ry R
P
5
2
=
H Ry Ro R R Ry Ry
g
5
& Ry Ry R R R, Ry
Ry R B Ry Ry
1=0 1=61=0 =6 =0 1=61=0 =6 =0 1=61=0 =6 =0 1=61=0 -6

bered slots dd bered slots slots dd slots slots dd slots bered slots dd bered slots

Antenna port 0 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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Rﬂ Rﬂ
=
g
2
s
§ Ry Ry
g
o
° Rﬂ R(l
L o
1=0 1=51=0 1=5
Resource element (k,/)
.
R, R, R R Fd
£
5
2
g R
5 R R . fn Not used for transmission on this antenna port
g
°
£ R R R R| |
0 0 d i symbols on this antenna port
Ro Ro R 1
=0 | 1=51=0 | 1=5 =0 1=51=0 | 1=5
R, R, [R] R R, R,
£
5
2
g R, R, R R R, Ry
s
g
g
£ R R R, R, Ry o
Ry Ry R R R Ry
=0 1=51=0 1=5 =0 1=51=0 | =5 =0 | 1=51=0 | 1=5 =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)
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6.10.2 MBSFN reference signals

MBSFN reference signals shall be transmitted in the MBSFN region of MBSFN subframes only whenthe 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

The MBSFNreference-signalsequence r,, (m) is defined by

L(1—2-c(2m))+ ji(l —2-c2m+1)), m=0,l,. ,6NpxPL |

rl,n& (m) = \/5 \/5

where ng is the slot number within aradio frame and / is the OFDM symbolnumber within the slot. The pseudo-

randomsequence ¢(i) is definedin clause 7.2. The pseudo-randomsequence generator shall be initialised with

Coit =27 - (7-(n, +1)+1+1)- (2 - NJpBSEN 1)+ NMBSEN at the start ofeach OFDM symbol.

6.10.2.2 Mapping to resource elements
The reference-signalsequence 7, , (m') in OFDM symbol / shallbe mapped to complex-valued modulationsymbols

a,(j’l) with p =4 accordingto
al(cz) = rl,ns (m,)

where

2m if /#0and Af =15kHz
2m+1 if/=0and Af =15kHz

K=Vam  if1+0andAf =7.5KkHz
4m+2 if/=0and Af =7.5kHz
2 if ngmod2=0and Af =15kHz

/- 0,4 if nymod2=1and Af =15kHz

1 if nymod2 =0and Af =7.5kHz
0,2 if n,mod2=1and Af =7.5kHz
m=0,,..6Ngs 1
m'=m +3(N1‘{1§x‘DL —Ng;)

Figure 6.10.2.2-1 illustrates the resource elements used for MBSFN reference signal transmissionin case of
Af =15kHz. In case of Af =7.5kHz fora MBSFN-dedicated cell, the MBSFN reference signal shallbe mapped to

resourceelements accordingto Figure 6.10.2.2-3. The notation R » is used todenote a resource element used for

reference signal transmissionon antenna port p.
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R4

R, R,
Ry

R, R,
R,

R, R,
R,

R4 R4
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, A =15kHz)

Ry

R,

R,

Ry

R, R,

Ry

R,
| Ral | | R
=0 1=2/=0 [=2

even- odd-

numbered numbered
<gslots—p-—slotsp

Antenna port 4

Figure 6.10.2.2-3: Mapping of MBSFN reference signals (extended cyclic prefix, A/ =7.5kHz)
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6.10.3 UE-specific reference signals associated with PDSCH
UE-specific reference signals associated with PDSCH

- aretransmitted onantennaport(s) p=5, p=7, p=8 or p=7,8,..,0+6,where p is thenumberoflayers
used fortransmissionofthe PDSCH;

- arepresentand are a valid reference for PDSCH demodulation only ifthe PDSCH transmission is associated
with the corresponding antennaport accordingto 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 trans mitted in res ource elements (k,/) 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 indexpair (k, l) regardless oftheirantenna port p.

6.10.3.1 Sequence generation

Forantennaport 5, the UE-specific reference-signal sequence r, (m) is definedby

1 o1 PDSCH
r, (m)=—=(1-2-c2m))+ j—=1-2-c(2m+1)), m=0,1,..,12N, -1
m = Wil ) "B
where Ngn>" denotes thebandwidth in resource blocks ofthe corresponding PDSCH transmission. The pseudo-
randomsequence c(7) is definedin clause 7.2. The pseudo-randomsequence generator shall be initialised with

e = (1 /2] +1)- (ZNICSH + 1)~ 2" 4 ngypy atthestart ofeach subframe where ngyq is as describedin clause 7.1

3GPP TS 36.213 [4].

Forany ofthe antenna ports p {7,8,...,u+ 6},the reference-signal sequence r(m) is defined by

r(m)=%(1—2~c(2m))+j%(1—2~c(2m+1)), m:{

01,..,12N {{néx’D L _1 normal cyclic prefix
0,1,... 16NpaxPL _ 1 extended cyclic prefix

The pseudo-randomsequence c¢(i) is defined in clause 7.2. The pseudo-randomsequence generator shall be initialised
with

= n5/2 +1)- 2n(nscm)+1 .216+n .
ID SC

Cinit
at the start of each subframe.
The quantities nfg ,1=0,1,are given by

- nfg = N if no value for n2™®S7 is provided by higher layers orif DCI format 1A, 2B or2C is used forthe

DCI associated with the PDSCH trans mis sion

- nl) = n®S otherwise
The value of ngqyp, is zero unless specified otherwise. Fora PDSCH transmissionon ports 7or 8, ngcp is given by the
DCI format 2B, 2C or2D in 3GPP TS 36.212 [3] associated with the PDSCH transmission.
In the case of DCI format 2B, ngqp, is indicated by the scramblingidentity field accordingto Table 6.10.3.1-1. In the

case of DCI format 2C or 2D, ngqp is given by Table 5.3.3.1.5C-1 in 3GPP TS 36.212 [3].
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Table 6.10.3.1-1: Mapping of scrambling identity field in DCI format 2B to »y.,, values for antenna
ports 7and 8

Scrambling identity field in
DCI format 2B o)
(3GPP TS 36.212 [3])

0

1

=|O

6.10.3.2 Mapping to resource elements

Forantennaport 5,in a physicalresource block with frequency-domain index 7y, assigned for the corresponding

PDSCH transmission, thereference signal sequence r, (m) shallbe mappedto complex-valued modulation symbols

a,({f’[) with p =5 ina subframe accordingto:

Normal cyclic prefix:

afh) =1, 3-I'-Ngg> " +m')

k=" mod N*B + NRB . npes
o[ Amvgg if 1 {23}
- {4m'+(2 +vgi)modd if 1 e {56}
3 1I'=0
6 I'=1
2 I'=2
5 1'=3
, 0,1 if nymod2=0
B {2,3 if nymod2 =1

m'=0,1,.. 3NgRSH —1

Extended cyclic prefix:

a,(fl) =7, (4~l'-N1§gSCH +m")

k=(k"Ymod NXB + NBB . e

, 3m'+vgig ifl=4
- {3m‘+(2 +rgig)mod3 if /=1
/- {4 '€ {0,2}
1=l

/e 0 ifnymod2=0
|12 if nymod2 =1
m'=0,1,..,4Ngp>H —1
where m' is the counter of UE-specific referencesignalresource elements within a respective OFDM symbol ofthe
PDSCH transmission.
The cell-specific frequency shift is given by vy, = NiS' mod3.
The mapping shallbe in increasing order of the frequency-domain index np, 0fthe physicalresource blocks assigned

for the corresponding PDSCH transmission. The quantity Ngp <" denotes the bandwidthin resourceblocks ofthe

corresponding PDSCH transmission.
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Figure 6.10.3.2-1 illustrates the resource elements used for UE-specific reference signals fornormal 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.

Thenotation R, is usedto denote a resource elementused forreference signal transmission on antenna port p .

R R
RS RS

RS RS
RS RS

RS RS
RS RS

1=0 1=61=0 1=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 1=51=0 =5
even-numbered odd-numbered slots
<—SJQtS—>

Antenna port 5
Figure 6.10.3.2-2: Mapping of UE-specific reference signals, antenna port 5 (extended cyclic prefix)

Forantennaports p=7, p=8 or p=74,...,0+6, in aphysicalresource block with frequency-domain index 7,y
assigned for the corresponding PDSCH trans mission, a part of the reference signal sequence r(m) shallbe mapped to

complex-valued modulation symbols a,(cf}) in a subframe accordingto
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Normal cyclic prefix:
a,ﬂﬁ) =w, (l')-r(3-l'~N§“§X’DL +3-npgg +m")
where

) w, (i) (m'+nprg)mod2 =0
Wy ()= W,(3=i) (m“+nppg)mod2=1
k= 5m'+N£BnPRB +k'

1 pel{7811,13}
k'=
0 pe{91012,14}

I'mod2+2 if in a special subframe with configuration 3, 4,8 or 9 (see Table 4.2-1)
[={I'mod2+2+ 3Ll'/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 nymod2 = 0 and in a special subframe with configuration 1, 2, 6, or 7 (see Table 4.2-1)
I'=40,1 if n, mod 2 = 0 and not in special subframe with configuration1, 2, 6, or 7 (see Table 4.2 -1)
2,3 if n, mod 2 =1and not in special subframe with configuration 1, 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

Antennaport p [wp(()) w,() w,(2) Wp(3)]
7 [+1 +1 +1 +1]
8 [+1 -1 +1 —1]
9 [+1 +1 +1 +l]
10 [+1 -1 +1 1]
1 [+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*" +4 - npgg +m')
where

w, (i) m'mod2 =0
D=5 12 m'mod2 =1
w,(1-i) m'mod2 =
k =3m'+N ey + k'
e 1 if n, mod2 =0and p € {7,8}
2 if n, mod2 =land p € {7.8}
/=0'"'mod2+4

0,1 if n, mod2 = 0 and in a special subframe with configuration1, 2,3, 5 or 6 (see Table 4.2 -1)
I'=40,1 if n, mod2 = 0and not in a special subframe

2,3 if n, mod2 = 1and not in a special subframe
m'=0,1,2,3

The sequence w, (i) is given by Table 6.10.3.2-2.
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Table 6.10.3.2-2: The sequence w, (i) for extended cyclic prefix

Antennaport p [WP(O) Wp(l)]
7 [+1 +l]
8 -1 +1]

Forextended cyclic prefix, UE-specific reference signals are not supported on antenna ports 9to 14.
Resource elements (k, / ) used for transmission of UE-specific referencesignals to one UE on any ofthe antenna ports
in theset S ,where S = {7,8,1 1,13} or S= {9,1 0,12,14} shall

- notbeusedfortransmissionof PDSCH on any antenna port in the same slot,and

- notbeusedfor UE-specific referencesignals to thesame UE on any antenna port otherthanthose 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
antennaports 7, 8, 9 and 10. Figure 6.10.3.2-4 illustrates theresource elements used for UE-specific reference signals
for extended cyclic prefix for antenna ports 7, 8.

o RIR] [Ri[R, Re[Re| [RRs
e Ry|Ry| [Ry|Ry) RigRio|  [RigRig
E
-é" Ro| Bs| | Rg|Ry R|Rg| | Rs| Ry
S Ro|Ro| | Ro| Ryl RioRio] | RigRig
S
£
]
=
% Ry R| |R;|R, Rg|Rg| | Rg|Rg
& R[] [Ri[R) RidFi[RiR
=0 1=61=0 1=6 1=0 1=61=0 1=6 1=0 1=61=0 1=6 1=0 1=61=0 1=6
2 Ry| Ry R\ Ry Rs | Ry Rs| Ry
2 Ry|Ry| Ry[Ry| RidRyg RRy]
<
o
£
E
B Ry R; Ry R; Ry | Ry Rg| Ry
g Ro| Ry| Ry| Ry RyolRyq| RidRy
53
£
g
£
e
é Ry | Ry Ry | Ry Ry | Ry LALY
] Ry | Ry| Ry|Ry| RigRio| RigRu
e =0 1=61=0 1=6 1=0 1=61=0 1=6 1=0 1=61=0 1=6 1=0 1=61=0 1=6
R7 R7 R7 R7 RX RX RR RR
R‘) RV R‘V R‘J RWRM RV RI(J
5
£
=
7
£ B[R, Ry|R, Ry[Rg Rs R
g Ry |Ry Ry |Ry RigfRig RigRig)
2
£
B
=z
Ry | Ry| Ri| R Rs| Ry Ry | Ry
R9 R‘? R‘? R9 R]ORm R\ RH)
1=0 1=61=0 1=6 1=0 1=61=0 1=6 1=0 1=61=0 1=6 1=0 1=61=0 1=6
d slots dd. d slots, Vi slots dd bered slots, 1t slots dd: t slots d slots dd. d slots,
Antenna port 7 Antenna port 8 Antenna port 9 Antenna port 10

Figure 6.10.3.2-3: Mapping of UE-specific reference signals, antenna ports 7, 8, 9 and 10 (normal
cyclic prefix)
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Special subframe, configuration 1, 2, 3, 5

All other downlink subframes

1=0

even-numbered
lot:

1=51=0

1=5

odd-numbered

Antenna port 7

97

Ry| Ry
Ryl Ry
Rs| Ry
Ry| R
1=0 1=51=0 1=5
Rs| Ry
Rs| Ry
Ry| R,
Ry| Ry
Rs| Ry
Rg|Ry
Ry| R
Ry| R
1=0 1=51=0 1=5

even-numbered

lot:

lot:

odd-numbered

Antenna port 8

3GPP TS 36.211 V11.4.0 (2013-09)

Figure 6.10.3.2-4: Mapping of UE-specific reference signals, antenna ports 7 and 8 (extended cyclic

prefix)
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6.10.3A Demodulation reference signals associated with EPDCCH
The demodulationreference signal associated with EPDCCH
- is transmitted onthe same antenna port p {107,108,109,1 10} as the associated EPDCCH physical resource;

- is presentand is a valid reference for EPDCCH demodulation only ifthe EPDCCH transmissionis associated
with the corresponding antennaport;

- is transmitted only on the physical resource blocks upon which the corresponding EPDCCH is mapped.

A demodulationreference signal associated with EPDCCH is not transmitted in resource elements (k, / ) in which one
of the physical channels orphysical signals other than the demodulation reference signals defined in 6.1 are transmitted
using resource elements with the same indexpair (k, l) regardless oftheirantenna port p.

6.10.3A.1 Sequence generation

Forany ofthe antenna ports p {107,108,109,1 10},the reference-signal sequence r(m) is definedby

r(m)=%(l—2~c(2m))+j%(l—2~c(2m+l)), m:{

01, 12Ng2PL _1 normal cyclic prefix
0,1,... 16NpaxPL _ 1 extended cyclic prefix

The pseudo-randomsequence ¢(n) is defined in clause 7.2. The pseudo-randomsequence generator shallbe initialised
with

EPDCCH 16 , _ EPDCCH
Cinit = (Lns /2J+1)'(2n1D,i +1)'2 +7n5cip

at the start of each subframe where ngiy ' =2 and njj P is configuredby higher layers. The EPDCCH set to

which the EPDCCH associated with the demodulation reference signal belong s denoted i e {0,1}.

6.10.3A.2 Mapping to resource elements

Forthe antenna port p € {l 07,108,109,1 10} in a physicalresource block npg assigned for the associated EPDCCH, a
part ofthe reference signal sequence »(m) shallbe mappedto complex-valued modulationsymbols a,((’;) in asubframe

accordingto
Normal cyclic prefix:
al?) =w, (1) r(3-I"NR§*P" 43 npgp +m')
where
i) = {wp @) ‘ (m"+nppg)mod?2 = 0
w,(3—1) (m'“+nprg)mod2=1

k= 5m'+NSEBnPRB +k'

1 pef{l07,108}
kV7
0 pe{l09,110}

I'mod2+2 if in a special subframe with configuration 3,4, 8 or 9 (see Table 4.2-1)
[=3I'mod2+2+ 3Ll‘/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 nymod2 = 0 and in a special subframe with configuration 1, 2, 6, or 7 (see Table 4.2-1)
I'=40,1 if ng mod 2 = 0 and not in special subframe with configuration 1, 2, 6, or 7 (see Table 4.2 -1)
23 if n, mod 2 =1and not in special subframe with configuration 1, 2, 6, or 7 (see Table 4.2-1)
m'=0,1,2
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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

Antennaport p [WP(O) w,() 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:

af?) =w,(I'mod2)-r(4-I"Ngg*P" +4-nppg +m")
where

w, (1) m'mod2=0
wy=1r "
w,(1-i) m'mod2=1

k=3m+N28nppg + k'

oo 1 ifnymod2=0and pe {107,108}
2 if nymod2 =1and p e {107,108}

I=1"'mod2+4

0,1 if ny mod2 = 0and in a special subframe with configuration1,2,3,5 or 6 (see Table 4.2-1)
1'=40,1 if nymod2 = 0 and not in a special subframe

2,3 if nymod2 =1and not in a special subframe
m'=0,1,2,3

The sequence w, (i) is given by Table 6.10.3A.2-2.

Table 6.10.3A.2-2: The sequence w (i) for extended cyclic prefix

Antennaport p [WP(O) Wp(l)]
107 [+1 +1]
108 -1 +1]

Forextended cyclic prefix, demodulation reference signals are not supported on antenna ports 109 to 110.

Resource elements (k, l ) used for transmis sion of demodulation reference signals to one UE on any ofthe antenna ports
in the set §,where S = {107,108} or S = {109,110} shall

- notbeusedfortransmissionof EPDCCH on any antenna port in the same slot,and

- notbeused fordemodulation referencesignals to thesame UE on any antenna port otherthanthosein S in the
same slot.

Replacing antenna port numbers 7— 10 by 107 — 110 in Figure 6.10.3.2-3 provides an illustration oftheresource
elements used for demodulation reference signals associated with EPDCCH for normal cyclic prefix. Replacing antenna
portnumbers 7— 8 by 107 — 108 in Figure 6.10.3.2-4 provides an illustration ofthe resource elements used for
demodulation reference signals associated with EPDCCH for extended cyclic prefix.
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6.10.4 Positioning reference signals

Positioningreference signals shall only be transmitted in resource blocks in downlink subframes configured for
positioning reference signal transmission. Ifboth normaland MBSFN subframes are configured as positioning
subframes within a cell, the OFDM symbols in a MBSFN subframe configured for positioning reference signal
transmissionshalluse thesame 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 referencesignals in the MBSFN
region ofthesesubframes shalluseextended cyclic prefix length. In a subframe configured for positioning reference
signal transmission, the starting positions ofthe OFDM symbols configured for positioning reference signal
transmissionshall be identical to thosein a subframe in which all OFDM symbols have the same cyclic prefix length as
the OFDM symbols configured for positioning reference signal transmis sion.

Positioningreference signals are transmitted on antenna port 6.

The positioning reference signals shallnot be mapped to resource elements (k, I ) allocated to PBCH, PSS or SSS
regardless oftheirantennaport p.

Positioningreference signals are defined for Af =15kHz only.

6.10.4.1 Sequence generation

The reference-signalsequence 7, (m) is definedby

T, (m) = %(l ~2-c(2m))+ j%(l —2-¢c2m+1)), m=0,,.2NgxPL _1

where ng is the slot number within aradio frame, / is the OFDM symbolnumber within the slot. The pseudo-random
sequence c(i) is definedin clause7.2. The pseudo-randomsequence generator shall be initialised with

Cinit =2'0-(7-(ng +1)+1+1)- (2 NEE 1)+ 2-Nig' + Np atthe start ofeach OFDM symbol where

1 for normal CP
N, cp =
0 for extended CP

6.10.4.2 Mapping to resource elements

The reference signalsequence 7, , (m) shallbe mapped tocomplex-valued modulationsymbols a,(f}) used as reference

signalforantennaport p =6 inslot n; according to

alh) =n, (m")

where
Normal cyclic prefix:
=6+ NDE = NERS )+ (6~ 1+ vy Jmod 6
35,6 if n;mod2=0
[=41235,6 if n;mod2=1and (1 or 2 PBCH antenna por‘ts)
23,56 if nymod2=1and (4 PBCH antenna ports)
m=0,,...2-Ngss -1
m =m+ Nlt{n]gx,DL _legs
Extended cyclic prefix:
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=6+ NPY = NERS )+ (5= 1+ v, Jmod6
4,5 if nymod2 =0

[=412,4,5 if nymod2=1and (l or 2 PBCH antenna ports)
2,45  if n;mod2 =1 and (4 PBCHantenna ports)

m=0,,...,2-NERS _1

r_ max,DL PRS
m'=m+Ngg"  —Ngp

The bandwidth for positioning reference signals Ngs° is configured by higher layers and the cell-specific frequency

shiftis given by vy, = Nig' mod6.

Rs
R Rs
- R Rg R Ry
] 2
g 5
E 2
= Rs Rs g Rs Rs
Q 2
2 ¢ Ry R = Rs Rs
o
3
o R o R,
= 6 R 6 R
o i ] 6
Ry R Ry Ry
Ry Rg Rg Rs
=0 I=61=0 =6 =0 I1=61=0 =6
even- numbered slots odd- numbered slots even - numbered slots odd- numbered slots
Antenna port 6 Antenna port 6

Figure 6.10.4.2-1: Mapping of positioning reference signals (normal cyclic prefix)

R6 —

s R R
= @«
s 5
g o

<
= Rs Rs = Rs Rs

3}
E g Rg Ry g R Ry
o =
E Ry ~
< =
o 3 R
S L R~ 6

Rs R Rs R
R6 R6 RG R@
=0 I=51=0 =5 =0 [=51=0 1=5
even- numbered slots odd - numbered slots even- numbered slots odd - numbered slots
44—t > -
Antenna port 6 Antenna port 6

Figure 6.10.4.2-2: Mapping of positioning reference signals (e xtended cyclic prefix)

6.10.4.3 Positioning reference signal subframe configuration

The cell specific subframe configuration period Tppg andthe cell specific subframe offset Appg forthe transmission of
positioningreference signals are listedin Table 6.10.4.3-1. The PRS configuration index 7,4 is configured by higher
layers. Positioning reference signals are transmitted only in configured DL subframes. Positioning reference signals
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shallnot be transmitted in special subframes. Positioning reference signals shallbe transmittedin Nprg consecutive

downlink subframes, where Npgg is configured by higherlayers.

The positioning reference signal instances, for the first subframe ofthe Nppq downlink subframes, shall satis fy
(10x g +| g /2 |~ Apgg )mod Tpps = 0.

Table 6.10.4.3-1: Positioning reference signal subframe configuration

PRS configuration Index 7,y PRS periodicity 7,z | PRS subframe offset Appg
(subframes) (subframes)
0-159 160 Iprg

160 — 479 320 Iprs —160
480 — 1119 640 Ippg —480

1120 — 2399 1280 Iprs —1120
2400-4095 Reserved
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6.10.5 CSlreference signals

CSI reference signals are transmitted on one, two, four or eight antennaportsusing p =15, p=15,16, p =15,...,18
and p =15,...,22 ;respectively.

CSI reference signals are defined for Af =15kHz only.

6.10.5.1 Sequence generation

The reference-signal sequence 7, , (m) is definedby

Ti, (M) = %(1 ~2-c(2m)+ j %(1 ~2-c@m+1)),  m=0L.,NgaPt -1

where n, is the slot number within a radio frame and / is the OFDM symbolnumber within the slot. The pseudo-

randomsequence c(i) is definedin clause 7.2. The pseudo-randomsequence generator shall be initialised with

it =20 ~(7 ‘ (ns + 1)+l+1)~ (2 NG +l)+2~NI%S[ + N¢p atthe start ofeach OFDM symbol where

1 for normal CP
Nep =
0 for extended CP

The quantity NG equals NSS! 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 7, , () shallbe mapped

to complex-valued modulation symbols a,E‘}) used as reference symbols on antenna port p according to

a,({f;) =wp 1y, (m')

where

-0 forpe {l 5,1 6}, normal cyclic prefix
-6 forpe {l 7,1 8}, normal cyclic prefix
-1 forpe {l 9,20}, normal cyclic prefix
[T 7 forpe {21,22}, normal cyclic.preﬁx
-0 forpe {1 51 6}, extended cyclic prefix
-3 forpe {1 7,1 8}, extended cyclic prefix
-6 forpe {l 9,20}, extended cyclic prefix

-9 forpe {2 1,22}, extended cyclic prefix

I"  CSlreference signal configurations 0 -19, normal cyclic prefix
I =1'+{2]" CSlreferencesignal configurations 20 -3 1, normal cyclic prefix
["  CSlreferencesignal configurations 0 - 27, extended cyclic prefix
1 pell517,19,21}
= {(— 1Y pefl6,182022)
["=0,1
m=0,,..,Nog —1

max,DL DL
m'=m+\‘NRB _NRB
2
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The quantity (k',/') andthenecessary conditionson », are givenby Tables 6.10.5.2-1 and 6.10.5.2-2 for normaland
extended cyclic prefix, respectively.

Multiple CSI reference signal configurations canbe used in a given cell. A UE can be configured with multiple sets of
CSI reference signals,

- up to three configurations for which the UEshall assume non-zero transmission power for the CSI-RS, and
- zero ormore configurations for which the UEshall assume zero transmission power.

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 UEshall assume zero transmission power in a subframe are given by a bitmap
derived accordingto clause7.2.7in 3GPP TS 36.213 [4]. Foreach bit set to onein the 16-bit bitmap, the UE shall
assume zero transmission power for the resource elements corresponding to the four CSlreference signal column in
Tables 6.10.5.2-1 and 6.10.5.2-2 for normal and extended cyclic prefix, respectively, except forresource 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 CSIreference signal configurationindexand subsequentbits in the

bitmap correspond to configurations with indices in increasing order.

CSI reference signals canonly occur in

- downlinkslots where n, mod?2 fulfils the conditionin Tables 6.10.5.2-1 and 6.10.5.2-2 fornormal and extended
cyclic prefix, respectively,and

- where the subframe number fulfils the conditions in clause 6.10.5.3.
The UE shallassume that CSIreference signals are nottransmitted
- in the special subframe(s) in caseof frame structure type 2,
- in subframes where transmission ofa CSI-RS would collide with SystemInformationBlockType I 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.

The UE shallassume that noneofthe CSIreference signals corresponding to a CSIreference signal configurationare
transmitted in subframes wheretransmission ofany ofthose CSIreference signals would collide with transmission of
synchronizationsignals or PBCH.

Resource elements (k, / ) used for transmission of CSIreference signals on any ofthe antenna ports in the set S, where
S={15}, s ={15,16}, §={17,18}, §=1{19,20} or § = {21,22} shallnotbe used for transmission of PDSCH on any
antenna port in the same slot.

The mapping for CSI reference signal configuration O1is 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 CSl reference signal configuration to (%',/') for normal cyclic prefix

Number of CSI reference signals configured
CSl reference signal 1or 2 4 8
configuration (k') | n,mod2 | (k') | n,mod2 | (k') | n mod2
0 (9,5) 0 (9,5) 0 (9,5) 0
1 (11,2) 1 (11,2) 1 (11,2) 1
2 (9,2) 1 (9,2 1 (9,2) 1
3 (7.2) 1 (7,2) 1 (7.2) 1
o 4 (9,5) 1 (9,5) 1 (9,5) 1
S 5 (8,5) 0 (8,5) 0
& 6 (10,2) 1 (10,2) 1
1 - R
b ) 3
° 9 (8,5) 1 (8,5) 1
2 10 (3,5) 0
3 11 (2,5) 0
® 12 (5,2) 1
g 13 (4,2) 1
© 14 (3.2) 1
- 15 (2,2) 1
16 (1,2) 1
17 (0,2) 1
18 (3,5) 1
19 (2,5) 1
20 (11,1) 1 (11,1) 1 (11,1) 1
= 21 9.1 1 (9,7) 1 [CXD) 1
S 22 (7.1) 1 (7,1) 1 (7.1) 1
Q 23 (10,1) 1 (10,1) 1
> 24 (8,1) 1 (8,1) 1
g 25 (6,1) 1 (6,1) 1
2 26 (5,1) 1
= 27 1) 1
° 28 (3,1) 1
E 29 (2,1) 1
x 30 (1.1 1
31 (0,1) 1
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Table 6.10.5.2-2: Mapping from CSl reference signal configuration to («',/') for extended cyclic prefix.

CSl reference signal Number of CSI reference signals configured
configuration 1or2 4 8
(k',1) | ngmod2 | (k',1') | nymod2 | (k',') | n mod2
0 (11,4) 0 (11,4) 0 (11,4) 0
1 (9,4) 0 (9,4) 0 (9,4) 0
N 2 (10,4) 1 (10,4) 1 (10,4) 1
) 3 (9,4) 1 (9,4) 1 (9,4) 1
g 4 (5,4) 0 (5,4) 0
‘q_) 5 (3,4) 0 (3,4) 0
g 6 (4,4) 1 (4,4) 1
© 7 (3,4) 1 (3,4) 1
2 8 (8,4) 0
3 9 (6,4) 0
) 10 (2,4) 0
“E’ 11 (0,4) 0
o 12 (7,4) 1
L 13 (6,4) 1
14 (1,4) 1
15 (0,4) 1
16 (11,1) 1 (11,1) 1 (11,1) 1
%‘ 17 (10,1) 1 (10,1) 1 1) 1
~ 18 (9,1) 1 (9,1) 1 1) 1
2 19 (5,1) 1 (5,1) 1
2 20 (4,1) 1 (4,1) 1
g 21 (3,1) 1 (3,1) 1
5 22 (8,1) 1
I= 23 71 1
w
S 24 (6,1) 1
g 25 (2,1) 1
\C 26 (1,1) 1
27 (0,1) 1
Ris| Ry Ri6lRis
Ri+|R.| Rig|Ris|
1=0 1=61=0 =6 =0 1=61=0 =6 =0 1=61=0 =6 =0 1=61=0 1=6
Rig|Riy) RyofRog
Ry | Ry RyiRy
1=0 1=61=0 1=6 1=0 1=61=0 1=6 1=0 1=61=0 =6 =0 1=61=0 1=6
even-numbered odd-numbered even-numbered odd-numbered even-numbered odd-numbered even-numbered odd-numbered

Figure 6.10.5.2-1: Mapping of CSI reference signals (CSI configuration 0, normal cyclic prefix)
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RyR RidRid
LT LT Ris|Ry
1=0 1=51=0 1=5 1=0 1=51=0 1=5 1=0 1=51=0 1=5 1=0 1=51=0 1=5
RiglRig| Rao| R
Roi| Ry Ros|Ro)
1=0 1=51=0 1=5 1=0 1=51=0 1=5 1=0 1=51=0 1=5 =0 1=51=0 1=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

Figure 6.10.5.2-2: Mapping of CSl reference signals (CSI configuration 0, extended cyclic prefix)

6.10.5.3 CSl reference signal subframe configuration

The subframe configuration period 7., rg andthesubframe offset A g rg forthe occurence of CSIreference signals

are listed in Table 6.10.5.3-1. The parameter /g;_rg can be configured separately for CSIreference signals for which
the UE shall assume non-zero and zero transmission power. Subframes containing CSl reference signals shall satisfy

(1 Ong + |_”’s /2J —Acsi-rs )mod Tesirs =0

Table 6.10.5.3-1: CSl reference signal subframe configuration

. CSI-RS periodicity 7-q. CSI-RS subframe offset A ;.
CSI-RS-SubframeConfig /g _rg (subframss) CSI-RS (subframes) CSI-RS

0-4 5 Tesirs

5-14 10 Iesirs =5

15-34 20 Tesips =15

35 -4 40 lesigs =35
75 — 154 80 Togps —75
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6.11  Synchronization signals

There are 504 unique physical-layer cellidentities. The physical-layer cell identities are grouped into 168 unique
physical-layer cell-identity groups, each group containing three unique identities. The groupingis such thateach
physical-layercellidentity is part of one and only one physical-layer cell-identity group. A physical-layer cellidentity

N =3 1(113) +N ]%) is thus uniquely defined by a number N 1([1)) in the range of0to 167, representing the physical-layer
cell-identity group, anda number NI%) in therangeof0to 2, representing the physical-layer identity within the
physical-layer cell-identity group.

6.11.1  Primary synchronization signal

6.11.1.1 Sequence generation
The sequence d(n) used forthe primary synchronizationsignalis generated froma frequency-domain Zadoff-Chu
sequence according to
7jlzun(n+l)
e 63 n=0,1...30
d,(M) =1 " i)
e 03 n=3132,..,61

where the Zadoff-Churootsequenceindex u is given by Table 6.11.1.1-1.

Table 6.11.1.1-1: Root indices for the primary synchronization signal

NI%) Root index u
0 25
1 29
2 34
6.11.1.2 Mapping to resource elements

The mapping ofthe sequenceto resource elements depends on the frame structure. The UEshallnot assume thatthe
primary synchronization signalis transmitted on the same antennaport as any ofthe downlink reference signals. The
UE shallnot assume thatany transmission instance ofthe primary synchronization signalis transmitted on thesame

antenna port, or ports, used forany other transmission instance of the primary synchronizationsignal.

The sequence d (n) shallbe mapped to theresource elements according to

g = d(n), n=0,..,61
DL 5/RB
k=n-31+ R8N

For frame structure type 1, the primary synchronization signal shallbe mapped to thelast OFDM symbolin slots 0 and
10.

For frame structure type2, the primary synchronization signal shallbe mapped to thethird OFDM symbolin subframes
1 and 6. Resource elements (k,/) in the OFDM symbols used for transmission ofthe primary synchronizationsignal

where

DL A7RB
k:n—31+—NRBNS°
n=-5-4,..,-1,62,063,..66

are reserved and notused for transmission ofthe primary synchronization signal.
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6.11.2 Secondary synchronization signal

6.11.2.1 Sequence generation

The sequence d(0),...,d(61) used forthe second synchronizationsignalis 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 oftwo length-31 sequences defining the secondary synchronization signal differs between subframe 0
and subframe 5Saccording to

d(2n) = mO) (m)co (n) in subframe 0
ml) (n)cg (n) in subframe 5
(

m‘)(n)cl n)z{"(n) in subframe 0

) (m)e, (n)z™(n)  in subframe 5

dQ2n+1) = {

where 0 <#n <30. Theindices m, and m, are derived fromthe physical-layer cell-identity group NI(II)) accordingto

my =m'mod31
my = (my +|m'/31]+1)mod31

, NGB +q'(@+D/2|

where the outputofthe above expression is listedin Table 6.11.2.1-1.

The two sequences s(()'"‘)) (n) and sl(m‘)(n) are defined as two differentcyclic shifts ofthe m-sequence s(n) according
to

55" (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(F+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 onthe primary synchronizationsignalandare defined by two
different cyclic shifts ofthe m-sequence ¢(n) according to

co(n)=C((n+ N3)mod31)

¢ (n)=C((n+NE +3)mod31)

where N 1%) € {0,1,2} is the physical-layeridentity within the physical-layer cell identity group N [(]1)) and
c(i)=1-2x(i), 0<i<30, is defined by

x(i +5) = (x(F+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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The scrambling sequences zl(m") (n) and zl(’”‘) (n) are definedby a cyclic shift ofthe m-sequence Z(n) accordingto
z{™) (n) = Z((n+ (my mod8)) mod 31)
2" (n) = Z((n + (m, mod8))mod31)
where m and m, areobtained fromTable 6.11.2.1-1 and Zz(i) =1-2x(i), 0<i <30, is defined by
(i +5) = (x(7 +4)+ x(7 +2) + x( +1) +x(7) )mod 2, 0<i<25

with initial conditions x(0)=0, x(1)=0, x(2)=0, x(3)=0, x(4)=1.

Table 6.11.2.1-1: Mapping between physical-layer cell-identity group N\ and the indices m, and m,

N, 1(]13) mg m N, 1(11)) mg m N 1(113) mg m N, 1(]13) mg m N, 1(11)) mg 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 (K 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 1 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
1 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 43 18 20 82 23 26 116 2 7 150 10 16
15 15 16 49 19 21 83 24 27 117 3 8 151 1 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 1 128 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 ofthe sequenceto resource elements depends on the frame structure. In a subframe for frame structure
type 1 and in a half-frame for frame structuretype 2, the same antenna port as for the primary synchronizationsignal
shallbe used forthe secondary synchronization signal.

The sequence d(n) shallbe mapped to resource elements according to

3GPP

IPR2025-00138
Petitioner's Exhibit 1016
Page 000110




Release 11 111 3GPP TS 36.211 V11.4.0 (2013-09)

ay, =d(n), n=0,..,61
DL A7/RB
k= n—31+—NRBNS°

_ {N SB&, —2 inslotsOand10 for framestructure typel

N, S[;;b —1 inslotsland11 for framestructure type 2

Resource elements (k,/) where

k= n—3ts el

symb

/= NBL —2 inslots0and10 for frame structure type 1
N, SI;I‘;]b —1 inslotsland1l for framestructure type 2

n=-5-4,..,-1,62,63,..66

arereserved andnotused for transmission ofthe secondary synchronization signal.
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6.12 OFDM baseband signal generation

The time-continuous signal sl(”) (t) on antenna port p in OFDM symbol / in a downlinkslotis definedby

-1 ’—NDLNiB/2-‘
s ()= () 2 -Nepy1)) () 2 (-Nep,T,)
1 J k(*)’] k(”,l

k:{zv,?BLNs‘zs /2 k=1

for 0<¢<(Nep, +N)xT, where k') = k+\_N1I§]§NSl§B/2J and £ =k + \_N%NSIEB/ZJ—I .The variable N equals
2048 for Af =15kHz subcarrier spacingand 4096 for Af = 7.5 kHz subcarrier spacing.

The OFDM symbols in a slot shall be transmitted in increasing order of 7, starting with / = 0, where OFDM symbol

I—
[ > Ostarts at time 1 N¢p o+ N)T, within the slot. In case the first OFDM symbol(s ) in a slot use normal cyclic
I'=0 CP,/ s

prefix and the remaining OFDM symbols useextended cyclic prefix, the starting position the OFDM symbols with
extended cyclic prefixshallbe identicalto thosein a slot where all OFDM symbols useextended cyclic prefix. Thus
there will be a part ofthe time slot betweenthetwo cyclic prefixregions where thetransmitted signal is not specified.

Table 6.12-1 lists the value of N, thatshallbe used. Note thatdifferent OFDM symbols within a slot in some cases
have different cyclic prefix lengths.

Table 6.12-1: OFDM parameters

Configuration Cyclic prefixlength N,
160 for /=0

144 for [=12,...,6

Af =15kHz 512 for [=0,,...,5

Af =7.5kHz | 1024 for [=0,1,2

Normal cyclic prefix Af =15kHz

Extended cyclic prefix

6.13  Modulation and upconversion

Modulationand upconversion to the carrier frequency ofthe complex-valued OFDM baseband signal for each antenna
portis shownin Figure 6.13-1. The filtering required priorto transmissionis defined by the requirements in
3GPP TS 36.104 [6].

cos (27yt)

l

Rels(” ()]

5P (1)

Split Filtering E—

im{s”) ()]

—sin (27/,¢)

Figure 6.13-1: Downlink modulation
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7 Generic functions

7.1 Modulation mapper

The modulation mapper takes binary digits, O or 1, as input and produces complex-valued modulation symbols, x=I+;0,
as output.

7.1.1 BPSK

In case of BPSK modulation, a single bit, b(i) ,is mapped to a complex-valued modulationsymbol x=/jQ according to
Table 7.1.1-1.

Table 7.1.1-1: BPSK modulation mapping

bG) | 1 Q
o | 142 | 12
1| —1/V2 | -1/42

7.1.2 QPSK

In case of QPSK modulation, pairs ofbits, b(i),b(i + 1), are mapped to complex-valued modulation symbols x=/jQ
accordingto Table 7.1.2-1.

Table 7.1.2-1: QPSK modulation mapping

b(@),b(i+1) I
00 V2 | 12
01 12 | -1/\2
10 ~1/\2 | V2
i ~1N2 | -1N2
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7.1.3 16QAM

In case 0of 16QAM modulation, quadruplets ofbits, b(i),b(i +1),b(i +2),b(i +3) , are mapped to complex-valued
modulation symbols x=/+jQaccording to Table 7.1.3-1.

Table 7.1.3-1: 16QAM modulation mapping

b(i),b(i +1),b(i +2),b(i +3) I Q
0000 i/¥io | 1o
0001 /410 | 3/4J10
0010 3/410 | 1410
0011 310 | 3410
0100 1/¥T0 | —1/410
0101 1/¥T0 | —3/410
0110 3\ | —1/410
0111 310 | -3/40
1000 _1/410 | 1410
1001 —1/\/5 3/\/5
1010 —3/10 | 1/410
1011 “3/410 | 3/40
1100 _1/410 | —1/4h0
1101 _1/410 | —3/410
1110 _3/410 | —1/410
1111 _3/410 | -3/410
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7.1.4 64QAM

In case of 64QAM modulation, hextuplets ofbits, b(i),b( +1),b(i + 2),b(i + 3),b(i +4),b(i + 5) ,are mapped to complex-
valued modulation symbols x=/HjQ accordingto Table 7.1.4-1.

Table 7.1.4-1: 64QAM modulation mapping

b(i),b(i +1),b(i +2),b(i +3),b(i +4),b(i +5) Il Q b(i),b(i +1),b(i +2),b(i +3),b(i +4),b(i +5) Il Q
000000 3/Va2 | 3[4 100000 —3/Ja2 | 3/\Ja2
000001 a2 | 1V 100001 “3/Va2 | 1N
000010 N4 | 3/Va2 100010 ~1/N42 | 3/Ne
000011 1/¥42 | 142 100011 —1/N42 | 1/Va2
000100 3/Va2 | s/Va2 100100 —3/Ja2 | s/Ja2
000101 3/Va2 | 7/44a2 100101 —3/da2 | 7/Va2
000110 1/N42 | s/ 100110 ~1/Va2 | s/Va2
000111 1/N42 | 7/442 100111 —1i/N42 | 7/
001000 s/\a2 | 3442 101000 —5/Ja2 | 3/\4a2
001001 s/\a2 | 1/\42 101001 —5/da2 | 142
001010 7/\42 | 3442 101010 —7/\42 | 3[4
001011 7/\42 | 1/\42 101011 —7/\42 | /a2
001100 5/\42 | 5/da2 101100 —s5/da2 | s/
001101 s/Va2 | 7/ 101101 —s/da2 | 7/da2
001110 742 | s/Ja2 101110 —7/\42 | s5/V4a2
001111 /42 | 71/ 101111 —7/\4a2 | 7/Va2
010000 3/Va2 | —3/4a2 110000 —3/Ja2 | -3/\4a2
010001 3/Va2 | -1/Va2 110001 YNl YN
010010 1/V42 | -3/Va2 110010 “1Va2 | -3/
010011 142 | —1/\42 110011 —1/\42 | -1/Ja2
010100 3/Ja2 | —5/Ja2 110100 —3/J42 | —5/\a2
010101 3/Va2 | -7/ 110101 —3/Ja2 | -7/Ja2
010110 1/V42 | -5/\42 110110 —1/\42 | —5/4a2
010111 1/N42 | -7/\42 110111 —1i/N42 | —7/Va2
011000 s5/\a2 | —3/442 111000 —5/a2 | -3/Ja2
011001 s/\a2 | -1/Va2 111001 _s/\a2 | —1/Va2
011010 7/\42 | -3/442 111010 —7/Na2 | -3/
011011 7/\42 | -1/Ja2 111011 —7/\42 | -1/da2
011100 5/\a2 | —5/442 111100 —5/J42 | —5/\a2
011101 s/Va2 | —7/J42 111101 —5/Ja2 | —7/42
011110 7/\42 | —5/42 111110 —7/\42 | -5/\42
011111 7/\42 | —7/V42 111111 —7/\42 | -7/42
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7.2 Pseudo-random sequence generation

Pseudo-randomsequences are defined by a length-31 Gold sequence. The output sequence c¢(n) oflength My,
where n =0,1,..., Mpy —1,is defined by

c(n)=(x,(n+ N.)+x,(n+ N.))mod2
x,(n+31) = (x1 (n+3)+x1(n))mod2
X, (n+31) = (x,(n+3) + x,(n+2) + x,(n +1) + x, (1) )Jmod 2

where N, =1600 and the first m-sequenceshall be initialized with x,(0) = 1, x,(n) = 0,n = 1,2,...,30. The initialization

of the second m-sequence is denoted by ¢;;,

= 23?0 x,(i)-2" with the valuedepending on the application of the

sequence.

8 Timing

8.1 Uplink-downlink frame timing

Transmissionofthe uplinkradio frame number ;i fromthe UE shallstart (N, + Npa ofet) X T, S€conds before the start
of the corresponding downlink radio frame at the UE, where 0 < Ny, <20512, Ny oper = 0 for frame structure type 1
and Ny e = 624 for frame structure type 2. Note that not all slots in a radio frame may be transmitted. One example
hereofis TDD, where only a subset oftheslots in a radio frame is transmitted.

Downlink radio frame i

Uplink radio frame i

(NTA + NTA offset ) Ts seconds

Figure 8.1-1: Uplink-downlink timing relation
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15/03/11 RP_51 |RP-110254] 149 | 1 |[Correction on UE behaviorfor PRACH preamble format 4 10.0.0/10.1.0
15/03/11 RP_51 |RP-110256] 150 - |Correctionsto Rel-10 LTE-Advancedfeaturesin 36.211 10.0.0{10.1.0
01/06/11 RP_52 [RP-110818] 153 [ 2 [PUSCH interaction with periodic SRS 10.1.0110.2.0
01/06/11 RP_52 |RP-110819| 154 | 1 [Correction on describingPUCCH format 3 10.1.0]10.2.0
01/06/11 RP 52 |RP-110821 155 [ 3 ggrr;;;:n on codebooksfor CSI-RS based feedbackforup to 4 CSI- 10.1.0l102.0
01/06/11 RP 52 |RP-110821 156 - Congcﬁoqonoveﬂapdngnonienypowerandzen}powerCSLRS 10.1.0]10.2.0
- 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 transmissionin MBSFN subframes 10.1.0]10.2.0
01/06/11 RP 52 |RP-110823 159 - Sg;r?g:léagson implicitderivation of transmission comb perantenna 10.1.0/102.0
01/06/11 RP_52 |RP-110823]| 160 - |UplinkDMRS sequence in RACH procedure 10.1.0]10.2.0
15/09/11 RP_53 [RP-111229[ 162 - |Correctionson DMRS for Extended CP 10.2.0110.3.0
15/09/11 RP 53 |RP-111228| 163 _ g:gggaahon of applicability of precoding power scaling factorsfor 102.0/103.0
15/09/11 RP_53 |RP-111228| 164 - | Correction to modulation andupconversion on PRACH 10.2.0]10.3.0
15/09/11 RP_53 |RP-111229] 165 - |Clarification on cyclic prefix of PDSCHin MBSFN subframes 10.2.0]10.3.0
15/09/11 RP_53 |RP-111229| 166 | 3 gr?érggionson indication in scrambling identity fieldin DCIl format 2B 10.2.0/10.3.0
05/12/11 RP_54 |RP-111668| 167 - |Acorrection to PDSCH precoding for CQl calculation 10.3.0]10.4.0
05/12/11 RP_54 |RP-111668| 168 - |[Correction to figure of CSI-RS pattern inextended-CP subframe 10.3.0]10.4.0
13/06/12 RP_56 [RP-120736] 169 - [Correction to resource mappingfor PDSCH 10.4.0110.5.0
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 _ gg;icgmnto assumed CSI-RS transmissions in subframesused for 10.4.0/10.5.0
04/09/12 RP_57 |RP-121274| 170 | 4 [Introductionofan additional special subframe configuration 10.5.0111.0.0
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
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Change history

Date TSG # TSG Doc. [CR |Rev |Subject/Comment Old [New
26/02/13 RP_59 |RP-130254| 178 | - [Clarificationof CSI RS mapping to resource elements 11.1.0]11.2.0
26/02/13 RP_59 |[|RP-130254| 180 [ - [Correctionto CSIReference Signals 11.1.0]11.2.0
26/02/13 RP_59 |RP-130255| 181 - |Additional clarifications/correctionsforintroducing Rel-11 features 11.1.0]11.2.0
11/06/13 RP_60 |[RP-130752( 182 - [Correction to EPDCCH PRB pairindication 11.2.0]11.3.0
T1706/13 RP_60 [RP-130752[ 183 | - [CRon collision betweenEPDCCH 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 | - [Correctionto QCL behaviouron CRS 11.3.0|11.4.0
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