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Foreword

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

The present document may refer to technical specifications or reports using their 3GPP identities, UM TS identities or
GSM identities. These should be interpreted as being references to the corresponding ETSI deliverables.

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

Modal verbs terminology

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

"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.
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Foreword
This Technical Specification (TS) has been produced by the 3" Generation Partnership Project (3GPP).

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

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

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

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

The present document specifies and establishes the characteristics of the physicals layer procedures in the FDD and
TDD modes of E-UTRA.

2 References

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

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

o For aspecific reference, subsequent revisions do not apply.

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

[1] 3GPP TR 21.905: 'V ocabulary for 3GPP Specifications'

[2] 3GPP TS 36.201: 'Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Layer —
Genera Description’

[3] 3GPP TS 36.211: 'Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and
modul ation'

[4] 3GPP TS 36.212: 'Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and
channel coding'

[5] 3GPP TS 36.214: 'Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer —
M easurements'

[6] 3GPP TS 36.101: 'Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)

radio transmission and reception’

[7] 3GPP TS 36.104: 'Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) radio
transmission and reception’

[8] 3GPP TS36.321, 'Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access Control
(MAC) protocol specification’

[9] 3GPP TS36.423, 'Evolved Universal Terrestrial Radio Access (E-UTRA); X2 Application
Protocol (X2AP)'

[10] 3GPP TS36.133, 'Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for
support of radio resource management'

[11] 3GPP TS36.331, 'Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control
(RRC) protocol specification’

[12] 3GPP TS 36.306: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
radio access capabilities’.
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3 Definitions, symbols, and abbreviations

3.1 Symbols

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

n¢ System frame number as defined in [3]

ng Slot number within aradio frame as defined in [3]

N Number of configured cells

NRg Downlink bandwidth configuration, expressed in unitsof NXP as defined in [3]

Nas Uplink bandwidth configuration, expressed in unitsof NXP as defined in [3]

Ng,anb Number of SC-FDMA symbolsin an uplink slot as defined in [3]

NSFEB Resource block size in the frequency domain, expressed as a number of subcarriers as defined in
(3]

T, Basic time unit as defined in [3]

3.2 Abbreviations

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

ACK Acknowledgement

BCH Broadcast Channel

CCE Control Channel Element

CIF Carrier Indicator Field

CQl Channel Quality Indicator

CRC Cyclic Redundancy Check

csl Channel State Information

DAI Downlink Assignment Index

DCI Downlink Control Information

DL Downlink

DL-SCH Downlink Shared Channel

DTX Discontinuous Transmission

EPRE Energy Per Resource Element
MCS Modulation and Coding Scheme
NACK Negative Acknowledgement

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

PMI Precoding Matrix Indicator
PRACH Physical Random Access Channel
PRS Positioning Reference Symbol
PRB Physical Resource Block

PUCCH Physical Uplink Control Channel
PUSCH Physical Uplink Shared Channel
PTI Precoding Type Indicator

QoS Quiality of Service

RBG Resource Block Group

RE Resource Element

RI Rank Indication

RPF Repetition Factor

RS Reference Signal
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SIR Signal-to-Interference Ratio
SINR Signal to Interference plus Noise Ratio
SPS C-RNTI Semi-Persistent Scheduling C-RNTI
SR Scheduling Request
SRS Sounding Reference Symbol
TA Time alignment
TTI Transmission Time Interval
UCl Uplink Control Information
UE User Equipment
UL Uplink
UL-SCH Uplink Shared Channel
VRB Virtual Resource Block
4 Synchronisation procedures

4.1 Cell search

Cell search is the procedure by which a UE acquires time and frequency synchronization with a cell and detects the
physical layer Cell 1D of that cell. E-UTRA cell search supports a scalable overall transmission bandwidth
corresponding to 6 resource blocks and upwards.

The following signals are transmitted in the downlink to facilitate cell search: the primary and secondary
synchronization signals.

4.2 Timing synchronisation

4.2.1 Radio link monitoring

The downlink radio link quality of the primary cell shall be monitored by the UE for the purpose of indicating out-of-
sync/in-sync status to higher layers.

In non-DRX mode operation, the physical layer in the UE shall every radio frame assess the radio link quality,
evaluated over the previous time period defined in [10], against thresholds (Q, and Q;,) defined by relevant testsin
[10].

In DRX mode operation, the physical layer in the UE shall at least once every DRX period assess the radio link quality,
evaluated over the previous time period defined in [10], against thresholds (Q, and Q;,) defined by relevant testsin
[10].

If higher-layer signalling indicates certain subframes for restricted radio link monitoring, the radio link quality shall not
be monitored in any subframe other than those indicated.

The physical layer in the UE shall in radio frames where the radio link quality is assessed indicate out-of-sync to higher
layers when the radio link quality is worse than the threshold Q.. When the radio link quality is better than the
threshold Q;,, the physical layer in the UE shall in radio frames where the radio link quality is assessed indicate in-sync
to higher layers.

4.2.2 Inter-cell synchronisation

No functionality is specified in this section in this release.

4.2.3  Transmission timing adjustments

Upon reception of a timing advance command, the UE shall adjust its uplink transmission timing for
PUCCH/PUSCH/SRS of the primary cell. The timing advance command indicates the change of the uplink timing
relative to the current uplink timing as multiples of 16 T, . The start timing of the random access preamble is specified in

[3]. The UL transmission timing for PUSCH/SRS of a secondary cell isthe same as the primary cell.
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In case of random access response, 11-bit timing advance command [8], T, indicates Nra values by index values of
Ta=0,1, 2, ..., 1282, where an amount of the time alignment is given by Nqa = Ta x16. Nyaisdefined in [3].

In other cases, 6-bit timing advance command [8], Ta, indicates adjustment of the current Ny value, Nra qq, t0 the new
Nra value, Nranew, Dy index values of To =0, 1, 2,..., 63, where Nra new = Nraoa + (Ta —31)x16. Here, adjustment of Nra
value by a positive or a negative amount indicates advancing or delaying the uplink transmission timing by a given
amount respectively.

For atiming advance command received on subframe n, the corresponding adjustment of the timing shall apply from
the beginning of subframe n+6. When the UE"s uplink PUCCH/PUSCH/SRS transmissions in subframe n and subframe
n+1 are overlapped due to the timing adjustment, the UE shall transmit complete subframe n and not transmit the
overlapped part of subframe n+1.

If the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing
adjustment without timing advance command as specified in [10], the UE changes Nt accordingly.

4.3 Timing for Secondary Cell Activation / Deactivation

When a UE receives an activation command [8] for a secondary cell in subframe n, the corresponding actionsin [8]
shall be applied no later than the minimum requirement defined in [10] and no earlier than subframe n+8, except for the
following:

- theactions related to CSI reporting
- theactionsrelated to the sCell DeactivationTimer associated with the secondary cell [8]
which shall be applied in subframe n+8.

When a UE receives a deactivation command [8] for a secondary cell or the sCellDeactivationTimer secondary cell”s
deactivation timer associated with the secondary cell expiresin subframe n, the corresponding actionsin [8] shall apply
no later than the minimum requirement defined in [10], except for the actions related to CSI reporting which shall be
applied in subframe n+8.

5 Power control

Downlink power control determines the energy per resource element (EPRE). The term resource element energy
denotes the energy prior to CPinsertion. The term resource element energy a so denotes the average energy taken over
all constellation points for the modulation scheme applied. Uplink power control determines the average power over a
SC-FDMA symbol in which the physical channel is transmitted.

5.1 Uplink power control

Uplink power control controls the transmit power of the different uplink physical channels.

For PUSCH, the transmit power ﬁPUSCH,C(i) defined in subclause 5.1.1, isfirst scaled by the ratio of the number of

antennas ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission
scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is
transmitted.

For PUCCH or SRS, the transmit power ISPUCCH (i), defined in subclause 5.1.1.1, or ISSRS,c(i) issplit equally across
the configured antenna ports for PUCCH or SRS. ISSRS,c(i) isthe linear value of Psrg (i) defined in subclause 5.1.3.

A cell wide overload indicator (Ol) and a High Interference Indicator (HI1) to control UL interference are defined in [9].
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51.1 Physical uplink shared channel

51.1.1 UE behaviour
The setting of the UE Transmit power for a physical uplink shared channel (PUSCH) transmission is defined as follows.

If the UE transmits PUSCH without a simultaneous PUCCH for the serving cell ¢, then the UE transmit power
Prusch ¢ (i) for PUSCH transmission in subframei for the serving cell cisgiven by

Pemax,c (i),

P (iy=min , . . . .
PUSCH.c {10Ioglo(M puscH,c(1)) + Fo_pusch,c (1) + ac () - Ple + Atg o (1) + fc (i)

} [dBm]

If the UE transmits PUSCH simultaneous with PUCCH for the serving cell ¢, then the UE transmit power
Pruschc(i) for the PUSCH transmission in subframei for the serving cell ¢ isgiven by

. : 1O|Oglo(|sCMAX,c(i) — Prycch (i))'
P c(i) =min ] . . ) ¢ [dBm]
PUSCH, {10Ioglo(M puscH,c(1)) + Po_pusch,c (1) + ac(j) - Ple +Aqp (i) + fc(i)

If the UE is not transmitting PUSCH for the serving cell ¢, for the accumulation of TPC command received with DCI
format 3/3A for PUSCH, the UE shall assume that the UE transmit power Ppygcp (i) for the PUSCH transmission in

subframei for the serving cell ¢ is computed by
Pouschc () = min{PCMAX,c(i)r Po_puschc @ +oc (D) - PL + f. (i) } [dBm]
where,

*  Pomax c(i) isthe configured UE transmit power defined in [6] in subframei for serving cell ¢ and

IsCMAX,c(i) isthelinear value of Peyax (i) - If the UE transmits PUCCH without PUSCH in subframe i

for the serving cell ¢, for the accumulation of TPC command received with DCI format 3/3A for PUSCH, the
UE shall assume Peyax (i) asgiven by subclause 5.1.2.1. If the UE does not transmit PUCCH and PUSCH

in subframe i for the serving cell ¢, for the accumulation of TPC command received with DCI format 3/3A
for PUSCH, the UE shall compute Peyax (i) assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT¢

=0dB, where MPR, A-MPR, P-MPR and AT are defined in [6].
. ISPUCCH (i) isthelinear value of Ppyccn (i) defined in subclause 5.1.2.1

*  Mpysch (i) isthe bandwidth of the PUSCH resource assignment expressed in number of resource blocks
valid for subframei and serving cell c.

*  Po pusch,c(]) isaparameter composed of the sum of acomponent Po nominaL_PuscH,c(]) provided from
higher layersfor j=0 and 1 and acomponent Py yg pusch,c(]) provided by higher layers for j=0and 1 for

serving cell c. For PUSCH (re)transmissions corresponding to a semi-persistent grant then j=0, for PUSCH
(re)transmissions corresponding to a dynamic scheduled grant then j=1 and for PUSCH (re)transmissions
corresponding to the random access response grant then j=2. Py yg_pyscH,c(2) =0 and

Po_ NoMINAL_PuscH,c(2) = Po_pre + ApreamBLE _Msg3» Where the parameter

preambl el nitial ReceivedTar getPower [8] ( PO_PRE )and Apgeavieie msgz @€ Signalled from higher layers.

e Forj=0orl, a.c{0,0405060708 091 isa3-bit parameter provided by higher layers for serving
cel c.Forj=2, a.(j)=1

e PL. isthedownlink pathloss estimate calculated in the UE for serving cell ¢ indBand PL, =

referenceSgnalPower — higher layer filtered RSRP, where referenceSignalPower is provided by higher layers
and RSRP is defined in [5] for the reference serving cell and the higher layer filter configuration is defined in
[11] for the reference serving cell. For the uplink of the primary cell, the primary cell is used as the reference
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serving cell for determining referenceSgnal Power and higher layer filtered RSRP. For the uplink of the
secondary cell, the serving cell configured by the higher layer parameter pathl ossReferencelLinking defined in
[11] isused asthe reference serving cell for determining referenceSgnal Power and higher layer filtered
RSRP.

. ATF’C(i)=10Ioglo((ZBPRE'KS—1)~ﬁ§}'f,§c"') for Kg=1.25and 0for Kg =0where K¢ isgiven by the

parameter deltaMCS-Enabled provided by higher layers for each serving cell ¢. BPRE and ﬁgH,g?H , for

each serving cell ¢, are computed asbelow. Kg =0 for transmission mode 2.

c-1
0 BPRE =Ocg / Ngg for control data sent viaPUSCH without UL-SCH data and Z K, I Ngefor

r=0
other cases.

* where C isthe number of code blocks, K, isthesizefor codeblock r, Ocg isthe
number of CQI/PMI bitsincluding CRC bits and Nge isthe number of resource elements
determined as Ngg = M RUSCH-initial |\ PUSCH-initid \yhere ¢, K, , M PVSH M ang

=Msc syml , A sc

N;‘;;C““”‘““ are defined in [4].

o MRS =ps2 for control datasent viaPUSCH without UL-SCH dataand 1 for other cases.

(o]

*  JOpyscHc isacorrection value, also referred to asa TPC command and isincluded in PDCCH with DCI
format 0/4 for serving cell cor jointly coded with other TPC commandsin PDCCH with DCI format 3/3A
whose CRC parity bits are scrambled with TPC-PUSCH-RNTI. The current PUSCH power control adjustment
state for serving cell cisgivenby f.(i) whichisdefined by:

o fo(i)=fc(i—1)+0pyschcli —Kpyscr) if accumulation is enabled based on the parameter
Accumulation-enabled provided by higher layers or if the TPC command Jpyscp ¢ isincludedina

PDCCH with DCI format O for serving cell ¢ where the CRC is scrambled by the Temporary C-
RNTI

* where pysch (i — Kpuscr) was signalled on PDCCH with DCI format 0/4 or 3/3A on
subframe i — Kpygy , and where f.(0) isthefirst value after reset of accumulation.

» Thevalueof Kpjgy IS

e For FDD, Kpygey =4

e For TDD UL/DL configurations 1-6, Kpysy isgiveninTable5.1.1.1-1

e For TDD UL/DL configuration O

o If the PUSCH transmission in subframe 2 or 7 is scheduled with aPDCCH
of DCI format 0/4 in which the LSB of the UL indexissetto 1, Kpygey =
7

o For al other PUSCH transmissions, Kpuscn isgiveninTable5.1.1.1-1.

= Forservingcell ¢ the UE attemptsto decode a PDCCH of DCI format 0/4 with the UE"s
CRNTI or DCI format 0 for SPS C-RNTI and a PDCCH of DCI format 3/3A with this UE"s
TPC-PUSCH-RNTI in every subframe except when in DRX or where serving cell ¢ is
deactivated.

= |f DCI format 0/4 for serving cell cand DCI format 3/3A are both detected in the same
subframe, then the UE shall usethe dpyscy ¢ provided in DCI format 0/4.

*  JpyscH,c = 0dB for asubframe where no TPC command is decoded for serving cell cor
where DRX occursor i is not an uplink subframe in TDD.
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* The dpyscH, dB accumulated values signalled on PDCCH with DCI format 0/4 are given

inTable5.1.1.1-2. If the PDCCH with DCI format O is validated as a SPS activation or
release PDCCH, then Jpyscp ¢ is0dB.

* The dpysey dB accumulated values signalled on PDCCH with DCI format 3/3A are one of

SET1givenin Table5.1.1.1-2 or SET2 givenin Table 5.1.1.1-3 as determined by the
parameter TPC-Index provided by higher layers.

* If UEhasreached Poyax (i) forservingcell c, positive TPC commands for serving cell
¢ shall not be accumulated

= |f UE hasreached minimum power, negative TPC commands shall not be accumulated
= UE shall reset accumulation

e Forservingcell ¢, when Py yg pusch,c Vaueischanged by higher layers

e  For the primary cell, when the UE receives random access response message

0 fe(i) = dpusch.c(i — Kpysch) if accumulation is not enabled for serving cell ¢ based on the
parameter Accumulation-enabled provided by higher layers

* where Opysch (i — Kpuscr) was signalled on PDCCH with DCI format 0/4 for serving
cell ¢ onsubframe i—Kpygoy

= Thevaueof Kpgy iS

e For FDD, Kpyey = 4

e For TDD UL/DL configurations 1-6, Kpsy isgivenin Table5.1.1.1-1

e For TDD UL/DL configuration O

o If the PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH
of DCI format 0/4 in which the LSB of the UL indexissetto 1, Kpygey =
7

o For all other PUSCH transmissions, Kp,oy isgivenin Table5.1.1.1-1.

* The Jpysch dB absolute values signalled on PDCCH with DCI format 0/4 are given in

Table5.1.1.1-2. If the PDCCH with DCI format O is validated as a SPS activation or release
PDCCH, then 5PUSCH,C is 0dB.

= f.(i) = fc(i —1) for asubframe where no PDCCH with DCI format 0/4 is decoded for
serving cell ¢ or where DRX occursor i is not an uplink subframe in TDD.

o For bothtypesof f.(*) (accumulation or current absolute) thefirst valueis set as follows:

* If Po ue pusch,c vaueischanged by higher layers and serving cell ¢ isthe primary cell

or, if Po ye pusch,c vaueisreceived by higher layers and serving cell ¢ isa Secondary
cell

e f.(0)=0
= Els
o Ifservingcel c istheprimary cell
0 fe(0)= AR ampupt s

* where J,q, isthe TPC command indicated in the random
access response, see subclause 6.2, and
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*  ARamup iSprovided by higher layers and corresponds to the total
power ramp-up from the first to the last preamble

Table 5.1.1.1-1 Kpusci for TDD configuration 0-6
TDD UL/DL subframe number i
Configuration

0|1(2|3|4|5|6[|7|8|9
0 -l-Tel7]al-1-16|7]4
1 - -Telal-[-]-]6]4a]-
2 - Tal-T1-1-1-1Tal-71-
3 - |- 14144 -]-1-|-]-
4 - -Tatlal-T1-1-1-1-1-
5 - Tal-1-1-1-T7-1-1-
6 -1-T7070s-1-17]17]-

Table 5.1.1.1-2: Mapping of TPC Command Field in DCI format 0/3/4 to absolute and accumulated

5PUSCH,C values.

Accumulated
TPC Command Field in | 5 ' Absolute dpysch,c [dB]
DClI format 0/3/4 (dB] o only DCI format 0/4
0 1 4
1 0 -1
2 1 1
3 3 4

Table 5.1.1.1-3: Mapping of TPC Command Field in DCI format 3A to accumulated JpyscH Values.

TPC Command Field in Accumulated opyscH ¢

DCl format 3A [dB]
0 -1
1 1

If the total transmit power of the UE would exceed ISCMAX (i) , the UE scales Ppysci (i) for the serving cell ¢ in
subframe i such that the condition

Z W(i) ’ ISPUSCH,c(i) < (ISCMAX (') - ISPUCCH ('))

is satisfied where Poyccp (i) isthelinear value of Payccn (i), Pausch (i) isthelinear value of Poyscr ofi) |

FA’C,\,IAX () isthelinear value of the UE total configured maximum output power Py, defined in [6] in subframei
andw(i) isascaling factor of ISPUSCH’C(i)for serving cell ¢ where 0<w(i) <1. Incasethereisno PUCCH

transmission in subframei ISPUCCH (i)=0.
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If the UE has PUSCH transmission with UCI on serving cell j and PUSCH without UCI in any of the remaining serving

cells, and the total transmit power of the UE would exceed ISCMAX (i), the UE scales Ppyscy (i) for the serving cells
without UCI in subframei such that the condition

S W) - Prgegre () < (Poypa (1) = Povsers; (1)

c#j
is satisfied where ISPUSCH,J- (i) isthe PUSCH transmit power for the cell with UCI and w(i) is a scaling factor of
ISPUSCH’C(i)for serving cell ¢ without UCI. Inthis case, no power scaling is applied to I5PUSCH,J-(i) unless

Zw(i) : ISPUSCH,C(i) =0 and the total transmit power of the UE still would exceed FA’C,\,IAX (1) . Note that w(i)
C#j

values are the same across serving cells whenw(i) > 0 but for certain serving cells w(i) may be zero.

If the UE has simultaneous PUCCH and PUSCH transmission with UCI on serving cell j and PUSCH transmission
without UCI in any of the remaining serving cells, and the total transmit power of the UE would exceed Ppyuy (1) , the

UE obtains ISPUSCH,C(i) according to

Broscr; () = Min(Pagecs s (1), (Poax (1) = Poans ()

and

ZW(i) ’ ISPUSCH,C (') < (ISCMAX (') - IsPUCCH (') - ISPUSCH,J' ('))

c#j

511.2 Power headroom

There are two types of UE power headroom reports defined. A UE power headroom PH isvalid for subframei for
serving cell c.

Type 1:

If the UE transmits PUSCH without PUCCH in subframe i for serving cell ¢, power headroom for a Type 1 report is
computed using

PHypet,c(i) = Pomax,c(i)- {10|0910(M puscH,c(1)) + Po_pusch,c(i) + ac(j) - Ple + Atec(i) + fe(i) } [aB]

where, Poyax (i), Mpuscr,c() Po puscrc(i)s @(i), Ple, Ap (i) and fc(i) aredefined in subclause
5.1.1.1

If the UE transmits PUSCH with PUCCH in subframe i for serving cell c, power headroom for a Type 1 report is
computed using

PH typec i) = Pomax.c ()= 12010930 (M puscric()) + Po,_pusch,e(i) + @ (i) Ple +Ate.c () + fe(i) | [dB]

where, Mpyschc(i) Po puscH,c(i): (i), Ple, A (i) and f.(i) aredefinedinsubclause5.1.1.1.
ISCM AX,c(i) is computed based on the requirementsin [6] assuming a PUSCH only transmission in subframe i . For

this case, the physical layer delivers ISCM AX ,c(i) instead of  Poyax ,c(i) to higher layers.
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If the UE does not transmit PUSCH in subframe i for serving cell c, power headroom for a Type 1 report is
computed using

PH typel,c(i) = §CMAX,c(i)_ { PO_PUSCH,C(]') +ac(l)' I:)l-c + fc(i) } [dB]

where, 5CM ax c(i) is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT =0dB, where MPR , A-
MPR, P-MPR and AT are defined in [6]. Po pysch,c(D), (1), PLc,and f¢(i) are defined in subclause 5.1.1.1.

Type 2:

If the UE transmits PUSCH simultaneous with PUCCH in subframe i for the primary cell, power headroom for a Type
2 report is computed using

(1010G50 (M pyscrie (1))+Po_puscre ()+ @ (1)-Ple +Aqee (i)+ T (i))/10

[dB]

PH i)=P, i)—10lo )
type2( ) CMAX'C( ) 910 + lO(PO_PUCCH +PL¢ +h(nCQI NHARD vnS?)+AF_PUCCH (F)+Amp (F)+g(i ))/10

where, Pemax.c: Mpusch,c() . Po puschH,c(i), @c(), A (i) and fc(i) aretheprimary cell parameters as
defined in subclause 5.1.1.1 and Ry pycer s Ples h(Ncqi s NHARG NR) » Ak pucch (F) s Atxp (F') and g(i) are
defined in subclause 5.1.2.1

If the UE transmits PUSCH without PUCCH in subframe i for the primary cell, power headroom for a Type 2 report is
computed using

0(10|0910(M puscH,c (1))+Po_pusch,c (1)+@c (J)-Ple+Agec (i) + e (i ))/10

PH yypep (i) = P i)—10l dB
type2 (1) = Pomax, ¢ (1) —10logsg . 10(P07PUCCH +PLo+g(i))10 [dB]

where, Pemax,c()» Mpuschc() . Po puschc(i), ac(i), A (i) and fc(i) aretheprimary cell parametersas
defined in subclause 5.1.1.1 and Ry pycc s PLe and g(i) aredefined in subclause 5.1.2.1.

If the UE transmits PUCCH without PUSCH in subframe i for the primary cell, power headroom for a Type 2 report is
computed using

O(PO_PUSCH,C D+ (1)-PL +f¢ (i))/lo

PH typeo (i) = Pemax ¢ (i) —1010g:9 [dB]

n 10<P07PUCCH +PL¢ +h<nCQI NHARD rnS?)+AF7PUCCH (F)+Anp (F)+ali ))/10
where, Po pusch,c(l), ac(D)and fc(i) aretheprimary cell parameters as defined in subclause 5.1.1.1, Poyax c(i)
Po puccr s Ple, h(Ncqr s ARG NsR) » Ak pucch (F) . Aryp (F') and g(i) arealso defined in subclause 5.1.2.1.

If the UE does not transmit PUCCH or PUSCH in subframe i for the primary cell, power headroom for a Type 2
report is computed using

_ (Po_puscrc (D) +atc (1)-PLg +1(i))/10
PH i)=P i)—10lo _ [dB]
type2 (1) = Pomax ¢ (1) 010 . 10(PO_PUCCH +PLo+gli))10
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where, ISCM ax.c(i) iscomputed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT¢ =0dB, where MPR , A-
MPR, P-MPR and AT are defined in [6], Po pusch,c(D), (D) and f.(i) aretheprimary cell parametersas
defined in subclause 5.1.1.1 and Ry pycer s PLe and g(i) aredefined in subclause 5.1.2.1.

The power headroom shall be rounded to the closest value in the range [40; -23] dB with steps of 1 dB and is delivered
by the physical layer to higher layers.

51.2 Physical uplink control channel

51.2.1 UE behaviour

If serving cell cisthe primary cell, the setting of the UE Transmit power Py for the physical uplink control channel
(PUCCH) transmission in subframei is defined by

Pemax,c(i),

P (i)=min , b [dBm]
PUCCH {PO_pUCCH +PL + h(nCQ| ' NHARQ, nSR)+ Ap pucch (F)+ Aty (F') + (i )}

If the UE is not transmitting PUCCH for the primary cell, for the accumulation of TPC command received with DCI
format 3/3A for PUCCH, the UE shall assume that the UE transmit power Ppccy for the PUCCH transmissionin

subframei is computed by
Poucen ()= min{PCMAX,c (1), Py pucch + PLc + ali )} [dBm]
where

e Pcomax (i) isthe configured UE transmit power defined in [6] in subframei for serving cell c. If the UE

transmits PUSCH without PUCCH in subframe i for the serving cell ¢, for the accumulation of TPC
command received with DCI format 3/3A for PUCCH, the UE shall assume Py ax (i) asgiven by subclause

5.1.1.1. If the UE does not transmit PUCCH and PUSCH in subframe i for the serving cell c, for the
accumulation of TPC command received with DCI format 3/3A for PUCCH, the UE shall compute
Pewax.c(i) assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT =0dB, where MPR, A-MPR, P-MPR

and AT are defined in [6].

e Theparameter Ag pyccy(F) isprovided by higher layers. Each Ag pyccy (F) Vvalue correspondsto a
PUCCH format (F) relative to PUCCH format 1a, where each PUCCH formeat (F ) isdefined in Table 5.4-1 of
[3].

e |f the UEis configured by higher layers to transmit PUCCH on two antenna ports, the value of Ar,p (F')is
provided by higher layers where each PUCCH format F" is defined in Table 5.4-1 of [3] ; otherwise,
Ao (F')=0.

*  h(ncqr,NHARQ: Nsr) isaPUCCH format dependent value, where neg, corresponds to the number of
information bits for the channel quality information defined in subclause 5.2.3.3in [4]. ngg =1if subframei

is configured for SR for the UE not having any associated transport block for UL-SCH, otherwise ngg =0. If

the UE is configured with more than one serving cell, or the UE is configured with one serving cell and
transmitting using PUCCH format 3, the value of nparqg isdefined in subclause 10.1; otherwise, Npyarg is

the number of HARQ-ACK hits sent in subframei.
0o For PUCCH format 1,1aand 1b h(nCQ| ,nHARQ, nsq)z 0

0 For PUCCH format 1b with channel selection, if the UE is configured with more than one serving

(Narg —1) .
cell, h(nCQ| ,nHARQ, nsq) =+RQ , otherwise, h(nCQ| ,nHARQ, ngQ)= 0
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o

For PUCCH format 2, 2a, 2b and normal cyclic prefix

10'0910[ j if nCQ| >4

0 otherwise

Ncql

h(nCQI ' NHARQ, nSR):

For PUCCH format 2 and extended cyclic prefix

Ncop +N
10'°910(W] if Ncqr +Narg 2 4

0 otherwise

h(nCQI ' NHARQ, ”SR)=

For PUCCH format 3
= |If the UE is configured by higher layersto transmit PUCCH on two antenna ports, or if the
UE transmits more than 11 bits of HARQ-ACK/SR
nHARQ +Ngr — 1

h(Ncqi - NHARQ: NsR) = 3

= Otherwise
NHARQ T Nsr —1

h(ncgr , NHARG NR) = 5

Po puccr isaparameter composed of the sum of aparameter P, nominal_puccr Provided by higher layers

and aparameter P, e pycey Provided by higher layers.

Opuccn 1S aUE specific correction value, also referred to as a TPC command, included in a PDCCH with DCI
format 1A/1B/1D/1/2A/2/2B/2C for the primary cell or sent jointly coded with other UE specific PUCCH

correction values on a PDCCH with DCI format 3/3A whose CRC parity bits are scrambled with TPC-
PUCCH-RNTI.

o

The UE attempts to decode a PDCCH of DCI format 3/3A with the UE"s TPC-PUCCH-RNTI and
one or several PDCCHs of DCI format 1A/1B/1D/1/2A/2/2B/2C with the UE"s C-RNTI or SPS C-
RNTI on every subframe except whenin DRX.

If the UE decodes a PDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C for the primary cell and the
corresponding detected RNTI equalsthe C-RNTI or SPS C-RNTI of the UE and the TPC field in the
DCI format is not used to determine the PUCCH resource as in subclause 10.1, the UE shall use the
Opyccy Provided in that PDCCH.

else
= if the UE decodes a PDCCH with DCI format 3/3A, the UE shall usethe Jpyccy Provided
inthat PDCCH
elsethe UE shall set dpyccy =0dB.
M-1
gi)=g(i-DH+ Z Opucen (i—Kk,,) where g(i) isthe current PUCCH power control adjustment
m=0

state and where g(0) isthefirst value after reset.
= ForFDD, M =1 and k;, =4.
= For TDD, valuesof M and K, aregivenin Table10.1.3.1-1.

*  The Opyccy UB values signalled on PDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C are

givenin Table5.1.2.1-1. If the PDCCH with DCI format 1/1A/2/2A/2B/2C is validated as an
SPS activation PDCCH, or the PDCCH with DCI format 1A isvalidated as an SPSrelease
PDCCH, then Jpyccy 1S 0dB.

*  The Opyccy OB values signalled on PDCCH with DCI format 3/3A are given in Table
5.1.2.1-1orinTable5.1.2.1-2 as semi-statically configured by higher layers.
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* If By ue puccn Valueischanged by higher layers,

. g(0)=0
» Else

o g(0) = APrarnpup + 5rr’ng

0 where Jy, isthe TPC command indicated in the random access

response, see subclause 6.2 and

o] ARmup isthetotal power ramp-up from the first to the last preamble
provided by higher layers

* If UEhasreached Pgyax (i) for the primary cell, positive TPC commands for the primary
cell shall not be accumulated

= |f UE hasreached minimum power, negative TPC commands shall not be accumulated
= UE shall reset accumulation

e when Ry (g puccy Valueischanged by higher layers

e when the UE receives a random access response message

» g(@i)=g(@i—-1) if i isnotan uplink subframein TDD.

Table 5.1.2.1-1: Mapping of TPC Command Field in DCI format 1A/1B/1D/1/2A/2B/2C/2/3t0 Opccy

values.
TPC Command Field in
DCI format Opyccy [dB]

1A/1B/1D/1/2A/2B/2C/2/3

0 -1

1 0

2 1

3 3

Table 5.1.2.1-2: Mapping of TPC Command Field in DCI format 3A to Jpycy Values.

TPC Command Field in

DCI format 3A Opuccr [dB]
0 -1
1 1

5.1.3 Sounding Reference Symbol

5131 UE behaviour

The setting of the UE Transmit power Pz for the Sounding Reference Symbol transmitted on subframei for serving
cell ¢ isdefined by

Psrscli) = min{ Pemax.c (D). Pors oFrseT,¢ (M) +1010g30(Msrs,e) + Po_pusch c(i)+ @ (i) - Ple + fcli) } [dBm]
where

e Pcomaxc(i) istheconfigured UE transmit power defined in [6] in subframei for serving cell c.
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*  Psrs orrseTc(M) isad4-hit parameter semi-statically configured by higher layers for m=0 and m=1 for

serving cell c. For SRS transmission given trigger type 0 then m=0 and for SRS transmission given trigger
typelthenm=1. ForKg=1.25, Psrs orrseT,c(M) has1dB step sizeintherange[-3, 12] dB. ForKg =0,

Psrs oFrseT,c(M) has 1.5 dB step sizein the range [-10.5, 12] dB.

* Mggrsc isthebandwidth of the SRS transmission in subframei for serving cell ¢ expressed in number of
resource blocks.

o f.(i) isthecurrent PUSCH power control adjustment state for serving cell ¢, see subclause 5.1.1.1.
* Po puscHc(]) and a(j) areparametersasdefined in subclause 5.1.1.1, where =1

If the total transmit power of the UE for the Sounding Reference Symbol in an SC-FDMA symbol would exceed
Pemax (i) , the UE scales Pgpg (i) for the serving cell ¢ and the SC-FDMA symbol in subframe i such that the
condition

D W) Prs o) < Powa (1)

is satisfied where IsSRS,c(i) isthelinear value of Pgg(i), Is(;MAX(i) isthelinear value of Poyax definedin[6] in

subframei andw(i) isascaling factor of I%RS’C(i) for serving cell ¢ where 0<w(i) <1. Note that w(i) values are
the same across serving cells.

5.2 Downlink power allocation

The eNodeB determines the downlink transmit energy per resource element.

A UE may assume downlink cell-specific RS EPRE is constant across the downlink system bandwidth and constant
across all subframes until different cell-specific RS power information is received. The downlink cell-specific
reference-signal EPRE can be derived from the downlink reference-signal transmit power given by the parameter
referenceSgnal Power provided by higher layers. The downlink reference-signal transmit power is defined as the linear
average over the power contributions (in [W]) of all resource elements that carry cell-specific reference signals within
the operating system bandwidth.

Theratio of PDSCH EPRE to cell-specific RS EPRE among PDSCH REs (not applicable to PDSCH REs with zero
EPRE) for each OFDM symbol is denoted by either p, or pgaccording to the OFDM symbol index as given by

Table5.2-2 and Table 5.2-3. In addition, p, and pg are UE-specific.

For a UE in transmission mode 8 or 9 when UE-specific RSs are not present in the PRBs upon which the corresponding
PDSCH is mapped or in transmission modes 1 — 7, the UE may assume that for 16 QAM, 64 QAM, spatia multiplexing
with more than one layer or for PDSCH transmissions associated with the multi-user MIM O transmission scheme,

" pp i5€qua 100, e T Pa 110100, (2) [dB] when the UE receives aPDSCH data transmission using
precoding for transmit diversity with 4 cell-specific antenna ports according to subclause 6.3.4.3 of [3];

" pa isequal tod, + P, [dB] otherwise

ower-offset

where §p

ower-offsat 15 0 dB for all PDSCH transmission schemes except multi-user MIMO and where P, is a UE specific

parameter provided by higher layers.
For transmission mode 7, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped,
the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RSs shall be a

constant, and that constant shall be maintained over all the OFDM symbols containing the UE-specific RSsin the
corresponding PRBs. In addition, the UE may assume that for 16QAM or 64QAM, thisratio is 0 dB.
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For transmission mode 8, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped,
the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-
specific RSsis 0 dB.

For transmission mode 9, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped,
the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-
specific RSis 0 dB for number of transmission layers less than or equal to two and -3 dB otherwise.

A UE may assume that downlink positioning reference signal EPRE is constant across the positioning reference signal

bandwidth and across all OFDM symbols that contain positioning reference signals in a given positioning reference

signal occasion [10].

If CSI-RSisconfigured in a serving cell then a UE shall assume downlink CSI-RS EPRE is constant across the
downlink system bandwidth and constant across all subframes.

The cell-specific ratio pg/ pa isgiven by Table 5.2-1 according to cell-specific parameter Py signalled by higher
layers and the number of configured eNodeB cell specific antenna ports.

Table 5.2-1: The cell-specific ratio pg/p, for 1, 2, or 4 cell specific antenna ports

PB pB /pA
One Antenna Port Two and Four Antenna Ports
0 1 5/4
1 4/5 1
2 3/5 3/4
3 2/5 1/2

For PMCH with 16QAM or 64QAM, the UE may assume that the ratio of PMCH EPRE to MBSFN RS EPRE is equal

to 0 dB.

Table 5.2-2: OFDM symbol indices within a slot of a non-MBSFN subframe where the ratio of the
corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by p, or pg

Number of antenna

OFDM symbol indices within a slot where
the ratio of the corresponding PDSCH

OFDM symbol indices within a slot where
the ratio of the corresponding PDSCH

ports EPRE to the cell-specific RS EPRE is EPRE to the cell-specific RS EPRE is
denoted by pp denoted by pg
Normal cyclic prefix Extended cyclic Normal cyclic prefix Extended cyclic
prefix prefix
One or two 1,2,3,5,6 1,2,4,5 0,4 0,3
Four 2,3,5,6 2,4,5 0,1,4 0,1,3

Table 5.2-3: OFDM symbol indices within a slot of an MBSFN subframe where the ratio of the
corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by p, or pg

Number of antenna

OFDM symbol indices within a slot where
the ratio of the corresponding PDSCH

OFDM symbol indices within a slot where
the ratio of the corresponding PDSCH

ports EPRE to the cell-specific RS EPRE is EPRE to the cell-specific RS EPRE is
denoted by pp denoted by pg
Normal cyclic Extended cyclic Normal cyclic Extended cyclic
prefix prefix prefix prefix
ngmod ngmod ngmod ngmod ngmod ngmod ngmod ngmod
2=0 2=1 2=0 2=1 2=0 2=1 2=0 2=1
One or two 1,2,3, 0,1, 2, 1,2, 3, 0,1, 2, 0 - 0 -
4,5,6 3,456 4,5 3,45
Four 2,3, 4, 0,1,2, | 2,4,35| 0,1,2, 0,1 - 0,1 -
5,6 3,4,5,6 3,4,5
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521 eNodeB Relative Narrowband TX Power restrictions

The determination of reported Relative Narrowband TX Power indication RNTP(Nrg ) is defined as follows:

. Ex(Nogs)
0 if —2-PBL<RNTP, o

E(P)
RNTP(N.y ) = e =
. . . Ners )
1 if nopromiseabout the upper limit of %lsma@le

where E,(Npgg) isthe maximum intended EPRE of UE-specific PDSCH REsin OFDM symbols not containing RS
in this physical resource block on antenna port p in the considered future time interval; N isthe physical resource
block number Npgg = 0,..., Ny —1; RNTP,,oyyq takes on one of the following values

RNTP,, g € {——11,-10,-9,-8,~7,-6,-5~4,~3,-2,—1,0,+1,+2,+3}[dB] and

p(p),i
T Af

where Prr(1§><) is the base station maximum output power described in[7], and Af , N2 and NSCB are defined in [3].

6 Random access procedure

Prior to initiation of the non-synchronized physical random access procedure, Layer 1 shall receive the following
information from the higher layers:

1. Random access channel parameters (PRACH configuration and frequency position)

2. Parameters for determining the root sequences and their cyclic shiftsin the preamble sequence set for the
primary cell (index to logical root sequence table, cyclic shift ( Ng), and set type (unrestricted or restricted
Set))

6.1 Physical non-synchronized random access procedure

From the physical layer perspective, the L1 random access procedure encompasses the transmission of random access
preamble and random access response.  The remaining messages are scheduled for transmission by the higher layer on
the shared data channel and are not considered part of the L1 random access procedure. A random access channel
occupies 6 resource blocksin a subframe or set of consecutive subframes reserved for random access preamble
transmissions. The eNodeB is not prohibited from scheduling data in the resource blocks reserved for random access
channel preamble transmission.

The following steps are required for the L1 random access procedure:
1. Layer 1 procedureistriggered upon request of a preamble transmission by higher layers.

2. A preambleindex, atarget preamble received power (PREAMBLE_RECEIVED_TARGET_POWER), a
corresponding RA-RNTI and a PRACH resource are indicated by higher layers as part of the request.

3. A preamble transmission power PeracH IS determined as
Peracr = Min{ Popyax ¢(i) . PREAMBLE_RECEIVED_TARGET_POWER + PL }_[dBm], where
Pcmax c (i) isthe configured UE transmit power defined in [6] for subframei of the primary cell and PL. is
the downlink pathloss estimate calculated in the UE for the primary cell.
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4. A preamble sequence is selected from the preambl e sequence set using the preamble index.

5. A single preambleis transmitted using the selected preamble sequence with transmission power Ppracy ON the
indicated PRACH resource.

6. Detection of aPDCCH with the indicated RA-RNTI is attempted during awindow controlled by higher layers
(see[8], clause 5.1.4). If detected, the corresponding DL-SCH transport block is passed to higher layers. The
higher layers parse the transport block and indicate the 20-bit uplink grant to the physical layer, whichis
processed according to subclause 6.2.

6.1.1 Timing

For the L1 random access procedure, UE"s uplink transmission timing after a random access preambl e transmission is
asfollows.

a. If aPDCCH with associated RA-RNTI is detected in subframe n, and the corresponding DL-SCH
transport block contains a response to the transmitted preamble sequence, the UE shall, according to
the information in the response, transmit an UL-SCH transport block in the first subframe n+k;,

k, =6, if the UL delay field in subclause 6.2 is set to zero where n+k; isthefirst available UL

subframe for PUSCH transmission. The UE shall postpone the PUSCH transmission to the next
available UL subframe after n+k, if thefieldissetto 1.

b. If arandom accessresponse is received in subframe n, and the corresponding DL-SCH transport
block does not contain a response to the transmitted preamble sequence, the UE shall, if requested by
higher layers, be ready to transmit a new preamble sequence no later than in subframe n+5.

c. If norandom access response is received in subframe n, where subframe n is the last subframe of the
random access response window, the UE shall, if requested by higher layers, be ready to transmit a
new preamble sequence no later than in subframe n+4.

In case arandom access procedure is initiated by a PDCCH order in subframe n, the UE shall, if requested by higher
layers, transmit random access preamblein the first subframe n+k,, k, =6, where a PRACH resourceis available.

6.2 Random Access Response Grant

The higher layersindicate the 20-bit UL Grant to the physical layer, as defined in [8]. Thisis referred to the Random
Access Response Grant in the physical layer. The content of these 20 bits starting with the MSB and ending with the
LSB are asfollows:

- Hopping flag — 1 bit

- Fixed size resource block assignment — 10 bits

- Truncated modulation and coding scheme — 4 bits
- TPC command for scheduled PUSCH — 3 hits

- UL delay — 1 hit

- CSl request — 1 bit

The UE shall use the single-antenna port uplink transmission scheme for the PUSCH transmission corresponding to the
Random Access Response Grant and the PUSCH retransmission for the same transport block.

The UE shall perform PUSCH frequency hopping if the single bit frequency hopping (FH) field in a corresponding
Random Access Response Grant is set as 1 and the uplink resource block assignment is type 0, otherwise no PUSCH
frequency hopping is performed. When the hopping flag is set, the UE shall perform PUSCH hopping asindicated via
the fixed size resource block assignment detailed below.

The fixed size resource block assignment field isinterpreted as follows:
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if Ngg <44
Truncate the fixed size resource block assignment to its b least significant bits, where

b= (I og, (N R (N RS +1)/ 2)-‘ , and interpret the truncated resource block assignment according to the rules for a
regular DCI format O

else

Insert b most significant bits with value set to "0" after the Ny, nqp hopping bits in the fixed size resource block
assignment, where the number of hopping bits Ny, nep IS zero when the hopping flag bit is not set to 1, and is defined

in Table 8.4-1 when the hopping flag bit isset to 1, and b= Ulogz (NS (NS +1)r2)] —10) , and interpret the
expanded resource block assignment according to the rules for aregular DCI format O
end if

The truncated modulation and coding scheme field is interpreted such that the modulation and coding scheme
corresponding to the Random Access Response grant is determined from MCS indices O through 15 in Table 8.6.1-1.

The TPC command Jy,g;, shall be used for setting the power of the PUSCH, and is interpreted according to Table 6.2-
1

Table 6.2-1: TPC Command Jy, for Scheduled PUSCH

TPC Command Value (in dB)
0 -6
1 -4
2 -2
3 0
4 2
5 4
6 6
7 8

In non-contention based random access procedure, the CS| request field is interpreted to determine whether an aperiodic
CQl, PMI, and RI report isincluded in the corresponding PUSCH transmission according to subclause 7.2.1. In
contention based random access procedure, the CSI request field is reserved.

The UL delay applies for both TDD and FDD and this field can be set to 0 or 1 to indicate whether the delay of PUSCH
isintroduced as shown in subclause 6.1.1.

7 Physical downlink shared channel related procedures

For FDD, there shall be a maximum of 8 downlink HARQ processes per serving cell.

For TDD, the maximum number of downlink HARQ processes per serving cell shall be determined by the UL/DL
configuration (Table 4.2-2 of [3]), asindicated in Table 7-1.

The dedicated broadcast HARQ process defined in [8] is not counted as part of the maximum number of HARQ
processes for both FDD and TDD.
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Table 7-1: Maximum number of DL HARQ processes for TDD

TDD UL/DL Maximum number of HARQ
configuration processes
4
7
10
9
12
15
6

OO |WIN|FL|O

7.1 UE procedure for receiving the physical downlink shared
channel

Except the subframes indicated by the higher layer parameter mbsfn-SubframeConfigList, a UE shall upon detection of a
PDCCH of aserving cell with DCI format 1, 1A, 1B, 1C, 1D, 2, 2A, 2B or 2C intended for the UE in a subframe,
decode the corresponding PDSCH in the same subframe with the restriction of the number of transport blocks defined

in the higher layers.

A UE may assume that positioning reference signals are not present in resource blocks in which it shall decode PDSCH
according to a detected PDCCH with CRC scrambled by the SI-RNTI or P-RNTI with DCI format 1A or 1C intended
for the UE.

A UE configured with the carrier indicator field for a given serving cell shall assume that the carrier indicator field is
not present in any PDCCH of the serving cell in the common search space that is described in subclause 9.1. Otherwise,
the configured UE shall assume that for the given serving cell the carrier indicator field is present in PDCCH located in
the UE specific search space described in subclause 9.1 when the PDCCH CRC is scrambled by C-RNTI or SPS C-
RNTI.

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the SI-RNTI, the UE shall decode the
PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-1. The scrambling
initialization of PDSCH corresponding to these PDCCHs is by SI-RNTI.

Table 7.1-1: PDCCH and PDSCH configured by SI-RNTI

DCI format Search Space Transmission scheme of PDSCH corresponding to PDCCH

DCI format 1C | Common If the number of PBCH antenna ports is one, Single-antenna
port, port 0 is used, otherwise Transmit diversity.

DCI format 1A | Common If the number of PBCH antenna ports is one, Single-antenna
port, port 0 is used, otherwise Transmit diversity

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the P-RNTI, the UE shall decode the
PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-2. The scrambling
initialization of PDSCH corresponding to these PDCCHsis by P-RNTI.

Table 7.1-2: PDCCH and PDSCH configured by P-RNTI

DCI format Search Space Transmission scheme of PDSCH corresponding to PDCCH

DCI format 1C | Common If the number of PBCH antenna ports is one, Single-antenna
port, port O is used (see subclause 7.1.1), otherwise Transmit
diversity (see subclause 7.1.2)

DCI format 1A | Common If the number of PBCH antenna ports is one, Single-antenna
port, port O is used (see subclause 7.1.1), otherwise Transmit
diversity (see subclause 7.1.2)
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If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the RA-RNTI, the UE shall decode
the PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-3. The
scrambling initialization of PDSCH corresponding to these PDCCHsis by RA-RNTI.

When RA-RNTI and either C-RNTI or SPS C-RNTI are assigned in the same subframe, UE is not required to decode a
PDSCH indicated by a PDCCH with a CRC scrambled by C-RNTI or SPS C-RNTI.

Table 7.1-3;: PDCCH and PDSCH configured by RA-RNTI

DCI format Search Space Transmission scheme of PDSCH corresponding to PDCCH

DCI format 1C | Common If the number of PBCH antenna ports is one, Single-antenna
port, port O is used (see subclause 7.1.1), otherwise Transmit
diversity (see subclause 7.1.2)

DCI format 1A | Common If the number of PBCH antenna ports is one, Single-antenna
port, port 0 is used (see subclause 7.1.1), otherwise Transmit
diversity (see subclause 7.1.2)

The UE is semi-gtatically configured via higher layer signalling to receive PDSCH data transmissions signalled via
PDCCH according to one of nine transmission modes, denoted mode 1 to mode 9.

For frame structure type 1,

- theUE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in any subframe in
which the number of OFDM symbols for PDCCH with normal CP is equal to four;

- the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5, 7, 8, 9, 10, 11, 12,
13 or 14 in the two PRBs to which a pair of VRBsis mapped if either one of the two PRBs overlapsin
frequency with atransmission of either PBCH or primary or secondary synchronisation signalsin the same
subframe;

- the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 7 for which
distributed VRB resource allocation is assigned.

- The UE may skip decoding the transport block(s) if it does not receive all assigned PDSCH resource blocks.
If the UE skips decoding, the physical layer indicates to higher layer that the transport block(s) are not
successfully decoded.

For frame structure type 2,

- the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in any subframein
which the number of OFDM symbols for PDCCH with normal CP is equa to four;

- the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in the two PRBs to
which apair of VRBsis mapped if either one of the two PRBs overlaps in frequency with a transmission of
PBCH in the same subframe;

- theUE isnot expected to receive PDSCH resource blocks transmitted on antennaport 7, 8, 9, 10, 11, 12, 13
or 14 in the two PRBsto which a pair of VRBsis mapped if either one of the two PRBs overlapsin
frequency with atransmission of primary or secondary synchronisation signals in the same subframe;

- with normal CP configuration, the UE is not expected to receive PDSCH on antenna port 5 for which
distributed VRB resource allocation is assigned in the special subframe with configuration #1 or #6;

- theUE isnot expected to receive PDSCH on antennaport 7 for which distributed VRB resource allocation
is assigned.

- The UE may skip decoding the transport block(s) if it does not receive all assigned PDSCH resource blocks.
If the UE skips decoding, the physical layer indicates to higher layer that the transport block(s) are not
successfully decoded.
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If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the C-RNTI, the UE shall decode the
PDCCH and any corresponding PDSCH according to the respective combinations defined in Table 7.1-5. The
scrambling initialization of PDSCH corresponding to these PDCCHs is by C-RNTI.

If the UE is configured with the carrier indicator field for a given serving cell and, if the UE is configured by higher
layersto decode PDCCH with CRC scrambled by the C-RNTI, then the UE shall decode PDSCH of the serving cell
indicated by the carrier indicator field value in the decoded PDCCH.

When a UE configured in transmission mode 3, 4, 8 or 9 receives a DCl Format 1A assignment, it shall assume that the
PDSCH transmission is associated with transport block 1 and that transport block 2 is disabled.

When a UE is configured in transmission mode 7, scrambling initialization of UE-specific reference signals
corresponding to these PDCCHsis by C-RNTI.

The UE does not support transmission mode 8 if extended cyclic prefix is used in the downlink.

When a UE is configured in transmission mode 9, in the subframes indicated by the higher layer parameter mbsfn-
SubframeConfigList except in subframes for the serving cell

- indicated by higher layersto decode PMCH or,

- configured by higher layersto be part of a positioning reference signal occasion and the positioning
reference signal occasion is only configured within MBSFN subframes and the cyclic prefix length used in
subframe #0 is normal cyclic prefix,

the UE shall upon detection of a PDCCH with CRC scrambled by the C-RNTI with DCI format 1A or 2C intended for
the UE, decode the corresponding PDSCH in the same subframe.

Table 7.1-5: PDCCH and PDSCH configured by C-RNTI

Transmission DCI format Search Space Transmission scheme of PDSCH
mode corresponding to PDCCH
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Mode 1

DCI format 1A

Common and
UE specific by C-RNTI

Single-antenna port, port O (see subclause
7.1.1)

DCI format 1

UE specific by C-RNTI

Single-antenna port, port O (see subclause
7.1.1)

Mode 2 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCI format 1 UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 3 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCI format 2A UE specific by C-RNTI Large delay CDD (see subclause 7.1.3)
or Transmit diversity (see subclause 7.1.2)
Mode 4 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCI format 2 UE specific by C-RNTI Closed-loop spatial multiplexing (see
subclause 7.1.4)or Transmit diversity (see
subclause 7.1.2)
Mode 5 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCI format 1D UE specific by C-RNTI Multi-user MIMO (see subclause 7.1.5)
Mode 6 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCI format 1B UE specific by C-RNTI Closed-loop spatial multiplexing (see
subclause 7.1.4) using a single
transmission layer
Mode 7 DCI format 1A Common and If the number of PBCH antenna ports is
UE specific by C-RNTI one, Single-antenna port, port 0 is used
(see subclause 7.1.1), otherwise Transmit
diversity (see subclause 7.1.2)
DCI format 1 UE specific by C-RNTI Single-antenna port, port 5 (see subclause
7.1.1)
Mode 8 DCI format 1A Common and If the number of PBCH antenna ports is
UE specific by C-RNTI one, Single-antenna port, port 0 is used
(see subclause 7.1.1), otherwise Transmit
diversity (see subclause 7.1.2)
DCI format 2B UE specific by C-RNTI Dual layer transmission, port 7 and 8 (see
subclause 7.1.5A) or single-antenna port,
port 7 or 8 (see subclause 7.1.1)
Mode 9 DCI format 1A Common and Non-MBSFN subframe: If the number of

UE specific by C-RNTI

PBCH antenna ports is one, Single-
antenna port, port 0 is used (see subclause
7.1.1), otherwise Transmit diversity (see
subclause 7.1.2)

MBSFN subframe: Single-antenna port,
port 7 (see subclause 7.1.1)

DCI format 2C

UE specific by C-RNTI

Up to 8 layer transmission, ports 7-14 (see
subclause 7.1.5B) or single-antenna port,
port 7 or 8 (see subclause 7.1.1)

If aUE is configured by higher layers to decode PDCCH with CRC scrambled by the SPS C-RNTI, the UE shall
decode the PDCCH on the primary cell and any corresponding PDSCH on the primary cell according to the respective
combinations defined in Table 7.1-6. The same PDSCH related configuration appliesin the case that aPDSCH is
transmitted without a corresponding PDCCH. The scrambling initialization of PDSCH corresponding to these PDCCHs

and PDSCH without a corresponding PDCCH is by SPS C-RNTI.

When a UE is configured in transmission mode 7, scrambling initialization of UE-specific reference signals for PDSCH
corresponding to these PDCCHs and for PDSCH without a corresponding PDCCH is by SPS C-RNTI.

When a UE is configured in transmission mode 9, in the subframes indicated by the higher layer parameter mbsfn-
SubframeConfigList except in subframes for the serving cell

indicated by higher layersto decode PMCH or,

configured by higher layersto be part of a positioning reference signal occasion and the positioning
reference signal occasion is only configured within MBSFN subframes and the cyclic prefix length used in
subframe #0 is normal cyclic prefix,
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the UE shall upon detection of a PDCCH with CRC scrambled by the SPS C-RNTI with DCI format 1A or 2C or for a
configured PDSCH without PDCCH intended for the UE, decode the corresponding PDSCH in the same subframe.

Table 7.1-6: PDCCH and PDSCH configured by SPS C-RNTI

Transmission DCI format Search Space Transmission scheme of PDSCH
mode corresponding to PDCCH
Mode 1 DCI format 1A Common and Single-antenna port, port O (see
UE specific by C-RNTI subclause 7.1.1)
DCI format 1 UE specific by C-RNTI Single-antenna port, port O (see
subclause 7.1.1)
Mode 2 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCI format 1 UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 3 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCI format 2A UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 4 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCI format 2 UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 5 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
Mode 6 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
Mode 7 DCI format 1A Common and Single-antenna port, port 5 (see
UE specific by C-RNTI subclause 7.1.1)
DCI format 1 UE specific by C-RNTI Single-antenna port, port 5 (see
subclause 7.1.1)
Mode 8 DCI format 1A Common and Single-antenna port, port 7(see
UE specific by C-RNTI subclause 7.1.1)
DCI format 2B UE specific by C-RNTI Single-antenna port, port 7 or 8 (see
subclause 7.1.1)
Mode 9 DCI format 1A Common and Single-antenna port, port 7 (see
UE specific by C-RNTI subclause 7.1.1)
DCI format 2C UE specific by C-RNTI Single-antenna port, port 7 or 8, (see
subclause 7.1.1)

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the Temporary C-RNTI and is not

configured to decode PDCCH with CRC scrambled by the C-RNTI, the UE shall decode the PDCCH and the

corresponding PDSCH according to the combination defined in Table 7.1-7. The scrambling initialization of PDSCH

corresponding to these PDCCHsis by Temporary C-RNTI.

Table 7.1-7: PDCCH and PDSCH configured by Temporary C-RNTI

DCI format

Search Space

Transmission scheme of PDSCH corresponding to PDCCH

DCI format 1A

Common and UE specific
by Temporary C-RNTI

If the number of PBCH antenna port is one, Single-antenna
port, port 0 is used (see subclause 7.1.1), otherwise Transmit
diversity (see subclause 7.1.2)

DCI format 1

UE specific by
Temporary C-RNTI

If the number of PBCH antenna port is one, Single-antenna
port, port 0 is used (see subclause 7.1.1), otherwise Transmit
diversity (see subclause 7.1.2)

The transmission schemes of the PDSCH are described in the following sub-clauses.
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7.1.1 Single-antenna port scheme

For the single-antenna port transmission schemes (port O, port 5, port 7 or port 8) of the PDSCH, the UE may assume
that an eNB transmission on the PDSCH would be performed according to subclause 6.3.4.1 of [3].

In case an antennaport pe{7,8 isused, the UE cannot assume that the other antenna port inthe set {7,8} isnot
associated with transmission of PDSCH to another UE.

7.1.2 Transmit diversity scheme

For the transmit diversity transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed according to subclause 6.3.4.3 of [3]

7.1.3 Large delay CDD scheme

For the large delay CDD transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed according to large delay CDD as defined in subclause 6.3.4.2.2 of [3].

7.1.4  Closed-loop spatial multiplexing scheme

For the closed-loop spatial multiplexing transmission scheme of the PDSCH, the UE may assume that an eNB
transmission on the PDSCH would be performed according to the applicable number of transmission layers as defined
in subclause 6.3.4.2.1 of [3].

7.1.5 Multi-user MIMO scheme

For the multi-user MIMO transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed on one layer and according to subclause 6.3.4.2.1 of [3]. The 0, dB value

power-offset

signalled on PDCCH with DCI format 1D using the downlink power offset field isgivenin Table 7.1.5-1.

Table 7.1.5-1: Mapping of downlink power offset field in DCI format 1D to the 5povve,_0ﬂsa value.
Downlink power offset field 5powe,_0ffset [dB]
0 -10|Oglo(2)
1 0

7.1.5A Dual layer scheme

For the dual layer transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the PDSCH
would be performed with two transmission layers on antenna ports 7 and 8 as defined in subclause 6.3.4.4 of [3].
7.1.5B Up to 8 layer transmission scheme

For the up to 8 layer transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the PDSCH
would be performed with up to 8 transmission layers on antenna ports 7 - 14 as defined in subclause 6.3.4.4 of [3].
7.1.6 Resource allocation

The UE shall interpret the resource allocation field depending on the PDCCH DCI format detected. A resource
allocation field in each PDCCH includes two parts, a resource all ocation header field and information consisting of the
actual resource block assignment. PDCCH DCI formats 1, 2, 2A, 2B and 2C with type 0 and PDCCH DCI formats 1, 2,
2A,2B and 2C with type 1 resource allocation have the same format and are distinguished from each other viathe single
bit resource alocation header field which exists depending on the downlink system bandwidth (subclause 5.3.3.1 of
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[4]), where type O isindicated by 0 value and type 1 is indicated otherwise. PDCCH with DCI format 1A, 1B, 1C and
1D have atype 2 resource alocation while PDCCH with DCI format 1, 2, 2A, 2B and 2C have type 0 or type 1 resource
alocation. PDCCH DCI formats with atype 2 resource allocation do not have a resource allocation header field.

7.16.1 Resource allocation type 0

In resource alocations of type 0, resource block assignment information includes a bitmap indicating the resource block
groups (RBGs) that are allocated to the scheduled UE where aRBG is a set of consecutive virtual resource blocks
(VRBS) of localized type as defined in subclause 6.2.3.1 of [3]. Resource block group size (P) is afunction of the

system bandwidth as shown in Table 7.1.6.1-1. The total number of RBGS ( Nz ) for downlink system bandwidth of
NRs isgivenby Npggg = ’_N% / P-‘ where LN% / PJ of the RBGs are of size Pand if Ng: modP >0 then one of

the RBGsisof szeNRg —P- \_N% / PJ. The bitmap is of size Nggg bits with one bitmap bit per RBG such that each
RBG is addressable. The RBGs shall be indexed in the order of increasing frequency and non-increasing RBG sizes
starting at the lowest frequency. The order of RBG to bitmap bit mapping isin such way that RBG 0to RBG N g —1

are mapped to MSB to LSB of the bitmap. The RBG is alocated to the UE if the corresponding bit value in the bitmap
is1, theRBG is not allocated to the UE otherwise.

Table 7.1.6.1-1: Type 0 Resource Allocation RBG Size vs. Downlink System Bandwidth

System Bandwidth | RBG Size
NEL (P
<10 1
11-26 2
27-63 3
64— 110 4
7.1.6.2 Resource allocation type 1

In resource allocations of type 1, aresource block assignment information of size Ngg; indicatesto a scheduled UE

the VRBs from the set of VRBs from one of P RBG subsets. The virtual resource blocks used are of localized type as
defined in subclause 6.2.3.1 of [3]. Also P isthe RBG size associated with the system bandwidth as shown in Table

7.1.6.1-1. ARBG subset p,where 0< p< P, consistsof every P th RBG starting from RBG . The resource
block assignment information consists of three fields [4].

Thefirst field with ﬂogz(Pﬂ bitsis used to indicate the selected RBG subset among P RBG subsets.

The second field with one bit is used to indicate a shift of the resource allocation span within a subset. A bit value of 1
indicates shift is triggered. Shift is not triggered otherwise.

The third field includes a bitmap, where each bit of the bitmap addresses asingle VRB in the selected RBG subset in
such away that MSB to LSB of the bitmap are mapped to the VRBs in the increasing frequency order. The VRB is
alocated to the UE if the corresponding bit value in the bit field is 1, the VRB is not alocated to the UE otherwise.

The portion of the bitmap used to address VRBs in a selected RBG subset hassize Ngs = and is defined as
NEE =[NgS 1P ] ~fiog,(P)] -1

The addressable VRB numbers of a selected RBG subset start from an offset, Ay, (P) to the smallest VRB number

within the selected RBG subset, which is mapped to the MSB of the bitmap. The offset isin terms of the number of
VRBs and is done within the selected RBG subset. If the value of the bit in the second field for shift of the resource

allocation span is set to 0, the offset for RBG subset P isgivenby Ay, (P) = 0. Otherwise, the offset for RBG
subset P isgivenby Ay, (p) = NEC*™*(p)— NI'™" wherethe LSB of the bitmap isjustified with the
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highest VRB number within the selected RBG subset. NF2¢* (p) isthe number of VRBsin RBG subset p and
can be calculated by the following equation,
DL _ DL _
NLzl-P+P ,p<NL1modP
P P
DL DL _
NRBC subset () NRE,z ! P+(Ngs ~)modP+1 ,p= —NR‘; modp
DL _ DL _
Neg —1 P ,p> Nes -1 mod P
P? P

Consequently, when RBG subset p isindicated, bit i for i =0,1,---,Ngy ——1 inthe bitmap field indicates VRB
number,

|+ Agire (P)
P

RBG subset

MVRB (p)=L JP2+ p-P+ (i +Agyg (p))mod P

7.1.6.3 Resource allocation type 2

In resource allocations of type 2, the resource block assignment information indicates to a scheduled UE a set of
contiguously allocated localized virtual resource blocks or distributed virtual resource blocks. In case of resource
allocation signalled with PDCCH DCI format 1A, 1B or 1D, one bit flag indicates whether localized virtual resource
blocks or distributed virtual resource blocks are assigned (value O indicates Localized and value 1 indicates Distributed
VRB assignment) while distributed virtual resource blocks are always assigned in case of resource alocation signalled
with PDCCH DCI format 1C. Localized VRB alocations for a UE vary from a single VRB up to a maximum number
of VRBs spanning the system bandwidth. For DCI format 1A the distributed VRB alocations for a UE vary from a
singleVRB upto NP: VRBs where N2t isdefinedin[3], if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or

VRB VRB

SI-RNTI. With PDCCH DCI format 1B, 1D with a CRC scrambled by C-RNTI, or with DCI format 1A with a CRC
scrambled with C-RNTI, SPS C-RNTI or Temporary C-RNTI distributed VRB allocations for a UE vary from asingle
VRBupto NO. VRBs if NI is6-49 and vary fromasingle VRB upto 16if N2 is50-110. With PDCCH DCI

format 1C, distributed VRB allocations for a UE vary from N3¥ VRB(s) upto [NZ%, /NP | NP VRBswith an
increment step of N3, where N3 valueis determined depending on the downlink system bandwidth as shownin
Table7.1.6.3-1.

Table 7.1.6.3-1: N3® values vs. Downlink System Bandwidth

System BW ( N;‘g’
DL
Ngg) DCI format 1C
6-49 2
50-110 4

For PDCCH DCI format 1A, 1B or 1D, atype 2 resource allocation field consists of aresource indication value (RIV)
corresponding to a starting resource block ( RBy,,; ) and alength in terms of virtually contiguously allocated resource

blocks L ggs - The resource indication value is defined by
it (Lo D) <|[N2- /2] then

RIV = N2 (Lo —1) + RB

start

else
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RIV = Ngg (Ng — Lorss + 1)+ (Ngg —1- RBy()

where L g, > 1 and shall not exceed N — RB,, -

For PDCCH DCI format 1C, atype 2 resource block assignment field consists of a resource indication value (RIV)
corresponding to a starting resource block ( RBgyt =0, N3P, 2N32,..., (LN\?EB INS J—l) NZ®) and alength in terms

of virtually contiguously allocated resource blocks ( Legpgs = N3P, 2N ..., [NOL, /NP | N2P). Theresource
indication value is defined by

it (L —1) <| N2 /2] then
RIV = Nigg (Léges =) + RBL,
else
RIV = NJBS (N{BE — Ligs + 1) + (NJ2 —1— RBL,.,)

where g, = Lorge / NS, RBY,,, = RBL / N3 and N/t =| N2 / NP | Here,

Start

L{rss > 1 and shall not exceed N{gs — RBL,, .

7.1.6.4 PDSCH starting position

The starting OFDM symbol for the PDSCH of each activated serving cell given by index | ... inthefirstslotina
subframe is given by
— the higher-layer parameter pdsch-Start for the serving cell on which PDSCH is received if the UE is configured

with carrier indicator field for the given serving cell and if PDSCH and the corresponding PDCCH are received
on different serving cells,

— the span of the DCI given by the CFl of the serving cell according to subclause 5.3.4 of [4] otherwise.

7.1.6.5 PRB bundling

A UE configured for transmission mode 9 for a given serving cell ¢ may assume that precoding granularity is multiple
resource blocks in the frequency domain when PMI/RI reporting is configured. Fixed system bandwidth dependent
Precoding Resource block Groups (PRGs) of size P’ partition the system bandwidth and each PRG consists of
consecutive PRBs. If NRS modP’>0 then one of the PRGsis of size NR§ — P’\_N Rs 1 P’J. The PRG sizeis non-

increasing starting at the lowest frequency. The UE may assume that the same precoder applies on all scheduled PRBs
within a PRG.

The PRG size a UE may assume for a given system bandwidth is given by:

Table 7.1.6.5-1
System Bandwidth (N35) PRG Size (P")
(PRBS)
<10 1
11— 26 2
27 - 63 3
64 — 110 2
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7.1.7 Modulation order and transport block size determination

To determine the modulation order and transport block size(s) in the physical downlink shared channel, the UE shall
first

- read the 5-bit 'modulation and coding scheme' field (I ,c5) inthe DCI
and second if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI then
- for DCI format 1A:

0 setthe Table7.1.7.2.1-1 column indicator Npg t0 Nimg from subclause 5.3.3.1.3in [4]

— for DCI format 1C:
0 useTable7.1.7.2.3-1 for determining its transport block size.

else

’

- set Npgg tothetotal number of allocated PRBs based on the procedure defined in subclause 7.1.6.

if the transport block is transmitted in DWPTS of the special subframein frame structure type 2, then

set the Table 7.1.7.2.1-1 column indicator N = Max {L N/ g X O.75J , 1} :

. . ’
else, set the Table 7.1.7.2.1-1 column indicator Npgg = Npgs -

The UE may skip decoding atransport block in aninitial transmission if the effective channel code rate is higher than
0.930, where the effective channel code rate is defined as the number of downlink information bits (including CRC bits)
divided by the number of physical channel bits on PDSCH. If the UE skips decoding, the physical layer indicates to
higher layer that the transport block is not successfully decoded. For the special subframe configurations 0 and 5 with
normal downlink CP or configurations 0 and 4 with extended downlink CP, shown in Table 4.2-1 of [3], there shall be
no PDSCH transmission in DWPTS of the special subframe.

7171 Modulation order determination

The UE shall use Q,,=2if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI, otherwise, the UE shall use
| ves @nd Table 7.1.7.1-1 to determine the modulation order (Q,,) used in the physical downlink shared channel.
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Table 7.1.7.1-1: Modulation and TBS index table for PDSCH

MCS Index Modulation Order TBS Index
I MCS Qm I TBS
0 2 0
1 2 1
2 2 2
3 2 3
4 2 4
5 2 5
6 2 6
7 2 7
8 2 8
9 2 9
10 4 9
11 4 10
12 4 11
13 4 12
14 4 13
15 4 14
16 4 15
17 6 15
18 6 16
19 6 17
20 6 18
21 6 19
22 6 20
23 6 21
24 6 22
25 6 23
26 6 24
27 6 25
28 6 26

29 2
30 4 reserved
31 6

7.1.7.2 Transport block size determination

If the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI then

— for DCI format 1A:

0 theUE shall setthe TBSindex (I;55) equal to 1,,.s and determineits TBS by the procedurein

subclause 7.1.7.2.1.

— for DCI format 1C:

0 theUE shall set the TBSindex (| ;55) equal to 1,, and determineits TBS from Table 7.1.7.2.3-1.

else

— for0< |y <28, the UE shall first determine the TBSindex (I,g5) using 1, and Table 7.1.7.1-1 except if

the transport block isdisabled in DCI formats 2, 2A, 2B and 2C as specified below. For atransport block that is
not mapped to more than single-layer spatial multiplexing, the TBS is determined by the procedure in subclause
7.1.7.2.1. For atransport block that is mapped to two-layer spatial multiplexing, the TBSis determined by the
procedure in subclause 7.1.7.2.2. For atransport block that is mapped to three-layer spatial multiplexing, the

TBSis determined by the procedure in subclause 7.1.7.2.4.

For atransport block that is mapped to four-layer

spatial multiplexing, the TBS is determined by the procedure in subclause 7.1.7.2.5.
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— for29<1,, <31, the TBSisassumed to be as determined from DCI transported in the latest PDCCH for the

same transport block using 0< 1,5 < 28. If thereisno PDCCH for the same transport block using
0< 1 ,cs <28, and if theinitiad PDSCH for the same transport block is semi-persistently scheduled, the TBS
shall be determined from the most recent semi-persistent scheduling assignment PDCCH.

— InDCI formats 2, 2A, 2B and 2C atransport block isdisabled if 1,,.s=0 and if rvig = 1 otherwise the
transport block is enabled.

The NDI and HARQ process ID, as signalled on PDCCH, and the TBS, as determined above, shall be delivered to
higher layers.

7.1.7.2.1 Transport blocks not mapped to two or more layer spatial multiplexing
Forl< Npg <110, the TBSisgiven by the (155, Npgg ) €ntry of Table 7.1.7.2.1-1.

Table 7.1.7.2.1-1: Transport block size table (dimension 27x110)

10
16 32 56 88 120 152 176 208 224 256
24 56 88 144 176 208 224 256 328 344
32 72 144 176 208 256 296 328 376 424
40 104 176 208 256 328 392 440 504 568
56 120 208 256 328 408 488 552 632 696
72 144 224 328 424 504 600 680 776 872

328 176 256 392 504 600 712 808 936 | 1032

104 224 328 472 584 712 840 968 | 1096 | 1224

120 256 392 536 680 808 968 | 1096 | 1256 | 1384

136 296 456 616 776 936 | 1096 | 1256 | 1416 | 1544

10 144 328 504 680 872 1032 | 1224 | 1384 | 1544 | 1736

11 176 376 584 776 | 1000 | 1192 | 1384 | 1608 | 1800 | 2024

12 208 440 680 904 | 1128 | 1352 | 1608 | 1800 | 2024 | 2280

13 224 488 744 | 1000 | 1256 | 1544 | 1800 | 2024 | 2280 | 2536

14 256 552 840 | 1128 | 1416 | 1736 | 1992 | 2280 | 2600 | 2856

15 280 600 904 | 1224 | 1544 | 1800 | 2152 | 2472 | 2728 | 3112
16 328 632 968 | 1288 | 1608 | 1928 | 2280 | 2600 | 2984 | 3240
17 336 696 | 1064 | 1416 | 1800 | 2152 | 2536 | 2856 | 3240 | 3624
18 376 776 | 1160 | 1544 | 1992 | 2344 | 2792 | 3112 | 3624 | 4008
19 408 840 | 1288 | 1736 | 2152 | 2600 | 2984 | 3496 | 3880 | 4264

20 440 904 | 1384 | 1864 | 2344 | 2792 | 3240 | 3752 | 4136 | 4584
21 488 | 1000 | 1480 | 1992 | 2472 | 2984 | 3496 | 4008 | 4584 | 4968
22 520 | 1064 | 1608 | 2152 | 2664 | 3240 | 3752 | 4264 | 4776 | 5352
23 552 1128 | 1736 | 2280 | 2856 | 3496 | 4008 | 4584 | 5160 | 5736
24 584 | 1192 | 1800 | 2408 | 2984 | 3624 | 4264 | 4968 | 5544 | 5992
25 616 | 1256 | 1864 | 2536 | 3112 | 3752 | 4392 | 5160 | 5736 | 6200
26 712 1480 | 2216 | 2984 | 3752 | 4392 | 5160 | 5992 | 6712 | 7480

%'_
N
(V)
w
SN
o
o
~
©
©

OO|INO|(OAWIN|F|O

ras 11 12 13 14 15 16 17 18 19 20
288 328 344 376 392 424 456 488 504 536
376 424 456 488 520 568 600 632 680 712
472 520 568 616 648 696 744 776 840 872
616 680 744 808 872 904 968 1032 | 1096 | 1160
776 | 840 | 904 | 1000 | 1064 | 1128 | 1192 | 1288 | 1352 | 1416
968 | 1032 | 1128 | 1224 | 1320 | 1384 | 1480 | 1544 | 1672 | 1736
1128 | 1224 | 1352 | 1480 | 1544 | 1672 | 1736 | 1864 | 1992 | 2088
1320 | 1480 | 1608 | 1672 | 1800 | 1928 | 2088 | 2216 | 2344 | 2472
1544 | 1672 | 1800 | 1928 | 2088 | 2216 | 2344 | 2536 | 2664 | 2792

XN [WIN|F|O
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9 1736 | 1864 | 2024 | 2216 | 2344 | 2536 | 2664 | 2856 | 2984 | 3112
10 1928 | 2088 | 2280 | 2472 | 2664 | 2792 | 2984 | 3112 | 3368 | 3496
11 2216 | 2408 | 2600 | 2792 | 2984 | 3240 | 3496 | 3624 | 3880 | 4008
12 2472 | 2728 | 2984 | 3240 | 3368 | 3624 | 3880 | 4136 | 4392 | 4584
13 2856 | 3112 | 3368 | 3624 | 3880 | 4136 | 4392 | 4584 | 4968 | 5160
14 3112 | 3496 | 3752 | 4008 | 4264 | 4584 | 4968 | 5160 | 5544 | 5736
15 3368 | 3624 | 4008 | 4264 | 4584 | 4968 | 5160 | 5544 | 5736 | 6200
16 3624 | 3880 | 4264 | 4584 | 4968 | 5160 | 5544 | 5992 | 6200 | 6456
17 4008 | 4392 | 4776 | 5160 | 5352 | 5736 | 6200 | 6456 | 6712 | 7224
18 4392 | 4776 | 5160 | 5544 | 5992 | 6200 | 6712 | 7224 | 7480 | 7992
19 4776 | 5160 | 5544 | 5992 | 6456 | 6968 | 7224 | 7736 | 8248 | 8504
20 5160 | 5544 | 5992 | 6456 | 6968 | 7480 | 7992 | 8248 | 8760 | 9144
21 5544 | 5992 | 6456 | 6968 | 7480 | 7992 | 8504 | 9144 | 9528 | 9912
22 5992 | 6456 | 6968 | 7480 | 7992 | 8504 | 9144 | 9528 | 10296 | 10680
23 6200 | 6968 | 7480 | 7992 | 8504 | 9144 | 9912 | 10296 | 11064 | 11448
24 6712 | 7224 | 7992 | 8504 | 9144 | 9912 | 10296 | 11064 | 11448 | 12216
25 6968 | 7480 | 8248 | 8760 | 9528 | 10296 | 10680 | 11448 | 12216 | 12576
26 8248 | 8760 | 9528 | 10296 | 11064 | 11832 | 12576 | 13536 | 14112 | 14688
N
I TBS e
21 22 23 24 25 26 27 28 29 30
0 568 600 616 648 680 712 744 776 776 808
1 744 776 808 872 904 936 968 | 1000 | 1032 | 1064
2 936 968 | 1000 | 1064 | 1096 | 1160 | 1192 | 1256 | 1288 | 1320
3 1224 | 1256 | 1320 | 1384 | 1416 | 1480 | 1544 | 1608 | 1672 | 1736
4 1480 | 1544 | 1608 | 1736 | 1800 | 1864 | 1928 | 1992 | 2088 | 2152
5 1864 | 1928 | 2024 | 2088 | 2216 | 2280 | 2344 | 2472 | 2536 | 2664
6 2216 | 2280 | 2408 | 2472 | 2600 | 2728 | 2792 | 2984 | 2984 | 3112
7 2536 | 2664 | 2792 | 2984 | 3112 | 3240 | 3368 | 3368 | 3496 | 3624
8 2084 | 3112 | 3240 | 3368 | 3496 | 3624 | 3752 | 3880 | 4008 | 4264
9 3368 | 3496 | 3624 | 3752 | 4008 | 4136 | 4264 | 4392 | 4584 | 4776
10 3752 | 3880 | 4008 | 4264 | 4392 | 4584 | 4776 | 4968 | 5160 | 5352
11 4264 | 4392 | 4584 | 4776 | 4968 | 5352 | 5544 | 5736 | 5992 | 5992
12 4776 | 4968 | 5352 | 5544 | 5736 | 5992 | 6200 | 6456 | 6712 | 6712
13 5352 | 5736 | 5992 | 6200 | 6456 | 6712 | 6968 | 7224 | 7480 | 7736
14 5992 | 6200 | 6456 | 6968 | 7224 | 7480 | 7736 | 7992 | 8248 | 8504
15 6456 | 6712 | 6968 | 7224 | 7736 | 7992 | 8248 | 8504 | 8760 | 9144
16 6712 | 7224 | 7480 | 7736 | 7992 | 8504 | 8760 | 9144 | 9528 | 9912
17 7480 | 7992 | 8248 | 8760 | 9144 | 9528 | 9912 | 10296 | 10296 | 10680
18 8248 | 8760 | 9144 | 9528 | 9912 | 10296 | 10680 | 11064 | 11448 | 11832
19 9144 | 9528 | 9912 | 10296 | 10680 | 11064 | 11448 | 12216 | 12576 | 12960
20 9912 | 10296 | 10680 | 11064 | 11448 | 12216 | 12576 | 12960 | 13536 | 14112
21 10680 | 11064 | 11448 | 12216 | 12576 | 12960 | 13536 | 14112 | 14688 | 15264
22 11448 | 11832 | 12576 | 12960 | 13536 | 14112 | 14688 | 15264 | 15840 | 16416
23 12216 | 12576 | 12960 | 13536 | 14112 | 14688 | 15264 | 15840 | 16416 | 16992
24 | 12960 | 13536 | 14112 | 14688 | 15264 | 15840 | 16416 | 16992 | 17568 | 18336
25 13536 | 14112 | 14688 | 15264 | 15840 | 16416 | 16992 | 17568 | 18336 | 19080
26 15264 | 16416 | 16992 | 17568 | 18336 | 19080 | 19848 | 20616 | 21384 | 22152
| 7es News
31 32 33 34 35 36 37 38 39 40
0 840 872 904 936 968 | 1000 | 1032 | 1032 | 1064 | 1096
1 1128 | 1160 | 1192 | 1224 | 1256 | 1288 | 1352 | 1384 | 1416 | 1416
2 1384 | 1416 | 1480 | 1544 | 1544 | 1608 | 1672 | 1672 | 1736 | 1800
3 1800 | 1864 | 1928 | 1992 | 2024 | 2088 | 2152 | 2216 | 2280 | 2344
4 2216 | 2280 | 2344 | 2408 | 2472 | 2600 | 2664 | 2728 | 2792 | 2856
5 2728 | 2792 | 2856 | 2984 | 3112 | 3112 | 3240 | 3368 | 3496 | 3496
6 3240 | 3368 | 3496 | 3496 | 3624 | 3752 | 3880 | 4008 | 4136 | 4136
7 3752 | 3880 | 4008 | 4136 | 4264 | 4392 | 4584 | 4584 | 4776 | 4968
8 4392 | 4584 | 4584 | 4776 | 4968 | 4968 | 5160 | 5352 | 5544 | 5544
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9 4968 | 5160 | 5160 | 5352 | 5544 | 5736 | 5736 | 5992 | 6200 | 6200
10 5544 | 5736 | 5736 | 5992 | 6200 | 6200 | 6456 | 6712 | 6712 | 6968
11 6200 | 6456 | 6712 | 6968 | 6968 | 7224 | 7480 | 7736 | 7736 | 7992
12 6968 | 7224 | 7480 | 7736 | 7992 | 8248 | 8504 | 8760 | 8760 | 9144
13 7992 | 8248 | 8504 | 8760 | 9144 | 9144 | 9528 | 9912 | 9912 | 10296
14 8760 | 9144 | 9528 | 9912 | 9912 | 10296 | 10680 | 11064 | 11064 | 11448
15 9528 | 9912 | 10296 | 10296 | 10680 | 11064 | 11448 | 11832 | 11832 | 12216
16 9912 | 10296 | 10680 | 11064 | 11448 | 11832 | 12216 | 12216 | 12576 | 12960
17 11064 | 11448 | 11832 | 12216 | 12576 | 12960 | 13536 | 13536 | 14112 | 14688
18 12216 | 12576 | 12960 | 13536 | 14112 | 14112 | 14688 | 15264 | 15264 | 15840
19 13536 | 13536 | 14112 | 14688 | 15264 | 15264 | 15840 | 16416 | 16992 | 16992
20 14688 | 14688 | 15264 | 15840 | 16416 | 16992 | 16992 | 17568 | 18336 | 18336
21 15840 | 15840 | 16416 | 16992 | 17568 | 18336 | 18336 | 19080 | 19848 | 19848
22 16992 | 16992 | 17568 | 18336 | 19080 | 19080 | 19848 | 20616 | 21384 | 21384
23 17568 | 18336 | 19080 | 19848 | 19848 | 20616 | 21384 | 22152 | 22152 | 22920
24 | 19080 | 19848 | 19848 | 20616 | 21384 | 22152 | 22920 | 22920 | 23688 | 24496
25 19848 | 20616 | 20616 | 21384 | 22152 | 22920 | 23688 | 24496 | 24496 | 25456
26 | 22920 | 23688 | 24496 | 25456 | 25456 | 26416 | 27376 | 28336 | 29296 | 29296
N
I TBS e
41 42 43 44 45 46 47 48 49 50
0 1128 | 1160 | 1192 | 1224 | 1256 | 1256 | 1288 | 1320 | 1352 | 1384
1 1480 | 1544 | 1544 | 1608 | 1608 | 1672 | 1736 | 1736 | 1800 | 1800
2 1800 | 1864 | 1928 | 1992 | 2024 | 2088 | 2088 | 2152 | 2216 | 2216
3 2408 | 2472 | 2536 | 2536 | 2600 | 2664 | 2728 | 2792 | 2856 | 2856
4 2084 | 2984 | 3112 | 3112 | 3240 | 3240 | 3368 | 3496 | 3496 | 3624
5 3624 | 3752 | 3752 | 3880 | 4008 | 4008 | 4136 | 4264 | 4392 | 4392
6 4264 | 4392 | 4584 | 4584 | 4776 | 4776 | 4968 | 4968 | 5160 | 5160
7 4968 | 5160 | 5352 | 5352 | 5544 | 5736 | 5736 | 5992 | 5992 | 6200
8 5736 | 5992 | 5992 | 6200 | 6200 | 6456 | 6456 | 6712 | 6968 | 6968
9 6456 | 6712 | 6712 | 6968 | 6968 | 7224 | 7480 | 7480 | 7736 | 7992
10 7224 | 7480 | 7480 | 7736 | 7992 | 7992 | 8248 | 8504 | 8504 | 8760
11 8248 | 8504 | 8760 | 8760 | 9144 | 9144 | 9528 | 9528 | 9912 | 9912
12 9528 | 9528 | 9912 | 9912 | 10296 | 10680 | 10680 | 11064 | 11064 | 11448
13 10680 | 10680 | 11064 | 11448 | 11448 | 11832 | 12216 | 12216 | 12576 | 12960
14 | 11832 | 12216 | 12216 | 12576 | 12960 | 12960 | 13536 | 13536 | 14112 | 14112
15 12576 | 12960 | 12960 | 13536 | 13536 | 14112 | 14688 | 14688 | 15264 | 15264
16 13536 | 13536 | 14112 | 14112 | 14688 | 14688 | 15264 | 15840 | 15840 | 16416
17 14688 | 15264 | 15264 | 15840 | 16416 | 16416 | 16992 | 17568 | 17568 | 18336
18 16416 | 16416 | 16992 | 17568 | 17568 | 18336 | 18336 | 19080 | 19080 | 19848
19 17568 | 18336 | 18336 | 19080 | 19080 | 19848 | 20616 | 20616 | 21384 | 21384
20 19080 | 19848 | 19848 | 20616 | 20616 | 21384 | 22152 | 22152 | 22920 | 22920
21 | 20616 | 21384 | 21384 | 22152 | 22920 | 22920 | 23688 | 24496 | 24496 | 25456
22 | 22152 | 22920 | 22920 | 23688 | 24496 | 24496 | 25456 | 25456 | 26416 | 27376
23 | 23688 | 24496 | 24496 | 25456 | 25456 | 26416 | 27376 | 27376 | 28336 | 28336
24 | 25456 | 25456 | 26416 | 26416 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576
25 | 26416 | 26416 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576 | 31704 | 31704
26 | 30576 | 30576 | 31704 | 32856 | 32856 | 34008 | 35160 | 35160 | 36696 | 36696
N
| 7es FRe
51 52 53 54 55 56 57 58 59 60
0 1416 | 1416 | 1480 | 1480 | 1544 | 1544 | 1608 | 1608 | 1608 | 1672
1 1864 | 1864 | 1928 | 1992 | 1992 | 2024 | 2088 | 2088 | 2152 | 2152
2 2280 | 2344 | 2344 | 2408 | 2472 | 2536 | 2536 | 2600 | 2664 | 2664
3 2084 | 2984 | 3112 | 3112 | 3240 | 3240 | 3368 | 3368 | 3496 | 3496
4 3624 | 3752 | 3752 | 3880 | 4008 | 4008 | 4136 | 4136 | 4264 | 4264
5 4584 | 4584 | 4776 | 4776 | 4776 | 4968 | 4968 | 5160 | 5160 | 5352
6 5352 | 5352 | 5544 | 5736 | 5736 | 5992 | 5992 | 5992 | 6200 | 6200
7 6200 | 6456 | 6456 | 6712 | 6712 | 6712 | 6968 | 6968 | 7224 | 7224
8 7224 | 7224 | 7480 | 7480 | 7736 | 7736 | 7992 | 7992 | 8248 | 8504
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9 7992 | 8248 | 8248 | 8504 | 8760 | 8760 | 9144 | 9144 | 9144 | 9528
10 9144 | 9144 | 9144 | 9528 | 9528 | 9912 | 9912 | 10296 | 10296 | 10680
11 10296 | 10680 | 10680 | 11064 | 11064 | 11448 | 11448 | 11832 | 11832 | 12216
12 11832 | 11832 | 12216 | 12216 | 12576 | 12576 | 12960 | 12960 | 13536 | 13536
13 12960 | 13536 | 13536 | 14112 | 14112 | 14688 | 14688 | 14688 | 15264 | 15264
14 | 14688 | 14688 | 15264 | 15264 | 15840 | 15840 | 16416 | 16416 | 16992 | 16992
15 15840 | 15840 | 16416 | 16416 | 16992 | 16992 | 17568 | 17568 | 18336 | 18336
16 16416 | 16992 | 16992 | 17568 | 17568 | 18336 | 18336 | 19080 | 19080 | 19848
17 18336 | 19080 | 19080 | 19848 | 19848 | 20616 | 20616 | 20616 | 21384 | 21384
18 19848 | 20616 | 21384 | 21384 | 22152 | 22152 | 22920 | 22920 | 23688 | 23688
19 | 22152 | 22152 | 22920 | 22920 | 23688 | 24496 | 24496 | 25456 | 25456 | 25456
20 | 23688 | 24496 | 24496 | 25456 | 25456 | 26416 | 26416 | 27376 | 27376 | 28336
21 | 25456 | 26416 | 26416 | 27376 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576
22 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576 | 30576 | 31704 | 31704 | 32856
23 | 29296 | 29296 | 30576 | 30576 | 31704 | 31704 | 32856 | 32856 | 34008 | 34008
24 | 31704 | 31704 | 32856 | 32856 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696
25 | 32856 | 32856 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696 | 37888 | 37888
26 | 37888 | 37888 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816
N
I TBS e
61 62 63 64 65 66 67 68 69 70
0 1672 | 1736 | 1736 | 1800 | 1800 | 1800 | 1864 | 1864 | 1928 | 1928
1 2216 | 2280 | 2280 | 2344 | 2344 | 2408 | 2472 | 2472 | 2536 | 2536
2 2728 | 2792 | 2856 | 2856 | 2856 | 2984 | 2984 | 3112 | 3112 | 3112
3 3624 | 3624 | 3624 | 3752 | 3752 | 3880 | 3880 | 4008 | 4008 | 4136
4 4392 | 4392 | 4584 | 4584 | 4584 | 4776 | 4776 | 4968 | 4968 | 4968
5 5352 | 5544 | 5544 | 5736 | 5736 | 5736 | 5992 | 5992 | 5992 | 6200
6 6456 | 6456 | 6456 | 6712 | 6712 | 6968 | 6968 | 6968 | 7224 | 7224
7 7480 | 7480 | 7736 | 7736 | 7992 | 7992 | 8248 | 8248 | 8504 | 8504
8 8504 | 8760 | 8760 | 9144 | 9144 | 9144 | 9528 | 9528 | 9528 | 9912
9 9528 | 9912 | 9912 | 10296 | 10296 | 10296 | 10680 | 10680 | 11064 | 11064
10 10680 | 11064 | 11064 | 11448 | 11448 | 11448 | 11832 | 11832 | 12216 | 12216
11 12216 | 12576 | 12576 | 12960 | 12960 | 13536 | 13536 | 13536 | 14112 | 14112
12 14112 | 14112 | 14112 | 14688 | 14688 | 15264 | 15264 | 15264 | 15840 | 15840
13 15840 | 15840 | 16416 | 16416 | 16992 | 16992 | 16992 | 17568 | 17568 | 18336
14 | 17568 | 17568 | 18336 | 18336 | 18336 | 19080 | 19080 | 19848 | 19848 | 19848
15 18336 | 19080 | 19080 | 19848 | 19848 | 20616 | 20616 | 20616 | 21384 | 21384
16 19848 | 19848 | 20616 | 20616 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920
17 | 22152 | 22152 | 22920 | 22920 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456
18 | 24496 | 24496 | 24496 | 25456 | 25456 | 26416 | 26416 | 27376 | 27376 | 27376
19 | 26416 | 26416 | 27376 | 27376 | 28336 | 28336 | 29296 | 29296 | 29296 | 30576
20 | 28336 | 29296 | 29296 | 29296 | 30576 | 30576 | 31704 | 31704 | 31704 | 32856
21 | 30576 | 31704 | 31704 | 31704 | 32856 | 32856 | 34008 | 34008 | 35160 | 35160
22 | 32856 | 34008 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696 | 36696 | 37888
23 | 35160 | 35160 | 36696 | 36696 | 37888 | 37888 | 37888 | 39232 | 39232 | 40576
24 | 36696 | 37888 | 37888 | 39232 | 39232 | 40576 | 40576 | 42368 | 42368 | 42368
25 | 39232 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 43816
26 | 45352 | 45352 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 52752
N
| 7es FRe
71 72 73 74 75 76 77 78 79 80
0 1992 | 1992 | 2024 | 2088 | 2088 | 2088 | 2152 | 2152 | 2216 | 2216
1 2600 | 2600 | 2664 | 2728 | 2728 | 2792 | 2792 | 2856 | 2856 | 2856
2 3240 | 3240 | 3240 | 3368 | 3368 | 3368 | 3496 | 3496 | 3496 | 3624
3 4136 | 4264 | 4264 | 4392 | 4392 | 4392 | 4584 | 4584 | 4584 | 4776
4 5160 | 5160 | 5160 | 5352 | 5352 | 5544 | 5544 | 5544 | 5736 | 5736
5 6200 | 6200 | 6456 | 6456 | 6712 | 6712 | 6712 | 6968 | 6968 | 6968
6 7480 | 7480 | 7736 | 7736 | 7736 | 7992 | 7992 | 8248 | 8248 | 8248
7 8760 | 8760 | 8760 | 9144 | 9144 | 9144 | 9528 | 9528 | 9528 | 9912
8 9912 | 9912 | 10296 | 10296 | 10680 | 10680 | 10680 | 11064 | 11064 | 11064
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9 11064 | 11448 | 11448 | 11832 | 11832 | 11832 | 12216 | 12216 | 12576 | 12576
10 12576 | 12576 | 12960 | 12960 | 12960 | 13536 | 13536 | 13536 | 14112 | 14112
11 14112 | 14688 | 14688 | 14688 | 15264 | 15264 | 15840 | 15840 | 15840 | 16416
12 16416 | 16416 | 16416 | 16992 | 16992 | 17568 | 17568 | 17568 | 18336 | 18336
13 18336 | 18336 | 19080 | 19080 | 19080 | 19848 | 19848 | 19848 | 20616 | 20616
14 | 20616 | 20616 | 20616 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920 | 22920
15 | 22152 | 22152 | 22152 | 22920 | 22920 | 23688 | 23688 | 23688 | 24496 | 24496
16 | 22920 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456 | 25456 | 25456 | 26416
17 | 25456 | 26416 | 26416 | 26416 | 27376 | 27376 | 27376 | 28336 | 28336 | 29296
18 | 28336 | 28336 | 29296 | 29296 | 29296 | 30576 | 30576 | 30576 | 31704 | 31704
19 | 30576 | 30576 | 31704 | 31704 | 32856 | 32856 | 32856 | 34008 | 34008 | 34008
20 | 32856 | 34008 | 34008 | 34008 | 35160 | 35160 | 35160 | 36696 | 36696 | 36696
21 | 35160 | 36696 | 36696 | 36696 | 37888 | 37888 | 39232 | 39232 | 39232 | 40576
22 | 37888 | 39232 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368 | 42368 | 43816
23 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 43816 | 45352 | 45352 | 45352
24 | 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936
25 | 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024
26 | 52752 | 52752 | 55056 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 59256
N
I TBS e
81 82 83 84 85 86 87 88 89 90
0 2280 | 2280 | 2280 | 2344 | 2344 | 2408 | 2408 | 2472 | 2472 | 2536
1 2084 | 2984 | 2984 | 3112 | 3112 | 3112 | 3240 | 3240 | 3240 | 3240
2 3624 | 3624 | 3752 | 3752 | 3880 | 3880 | 3880 | 4008 | 4008 | 4008
3 4776 | 4776 | 4776 | 4968 | 4968 | 4968 | 5160 | 5160 | 5160 | 5352
4 5736 | 5992 | 5992 | 5992 | 5992 | 6200 | 6200 | 6200 | 6456 | 6456
5 7224 | 7224 | 7224 | 7480 | 7480 | 7480 | 7736 | 7736 | 7736 | 7992
6 8504 | 8504 | 8760 | 8760 | 8760 | 9144 | 9144 | 9144 | 9144 | 9528
7 9912 | 9912 | 10296 | 10296 | 10296 | 10680 | 10680 | 10680 | 11064 | 11064
8 11448 | 11448 | 11448 | 11832 | 11832 | 12216 | 12216 | 12216 | 12576 | 12576
9 12960 | 12960 | 12960 | 13536 | 13536 | 13536 | 13536 | 14112 | 14112 | 14112
10 14112 | 14688 | 14688 | 14688 | 14688 | 15264 | 15264 | 15264 | 15840 | 15840
11 16416 | 16416 | 16992 | 16992 | 16992 | 17568 | 17568 | 17568 | 18336 | 18336
12 18336 | 19080 | 19080 | 19080 | 19080 | 19848 | 19848 | 19848 | 20616 | 20616
13 | 20616 | 21384 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920 | 22920 | 22920
14 | 22920 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456 | 25456 | 25456 | 25456
15 | 24496 | 25456 | 25456 | 25456 | 26416 | 26416 | 26416 | 27376 | 27376 | 27376
16 | 26416 | 26416 | 27376 | 27376 | 27376 | 28336 | 28336 | 28336 | 29296 | 29296
17 | 29296 | 29296 | 30576 | 30576 | 30576 | 30576 | 31704 | 31704 | 31704 | 32856
18 | 31704 | 32856 | 32856 | 32856 | 34008 | 34008 | 34008 | 35160 | 35160 | 35160
19 | 35160 | 35160 | 35160 | 36696 | 36696 | 36696 | 37888 | 37888 | 37888 | 39232
20 | 37888 | 37888 | 39232 | 39232 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368
21 | 40576 | 40576 | 42368 | 42368 | 42368 | 43816 | 43816 | 43816 | 45352 | 45352
22 | 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936
23 | 46888 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 51024 | 51024
24 | 48936 | 51024 | 51024 | 51024 | 52752 | 52752 | 52752 | 52752 | 55056 | 55056
25 | 51024 | 52752 | 52752 | 52752 | 55056 | 55056 | 55056 | 55056 | 57336 | 57336
26 | 59256 | 59256 | 61664 | 61664 | 61664 | 63776 | 63776 | 63776 | 66592 | 66592
N
| 7es FRe
91 92 93 94 95 96 97 98 99 100
0 2536 | 2536 | 2600 | 2600 | 2664 | 2664 | 2728 | 2728 | 2728 | 2792
1 3368 | 3368 | 3368 | 3496 | 3496 | 3496 | 3496 | 3624 | 3624 | 3624
2 4136 | 4136 | 4136 | 4264 | 4264 | 4264 | 4392 | 4392 | 4392 | 4584
3 5352 | 5352 | 5352 | 5544 | 5544 | 5544 | 5736 | 5736 | 5736 | 5736
4 6456 | 6456 | 6712 | 6712 | 6712 | 6968 | 6968 | 6968 | 6968 | 7224
5 7992 | 7992 | 8248 | 8248 | 8248 | 8504 | 8504 | 8760 | 8760 | 8760
6 9528 | 9528 | 9528 | 9912 | 9912 | 9912 | 10296 | 10296 | 10296 | 10296
7 11064 | 11448 | 11448 | 11448 | 11448 | 11832 | 11832 | 11832 | 12216 | 12216
8 12576 | 12960 | 12960 | 12960 | 13536 | 13536 | 13536 | 13536 | 14112 | 14112
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9 14112 | 14688 | 14688 | 14688 | 15264 | 15264 | 15264 | 15264 | 15840 | 15840
10 15840 | 16416 | 16416 | 16416 | 16992 | 16992 | 16992 | 16992 | 17568 | 17568
11 18336 | 18336 | 19080 | 19080 | 19080 | 19080 | 19848 | 19848 | 19848 | 19848
12 | 20616 | 21384 | 21384 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920 | 22920
13 | 23688 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456 | 25456 | 25456 | 25456
14 | 26416 | 26416 | 26416 | 27376 | 27376 | 27376 | 28336 | 28336 | 28336 | 28336
15 | 28336 | 28336 | 28336 | 29296 | 29296 | 29296 | 29296 | 30576 | 30576 | 30576
16 | 29296 | 30576 | 30576 | 30576 | 30576 | 31704 | 31704 | 31704 | 31704 | 32856
17 | 32856 | 32856 | 34008 | 34008 | 34008 | 35160 | 35160 | 35160 | 35160 | 36696
18 | 36696 | 36696 | 36696 | 37888 | 37888 | 37888 | 37888 | 39232 | 39232 | 39232
19 | 39232 | 39232 | 40576 | 40576 | 40576 | 40576 | 42368 | 42368 | 42368 | 43816
20 | 42368 | 42368 | 43816 | 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46888
21 | 45352 | 46888 | 46888 | 46888 | 46888 | 48936 | 48936 | 48936 | 48936 | 51024
22 | 48936 | 48936 | 51024 | 51024 | 51024 | 51024 | 52752 | 52752 | 52752 | 55056
23 | 52752 | 52752 | 52752 | 55056 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336
24 | 55056 | 57336 | 57336 | 57336 | 57336 | 59256 | 59256 | 59256 | 61664 | 61664
25 | 57336 | 59256 | 59256 | 59256 | 61664 | 61664 | 61664 | 61664 | 63776 | 63776
26 | 66592 | 68808 | 68808 | 68808 | 71112 | 71112 | 71112 | 73712 | 73712 | 75376

101 102 103 104 105 106 107 108 109 110
2792 | 2856 | 2856 | 2856 | 2984 | 2984 | 2984 | 2984 | 2984 | 3112
1 3752 | 3752 | 3752 | 3752 | 3880 | 3880 | 3880 | 4008 | 4008 | 4008
2 4584 | 4584 | 4584 | 4584 | 4776 | 4776 | 4776 | 4776 | 4968 | 4968
3 5992 | 5992 | 5992 | 5992 | 6200 | 6200 | 6200 | 6200 | 6456 | 6456
4 7224 | 7224 | 7480 | 7480 | 7480 | 7480 | 7736 | 7736 | 7736 | 7992
5 8760 | 9144 | 9144 | 9144 | 9144 | 9528 | 9528 | 9528 | 9528 | 9528
6
7
8
9

10680 | 10680 | 10680 | 10680 | 11064 | 11064 | 11064 | 11448 | 11448 | 11448
12216 | 12576 | 12576 | 12576 | 12960 | 12960 | 12960 | 12960 | 13536 | 13536
14112 | 14112 | 14688 | 14688 | 14688 | 14688 | 15264 | 15264 | 15264 | 15264
15840 | 16416 | 16416 | 16416 | 16416 | 16992 | 16992 | 16992 | 16992 | 17568
10 | 17568 | 18336 | 18336 | 18336 | 18336 | 18336 | 19080 | 19080 | 19080 | 19080
11 | 20616 | 20616 | 20616 | 21384 | 21384 | 21384 | 21384 | 22152 | 22152 | 22152
12 | 22920 | 23688 | 23688 | 23688 | 23688 | 24496 | 24496 | 24496 | 24496 | 25456
13 | 26416 | 26416 | 26416 | 26416 | 27376 | 27376 | 27376 | 27376 | 28336 | 28336
14 | 29296 | 29296 | 29296 | 29296 | 30576 | 30576 | 30576 | 30576 | 31704 | 31704
15 | 30576 | 31704 | 31704 | 31704 | 31704 | 32856 | 32856 | 32856 | 34008 | 34008
16 | 32856 | 32856 | 34008 | 34008 | 34008 | 34008 | 35160 | 35160 | 35160 | 35160
17 | 36696 | 36696 | 36696 | 37888 | 37888 | 37888 | 39232 | 39232 | 39232 | 39232
18 | 40576 | 40576 | 40576 | 40576 | 42368 | 42368 | 42368 | 42368 | 43816 | 43816
19 | 43816 | 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46888 | 46888 | 46888
20 | 46888 | 46888 | 48936 | 48936 | 48936 | 48936 | 48936 | 51024 | 51024 | 51024
21 | 51024 | 51024 | 51024 | 52752 | 52752 | 52752 | 52752 | 55056 | 55056 | 55056
22 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 57336 | 59256 | 59256 | 59256
23 | 57336 | 59256 | 59256 | 59256 | 59256 | 61664 | 61664 | 61664 | 61664 | 63776
24 | 61664 | 61664 | 63776 | 63776 | 63776 | 63776 | 66592 | 66592 | 66592 | 66592
25 | 63776 | 63776 | 66592 | 66592 | 66592 | 66592 | 68808 | 68808 | 68808 | 71112
26 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376

7.1.7.2.2 Transport blocks mapped to two-layer spatial multiplexing

Forl< Npgs <55, the TBSisgiven by the (1154, 2- Npgg ) entry of Table 7.1.7.2.1-1.

For56 < Npgg <110, abaseline TBS_L1 istaken fromthe (|55, Npgg ) entry of Table 7.1.7.2.1-1, which is then
trandated into TBS_L 2 using the mapping rule shown in Table 7.1.7.2.2-1. The TBSisgiven by TBS_L2.
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Table 7.1.7.2.2-1: One-layer to two-layer TBS translation table

TBS L1 | TBS L2 | TBS L1 | TBS L2 [ TBS L1 | TBS L2 | TBS L1 | TBS L2
1544 3112 3752 7480 10296 20616 28336 57336
1608 3240 3880 7736 10680 21384 29296 59256
1672 3368 4008 7992 11064 22152 30576 61664
1736 3496 4136 8248 11448 22920 31704 63776
1800 3624 4264 8504 11832 23688 32856 66592
1864 3752 4392 8760 12216 24496 34008 68808
1928 3880 4584 9144 12576 25456 35160 71112
1992 4008 4776 9528 12960 25456 36696 73712
2024 4008 4968 9912 13536 27376 37888 76208
2088 4136 5160 10296 14112 28336 39232 78704
2152 4264 5352 10680 14688 29296 40576 81176
2216 4392 5544 11064 15264 30576 42368 84760
2280 4584 5736 11448 15840 31704 43816 87936
2344 4776 5992 11832 16416 32856 45352 90816
2408 4776 6200 12576 16992 34008 46888 93800
2472 4968 6456 12960 17568 35160 48936 97896
2536 5160 6712 13536 18336 36696 51024 101840
2600 5160 6968 14112 19080 37888 52752 105528
2664 5352 7224 14688 19848 39232 55056 110136
2728 5544 7480 14688 20616 40576 57336 115040
2792 5544 7736 15264 21384 42368 59256 119816
2856 5736 7992 15840 22152 43816 61664 124464
2984 5992 8248 16416 22920 45352 63776 128496
3112 6200 8504 16992 23688 46888 66592 133208
3240 6456 8760 17568 24496 48936 68808 137792
3368 6712 9144 18336 25456 51024 71112 142248
3496 6968 9528 19080 26416 52752 73712 146856
3624 7224 9912 19848 27376 55056 75376 149776

7.1.7.2.3 Transport blocks mapped for DCI Format 1C

The TBSisgiven by the | ;¢ entry of Table 7.1.7.2.3-1.

Table 7.1.7.2.3-1: Transport Block Size Table for DCI format 1C

| 1es o| 1|2 |3 |4 |5 |6 |7 |8 |9 |10]|11]|12]13]14]|15

TBS 40 56 72 | 120 | 136 | 144 | 176 | 208 | 224 | 256 | 280 | 296 | 328 | 336 | 392 | 488

[ 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

TBS 552 | 600 | 632 | 696 | 776 | 840 | 904 | 1000|1064 | 1128|1224 1288|1384 | 1480 | 1608 | 1736

7.1.7.2.4 Transport blocks mapped to three-layer spatial multiplexing

For 1< Nppg <36, the TBSisgiven by the (1 55,3- Npgg ) entry of Table 7.1.7.2.1-1.

For 37 < Npgg <110, abaseline TBS_L 1 istaken fromthe (I 55, Npgg ) entry of Table 7.1.7.2.1-1, which isthen
trandated into TBS_L 3 using the mapping rule shown in Table 7.1.7.2.4-1. The TBSisgiven by TBS L3.
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Table 7.1.7.2.4-1: One-layer to three-layer TBS translation table

TBS L1 | TBS L3 | TBS_ L1 | TBS L3 | TBS L1 | TBS L3 | TBS_L1 | TBS_L3
1032 3112 2664 7992 8248 24496 26416 78704
1064 3240 2728 8248 8504 25456 27376 81176
1096 3240 2792 8248 8760 26416 28336 84760
1128 3368 2856 8504 9144 27376 29296 87936
1160 3496 2984 8760 9528 28336 30576 90816
1192 3624 3112 9144 9912 29296 31704 93800
1224 3624 3240 9528 10296 30576 32856 97896
1256 3752 3368 9912 10680 31704 34008 | 101840
1288 3880 3496 10296 11064 32856 35160 | 105528
1320 4008 3624 10680 11448 34008 36696 | 110136
1352 4008 3752 11064 11832 35160 37888 | 115040
1384 4136 3880 11448 12216 36696 39232 119816
1416 4264 4008 11832 12576 37888 40576 | 119816
1480 4392 4136 12576 12960 39232 42368 | 128496
1544 4584 4264 12960 13536 40576 43816 | 133208
1608 4776 4392 12960 14112 42368 45352 137792
1672 4968 4584 13536 14688 43816 46888 | 142248
1736 5160 4776 14112 15264 45352 48936 | 146856
1800 5352 4968 14688 15840 46888 51024 | 152976
1864 5544 5160 15264 16416 48936 52752 157432
1928 5736 5352 15840 16992 51024 55056 | 165216
1992 5992 5544 16416 17568 52752 57336 | 171888
2024 5992 5736 16992 18336 55056 59256 | 177816
2088 6200 5992 18336 19080 57336 61664 | 185728
2152 6456 6200 18336 19848 59256 63776 | 191720
2216 6712 6456 19080 20616 61664 66592 199824
2280 6712 6712 19848 21384 63776 68808 | 205880
2344 6968 6968 20616 22152 66592 71112 | 214176
2408 7224 7224 21384 22920 68808 73712 | 221680
2472 7480 7480 22152 23688 71112 75376 | 226416
2536 7480 7736 22920 24496 73712
2600 7736 7992 23688 25456 76208

7.1.7.25 Transport blocks mapped to four-layer spatial multiplexing

For 1< Nppg <27, the TBSisgiven by the (1,g5,4- Npgg) entry of Table 7.1.7.2.1-1.

For 28< Nprg <110, abaseline TBS_L 1 istaken fromthe (I 55, Npgg ) entry of Table 7.1.7.2.1-1, which isthen
trandated into TBS_L4 using the mapping rule shown in Table 7.1.7.2.5-1. The TBSisgiven by TBS L4.
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Table 7.1.7.2.5-1: One-layer to four-layer TBS translation table

TBS_L1 | TBS L4 || TBS L1 | TBS_L4 | TBS_L1 | TBS_L4 | TBS_L1 | TBS L4
776 3112 2280 9144 7224 29296 24496 97896
808 3240 2344 9528 7480 29296 25456 | 101840
840 3368 2408 9528 7736 30576 26416 | 105528
872 3496 2472 9912 7992 31704 27376 | 110136
904 3624 2536 10296 8248 32856 28336 | 115040
936 3752 2600 10296 8504 34008 29296 | 115040
968 3880 2664 10680 8760 35160 30576 | 124464
1000 4008 2728 11064 9144 36696 31704 | 128496
1032 4136 2792 11064 9528 37888 32856 | 133208
1064 4264 2856 11448 9912 39232 34008 | 137792
1096 4392 2984 11832 10296 40576 35160 | 142248
1128 4584 3112 12576 10680 42368 36696 | 146856
1160 4584 3240 12960 11064 43816 37888 | 151376
1192 4776 3368 13536 11448 45352 39232 | 157432
1224 4968 3496 14112 11832 46888 40576 | 161760
1256 4968 3624 14688 12216 48936 42368 | 169544
1288 5160 3752 15264 12576 51024 || 43816 | 175600
1320 5352 3880 15264 12960 51024 || 45352 | 181656
1352 5352 4008 15840 13536 55056 46888 | 187712
1384 5544 4136 16416 14112 57336 48936 | 195816
1416 5736 4264 16992 14688 59256 51024 | 203704
1480 5992 4392 17568 15264 61664 52752 | 211936
1544 6200 4584 18336 15840 63776 55056 | 220296
1608 6456 4776 19080 16416 66592 57336 | 230104
1672 6712 4968 19848 16992 68808 59256 | 236160
1736 6968 5160 20616 17568 71112 61664 | 245648
1800 7224 5352 21384 18336 73712 63776 | 254328
1864 7480 5544 22152 19080 76208 66592 | 266440
1928 7736 5736 22920 19848 78704 68808 | 275376
1992 7992 5992 23688 20616 81176 71112 | 284608
2024 7992 6200 24496 21384 84760 73712 | 293736
2088 8248 6456 25456 22152 87936 75376 | 299856
2152 8504 6712 26416 22920 90816
2216 8760 6968 28336 23688 93800

7.1.7.3 Redundancy Version determination for Format 1C

If the DCI Format 1C CRC is scrambled by P-RNTI or RA-RNTI, then
— the UE shall set the Redundancy Versionto 0

Elseif the DCI Format 1C CRC is scrambled by SI-RNTI, then
— the UE shall set the Redundancy Version as defined in [8].

7.1.8 Storing soft channel bits

Both for FDD and TDD, if the UE is configured with more than one serving cell, then for each serving cell, for at least
Ko - M n(M ot tara+ Mt ) transport blocks, upon decoding failure of a code block of atransport block, the UE shall

store received soft channel bits corresponding to arange of at least W W, ..., Wioqiing 1N, - Where:
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. N
Ng =min N, - '
( L:' N(:Et)ehs “Kyimo - mm(M DL_HARQ ! M jimit )”

and M, aredefinedinsubclause5.1.4.1.2 of [4].

Wk1C1 NCb’ K

MIMO * ?
MbL_narg iS the maximum number of DL HARQ processes.

N2 is the number of configured serving cells.

If the UE signals ue-Category-v1020, N isthetotal number of soft channel bits[12] according to the UE category

indicated by ue-Category-v1020 [11]. Otherwise, N_, isthetotal number of soft channel bits [12] according to the UE
category indicated by ue-Category[11].

In determining k, the UE should give priority to storing soft channel bits corresponding to lower values of k. W, shall
correspond to areceived soft channel bit. Therange W, W, ;,..., W,

hmod(k+ng—1,N;) MaY include subsets not containing

received soft channel bits.

7.2 UE procedure for reporting Channel State Information (CSI)

The time and frequency resources that can be used by the UE to report CSI which consists of channel quality indicator
(CQl), precoding matrix indicator (PMI), precoding type indicator (PT1), and/or rank indication (RI) are controlled by
the eNB. For spatial multiplexing, as givenin [3], the UE shall determine a RI corresponding to the number of useful
transmission layers. For transmit diversity asgiven in [3], Rl is equal to one.

A UE in transmission mode 8 or 9 is configured with or without PMI/RI reporting by the higher layer parameter pmi-
RI-Report.

A UE is configured with resource-restricted CSI measurementsiif the subframe sets Ccg o and Ccg 1 are configured
by higher layers.

CSl reporting is periodic or aperiodic.
If the UE is configured with more than one serving cell, it transmits CSl for activated serving cell(s) only.

If aUE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on
PUCCH as defined hereafter in subframes with no PUSCH allocation.

If aUE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on
PUSCH of the serving cell with smallest ServCelllndex as defined hereafter in subframes with a PUSCH allocation,
where the UE shall use the same PUCCH-based periodic CSI reporting format on PUSCH.

A UE shall transmit aperiodic CSl reporting on PUSCH if the conditions specified hereafter are met. For aperiodic
CQI/PMI reporting, RI reporting is transmitted only if the configured CSI feedback type supports RI reporting.

The CSI transmissions on PUCCH and PUSCH for various scheduling modes are summarized in the following table:

Table 7.2-1: Physical Channels for Aperiodic or Periodic CSl reporting

Scheduling Mode Periodic CSI reporting channels Aperiodic CSI reporting channel
Frequency non-selective PUCCH
Frequency selective PUCCH PUSCH

In case both periodic and aperiodic CSI reporting would occur in the same subframe, the UE shall only transmit the
aperiodic CSI report in that subframe.
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When reporting Rl the UE reports a single instance of the number of useful transmission layers. For each RI reporting
interval when the UE is configured in transmission modes 4 or when the UE is configured in transmission mode 8 or 9
with PMI/RI reporting, a UE shall determine a Rl from the supported set of RI values as defined in subclause 5.2.2.6 of
[4] and report the number in each RI report. For each RI reporting interval when the UE is configured in transmission
mode 3, a UE shall determine RI as defined in subclause 5.2.2.6 of [4] in each reporting interval and report the detected
number in each RI report to support selection between transmit diversity and large delay CDD.

When reporting PMI the UE reports either asingle or a multiple PMI report.  The number of RBs represented by a
single UE PMI report canbe NRg or asmaller subset of RBs. The number of RBs represented by a single PMI report

is semi-statically configured by higher layer signalling. A UE isrestricted to report PMI, Rl and PTI within a precoder
codebook subset specified by a bitmap parameter codebookSubsetRestriction configured by higher layer signalling. For
a specific precoder codebook and associated transmission mode, the bitmap can specify all possible precoder codebook
subsets from which the UE can assume the eNB may be using when the UE is configured in the relevant transmission
mode. Codebook subset restriction is supported for transmission modes 3, 4, 5, 6 and for transmission modes 8 and 9
with PMI/RI reporting. The resulting number of bits for each transmission mode is given in Table 7.2-1b. The bitmap

formsthe bit sequence @, _y,...,83,3,,8;,8,where @, istheLSB and a, , isthe MSB and where a bit value of

zero indicates that the PMI and RI reporting is not allowed to correspond to precoder(s) associated with the bit. The
association of bitsto precoders for the relevant transmission modes are given as follows:

1. Transmission mode 3

a 2antennaports: bit a,_,,v = 2 is associated with the precoder in Table 6.3.4.2.3-1 of [3]

corresponding to v layers and codebook index O while bit @, is associated with the precoder for 2
antenna ports in subclause 6.3.4.3 of [3].

b. 4 antennaports: bit a, ;, U = 2,3,4isassociated with the precodersin Table 6.3.4.2.3-2 of [3]

corresponding to v layers and codebook indices 12, 13, 14, and 15 while bit @, is associated with
the precoder for 4 antenna ports in subclause 6.3.4.3 of [3].

2. Transmission mode 4
a2 antennaports: see Table 7.2-1c
b. 4 antennaports: bit aug,),; 1S associated with the precoder for v layers and with codebook index
I.inTable 6.3.4.2.3-2 of [3].

3. Transmission modes 5 and 6

a 2 antennaports: bit a is associated with the precoder for v =1 layer with codebook index iC in
Table6.3.4.2.3-1 of [3].

b. 4 antennaports. bit a is associated with the precoder for v =1 layer with codebook index iC in
Table 6.3.4.2.3-2 of [3].

4. Transmission mode 8
a 2 antennaports: see Table 7.2-1c
b. 4 antennaports: bit &g,y isassociated with the precoder for v layers and with codebook index
i.inTable6.3.4.2.3-2of [3], v=12.
5. Transmission mode 9
a2 antennaports: see Table 7.2-1c

b. 4 antennaports: bit ayg(, 1), iSassociated with the precoder for v layers and with codebook
index i.in Table6.3.4.2.3-2 of [3].
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c. 8antennaports: bit &, 4, isassociated with the precoder for v layers(ve{1,2,34,56,7.8) and
codebook index i, where f1(-) ={0,16,32,36,40,44,4852 } and bit 8g, g, 1., IS associated with
the precoder for v layers (ve{1234} ) and codebook index i, where gi(-)={016,32,48}.

Codebook indices i1 and i2 aregivenin Table 7.2.4-1, 7.2.4-2, 7.2.4-3, 7.2.4-4, 7.2.4-5, 7.2.4-6,
7.2.4-7,0r 7.2.4-8, for v=1,2,3,4,5,6,7, or 8 respectively.

Table 7.2-1b: Number of bits in codebook subset restriction bitmap for applicable transmission

modes.
Number of bits A,
2 antenna 4 antenna 8 antenna

ports ports ports
Transmission mode 3 2 4
Transmission mode 4 6 64
Transmission mode 5 4 16
Transmission mode 6 4 16
Transmission mode 8 6 32
Transmission mode 9 6 64 109

Table 7.2-1c: Association of bits in codebookSubSetRestriction bitmap to precoders in the 2 antenna

port codebook of Table 6.3.4.2.3-1in [3].

Codebook Number of layers v
index I
1 2
0 ap -
1 ar ay
2 az as
3 as -

The set of subbands (S) a UE shall evaluate for CQI reporting spans the entire downlink system bandwidth. A subband
isaset of k contiguous PRBs where k is a function of system bandwidth. Note the last subband in set Smay have

fewer than k contiguous PRBs depending on N . The number of subbands for system bandwidth given by NRg is

defined by N = ’_N SE'; /k-‘ . The subbands shall be indexed in the order of increasing frequency and non-increasing
sizes starting at the lowest frequency.

For transmission modes 1, 2, 3 and 5, as well as transmission modes 8 and 9 without PMI/RI reporting,
transmission mode 4 with RI=1, and transmission modes 8 and 9 with PMI/RI reporting and RI=1, asingle 4-
bit wideband CQI is reported according to Table 7.2.3-1.

For transmission modes 3 and 4, as well as transmission modes 8 and 9 with PMI/RI reporting, CQI is
calculated assuming transmission of one codeword for RI=1 and two codewords for RI > 1.

For RI > 1 with transmission mode 4, as well as transmission modes 8 and 9 with PMI/RI reporting, PUSCH
based triggered reporting includes reporting a wideband CQI which comprises:

0 A 4-bit wideband CQI for codeword 0 according to Table 7.2.3-1
0 A 4-hit wideband CQI for codeword 1 according to Table 7.2.3-1

For RI > 1 with transmission mode 4, as well as transmission modes 8 and 9 with PMI/RI reporting, PUCCH
based reporting includes reporting a 4-bit wideband CQI for codeword 0 according to Table 7.2.3-1 and a
wideband spatial differential CQI. The wideband spatial differential CQI value comprises:

0 A 3-bit wideband spatial differential CQI value for codeword 1 offset level

= Codeword 1 offset level = wideband CQI index for codeword 0 — wideband CQI index for
codeword 1.
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0 The mapping from the 3-bit wideband spatia differential CQI valueto the offset level is shownin
Table7.2-2.

Table 7.2-2 Mapping spatial differential CQI value to offset level

Spatial differential CQI Offset level
value
0 0
1 1
2 2
3 >3
4 <-4
5 -3
6 -2
7 -1

7.2.1 Aperiodic CSI Reporting using PUSCH

A UE shall perform aperiodic CSI reporting using the PUSCH in subframe n+k on serving cell ¢, upon decoding in
subframe n either:

= anuplink DCI format, or
= aRandom Access Response Grant,

for serving cell c¢ if the respective CSl request field is set to trigger areport and is not reserved. If the CSI request field
is1 bit [4], areport istriggered for serving cell ¢ if the CSl request field isset to "1". If the CSl request field sizeis 2
bits[4], areport istriggered according to the value in Table 7.2.1-1A corresponding to aperiodic CSI reporting.

A UE is not expected to receive more than one aperiodic CSI report request for a given subframe.

Table 7.2.1-1A: CSI Request field for PDCCH with uplink DCI format in UE specific search space

Value of CSl request field Description
"00" No aperiodic CSI report is triggered
"01" Aperiodic CSl report is triggered for serving cell ¢
"10" Aperiodic CSl report is triggered for a 1% set of

serving cells configured by higher layers

wqqn Aperiodic CSl report is triggered for a 2™ set of
11 . ) )

serving cells configured by higher layers

Note: PDCCH with DCI formats used to grant PUSCH transmissions as given by DCI format 0 and DCI format 4 are
herein referred to as uplink DCI format when common behaviour is addressed.

When the CSI request field from an uplink DCI format is set to trigger areport, for FDD k=4, and for TDD UL/DL
configuration 1-6, kis given in Table 8-2. For TDD UL/DL configuration O, if the MSB of the UL index is set to 1 and
LSB of the UL index isset to 0, kisgivenin Table 8-2; or if MSB of the UL index is set to 0 and LSB of the UL index
issetto 1, kisequa to 7; or if both MSB and LSB of the UL index issetto 1, kisgivenin Table 8-2.

When the CSl request field from a Random Access Response Grant is set to trigger areport and is not reserved, kis
equal to kl if the UL delay field in subclause 6.2 is set to zero, where kl isgivenin subclause 6.1.1. The UE shall
postpone aperiodic CSl reporting to the next available UL subframeif the UL delay field isset to 1.

The minimum reporting interval for aperiodic reporting of CQI and PMI and RI is 1 subframe. The subband size for
CQI shall be the same for transmitter-receiver configurations with and without precoding.
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If aUE is not configured for simultaneous PUSCH and PUCCH transmission, when aperiodic CSI report with no
transport block associated as defined in subclause 8.6.2 and positive SR is transmitted in the same subframe, the UE
shall transmit SR, and, if applicable, HARQ-ACK, on PUCCH resources as described in subclause 10.1

A UE is semi-statically configured by higher layers to feed back CQI and PMI and corresponding RI on the same
PUSCH using one of the following CSI reporting modes given in Table 7.2.1-1 and described below.

Table 7.2.1-1: CQIl and PMI Feedback Types for PUSCH CSI reporting Modes

PMI Feedback Type

No PMI Single PMI Multiple PMI

Wideband Mode 1-2
o (wideband CQI)
e
z -;,5 UE Selected Mode 2-0 Mode 2-2
g = (subband CQI)
o ()
()
L

Higher Layer-
configured Mode 3-0 Mode 3-1

(subband CQI)

For each of the transmission modes defined in subclause 7.1, the following reporting modes are supported on PUSCH:

Transmissonmode 1 : Modes 2-0, 3-0

Transmissonmode 2 : Modes 2-0, 3-0

Transmisson mode 3 : Modes 2-0, 3-0

Transmisson mode 4 : Modes1-2, 2-2, 3-1

Transmisson mode5 : Mode 3-1

Transmisson mode 6 : Modes1-2, 2-2, 3-1

Transmisson mode 7 : Modes 2-0, 3-0

Transmisson mode 8 : Modes 1-2, 2-2, 3-1if the UE is configured with PMI/RI reporting; modes 2-0, 3-0 if the
UE is configured without PMI/RI reporting

Transmisson mode9 : Modes 1-2, 2-2, 3-1if the UE is configured with PMI/RI reporting and number of CSI-RS
ports> 1; modes 2-0, 3-0 if the UE is configured without PMI/RI reporting or number of
CSI-RS ports=1

The aperiodic CSl reporting mode is given by the parameter cqi-ReportModeAperiodic which is configured by higher-
layer signalling.

For aserving cell with N 5 < 7, PUSCH reporting modes are not supported for that serving cell.
RI isonly reported for transm|sson modes 3 and 4, as well as transmission modes 8 and 9 with PMI/RI reporting.

A RI report for a serving cell on an aperiodic reporting mode is valid only for CQI/PMI report for that serving cell on
that aperiodic reporting mode

e  Wideband feedback
0 Mode 1-2 description:

= For each subband a preferred precoding matrix is selected from the codebook subset
assuming transmission only in the subband

= A UE shall report one wideband CQI value per codeword which is calculated assuming
the use of the corresponding selected precoding matrix in each subband and
transmission on set S subbands.

= The UE shall report the selected precoding matrix indicator for each set S subband
except for transmission mode 9 with 8 CSI-RS ports configured in which case afirst
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precoding matrix indicator i is reported for the set S subbands and a second precoding
matrix indicator i, isreported for each set S subband.
Subband sizeis given by Table 7.2.1-3.

For transmission modes 4, 8 and 9, the reported PMI and CQI values are calculated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1.

e Higher Layer-configured subband feedback

0 Mode 3-0 description:

A UE shall report awideband CQI value which is calculated assuming transmission on
set Ssubbands

The UE shall aso report one subband CQI value for each set S subband. The subband
CQI valueis calculated assuming transmission only in the subband

Both the wideband and subband CQI represent channel quality for the first codeword,
even when RI>1.

For transmission mode 3 the reported CQI values are cal culated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1.

0 Mode 3-1 description:

A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

A UE shall report one subband CQI value per codeword for each set S subband which
are calculated assuming the use of the single precoding matrix in al subbands and
assuming transmission in the corresponding subband.

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in al subbands and transmission on set S
subbands

The UE shall report the selected single precoding matrix indicator except for
transmission mode 9 with 8 CSI-RS ports configured in which case afirst and second
precoding matrix indicator are reported corresponding to the selected single precoding
matrix.

For transmission modes 4, 8 and 9, the reported PMI and CQI values are cal culated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1.

0 Subband CQI value for each codeword are encoded differentially with respect to their respective
wideband CQI using 2-bits as defined by

Subband differential CQI offset level = subband CQI index —wideband CQI index. The
mapping from the 2-bit subband differential CQI value to the offset level isshown in
Table7.2.1-2.
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Table 7.2.1-2: Mapping subband differential CQI value to offset level

Subband differential Offset level
CQl value
0 0
1 1
2 >2
3 <1

0 Supported subband size (k) isgivenin Table 7.2.1-3.

Table 7.2.1-3: Subband Size (k) vs. System Bandwidth

System Bandwidth | Subband Size
NG ®
6-7 NA
8-10 4
11-26 4
27 - 63 6
64 -110 8

o UE-selected subband feedback

0 Mode 2-0 description:

The UE shall select aset of M preferred subbands of size k (where k and M are givenin
Table 7.2.1-5 for each system bandwidth range) within the set of subbands S.

The UE shall aso report one CQI value reflecting transmission only over the M selected
subbands determined in the previous step. The CQI represents channel quality for the
first codeword, even when RI>1.

Additionally, the UE shall also report one wideband CQI value whichis calculated
assuming transmission on set S subbands. The wideband CQI represents channel quality
for the first codeword, even when RI>1.

For transmission mode 3 the reported CQI values are cal culated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1.

0 Mode 2-2 description:

The UE shall perform joint selection of the set of M preferred subbands of size k within
the set of subbands Sand a preferred single precoding matrix selected from the
codebook subset that is preferred to be used for transmission over the M selected
subbands.

The UE shall report one CQI value per codeword reflecting transmission only over the
selected M preferred subbands and using the same selected single precoding matrix in
each of the M subbands.

Except for transmission mode 9 with 8 CSI-RS ports configured, the UE shall also
report the selected single precoding matrix indicator preferred for the M selected
subbands. A UE shall aso report the selected single precoding matrix indicator for all
set Ssubbands.

For transmission mode 9 with 8 CSI-RS ports configured, a UE shall report afirst
precoding matrix indicator for all set Ssubbands. A UE shall aso report a second
precoding matrix indicator for all set S subbands and another second precoding matrix
indicator for the M selected subbands.
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= A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

= A UE shal report awideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in all subbands and transmission on set S
subbands

= For transmission modes 4, 8 and 9, the reported PM1 and CQI values are cal culated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1.

0 For al UE-selected subband feedback modes the UE shall report the positions of the M selected
subbands using a combinatorial index r defined as

M -1 N_a
[ ] r:
2
*  where the set {s}zgl (1<s <N, s<s,,) contains the M sorted subband indices

X
X
and < >= {yj X2y is the extended binomial coefficient, resulting in unique label
4 0 x<y

0 The CQI vaue for the M selected subbands for each codeword is encoded differentially using 2-bits
relative to its respective wideband CQI as defined by

= Differential CQI offset level = M selected subbands CQI index — wideband CQI index

= The mapping from the 2-bit differential CQI value to the offset level is shown in Table
7.2.1-4.

Table 7.2.1-4: Mapping differential CQI value to offset level

Differential CQI value Offset level
0 <1
1 2
2 3
3 >4

0 Supported subband size k and M values include those shown in Table 7.2.1-5. In Table 7.2.1-5 the k
and M values are afunction of system bandwidth.

N
0 Thenumber of bitsto denote the position of the M selected subbandsis L = ’]092('\/' ﬂ .

ETSI



3GPP TS 36.213 version 10.13.0 Release 10

52

ETSI TS 136 213 V10.13.0 (2015-07)

Table 7.2.1-5: Subband Size (k) and Number of Subbands (M) in S vs. Downlink System Bandwidth

System Bandwidth

DL
N RB

Subband Size k (RBs)

6-7

8-10

11-26

27 -63

64 — 110

P
-b(.\)NN:D

oW

7.2.2 Periodic CSI Reporting using PUCCH

A UE is semi-statically configured by higher layersto periodically feed back different CSI (CQI, PMI, PTI, and/or RI)
on the PUCCH using the reporting modes given in Table 7.2.2-1 and described below.

Table 7.2.2-1: CQI and PMI Feedback Types for PUCCH CSI reporting Modes

PMI Feedback Type
No PMI Single PMI
e
g > Wideband Mode 1-0 Mode 1-1
oE o (wideband CQI)
O ®
O Qa
D T
a3 UE Selected Mode 2-0 Mode 2-1
LL
(subband CQI)

For each of the transmission modes defined in subclause 7.1, the following periodic CS| reporting modes are supported

on PUCCH:

Transmission mode 1
Transmission mode 2
Transmission mode 3
Transmission mode 4
Transmission mode 5
Transmission mode 6
Transmission mode 7
Transmission mode 8

Transmission mode 9

: Modes 1-0, 2-0
: Modes 1-0, 2-0
: Modes 1-0, 2-0
:Modes 1-1, 2-1
:Modes 1-1, 2-1
:Modes 1-1, 2-1
: Modes 1-0, 2-0

- Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting; modes 1-0, 2-0 if the UE is

configured without PMI/RI reporting

: Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting and number of CSI-RS
ports>1; modes 1-0, 2-0 if the UE is configured without PMI/RI reporting or number of

CSI-RS ports=1.

The periodic CSl reporting mode for each serving cell is configured by higher-layer signalling. For a UE configured
with transmission mode 9 and with 8 CSI-RS ports, mode 1-1 is configured to be either submode 1 or submode 2 via
higher-layer signaling using the parameter PUCCH_formatl-1_CS_reporting mode.

For the UE-selected subband CQI, a CQI report in a certain subframe of a certain serving cell describes the channel
quality in a particular part or in particular parts of the bandwidth of that serving cell described subsequently as
bandwidth part (BP) or parts. The bandwidth parts shall be indexed in the order of increasing frequency and non-

increasing sizes starting at the lowest frequency.

For each serving cell
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e Thereareatotal of N subbands for a serving cell system bandwidth given by NRg whereLN RS /kJ subbands
areof sizek. If ’_N% /k-‘ —LN% /kJ> 0 then one of the subbandsis of sizeN25 —k - \_NRDQ /kJ.

e A bandwidth part j is frequency-consecutive and consistsof N ; subbands where J bandwidth parts span S or
Ngs asgiveninTable7.22-2.1f J=1 then N, is’-N% /k/ﬂ 1fJ>1then N, iseither ’-N% /k/ﬂ

or (N% /k/J-‘ —1, depending on NS5 , kand J.
e Each bandwidth part j, where 0 <j < J-1, is scanned in sequential order according to increasing frequency.
e  For UE selected subband feedback a single subband out of N J- subbands of a bandwidth part is selected
along with a corresponding L-bit label indexed in the order of increasing frequency, where

L={|og2(|\|gg/k/3ﬂ .

The CQI and PMI payload sizes of each PUCCH CSlI reporting mode are given in Table 7.2.2-3.

The following CQI/PMI and RI reporting types with distinct periods and offsets are supported for the PUCCH CSI
reporting modes given in Table 7.2.2-3:
e Type 1 report supports CQI feedback for the UE selected sub-bands
Type lareport supports subband CQI and second PMI feedback
Type 2, Type 2b, and Type 2c report supports wideband CQI and PMI feedback
Type 2areport supports wideband PMI feedback
Type 3 report supports RI feedback
Type 4 report supports wideband CQI
Type 5 report supports Rl and wideband PMI feedback
Type 6 report supports Rl and PTI1 feedback

For each serving cell, the periodicity Nq (in subframes) and offset Nogpger cqr (1N subframes) for CQI/PMI
reporting are determined based on the parameter cqji-pmi-Configindex (1 g pw ) givenin Table 7.2.2-1A for FDD and
Table7.2.2-1C for TDD. The periodicity Mg and relative offset Noreger m fOr RI reporting are determined based
on the parameter ri-Configindex (15 ) givenin Table 7.2.2-1B. Both cgji-pmi-Configlndex and ri-Configindex are
configured by higher layer signalling. The relative reporting offset for Rl Norpger r  takes values from the set
{0-1...~(Npg -1} . If aUE is configured to report for more than one CSI subframe set then parameter cgji-pmi-

Configlndex and ri-Configlndex respectively correspond to the CQI/PMI and RI periodicity and relative reporting offset
for subframe set 1 and cqi-pmi-Configindex2 and ri-Configlndex2 respectively correspond to the CQI/PMI and RI
periodicity and relative reporting offset for subframe set 2.

In the case where wideband CQI/PMI reporting is configured:
e Thereporting instances for wideband CQI/PMI are subframes satisfying

[Loxny +[ns/2 |- Noprser coi Jmod(N o )= 0.

e IncaseRl reporting is configured, the reporting interval of the RI reporting is an integer multiple Mg, of
period Npq (in subframes).
0 Thereporting instances for Rl are subframes satisfying
(Loxn¢ +|ng/2]- NorrseT,cQl — NoFrFseET R Jmod(N pd *MRy )=0.
In the case where both wideband CQI/PMI and subband CQI reporting are configured:
e Thereporting instances for wideband CQI/PMI and subband CQI are subframes satisfying
(10>< n¢ +|[ng/2|- NorFrseT,cQl )mod Npg =0.

= When PTI is not transmitted (due to not being configured) or the most recently transmitted PT1 was
equal to 1.
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=  Thewideband CQI/ wideband PMI (or wideband CQI/wideband second PMI for
transmission mode 9) report has period H - N4 , and is reported on the subframes

satisfying (10>< n¢ +|[ng/2|- NorFrseT,cql )mod(H . di): 0. Theinteger H
isdefinedas H =J-K+1, where J isthe number of bandwidth parts.

= Between every two consecutive wideband CQI/ wideband PMI (or wideband
CQI/wideband second PMI for transmission mode 9) reports, theremaining J-K
reporting instances are used in sequence for subband CQI reportson K full cycles
of bandwidth parts except when the gap between two consecutive wideband
CQI/PMI reports contains lessthan J- K reporting instances due to a system
frame number transition to O, in which case the UE shall not transmit the remainder
of the subband CQI reports which have not been transmitted before the second of
the two wideband CQI/ wideband PM1 (or wideband CQI/wideband second PMI for
transmission mode 9) reports. Each full cycle of bandwidth parts shall bein
increasing order starting from bandwidth part O to bandwidth part J—1. The
parameter K is configured by higher-layer signalling.

= When the most recently transmitted PT1 isO:

= Thewideband first precoding matrix indicator report has period H’-Npq, andis

reported on the subframes satisfying
(Loxn¢ +[ns/2]- Noprser coi Jmod(H' N g )= 0, where H’issignalled by

higher layers.

= Between every two consecutive wideband first precoding matrix indicator reports,
theremaining reporting instances are used for a wideband second precoding
matrix indicator with wideband CQI as described below

e IncaseRl reporting is configured, the reporting interval of Rl is Mg, times the wideband CQI/PMI period
H - Npq , and Rl isreported on the same PUCCH cyclic shift resource as both the wideband CQI/PMI and
subband CQI reports.

= Thereporting instances for Rl are subframes satisfying
(Loxny +[ns/2]- NorrseT,cQl — NoFrseT R Jmod(H - N pd “MRi )=0

In case of callision of a CSl report with PUCCH reporting type 3, 5, or 6 of one serving cell with a CSl report with
PUCCH reporting type 1, 1a, 2, 2a, 2b, 2c, or 4 of the same serving cell the latter CSl report with PUCCH reporting
type (1, 1a, 2, 23, 2b, 2c, or 4) has lower priority and is dropped.

If the UE is configured with more than one serving cell, the UE transmits a CSl report of only one serving cell in any
given subframe. For a given subframe, in case of collision of a CSl report with PUCCH reporting type 3, 5, 6, or 2a of
one serving cell with a CSl report with PUCCH reporting type 1, 1a, 2, 2b, 2c, or 4 of another serving cell, the latter

CSl with PUCCH reporting type (1, 1a, 2, 2b, 2c, or 4) has lower priority and is dropped. For a given subframe, in case
of collision of CSI report with PUCCH reporting type 2, 2b, 2c, or 4 of one serving cell with CSI report with PUCCH
reporting type 1 or 1aof another serving cell, the latter CSI report with PUCCH reporting type 1, or 1a has lower
priority and is dropped.

For a given subframe, in case of collision between CSl reports of different serving cells with PUCCH reporting type of
the same priority, the CSl of the serving cell with lowest ServCellindex is reported, and CSI of all other serving cellsare
dropped.

See subclause 10.1 regarding UE behaviour for collision between CSl and HARQ-ACK and the corresponding PUCCH
format assignment.

The CSl report of agiven PUCCH reporting type shall be transmitted on the PUCCH resource néﬁgz:H asdefined in

[3], where né,f]f;’CH is UE specific and configured by higher layers for each serving cell.

If the UE is not configured for simultaneous PUSCH and PUCCH transmission or, if the UE is configured for
simultaneous PUSCH and PUCCH transmission and not transmitting PUSCH, in case of collision between CSI and
positive SR in a same subframe, CSl is dropped.
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Table 7.2.2-1A: Mapping of Icopmi t0 Npg and Negeger cq for FDD.

lcai/pmi Value of Npq Value of Noppeer coi
0< legipm <1 2 lcqi/pm
2< leqpm <6 5 lequpm —2
7< legipm <16 10 leqipm —7
17 < lequpm <36 20 lequpm —17
37< lecqupm <76 40 leqipm — 37
77< leqpm <156 80 leqipm — 77
157 < oo pwi <316 160 lcqi/pm — 157
lcoipm =317 Reserved
318 < lcqpw <349 32 lcqi/pm —318
350 < lcqpw <413 64 lcqi/pmi — 350
414 < legpw <541 128 lcqrpm —414
542 < lggipm <1023 Reserved

Table 7.2.2-1B: Mapping of Ig to Mg and Norpser g

In Value of Mg Value of Norpeer R
0< Iy <160 1 -lg
161< Iy <321 2 -(lg -161)
322< | <482 4 -(lg -322)
483< g <643 8 - (lg —483)
644 < | <804 16 - (lg —644)
805< lg <965 32 - (lg —805)
966 < | <1023 Reserved
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Table 7.2.2-1C: Mapping of Icgpmi t0 Npg and Nogpger cq for TDD.

ICQI/PMI Value of di Value of NO,:,:SETYCQl
lcoipm =0 1 lcqiremi

1< lcqipm <5 5 leqipm —1
6< lcqpm <15 10 lcqiem —6
16 < lcoipw <35 20 lcqipm — 16
36< lcqpm <75 40 lcqi/pmi —36
76 < legpw <155 80 leqiipm — 76
156 < lcgi/pm <315 160 lcoi/pmi — 156
316 < lco/pw <1023 Reserved

For TDD periodic CQI/PMI reporting, the following periodicity values apply depending on the TDD UL/DL

configuration [3]:

0 Thereporting period of Nq =1 isonly applicableto TDD UL/DL configurations0, 1, 3, 4, and 6,

where all UL subframesin aradio frame are used for CQI/PMI reporting.
The reporting period of Nq =5 isonly applicableto TDD UL/DL configurations0, 1, 2, and 6.

The reporting periods of Ny ={10,20,40,80,160} are applicableto all TDD UL/DL configurations.

For aserving cell with N F'?é <7, Mode 2-0 and Mode 2-1 are not supported for that serving cell.

The sub-sampled codebook for PUCCH mode 1-1 submode 2 is defined in Table 7.2.2-1D for first and second
precoding matrix indicator i; and i,. Joint encoding of rank and first precoding matrix indicator i; for PUCCH

mode 1-1 submode 1 isdefined in Table 7.2.2-1E. The sub-sampled codebook for PUCCH mode 2-1 is defined in Table

7.2.2-1F for PUCCH Reporting Type l1a.
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Table 7.2.2-1D: PUCCH mode 1-1 submode 2 codebook subsampling.

Relationship between the first PMI Relationship between the second PMI
value and codebook index i value and codebook index i, total
Value
of Value
the of the
first second
PMI , PMI
RI | o1 Codebook index 1 | oy 2 Codebook index I #bits
1 0-7 21w 0-1 2oy, 4
2 0-7 2l PMI1 0-1 Lown 2 4
3 0-1 2l o 0-7 4“ PMI 2/4J +low 4
4 0-1 2l o 0-7 Lo 2 4
0
5 0-3 Lo 0 2
0
6 0-3 [V 0 2
Loy 0
7 0-3 0 2
0 0
8 0 0 0

Table 7.2.2-1E: Joint encoding of Rl and i; for PUCCH mode 1-1 submode 1.

Value of joint Codebook index i
encoding of
Rl and the
first PMI L
Iai romia
0-7 1 2l e
8-15 2 2(1z/pwi1-8)
16-17 3 2(1q /pwi1716)
18-19 4 2(1q /pwi1-18)
20-21 5 2(1q /pwi1-20)
22-23 6 2(1q /pwi122)
24-25 7 2(1 g pmir-24)
26 8 0
27-31 reserved NA

Table 7.2.2-1F: PUCCH mode 2-1 codebook subsampling.

Value

RI of the

second
PMI

Relationship between the second PMI
value and codebook index is

[ Codebook index iy
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1 0-15 o 2

2 0-3 2l gy,

3 0-3 8| lowz! 2]+ (1 oy, mod 2) + 2
4 0-3 2 PMI 2

5 0 0

6 0 0

7 0 0

8 0 0

AnRI or PTI or any precoding matrix indicator reported for a serving cell in a periodic reporting modeis valid only for
CSl reports for that serving cell on that periodic CSI reporting mode.

For the calculation of CQI/PMI conditioned on the last reported RI, in the absence of alast reported Rl the UE shall
conduct the CQI/PMI calculation conditioned on the lowest possible RI as given by the bitmap parameter
codebookSubsetRestriction . If reporting for more than one CSl subframe set is configured, CQI/PMI is conditioned on
the last reported RI linked to the same subframe set as the CS| report.

e Wideband feedback
0 Mode 1-0 description:
= Inthe subframe where RI is reported (only for transmission mode 3):
e A UE shadl determine a Rl assuming transmission on set S subbands.
e The UE shall report atype 3 report consisting of one RI.

= Inthe subframe where CQI is reported:

e A UE shall report atype 4 report consisting of one wideband CQI value which
is calculated assuming transmission on set S subbands. The wideband CQI
represents channel quality for the first codeword, even when RI>1.

e  For transmission mode 3 the CQI is calculated conditioned on the last reported
periodic RI. For other transmission modesit is calculated conditioned on
transmission rank 1.

0 Mode 1-1 description:

= |nthe subframe where RI is reported (only for transmission mode 4 and transmission
mode 8 and transmission mode 9):

e A UE shall determine a RI assuming transmission on set S subbands.
e The UE shal report atype 3 report consisting of one RI.

= |nthe subframe where RI and afirst PMI are reported (only for transmission mode 9
with submode 1 and when 8 CSI-RS ports are configured)

e A UE shal determine a Rl assuming transmission on set S subbands.

e TheUE shal report atype 5 report consisting of jointly coded Rl and afirst
PMI corresponding to a set of precoding matrices selected from the codebook
subset assuming transmission on set S subbands.

o Thewideband first PMI value is calculated conditioned on the reported
periodic RI.

= Inthe subframe where CQI/PMI isreported for al transmission modes except
transmission mode 9 with 8 CSI-RS ports configured:

e A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e A UE shall report atype 2 report consisting of
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0 A singlewideband CQI value which is calculated assuming the use of
asingle precoding matrix in all subbands and transmission on set S
subbands.

0 The selected single PMI (wideband PMI).

0 When RI>1, an additional 3-bit wideband spatial differential CQlI,
which isshownin Table 7.2-2.

e For transmission mode 4, 8 and 9, the PMI and CQI are calculated conditioned
on the last reported periodic RI. For other transmission modes they are
calculated conditioned on transmission rank 1.

=  Inthe subframe where wideband CQI/second PMI isreported for transmission mode 9
with 8 CSI-RS ports configured to submode 1 only:

e A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e A UE shall report atype 2b report consisting of
0 A single wideband CQI value which is calculated assuming the use of

the single precoding matrix in all subbands and transmission on set S
subbands.

o Thewideband second PMI corresponding to the selected single
precoding matrix.

0 When RI>1, an additional 3-bit wideband spatial differential CQlI,
which isshownin Table 7.2-2.

e Thewideband second PMI valueis calculated conditioned on the last reported
periodic RI and the wideband first PMI. The wideband CQI valueis calculated
conditioned on the selected precoding matrix and the last reported periodic RI.

= Inthe subframe where wideband CQI/first PMI/second PMI is reported for transmission
mode 9 with 8 CSI-RS ports configured to submode 2 only:

e A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e A UE shall report atype 2c report consisting of

0 A single wideband CQI value which is calculated assuming the use of
asingle precoding matrix in all subbands and transmission on set S
subbands.

0 Thewideband first PMI and the wideband second PMI corresponding
to the selected single precoding matrix as defined in subclause 7.2.4.

0 When RI>1, an additional 3-bit wideband spatial differential CQlI,
whichisshownin Table 7.2-2.

e Thewideband first PMI, the wideband second PM| and the wideband CQI are
calculated conditioned on the last reported periodic RI.
e UE Selected subband feedback
0 Mode 2-0 description:
= |nthe subframe where RI isreported (only for transmission mode 3):
e A UE shall determine a Rl assuming transmission on set S subbands.
e The UE shall report atype 3 report consisting of one RI.
=  Inthe subframe where wideband CQI is reported:

e The UE shall report atype 4 report on each respective successive reporting
opportunity consisting of one wideband CQI value which is calculated
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assuming transmission on set S subbands. The wideband CQI represents
channel quality for the first codeword, even when RI>1.

e  For transmission mode 3 the CQI is calculated conditioned on the last reported
periodic RI. For other transmission modes it is calculated conditioned on
transmission rank 1.

= |nthe subframe where CQI for the selected subbands is reported:

e The UE shall select the preferred subband within the set of Nj subbandsin
each of the J bandwidth parts where Jisgiven in Table 7.2.2-2.

e TheUE shall report atype 1 report consisting of one CQI value reflecting
transmission only over the selected subband of a bandwidth part determined in
the previous step along with the corresponding preferred subband L-bit label.
A type 1 report for each bandwidth part will in turn be reported in respective
successive reporting opportunities. The CQI represents channel quality for the
first codeword, even when RI>1.

e  For transmission mode 3 the preferred subband selection and CQI values are
calculated conditioned on the last reported periodic RI. For other transmission
modes they are calculated conditioned on transmission rank 1.

0 Mode 2-1 description:
= Inthe subframe where RI isreported (only for transmission mode 4, 8 and 9 if the
number of configured CSI-RS portsis 2 or 4):
e A UE shadl determine a Rl assuming transmission on set S subbands.

e The UE shall report atype 3 report consisting of one RI.

= Inthe subframe where RI isreported for transmission mode 9 with 8 CSI-RS ports
configured then:

e A UE shadl determine a Rl assuming transmission on set S subbands.
e A UE shal determine aprecoder type indication (PTI).
e The UE shall report atype 6 report consisting of one RI and the PTI.

= |n the subframe where wideband CQI/PMI is reported for al transmission modes except
transmission mode 9 with 8 CSI-RS ports configured:

e A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e A UE shall report atype 2 report on each respective successive reporting
opportunity consisting of:

0 A wideband CQI value which is calculated assuming the use of a
single precoding matrix in al subbands and transmission on set S
subbands.

0 Theselected single PMI (wideband PMI).

0 When RI>1, an additional 3-bit wideband spatial differential CQI,
whichisshownin Table 7.2-2.

e For transmission modes 4, 8 and 9, the PMI and CQI values are calculated
conditioned on the last reported periodic RI. For other transmission modes they
are calculated conditioned on transmission rank 1.

= Inthe subframe where the wideband first PM1 isreported for transmission mode 9 with
8 CSI-RS ports configured and the last reported PT1=0:

o A set of precoding matrices corresponding to the wideband first PMI is
selected from the codebook subset assuming transmission on set S subbands.
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e A UE shall report atype 2areport on each respective successive reporting
opportunity consisting of the wideband first PMI corresponding to the selected
set of precoding matrices.

e Thewideband first PMI valueis calculated conditioned on the last reported
periodic RI.

= |n the subframe where wideband CQI/second PM1 is reported for transmission mode 9
with 8 CSI-RS ports configured and the last reported PT1=1:

e A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e A UE shal report atype 2b report on each respective successive reporting
opportunity consisting of:

0 A wideband CQI value which is calculated assuming the use of the
selected single precoding matrix in al subbands and transmission on
set Ssubbands.

o0 Thewideband second PMI corresponding to the selected single
precoding matrix.

0 When RI>1, an additional 3-bit wideband spatial differential CQI,
which isshown in Table 7.2-2.

e Thewideband second PMI valueis calculated conditioned on the last reported
periodic RI and the wideband first PMI. The wideband CQI valueis calculated
conditioned on the selected precoding matrix and the last reported periodic RI.

o If thelast reported first PMI was computed under an RI assumption
that differs from the last reported periodic RI, or in the absence of a
last reported first PMI, the conditioning of the second PMI valueis
not specified.

= |nthe subframe where CQI for the selected subband is reported for al transmission
modes except for transmission mode 9 with 8 CSI-RS ports configured:

e The UE shall select the preferred subband within the set of N; subbandsin each
of the J bandwidth parts where Jisgivenin Table 7.2.2-2.

e The UE shall report atype 1 report per bandwidth part on each respective
successive reporting opportunity consisting of:

o CQI vauefor codeword O reflecting transmission only over the
selected subband of a bandwidth part determined in the previous step
aong with the corresponding preferred subband L-bit 1abel.

0 When RI>1, an additional 3-bit subband spatial differentia CQI value
for codeword 1 offset level

=  Codeword 1 offset level = subband CQI index for codeword O
— subband CQI index for codeword 1.

= Assuming the use of the most recently reported single
precoding matrix in all subbands and transmission on the
selected subband within the applicable bandwidth part.

0 The mapping from the 3-bit subband spatial differential CQI value to
the offset level isshown in Table 7.2-2.

e  For transmission modes 4, 8 and 9, the subband selection and CQI values are
calculated conditioned on the last reported periodic wideband PMI and RI. For
other transmission modes they are calculated conditioned on the last reported
PMI and transmission rank 1.
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= |n the subframe where wideband CQI/second PM1 is reported for transmission mode 9
with 8 CSI-RS ports configured and the last reported PTI=0:

A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

The UE shall report atype 2b report on each respective successive reporting
opportunity consisting of:

0 A wideband CQI value which is calculated assuming the use of the
selected single precoding matrix in all subbands and transmission on
set Ssubbands.

o0 Thewideband second PMI corresponding to the selected single
precoding matrix.

0 When RI>1, an additional 3-bit wideband spatial differential CQI,
which isshown in Table 7.2-2.

The wideband second PMI value is calculated conditioned on the last reported
periodic RI and the wideband first PMI1. The wideband CQI valueis calculated
conditioned on the selected precoding matrix and the last reported periodic RI.

o If thelast reported first PMI was computed under an RI assumption
that differs from the last reported periodic RI, or in the absence of a
last reported first PMI, the conditioning of the second PMI valueis
not specified.

=  Inthe subframe where subband CQI/second PMI for the selected subband is reported
for transmission mode 9 with 8 CSI-RS ports configured and the last reported PT1=1:

The UE shall select the preferred subband within the set of N; subbandsin each
of the J bandwidth parts where Jis givenin Table 7.2.2-2.

The UE shall report atype lareport per bandwidth part on each respective
successive reporting opportunity consisting of:

0 CQI valuefor codeword O reflecting transmission only over the
selected subband of a bandwidth part determined in the previous step
aong with the corresponding preferred subband L-bit 1abel.

o When RI>1, an additional 3-bit subband spatial differential CQI value
for codeword 1 offset level

= Codeword 1 offset level = subband CQI index for codeword O
—subband CQI index for codeword 1.

= Assuming the use of the precoding matrix corresponding to the
selected second PMI and the most recently reported first PMI
and transmission on the selected subband within the applicable
bandwidth part.

0 The mapping from the 3-bit subband spatial differential CQI value to
the offset level isshown in Table 7.2-2.

0 A second PMI of the preferred precoding matrix selected from the
codebook subset assuming transmission only over the selected
subband within the applicable bandwidth part determined in the
previous step.

The subband second PMI values are calculated conditioned on the last reported
periodic RI and the wideband first PMI. The subband selection and CQI values
are calculated conditioned on the selected precoding matrix and the last
reported periodic RI.
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o If thelast reported first PMI was computed under an RI assumption
that differs from the last reported periodic RI, or in the absence of a
last reported first PMI, the conditioning of the second PMI valueis
not specified.

Table 7.2.2-2: Subband Size (k) and Bandwidth Parts (J) vs. Downlink System Bandwidth

System Bandwidth Subband Size k Bandwidth Parts
NRg (RBs) 8))
6-7 NA NA
8-10 4 1
11-26 4 2
27 - 63 6 3
64 — 110 8 4

If parameter ttiBundling provided by higher layersis set to TRUE and if an UL-SCH in subframe bundling operation
collides with a periodic CSl reporting instance, then the UE shall drop the periodic CSl report of a given PUCCH
reporting type in that subframe and shall not multiplex the periodic CSI report payload in the PUSCH transmission in
that subframe. A UE is not expected to be configured with simultaneous PUCCH and PUSCH transmission when UL-
SCH subframe bundling is configured.

Table 7.2.2-3: PUCCH Reporting Type Payload size per PUCCH Reporting Mode and Mode State

PUCCH PUCCH Reporting Modes
Reporting Reported Mode State Mode 1-1 | Mode 2-1 | Mode 1-0 | Mode 2-0
Type . . . .
yp (bits/BP) | (bits/BP) (bits/BP) | (bits/BP)
1 Sub-band RI=1 NA 4+L NA 4+L
cal RI> 1 NA 7+L NA 4+L
Sub-band 8 antenna ports RI =1 NA 8+L NA NA
la CQl/second | 8antennaports 1<RI<5 NA 9+L NA NA
PMI 8 antenna ports RI > 4 NA 7+L NA NA
2 antenna ports RI =1 6 6 NA NA
Wideband 4 antenna ports RI =1 8 8 NA NA
2
cQripPmi 2 antenna ports RI > 1 8 8 NA NA
4 antenna ports RI > 1 11 11 NA NA
Wideband 8 antenna ports RI <3 NA 4 NA NA
2a first PMI 8 antenna ports 2 <RI < 8 NA 2 NA NA
8 antenna ports RI = 8 NA 0 NA NA
. 8 antenna ports RI = 1 8 8 NA NA
ob c\c/gvllcjesl;igi 4 | 8antennaports 1<Ri <4 11 11 NA NA
PMI 8 antenna ports RI = 4 10 10 NA NA
8 antenna ports Rl > 4 7 7 NA NA
Wideband 8 antenna ports RI =1 8 NA NA NA
CQI / first 8 antenna ports 1 <RI <4 11 NA NA NA
2¢ PMI / second | 8 antenna ports4<RI<7 9 NA NA NA
PMI 8 antenna ports RI = 8 7 NA NA NA
2/4 antenna ports, 2-layer
spatial multiplexing 1 1 1 1
8 antenna ports, 2-layer
spatial multiplexing 1 NA NA NA
3 RI 4 antenna ports, 4-layer
spatial multiplexing 2 2 2 2
8 antenna ports, 4-layer
spatial multiplexing 2 NA NA NA
8-layer spatial multiplexing 3 NA NA NA
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4 Wideband RI =1 or RI>1 NA NA 4 4
CQl
8 antenna ports, 2-layer 4
5 RI/ first PMI spatial multiplexing NA NA NA
8 antenna ports, 4 and 8- 5
layer spatial multiplexing
8 antenna por.ts, 2-.Iayer NA 2 NA NA
spatial multiplexing
6
RIPTI 8 anter_ma por_ts, 4-_Iayer NA 3 NA NA
spatial multiplexing
8 anter_ma por_ts, 8-_Iayer NA 4 NA NA
spatial multiplexing

7.2.3 Channel quality indicator (CQI) definition

The CQI indices and their interpretations are given in Table 7.2.3-1.

Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in
uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 which satisfies the following condition, or
CQI index 0 if CQI index 1 does not satisfy the condition:

- A single PDSCH transport block with a combination of modulation scheme and transport block size
corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI
reference resource, could be received with atransport block error probability not exceeding 0.1.

If CSI subframe sets Ccg o and Ccg 1 are configured by higher layers, each CSI reference resource belongs to either
Ccgio or Ceg 1 but not to both. When CSI subframe sets Ccg g and Ccg 1 are configured by higher layersa UE

is not expected to receive atrigger for which the CSl reference resource is in subframe that does not belong to either
subframe set.

For a UE in transmission mode 9 when parameter pmi-RI-Report is configured by higher layers,the UE shall derive the
channel measurements for computing the CQI value reported in uplink subframe n based on only the Channel-State
Information (CSl) reference signals defined in [3] for which the UE is configured to assume non-zero power. For a UE
in transmission mode 9 when the parameter pmi-RI-Report is not configured by higher layers or in other transmission
modes the UE shall derive the channel measurements for computing CQI based on CRS.

A combination of modulation scheme and transport block size corresponds to a CQI index if:

- the combination could be signalled for transmission on the PDSCH in the CS| reference resource according to
the relevant Transport Block Size table, and

- the modulation scheme is indicated by the CQI index, and

- the combination of transport block size and modulation scheme when applied to the reference resource results
in the effective channel code rate which is the closest possible to the code rate indicated by the CQI index. If
more than one combination of transport block size and modulation scheme results in an effective channel code
rate equally close to the code rate indicated by the CQI index, only the combination with the smallest of such
transport block sizesis relevant.

The CSlI reference resource is defined as follows:

- Inthe frequency domain, the CSI reference resource is defined by the group of downlink physical resource
blocks corresponding to the band to which the derived CQI value relates.

- Inthetime domain, the CSI reference resource is defined by a single downlink subframe n-ncq; rer,

0 wherefor periodic CSI reporting nco 1S the smallest value greater than or equal to 4, such that it
corresponds to avalid downlink subframe;
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0 wherefor aperiodic CSI reporting nei 1 1S Such that the reference resource is in the same valid
downlink subframe as the corresponding CSI request in an uplink DCI format.

0 wherefor aperiodic CSl reporting Ncq e IS equal to 4 and downlink subframe n-ncq & COrresponds
to avalid downlink subframe, where downlink subframe n-ncq; ¢ iS received after the subframe with
the corresponding CSI request in a Random Access Response Grant.

A downlink subframe in a serving cell shall be considered to be valid if:
= jtisconfigured as adownlink subframe for that UE, and
= except for transmission mode 9, it is not an MBSFN subframe, and

* jt doesnot contain a DWPTSfield in case the length of DWPTSis 7680-T, and less, and

= it doesnot fall within a configured measurement gap for that UE, and

= for periodic CSl reporting, it is an element of the CSl subframe set linked to the periodic CS|
report when that UE is configured with CSI subframe sets.

If thereis no valid downlink subframe for the CSl reference resource in aserving cell, CSl reporting is
omitted for the serving cell in uplink subframe n.

In the layer domain, the CSI reference resource is defined by any Rl and PMI on which the CQI is conditioned.

In the CSI reference resource, the UE shall assume the following for the purpose of deriving the CQI index, and if also
configured, PMI and RI:

Thefirst 3 OFDM symbols are occupied by control signalling
No resource elements used by primary or secondary synchronisation signals or PBCH
CP length of the non-MBSFN subframes
Redundancy Version O
If CSI-RSisused for channel measurements, the ratio of PDSCH EPRE to CSI-RS EPRE isasgiven in
subclause 7.2.5
For transmission mode 9 CS| reporting:
0 CRSREsareasinnon-MBSFN subframes;
o If the UE isconfigured for PMI/RI reporting, the UE-specific reference signal overhead is consistent
with the most recent reported rank if more than one CSI-RS ports are configured, and is consi stent
with rank 1 transmission if only one CSI-RS port is configured; and PDSCH signals on antenna ports

{7...6+v}for vlayerswould result in signals equivalent to corresponding symbols transmitted on

y* (i) X (i)
antenna ports {15...14+ P}, asgiven by : =W(i) : , Where

y(l4+P) (|) X(vfl) (|)

x(@i) = [x(o) (i .. x@?P (i)]T isavector of symbols from the layer mapping in subclause 6.3.3.2 of
[3], Pe{1,2,4,8} isthe number of CSI-RS ports configured, and if only one CSI-RS port is
configured, W(i)is 1, otherwise W((i) is the precoding matrix corresponding to the reported PMI

applicableto X(i) . The corresponding PDSCH signals transmitted on antenna ports {15...14+ P}

would have aratio of EPRE to CSI-RS EPRE equal to the ratio given in subclause 7.2.5
Assume no REs alocated for CSI-RS and zero-power CSI-RS
Assume no REs allocated for PRS
The PDSCH transmission scheme given by Table 7.2.3-0 depending on the transmission mode currently
configured for the UE (which may be the default mode).
If CRSisused for channel measurements, the ratio of PDSCH EPRE to cell-specific RS EPRE isas givenin

subclause 5.2 with the exception of p 5 which shall be assumed to be
0 pp=Py+Au +10l09,,(2) [dB] for any modulation scheme, if the UE is configured with

transmission mode 2 with 4 cell-specific antenna ports, or transmission mode 3 with 4 cell-specific
antenna ports and the associated RI is equal to one;

0 P = Pa+ Agset [dB] for any modulation scheme and any number of layers, otherwise.
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The shift A st IS given by the parameter nomPDSCH-RS-EPRE-Offset which is configured by higher-layer
signaling.

Table 7.2.3-0: PDSCH transmission scheme assumed for CSl reference resource

Transmission mode Transmission scheme of PDSCH
1 Single-antenna port, port 0
2 Transmit diversity
3 Transmit diversity if the associated rank
indicator is 1, otherwise large delay
CDD
4 Closed-loop spatial multiplexing
5 Multi-user MIMO
6 Closed-loop spatial multiplexing with a
single transmission layer
7 If the number of PBCH antenna ports is

one, Single-antenna port, port O;
otherwise Transmit diversity
8 If the UE is configured without PMI/RI
reporting: if the number of PBCH
antenna ports is one, single-antenna
port, port 0; otherwise transmit diversity

If the UE is configured with PMI/RI
reporting: closed-loop spatial
multiplexing

9 If the UE is configured without PMI/RI
reporting: if the number of PBCH
antenna ports is one, single-antenna
port, port 0; otherwise transmit diversity

If the UE is configured with PMI/RI
reporting: if the number of CSI-RS ports
is one, single-antenna port, port 7;
otherwise up to 8 layer transmission,
ports 7-14 (see subclause 7.1.5B)

Table 7.2.3-1: 4-bit CQI Table

CQlindex | modulation | code rate x 1024 | efficiency

0 out of range

1 QPSK 78 0.1523
2 QPSK 120 0.2344
3 QPSK 193 0.3770
4 QPSK 308 0.6016
5 QPSK 449 0.8770
6 QPSK 602 1.1758
7 16QAM 378 1.4766
8 16QAM 490 1.9141
9 16QAM 616 2.4063
10 640QAM 466 2.7305
11 640QAM 567 3.3223
12 640QAM 666 3.9023
13 64QAM 772 4.5234
14 640QAM 873 5.1152
15 640QAM 948 5.5547
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71.2.4

For transmission modes 4, 5 and 6, precoding feedback is used for channel dependent codebook based precoding and
relies on UES reporting precoding matrix indicator (PMI). For transmission mode 8, the UE shall report PMI if
configured with PMI/RI reporting. For transmission mode 9, the UE shall report PMI if configured with PMI/RI
reporting and the number of CSI-RS portsislarger than 1. A UE shall report PMI based on the feedback modes
described in 7.2.1 and 7.2.2. For other transmission modes, PMI reporting is not supported.

Precoding Matrix Indicator (PMI) definition

For 2 and 4 antenna ports, each PM| value corresponds to a codebook index given in Table 6.3.4.2.3-1 or Table
6.3.4.2.3-2 of [3] asfollows:

= For 2 antennaports {01} or {15,16} and an associated Rl value of 1, aPMI value of ne {0,1,2,3} corresponds
to the codebook index N givenin Table 6.3.4.2.3-1 of [3] with v =1.

= For 2 antennaports {01} or {15,16} and an associated Rl value of 2, aPMI value of ne {0,1} correspondsto
the codebook index N+ lgivenin Table 6.3.4.2.3-1 of [3] with v = 2.

= For 4 antennaports {0,1,2,3} or{15,16,17,18}, aPMI value of ne {0,1,---,15} corresponds to the codebook
index N givenin Table 6.3.4.2.3-2 of [3] with ¥ equal to the associated Rl value.

For 8 antenna ports, each PM| value corresponds to a pair of codebook indices givenin Table 7.2.4-1, 7.2.4-2, 7.2.4-3,
7.2.4-4,7.24-5,7.24-6,7.2.4-7, or 7.2.4-8, where the quantities ¢, and v,, aregiven by

Pn = el
sz[l pi2mz2  gjdmya2 ej6/zm/32]T

= asfollows:For 8 antennaports {1516,17,1819,20,21,22 }, afirst PMI valueof i, {01+, f (v)—1} anda

second PMI value of i, € {0,1,---, g(v)—1}corresponds to the codebook indices i, and i, givenin Table
7.2.4 with v equal to the associated Rl value and wherej = v, f(v)={16164,44,4,41} and
g(v)={161616,81111}.

=  In some cases codebook subsampling is supported. The sub-sampled codebook for PUCCH mode 1-1
submode 2 is defined in Table 7.2.2-1D for first and second precoding matrix indicator i; and i,. Joint

encoding of rank and first precoding matrix indicator i; for PUCCH mode 1-1 submode 1 is defined in Table

7.2.2-1E. The sub-sampled codebook for PUCCH mode 2-1 is defined in Table 7.2.2-1F for PUCCH
Reporting Type la

Table 7.2.4-1: Codebook for 1-layer CSl reporting using antenna ports 15 to 22.

Iy P
0 1 2 3 4 5 6 7
@ @ @ @ @ D @ D
0-15 | W' Waia Wi o Wois | Wolao | Wolas | Walso | Woilas
Iy P
8 9 10 11 12 13 14 15
@ @ @ ® @ @ @ D
0-15 | Woiloo | Wailon | Wairizo | Wainvos | Waiiao | Waiiar | Wails2 | Wailas
1 Y/
where W), =—{ m }
V8| #nVim

Table 7.2.4-2: Codebook for 2-layer CSI reporting using antenna ports 15 to 22.

Iy i
0 1 2 3
0_15 @ @_ @ @
2iy,2i1,0 2iy,2i;,1 2i;+1,2i,+1,0 2i,+1,2i;+11
) P
4 | 5 | 6 | 7
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(2) (2) (2) (2)
0-15 | Wyitroi 00 | Waiiooion | Waisazieso | Waitazi+an
Iy P
8 9 10 11
(2) (2) (2) (2)
0-15 | W5 % .10 Wiz | Waitaaizo | Waiiazi+21
Iy P
12 13 14 15
(2 (2) (2) (2)
0-15 | W55 a0 Woi aivar | Wairizisao | Waiiiaiaa
1] v Vi
where Wrgzr)nn =—{ m m }
4 PV~ PnVm

Table 7.2.4-3: Codebook for 3-layer CSI reporting using antenna ports 15 to 22.

iq P

0 1 2 3
(3 (3 Y] A3
3wl wd e e
1,911,001 1 191,011 1,91 Ol 1 911,01
0 8i,,8i,,8i;+8 8i,+8,8i;,8i;+8 8i;,8i,+8,8i,;+8 8i,+8,8iy,8i
Iy P
4 5 6 7
(3 (3 A3 YiE)
0-3 | Woog, 28,410 | Wair108,+28,410 | Wai2g+108+10 | Wai,+108,+28,+2
Iy P
8 9 10 11
(3 (3 YIE) YIE)
0-3 | Wolagirag12 | Vo128 +a8,12 | Waiagsiogis1z | Vo, 128,484
Iy P
12 13 14 15

(3 (3 N3 N3
0-3 W8i1+6,8i1+6,8i1+14 W8i1+14,8i1+6,8i1+14 W8i1+6,8i1+14,8i1+14 W8i1+l4,8i1+6,8i1+6

1 [V VgV ~ 1 [v. v v
where W&  —_—_|'m ™ L VIR — m Vm Vm
. V24 {Vm Vo~V mmm V24|V Vi Vi

Table 7.2.4-4: Codebook for 4-layer CSI reporting using antenna ports 15 to 22.

I P
0 1 2 3
(4) (4) (4) (4)
0-3| Wy 'g .80 Wo s+e1 | Wai,r28,4100 | Wai+28,+101
Iy P
4 5 6 7
(4) (4) (4) (4)
0-3 | Wy tagi 120 | Wairas 1121 | Waire8i4120 | Wai+6.8,+141

Vi Vi Vi Vi

where W —i{
PVm PV —PnVm — PnVi

mm,n — @

Table 7.2.4-5: Codebook for 5-layer CSl reporting using antenna ports 15 to 22.

Iy I
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0-3 | WY =~

iy \/4_0

®) 1 |:V2i1 Vi, Va4 Va8 V2i1+16:|

Vo, —Vai, Vaiys —Vaiis  Vaisie

Table 7.2.4-6: Codebook for 6-layer CSI reporting using antenna ports 15 to 22.

1 iy
0
0-3| w® = 1 [Va, Vo, Vaiis  Vaies  Vaire  Vai4ie
1
! V48| Vo, —Vai Vaiis —Vass Vo6~ Vai+ie

Table 7.2.4-7: Codebook for 7-layer CSI reporting using antenna ports 15 to 22.

Iy P
0
0.3 | W= 1 |:V2il Vo,  Vairs  Vairs Va1 Vai+ie V2i1+24:|
V56| Va, —Vai, Vaiis —Vaiss Voiss —Vae  Vois

Table 7.2.4-8: Codebook for 8-layer CSl reporting using antenna ports 15 to 22.

iy iy

0
0 ® _ 1|:V2i1 Voai,  Vaies  Vaies Vainie Voire Vai+2a V2i1+24:|
|1 8

Voi, —Va, Vaivs —Vaiss Voisae Vot Voi+2a Va4

7.2.5 Channel-State Information — Reference Signal (CSI-RS) definition

The following parameters for CSI-RS are configured via higher layer signaling:
Number of CSI-RS ports. The alowable values and port mapping are given in subclause 6.10.5 of [3].
CSl RS Configuration (see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3])
CSl RS subframe configuration |.g_grs- Theallowable values are given in subclause 6.10.5.3 of [3].
Subframe configuration period Teg.grs. The allowable values are given in subclause 6.10.5.3 of [3].
Subframe offset Aqq.rs. Thealowable values are given in subclause 6.10.5.3 of [3].
UE assumption on reference PDSCH transmitted power for CSl feedback P.. P, isthe assumed ratio of

PDSCH EPRE to CSI-RS EPRE when UE derives CSl feedback and takes values in the range of [-8, 15] dB
with 1 dB step size, where the PDSCH EPRE corresponds to the symbols for which the ratio of the PDSCH

EPRE to the cell-specific RS EPRE isdenoted by 0, , as specified in Table 5.2-2 and Table 5.2-3.

A UE should not expect the configuration of CSI-RS and/or zero-power CSI-RS and PMCH in the same subframe of a
serving cell.

For frame structure type 1, the UE is not expected to receive the 16-bit bitmap ZeroPower CS-RSwith any one of the 6
LSB bits set to 1 for the normal CP case, or with any one of the 8 LSB bits set to 1 for the extended CP case.

For frame structure type 2 and 4 CRS ports, the UE is not expected to receive a CSl RS Configuration index (see Table

6.10.5.2-1 and Table 6.10.5.2-2 in [3]) belonging to the set [20-31] for the normal CP case or the set [16-27] for the
extended CP case.

For frame structure type 2 and 4 CRS ports, the UE is not expected to receive the 16-bit bitmap ZeroPower CS-RS with

any one of the 6 LSB bits set to 1 for the normal CP case, or with any one of the 8 LSB bits set to 1 for the extended CP
case.
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7.3 UE procedure for reporting HARQ-ACK

For FDD with PUCCH format 1a/1b transmission, when both HARQ-ACK and SR are transmitted in the same sub-
frame, a UE shall transmit the HARQ-ACK on its assigned HARQ-ACK PUCCH format 1a/1b resource for a negative
SR transmission and transmit the HARQ-ACK on its assigned SR PUCCH resource for a positive SR transmission.

For FDD with PUCCH format 1b with channel selection, when both HARQ-ACK and SR are transmitted in the same
sub-frame a UE shall transmit the HARQ-ACK on its assigned HARQ-ACK PUCCH resource with channel selection as
defined in subclause 10.1.2.2.1 for a negative SR transmission and transmit one HARQ-ACK bit per serving cell onits
assigned SR PUCCH resource for a positive SR transmission according to the following:

— if only onetransport block or a PDCCH indicating downlink SPS release is detected on a serving cell, the
HARQ-ACK bit for the serving cell isthe HARQ-ACK hit corresponding to the transport block or the PDCCH
indicating downlink SPS release;

— if two transport blocks are received on a serving cell, the HARQ-ACK bit for the serving cell is generated by
spatially bundling the HARQ-ACK bits corresponding to the transport blocks;

— if neither PDSCH transmission for which HARQ-ACK response shall be provided nor PDCCH indicating
downlink SPS release is detected for a serving cell, the HARQ-ACK bit for the serving cell is set to NACK;

and the HARQ-ACK bits for the primary cell and the secondary cell are mapped to p(0) and b(1) , respectively, where
b(0) and p(1) are specifiedinsubclause5.4.1in[3]..

For FDD, when a PUCCH format 3 transmission of HARQ-ACK coincides with a sub-frame configured to the UE by
higher layers for transmission of a scheduling request, the UE shall multiplex HARQ-ACK and SR bits on HARQ-ACK
PUCCH resource as defined in subclause 5.2.3.1 in [4], unless the HARQ-ACK corresponds to a PDSCH transmission
on the primary cell only or aPDCCH indicating downlink SPS release on the primary cell only, in which case the SR
shall be transmitted as for FDD with PUCCH format 1a/1b.

For FDD and for a PUSCH transmission, a UE shall not transmit HARQ-ACK on PUSCH in subframe n if the UE does
not receive PDSCH or PDCCH indicating downlink SPS rel ease in subframe n-4.

For TDD, the UE shall upon detection of a PDSCH transmission or a PDCCH indicating downlink SPS release (defined
in subclause 9.2) within subframe(s) n—k, where ke K and K isdefinedin Table 10.1.3.1-1 intended for the UE
and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK response in UL subframe n.

For TDD, when PUCCH format 3 is configured for transmission of HARQ-ACK, for special subframe configurations O
and 5 with normal downlink CP or configurations 0 and 4 with extended downlink CP in a serving cell, shown in table
4.2-1[3], the specia subframe of the serving cell is excluded from the HARQ-ACK codebook size determination. In
this case, if the serving cell isthe primary cell, thereis no PDCCH indicating downlink SPS release in the special
subframe.

For TDD UL-DL configurations 1-6 and one configured serving cell, if the UE is not configured with PUCCH format 3,

the value of the Downlink Assignment Index (DAI) in DCI format 0/4, V,;J,';, , detected by the UE according to Table

7.3-X insubframe N—K', where K' isdefined in Table 7.3-Y, represents the total number of subframes with PDSCH
transmissions and with PDCCH indicating downlink SPS release to the corresponding UE within all the subframe(s)

n—k, whereke K . Thevalue V,;J,';, includes all PDSCH transmission with and without corresponding PDCCH within
all the subframe(s) n—k. In case neither PDSCH transmission, nor PDCCH indicating the downlink SPS resource
release isintended to the UE, the UE can expect that the value of the DAI in DCI format 0/4, V,;J; , if transmitted, is set
to 4.

For TDD UL-DL configuration 1-6 and a UE configured with more than one serving cell, or for TDD UL-DL
configuration 1-6 and a UE configured with one serving cell and PUCCH format 3, avalue W, is determined by the

Downlink Assignment Index (DAI) in DCI format 0/4 according to Table 7.3-Z in subframe N—K', where K' is
defined in Table 7.3-Y. In case neither PDSCH transmission, nor PDCCH indicating the downlink SPS resource release

isintended to the UE, the UE can expect that the value of Wy, isset to 4 by the DAI in DCI format 0/4 if transmitted.

For TDD UL-DL configurations 1-6, the value of the DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C denotes the
accumulative number of PDCCH(s) with assigned PDSCH transmission(s) and PDCCH indicating downlink SPS
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release up to the present subframe within subframe(s) n—k of each configured serving cell, where ke K , and shall
be updated from subframe to subframe. Denote VSAH ¢ asthevalue of the DAl in PDCCH with DCI format

1/1A/1B/1D/2/2A/2B/2C detected by the UE according to Table 7.3-X in subframen — km inserving cell ¢, where
K isthesmallest valueintheset K (defined in Table 10.1.3.1-1) such that the UE detects a DCI format
1/1A/1B/1D/2/2A/2B/2C. When configured with one serving cell, the subscript of ¢ in ngL, ¢ Can be omitted.

m

For all TDD UL-DL configurations, denote Upa o asthetotal number of PDCCH(s) with assigned PDSCH

transmission(s) and PDCCH indicating downlink SPS release detected by the UE within the subframe(s) n—k in
serving cell ¢, where ke K. When configured with one serving cell, the subscript of ¢ in Upa; ¢ can be omitted.

Denote N, which can be zero or one, as the number of PDSCH transmissions without a corresponding PDCCH
within the subframe(s) n—k, where ke K .

For TDD HARQ-ACK bundling or HARQ-ACK multiplexing and a subframe n with M =1, the UE shall generate
one or two HARQ-ACK bits by performing alogical AND operation per codeword across M DL subframes

associated with a single UL subframe, of all the corresponding U 5, + N individual PDSCH transmission HARQ-

ACKsand individual ACK in response to received PDCCH indicating downlink SPS release, where M is the number
of elementsintheset K defined in Table 10.1.3.1-1. The UE shall detect if at least one downlink assignment has been

missed, and for the case that the UE is transmitting on PUSCH the UE shall also determine the parameter N, qeq -

- For TDD UL-DL configuration 0, N, 4e Shall be 1 if the UE detects the PDSCH transmission with or

without corresponding PDCCH, or detects PDCCH indicating downlink SPS release within the subframe n—k,
where ke K . The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or
PDCCH indicating downlink SPS release within the subframe(s) N—Kk , where ke K.

- For the case that the UE is not transmitting on PUSCH in subframe n and TDD UL-DL configurations 1-6, if
Upy >0 and V5 # (U, —1)mod4+1, the UE detectsthat at least one downlink assignment has been
missed.

- For the case that the UE is transmitting on PUSCH and the PUSCH transmission is adjusted based on a detected
PDCCH with DCI format 0/4 intended for the UE and TDD UL-DL configurations 1-6, if

Vs # (Ugy + Ngg —1)mod4 +1 the UE detects that at least one downlink assignment has been missed
and the UE shall generate NACK for all codewords where N, o4 iSdetermined by the UE as
Ny = Vo + 2. If the UE does not detect any downlink assignment missing, N, oy iSdetermined by

theUE as N, e = Voy - UE shall not transmit HARQ-ACK if U, + Ngg = 0and Vi = 4.

- For the case that the UE is transmitting on PUSCH, and the PUSCH transmission is not based on a detected
PDCCH with DCI format 0/4 intended for the UE and TDD UL-DL configurations 1-6, if U, >0 and

Ve # (Upy —1)mod4+1, the UE detectsthat at least one downlink assignment has been missed and the
UE shall generate NACK for all codewords. The UE determines N, qeq = U pa + Ngs) asthe number of
assigned subframes. The UE shall not transmit HARQ-ACK if U, + Ngg =0.

For TDD, when PUCCH format 3 is configured for transmission of HARQ-ACK, the HARQ-ACK feedback bits

oégK oéfK ,...,ocAg*f\CK _1 for the c-th serving cell configured by RRC are constructed as follows, where c>0,
e

OCACK = B(? L if transmission mode configured in the c-th serving cell supports one transport block or spatial HARQ-

ACK bundling is applied and O/ = 2B"" otherwise, where B>" iis the number of downlink subframes for which
the UE needs to feedback HARQ-ACK bits for the c-th serving cell.
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- For the case that the UE is transmitting on PUCCH, BCD" =M where M isthe number of elementsinthe set K

defined in Table 10.1.3.1-1 associated with subframenandtheset K does not include a special subframe of
configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended downlink CP; otherwise

B> =M -1.

- For TDD UL-DL configuration 0 or for a PUSCH transmission not adjusted based on a detected PDCCH with DCI
format 0/4, the UE shall assume BP" =M where M isthe number of lementsintheset K defined in Table
10.1.3.1-1 associated with subframen and theset K does not include a special subframe of configurations 0 and 5
with normal downlink CP or of configurations 0 and 4 with extended downlink CP; otherwise B =M —1. The UE

shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH indicating downlink SPS
release in subframe(s) n—k , where ke K.

- For TDD UL-DL configurations{1, 2, 3, 4, 6} and aPUSCH transmission adjusted based on a detected PDCCH
with DCI format 0/4, the UE shall assume B =W/, . The UE shall not transmit HARQ-ACK on PUSCH if the UE
does not receive PDSCH or PDCCH indicating downlink SPS release in subframe(s) n—k where ke K and

Won =4.

- For TDD UL-DL configurations 5 and a PUSCH transmission adjusted based on a detected PDCCH with DCI
format 0/4, the UE shall assume B =W[3, +4[(U ~W,s )/4—' , where U denotes the maximum value of U,

among all the configured serving cells,U . isthe total number of received PDSCHs and PDCCH indicating downlink

SPS release in subframe(s) n—k onthe c-th serving cell, ke K . The UE shall not transmit HARQ-ACK on PUSCH if
the UE does not receive PDSCH or PDCCH indicating downlink SPSrelease in subframe(s) n—k where ke K and
W =4.

For TDD, when PUCCH format 3 is configured for transmission of HARQ-ACK,

- for TDD UL-DL configurations 1-6, the HARQ-ACK for a PDSCH transmission with a corresponding PDCCH
or for aPDCCH indicating downlink SPS release in subframe n—k isassociated with oéng (k)-1 I
transmission mode configured in the c-th serving cell supports one transport block or spatial HARQ-ACK
bundling is applied, or associated with ocA,ZCSN (k-2 and oé%N (k)-1 Otherwise, where DAI(K) is the value of

DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C detected in subframe n—k, ofShal (k-2 and ofSha -1 are
the HARQ-ACK feedback for codeword 0 and codeword 1, respectively. For the case with Ngpg > 0, the

HARQ-ACK associated with a PDSCH transmission without a corresponding PDCCH is mapped to ofg'ic,( i

The HARQ-ACK feedback bits without any detected PDSCH transmission or without detected PDCCH
indicating downlink SPS release are set to NACK;
- for TDD UL-DL configuration 0, the HARQ-ACK for a PDSCH transmission or for a PDCCH indicating
downlink SPS release in subframe n—k isassociated with OQSK if transmission mode configured in the c-th

serving cell supports one transport block or spatial HARQ-ACK bundling is applied, or associated with OégK

and OQfK otherwise, where OQSK and OélCK arethe HARQ-ACK feedback for codeword 0 and codeword 1,

respectively. The HARQ-ACK feedback bits without any detected PDSCH transmission or without detected
PDCCH indicating downlink SPS release are set to NACK.

For TDD when format 1b with channel selection is configured for transmission of HARQ-ACK and for 2 configured

serving cells, the HARQ-ACK feedback bits 0§CK OlACK . ngcli ,on PUSCH are constructed as follows.

- For TDD UL-DL configuration 0, 0 = HARQ-ACK(j), 0< j < A-1 asdefined in subclause 10.1.3.2.1. The

UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH indicating downlink SPS
release in subframe(s) n—k where ke K.
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- For TDD UL-DL configurations{1, 2, 3, 4, 6} and aPUSCH transmission adjusted based on a detected PDCCH
with DCI format 0/4 with Wy, =1 or 2, OjACK is determined asif PUCCH format 3 is configured for transmission of

HARQ-ACK, except that spatial HARQ-ACK bundling across multiple codewords within a DL subframe is performed
for al serving cells configured with a downlink transmission mode that supports up to two transport blocks in case

WSy =2.
- For TDD UL-DL configurations{1, 2, 3, 4, 6} and a PUSCH transmission adjusted based on a detected PDCCH
with DCI format 0/4 with Wy =3 or 4, 0™ =0(j), 0< j <3asdefined in Table 10.1.3.2-5 or in Table 10.1.3.2-6

respectively, where the value of M isreplaced by WY . The UE shall not transmit HARQ-ACK on PUSCH if the UE
does not receive PDSCH or PDCCH indicating downlink SPS release in subframe(s) n—k where ke K and
W =4.

- For TDD UL-DL configurations{1, 2, 3, 4, 6} and aPUSCH transmission not adjusted based on a detected PDCCH
with DCI format 0/4 and asubframe n with M =1or 2, 0{“ = HARQ-ACK(j), 0< j < A—1 asdefinedin

subclause 10.1.3.2.1. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH
indicating downlink SPSrelease in subframe(s) n—k where ke K .

- For TDD UL-DL configurations{1, 2, 3, 4, 6} and a PUSCH transmission not adjusted based on a detected PDCCH
with DCI format 0/4 and asubframe n with M =3or4, 0/ =0(]), 0< j <3asdefined in Table 10.1.3.2-5 or in

Table 10.1.3.2-6 respectively. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or
PDCCH indicating downlink SPS release in subframe(s) n—k where ke K.

For TDD HARQ-ACK bundling, when the UE is configured by transmission mode 3, 4, 8 or 9 defined in subclause 7.1
and HARQ-ACK bits are transmitted on PUSCH, the UE shall always generate 2 HARQ-ACK bits assuming both
codeword 0 and 1 are enabled. For the case that the UE detects only the PDSCH transmission associated with codeword
0 within the bundled subframes, the UE shall generate NACK for codeword 1.

Table 7.3-X: Value of Downlink Assignment Index

I
or
MSB, LSB oA PA indicating DL SPS release
0,0 1 lor50r9
0,1 2 20r6
1,0 3 3or7
1,1 4 Oor4or8

Table 7.3-Y: Uplink association index k" for TDD

TDD UL/DL subframe number n
Configuration
0|12 |3 |4 |5|6|7|8|9

1 6 4 6 |4

2 4 4

3 4| 4| 4

4 4 4

5 4

6 7 7 5 7 |7
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Table 7.3-Z: Value of W, determined by the DAI field in DCI format 0/4

DAI UL
MSB, LSB WDAI
0,0 1
0,1 2
1,0 3
1,1 4

For TDD HARQ-ACK multiplexing and asubframe n with M >1, spatial HARQ-ACK bundling across multiple
codewords within a DL subframe is performed by alogical AND operation of all the corresponding individual HARQ-
ACKs. In case the UE is transmitting on PUSCH, the UE shall determine the number of HARQ-ACK feedback bits

0" and the HARQ-ACK feedback bits 0°“ |, n=0,...,0" —1 to be transmitted in subframe n.

n

- If the PUSCH transmission is adjusted based on a detected PDCCH with DCI format 0/4 intended for the UE,
then O™ =V, unless V5 =4 and Uy, + Ngg =0 inwhich case the UE shall not transmit
HARQ-ACK. The spatially bundled HARQ-ACK for a PDSCH transmission with a corresponding PDCCH or
for aPDCCH indicating downlink SPSrelease in subframe n—k is associated with Oggl'ik)fl where DAI(K) is

the value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C detected in subframe n—k . For the case with
Ngs > 0, the HARQ-ACK associated with a PDSCH transmission without a corresponding PDCCH is

mapped to 0£E§ _,- The HARQ-ACK feedback bits without any detected PDSCH transmission or without

detected PDCCH indicating downlink SPS release are set to NACK.

- If the PUSCH transmission is not adjusted based on a detected PDCCH with DCI format 0/4 intended for the
UE, O*™ =M ,and 0*™" isassociated with the spatially bundled HARQ-ACK for DL subframe n—K.,

whereki € K. The HARQ-ACK feedback bits without any detected PDSCH transmission or without detected

PDCCH indicating downlink SPS release are set to NACK. The UE shall not transmit HARQ-ACK if

For TDD when a PUCCH format 3 transmission of HARQ-ACK coincides with a sub-frame configured to the UE by
higher layers for transmission of a scheduling request, the UE shall multiplex HARQ-ACK and SR bits on HARQ-ACK
PUCCH resource as defined in subclause 5.2.3.1 in [4], unless the HARQ-ACK corresponds to one of the following
cases

- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n-k_, where k e K, and for TDD UL-DL configurations 1-6 the DAI value in the PDCCH is

equal to "1" (defined in Table 7.3-X), or a PDCCH indicating downlink SPS release (defined in subclause 9.2)
in subframe n-k_,where k_e K, and for TDD UL-DL configurations 1-6 the DAI value in the PDCCH is

equal to"1", or

- asingle PDSCH transmission only on the primary cell where thereis not a corresponding PDCCH detected
within subframe(s) n—k, where ke K and no PDCCH indicating downlink SPS release (defined in subclause
9.2) within subframe(s) n—k, where ke K, or

- aPDSCH transmission only on the primary cell where there is not a corresponding PDCCH detected within
subframe(s) n—k, where ke K and an additional PDSCH transmission only on the primary cell indicated by
the detection of a corresponding PDCCH in subframe n-k_, where k e K withthe DAI valuein the

PDCCH equal to "1" (defined in Table 7.3-X) or aPDCCH indicating downlink SPS release (defined in
subclause 9.2) in the subframe n-k_, where k e K with the DAI valuein the PDCCH equal to "1,

in which case the UE shall transmit the HARQ-ACK and scheduling request according to the procedure for PUCCH
format 1b with channel selectionin TDD.

For TDD when the UE is configured with HARQ-ACK bundling, HARQ-ACK multiplexing or PUCCH format 1b with
channel selection, and when both HARQ-ACK and SR are transmitted in the same sub-frame, a UE shall transmit the
bundled HARQ-ACK or the multiple HARQ-ACK responses (according to subclause 10.1) on its assigned HARQ-
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ACK PUCCH resources for a negative SR transmission. For a positive SR, the UE shall transmit b(0),b(1) onits
assigned SR PUCCH resource using PUCCH format 1b according to subclause 5.4.1in [3]. Thevalue of b(0),b(1) are
N(I:?alLIs -1
generated according to Table 7.3-1 fromthe Ngpg + ZU pal,c HARQ-ACK responsesincluding ACK in response
c=0
to PDCCH indicating downlink SPS release by spatial HARQ-ACK bundling across multiple codewords within each
NcDeiLIs -1
PDSCH transmission for all serving cells NCDehS. For TDD UL-DL configurations 1-6, if ZU pal ¢ >0 and
c=0
VA o (U DAI ¢ —1) mod 4+1 for aserving cell ¢, the UE detects that at least one downlink assignment has been
missed.

Table 7.3-1: Mapping between multiple HARQ-ACK responses and b(0),b(1)

NoDehs_l
Number of ACK among multiple (Ngpg + ZU DAl ¢ ) b(0),b(2)

c=0
HARQ-ACK responses
0 or None (UE detect at least one DL assignment is missed)

o|o|N[o|u|s|lwN|F
ok |rorirlorr|lo
=1 =R =R =)

For TDD when both HARQ-ACK and CSl are configured to be transmitted in the same sub-frame on the PUCCH, if the
UE is configured with HARQ-ACK bundling, HARQ-ACK multiplexing or PUCCH format 1b with channel selection,
and if the UE receives PDSCH and/or PDCCH indicating downlink SPS release only on the primary cell within
subframe(s) n—k, where ke K, aUE shall transmit the CSl and b(0),b(1) using PUCCH format 2b for normal CP

or PUCCH format 2 for extended CP, according to subclause 5.2.3.4 in [4] with ag,a; replaced by b(0),b(1). The
N(%Lls -1
value of pb(0),b(1) are generated according to Table 7.3-1 fromthe Ngpg + ZU pal,c HARQ-ACK responses
c=0
including ACK in response to PDCCH indicating downlink SPS release by spatial HARQ-ACK bundling across
multiple codewords within each PDSCH transmission for all serving cells N('?e,'TS . For TDD UL-DL configurations 1-6,
N -1

cdls

if ZU palc >0 and Vo o # (Upa c—1)mod 4+1 for aserving cell ¢, the UE detects that at least one downlink
c=0

assignment has been missed.

For TDD when both HARQ-ACK and CSl are configured to be transmitted in the same sub-frame and the UE is
configured with PUCCH format 1b with channel selection and receives at |east one PDSCH on the secondary cell
within subframe(s) n—k, where ke K, the UE shall drop the CSI and transmit HARQ-ACK according to subclause
10.1.3.

For TDD when both HARQ-ACK and CSI are configured to be transmitted in the same sub-frame and a UE configured
with PUCCH format 3, if the UE receives

- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n-k_, where k e K, and for TDD UL-DL configurations 1-6 the DAI vaue in the PDCCH is

equal to "1" (defined in Table 7.3-X), or aPDCCH indicating downlink SPS release (defined in subclause 9.2)
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in subframe n-k_,where k_e K, and for TDD UL-DL configurations 1-6 the DAI value in the PDCCH is
equal to"1", or

- asingle PDSCH transmission only on the primary cell where thereis not a corresponding PDCCH detected
within subframe(s) n—k, where ke K and no PDCCH indicating downlink SPS release (defined in subclause
9.2) within subframe(s) n—k, where ke K,

the UE shall transmit the CSl and HARQ-ACK using PUCCH format 2/2a/2b according to subclause 5.2.3.4 in [4];
otherwise, the UE shall drop the CSI and transmit the HARQ-ACK according to subclause 10.1.3.

When only a positive SR istransmitted a UE shall use PUCCH Format 1 for the SR resource as defined in subclause
54.1in[3].

8 Physical uplink shared channel related procedures

For FDD and transmission mode 1, there shall be 8 uplink HARQ processes per serving cell for non-subframe bundling
operation, i.e. normal HARQ operation, and 4 uplink HARQ processes for subframe bundling operation. For FDD and
transmission mode 2, there shall be 16 uplink HARQ processes per serving cell for non-subframe bundling operation
and there are two HARQ processes associated with a given subframe as described in [8]. The subframe bundling
operation is configured by the parameter ttiBundling provided by higher layers.

In case higher layers configure the use of subframe bundling for FDD and TDD, the subframe bundling operationis
only applied to UL-SCH, such that four consecutive uplink subframes are used.

8.0 UE procedure for transmitting the physical uplink shared
channel

For FDD and normal HARQ operation, the UE shall upon detection on a given serving cell of a PDCCH with DCI
format 0/4 and/or a PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH
transmission in subframe n+4 according to the PDCCH and PHICH information.

For normal HARQ operation, if the UE detects a PHICH transmission and if the most recent PUSCH transmission for
the same transport block was using spatial multiplexing according to subclause 8.0.2 and the UE does not detect a
PDCCH with DCI format 4 in subframe n intended for the UE, the UE shall adjust the corresponding PUSCH
retransmission in the associated subframe according to the PHICH information, and using the number of transmission
layers and precoding matrix according to the most recent PDCCH, if the number of negatively acknowledged transport
blocksis equal to the number of transport blocks indicated in the most recent PDCCH associated with the
corresponding PUSCH.

For normal HARQ operation, if the UE detects a PHICH transmission and if the most recent PUSCH transmission for
the same transport block was using spatial multiplexing according to subclause 8.0.2 and the UE does not detect a
PDCCH with DCI format 4 in subframe n intended for the UE, and if the number of negatively acknowledged transport
blocksis not equal to the number of transport blocks indicated in the most recent PDCCH associated with the
corresponding PUSCH then the UE shall adjust the corresponding PUSCH retransmission in the associated subframe
according to the PHICH information, using the precoding matrix with codebook index 0 and the number of transmission
layers equal to number of layers corresponding to the negatively acknowledged transport block from the most recent
PDCCH. In this case, the UL DMRS resources are calculated according to the cyclic shift field for DMRS[3] in the
most recent PDCCH with DCI format 4 associated with the corresponding PUSCH transmission and number of layers
corresponding to the negatively acknowledged transport block.

If aUE is configured with the carrier indicator field for a given serving cell, the UE shall use the carrier indicator field
value from the detected PDCCH with uplink DCI format to determine the serving cell for the corresponding PUSCH
transmission.

For FDD and normal HARQ operation, if a PDCCH with CSI request field set to trigger an aperiodic CSI report, as
described in subclause 7.2.1, is detected by a UE on subframe n, then on subframe n+4 UCI is mapped on the
corresponding PUSCH transmission, when simultaneous PUSCH and PUCCH transmission is not configured for the
UE.
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For TDD and normal HARQ operation, if a PDCCH with CSI request field set to trigger an aperiodic CSl report, as
described in subclause 7.2.1, is detected by a UE on subframe n, then on subframe n+k UCI is mapped on the
corresponding PUSCH transmission where k is given by Table 8-2, when simultaneous PUSCH and PUCCH
transmission is not configured for the UE.

For FDD and subframe bundling operation, the UE shall upon detection of a PDCCH with DCI format 0 in subframe n
intended for the UE, and/or a PHICH transmission in subframe n-5 intended for the UE, adjust the corresponding first
PUSCH transmission in the bundle in subframe n+4 according to the PDCCH and PHICH information.

For FDD and TDD, the NDI as signalled on PDCCH, the RV as determined in subclause 8.6.1, and the TBS as
determined in subclause 8.6.2, shall be delivered to higher layers.

For TDD and transmission mode 1, the number of HARQ processes per serving cell shall be determined by the DL/UL
configuration (Table 4.2-2 of [3]), asindicated in Table 8-1. For TDD and transmission mode 2, the number of HARQ
processes per serving cell for non-subframe bundling operation shall be twice the number determined by the DL/UL
configuration (Table 4.2-2 of [3]) asindicated in Table 8-1 and there are two HARQ processes associated with a given
subframe as described in [8].

Table 8-1: Number of synchronous UL HARQ processes for TDD

TDD UL/DL Number of HARQ processes for | Number of HARQ processes for
configuration normal HARQ operation subframe bundling operation
0 7 3
1 4 2
2 2 N/A
3 3 N/A
4 2 N/A
5 1 N/A
6 6 3

For TDD UL/DL configurations 1-6 and normal HARQ operation, the UE shall upon detection of a PDCCH with uplink
DCI format and/or a PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH
transmission in subframe n+k, with k given in Table 8-2, according to the PDCCH and PHICH information.

For TDD UL/DL configuration 0 and normal HARQ operation the UE shall upon detection of a PDCCH with uplink
DCI format and/or a PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH
transmission in subframe n+k if the MSB of the UL index in the PDCCH with uplink DCI format is set to 1 or PHICH
isreceived in subframe n=0 or 5 in the resource corresponding to |py,cy =0, asdefined in subclause 9.1.2, with k
givenin Table 8-2. If, for TDD UL/DL configuration 0 and normal HARQ operation, the LSB of the UL index in the
DCI format 0/4 is set to 1 in subframe n or aPHICH isreceived in subframe n=0 or 5 in the resource corresponding to
I pricn =1, asdefined in subclause 9.1.2, or PHICH is received in subframe n=1 or 6, the UE shall adjust the
corresponding PUSCH transmission in subframe n+7. If, for TDD UL/DL configuration 0, both the MSB and LSB of
the UL index in the PDCCH with uplink DCI format are set in subframe n, the UE shall adjust the corresponding
PUSCH transmission in both subframes n+ k and n+7, with k given in Table 8-2

For TDD UL/DL configurations 1 and 6 and subframe bundling operation, the UE shall upon detection of a PDCCH
with DCI format O in subframe n intended for the UE, and/or a PHICH transmission intended for the UE in subframe n-|
with | givenin Table 8-2a, adjust the corresponding first PUSCH transmission in the bundle in subframe n+k, with k
given in Table 8-2, according to the PDCCH and PHICH information.

For TDD UL/DL configuration 0 and subframe bundling operation, the UE shall upon detection of a PDCCH with DCI
format O in subframe n intended for the UE, and/or a PHICH transmission intended for the UE in subframe n-l with |
given in Table 8-2a, adjust the corresponding first PUSCH transmission in the bundle in subframe n+k, if the MSB of
the UL index in the DCI format Oissetto 1 or if |pycy =0, asdefined in subclause 9.1.2, with k givenin Table 8-2,
according to the PDCCH and PHICH information. If, for TDD UL/DL configuration 0 and subframe bundling
operation, the LSB of the UL index in the PDCCH with DCI format Oisset to 1 in subframenorif |pycqy =1, 8
defined in subclause 9.1.2, the UE shall adjust the corresponding first PUSCH transmission in the bundle in subframe
n+7, according to the PDCCH and PHICH information.
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Table 8-2 k for TDD configurations 0-6

TDD UL/DL subframe number n
Configuration
0|1|2|3[4|5|6|7|8]|9
416 416
6 4 6 4
4 4
4 4 | 4
4| 4
4
717 717 5

Table 8-2a | for TDD configurations 0, 1 and 6

TDD UL/DL
Configuration

subframe number n

0(1|2|3|4|5[|6|7|8|9

916 9|6
2 3 2 3
5|5 6|6 8

A UE is semi-statically configured via higher layer signalling to transmit PUSCH transmissions signalled via PDCCH
according to one of two uplink transmission modes, denoted mode 1 - 2 as defined in Table 8-3.1f a UE is configured by
higher layers to decode PDCCHSs with the CRC scrambled by the C-RNTI, the UE shall decode the PDCCH according
to the combination defined in Table 8-3 and transmit the corresponding PUSCH. The scrambling initialization of this
PUSCH corresponding to these PDCCHs and the PUSCH retransmission for the same transport block isby C-RNTI.
Transmission mode 1 is the default uplink transmission mode for a UE until the UE is assigned an uplink transmission
mode by higher layer signalling.

When a UE configured in transmission mode 2 receives a DCI Format 0 uplink scheduling grant, it shall assume that the
PUSCH transmission is associated with transport block 1 and that transport block 2 is disabled.

Table 8-3: PDCCH and PUSCH configured by C-RNTI

Transmission DCI format Search Space Transmission scheme of PUSCH
mode corresponding to PDCCH
Mode 1 DCI format 0 Common and Single-antenna port, port 10 (see
UE specific by C-RNTI subclause 8.0.1)
Mode 2 DCI format 0 Common and Single-antenna port, port 10 (see
UE specific by C-RNTI subclause 8.0.1)
DCI format 4 UE specific by C-RNTI Closed-loop spatial multiplexing (see

subclause 8.0.2)

If aUE is configured by higher layers to decode PDCCHs with the CRC scrambled by the C-RNTI and isalso
configured to receive random access procedures initiated by PDCCH orders, the UE shall decode the PDCCH according

to the combination defined in Table 8-4.
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Table 8-4: PDCCH configured as PDCCH order to initiate random access procedure

DCI format Search Space
DCI format 1A Common and
UE specific by C-RNTI

If aUE is configured by higher layersto decode PDCCHSs with the CRC scrambled by the SPS C-RNTI, the UE shall
decode the PDCCH according to the combination defined in Table 8-5 and transmit the corresponding PUSCH. The
scrambling initialization of this PUSCH corresponding to these PDCCHs and PUSCH retransmission for the same
transport block is by SPS C-RNTI. The scrambling initialization of initial transmission of this PUSCH without a
corresponding PDCCH and the PUSCH retransmission for the same transport block is by SPS C-RNTI.

Table 8-5: PDCCH and PUSCH configured by SPS C-RNTI

Transmission DCI format Search Space Transmission scheme of PUSCH
mode corresponding to PDCCH
Mode 1 DCI format O Common and Single-antenna port, port 10 (see
UE specific by C-RNTI subclause 8.0.1)
Mode 2 DCI format 0 Common and Single-antenna port, port 10 (see
UE specific by C-RNTI subclause 8.0.1)

If aUE is configured by higher layersto decode PDCCHSs with the CRC scrambled by the Temporary C-RNTI
regardless of whether UE is configured or not configured to decode PDCCHs with the CRC scrambled by the C-RNTI,
the UE shall decode the PDCCH according to the combination defined in Table 8-6 and transmit the corresponding
PUSCH. The scrambling initialization of PUSCH corresponding to these PDCCH is by Temporary C-RNTI.

If aTemporary C-RNTI is set by higher layers, the scrambling of PUSCH corresponding to the Random Access
Response Grant in subclause 6.2 and the PUSCH retransmission for the same transport block is by Temporary C-RNTI.
Else, the scrambling of PUSCH corresponding to the Random Access Response Grant in subclause 6.2 and the PUSCH
retransmission for the same transport block is by C-RNTI.

Table 8-6: PDCCH configured by Temporary C-RNTI

DCI format Search Space

DCI format O Common

If aUE is configured by higher layers to decode PDCCHs with the CRC scrambled by the TPC-PUCCH-RNTI, the UE
shall decode the PDCCH according to the combination defined in table 8-7. The notation 3/3A implies that the UE shall
receive either DCI format 3 or DCI format 3A depending on the configuration.

Table 8-7: PDCCH configured by TPC-PUCCH-RNTI

DCI format Search Space

DCI format 3/3A Common

If aUE is configured by higher layersto decode PDCCHSs with the CRC scrambled by the TPC-PUSCH-RNTI, the UE
shall decode the PDCCH according to the combination defined in table 8.8. The notation 3/3A implies that the UE shall
receive either DCI format 3 or DCI format 3A depending on the configuration.

Table 8-8: PDCCH configured by TPC-PUSCH-RNTI

DCI format Search Space
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DCI format 3/3A | Common |

8.0.1 Single-antenna port scheme

For the single-antenna port transmission schemes (port 10) of the PUSCH, the UE transmission on the PUSCH is
performed according to subclause 5.3.2A.1 of [3].

8.0.2 Closed-loop spatial multiplexing scheme

For the closed-loop spatial multiplexing transmission scheme of the PUSCH, the UE transmission on the PUSCH is
performed according to the applicable number of transmission layers as defined in subclause 5.3.2A.2 of [3].

8.1 Resource Allocation for PDCCH with uplink DCI Format

Two resource allocation schemes Type 0 and Type 1 are supported for PDCCH with uplink DCI format.
If the resource alocation type bit is not present in the uplink DCI format, only resource all ocation type O is supported.

If the resource allocation type bit is present in the uplink DCI format, the selected resource allocation type for a decoded
PDCCH isindicated by aresource allocation type bit where type 0 isindicated by 0 value and type 1 isindicated
otherwise. The UE shall interpret the resource alocation field depending on the resource allocation type bit in the
uplink PDCCH DCI format detected.

8.1.1 Uplink Resource allocation type 0

The resource alocation information for uplink resource allocation type O indicates to a scheduled UE a set of
contiguously allocated virtual resource block indices denoted by nygg . A resource alocation field in the scheduling

grant consists of aresource indication value (RIV) corresponding to a starting resource block ( RBgrart ) and alengthin
terms of contiguously allocated resource blocks ( Loggs = 1).  The resource indication value is defined by

if (Lcras —1) sLNFL;g /2J then
RIV = NFleJé (Leres —1) + RBsrart
ese

RIV = ngé (NF% —Lergs +D + (NF% —1-RBgrarr)

8.1.2 Uplink Resource allocation type 1

The resource alocation information for uplink resource alocation type 1 indicates to a scheduled UE two sets of
resource blocks with each set including one or more consecutive resource block groups of size P asgiven in table

UL
7.1.6.1-1assuming NRj asthe system bandwidth. A combinatorial index r consists of {Iogz{[’-NRB ;P+ﬂ]ﬂ bits.

The bits from the resource alocation field in the scheduling grant represent r unless the number of bitsin the resource
alocation field in the scheduling grant is

- smaller than required to fully represent r, in which case the bits in the resource allocation field in the scheduling
grant occupy the LSBs of r and the value of the remaining bits of r shall be assumed to be O; or

- larger than required to fully represent r, in which case r occupies the LSBs of the resource alocation field in the
scheduling grant.
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The combinatorial index r corresponds to a starting and ending RBG index of resource block set 1, syand s;-1, and
M-1 N —

resource block set 2, s,and s;—1 respectively, wherer is given by equation r = Z< M S> defined in subclause
i=0 -1

7.2.1withM=4and N = ’-N % / P-‘ +1. Subclause 7.2.1 aso defines ordering properties and range of valuesthat s

(RBG indices) map to. Only asingle RBG is allocated for a set at the starting RBG index if the corresponding ending
RBG index equals the starting RBG index.

8.2 UE sounding procedure

A UE shall transmit Sounding Reference Symbol (SRS) on per serving cell SRS resources based on two trigger types.
- trigger type O: higher layer signalling
- trigger type 1: DCI formats 0/4/1A for FDD and TDD and DCI formats 2B/2C for TDD.

In case both trigger type 0 and trigger type 1 SRS transmissions would occur in the same subframe in the same serving
cell, the UE shall only transmit the trigger type 1 SRS transmission.

A UE may be configured with SRS parameters for trigger type 0 and trigger type 1 on each serving cell. The following
SRS parameters are serving cell specific and semi-statically configurable by higher layers for trigger type 0 and for
trigger type 1.

e Transmission comb ch , asdefined in subclause 5.5.3.2 of [3] for trigger type 0 and each configuration of
trigger type 1

e  Starting physical resource block assignment N, as defined in subclause 5.5.3.2 of [3] for trigger type 0 and
each configuration of trigger type 1

e duration: single or indefinite (until disabled), as defined in [11] for trigger type O

e srs-Configindex Iszs for SRS periodicity Tgg and SRS subframe offset T, , as defined in Table 8.2-1 and

Table 8.2-2 for trigger type 0 and SRS periodicity Tgq, and SRS subframe offset Toﬁsall, asdefined in Table
8.2-4 and Table 8.2-5 trigger type 1

e SRSbandwidth By, asdefined in subclause 5.5.3.2 of [3] for trigger type O and each configuration of
trigger type 1

e Frequency hopping bandwidth, b_, asdefined in subclause 5.5.3.2 of [3] for trigger type O

hop

e Cyclic shift n;s?s , as defined in subclause 5.5.3.1 of [3] for trigger type 0 and each configuration of trigger
typel

e Number of antennaports N, for trigger type 0 and each configuration of trigger type 1

For trigger type 1 and DCI format 4 three sets of SRS parameters, srs-ConfigApDCI-Format4, are configured by higher
layer signalling. The 2-bit SRS request field [4] in DCI format 4 indicates the SRS parameter set givenin Table 8.1-1.
For trigger type 1 and DCI format O, asingle set of SRS parameters, srs-ConfigApDCI-Format0, is configured by
higher layer signalling. For trigger type 1 and DCI formats 1A/2B/2C, a single common set of SRS parameters, srs-
ConfigApDCI-Formatla2b2c, is configured by higher layer signalling. The SRS request field is 1 bit [4] for DCI
formats O/1A/2B/2C, with atype 1 SRStriggered if the value of the SRS request field is set to "1". A 1-bit SRS request
field shall be included in DCI formats O/1A for frame structure type 1 and 0/1A/2B/2C for frame structuretype 2 if the
UE is configured with SRS parameters for DCI formats 0/1A/2B/2C by higher-layer signalling.
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Table 8.1-1: SRS request value for trigger type 1 in DCI format 4

Value of SRS request field Description

"00" No type 1 SRS trigger

01" The 1% SRS parameter set
configured by higher layers

0" The 2" SRS parameter set
configured by higher layers

"1 The 3" SRS parameter set
configured by higher layers

The serving cell specific SRS transmission bandwidths Cg,¢ are configured by higher layers. The allowable values are
given in subclause 5.5.3.2 of [3].

The serving cell specific SRS transmission sub-frames are configured by higher layers. The allowable values are given
in subclause 5.5.3.3 of [3].

When antenna selection is enabled for a given serving cell for a UE that supports transmit antenna selection, the index
a(ngss ), of the UE antenna that transmits the SRS at time nexs iS given by

a(ngs) = Ngrs Mod 2, for both partial and full sounding bandwidth, and when frequency hopping is disabled (i.e.,

bhop 2 BSRS)'
a(nee) = (Ners +| Nsrs/ 2|+ B-| ners/ K J)mod2 whenK iseven - 1 whereKmod4=0
F | g Mod2 whenKisodd " |0 otherwise
when frequency hopping isenabled (i.e., bhop < Bgs),
BS?S
where values Bsgs, bhop, Nb, and N are given in subclause 5.5.3.2 of [3], and K = H N, (where N, =1
bl:bhop

regardiess of the N, value), except when asingle SRS transmission is configured for the UE. If aUE is configured
with more than one serving cell, the UE is not expected to transmit SRS on different antenna ports simultaneously.

A UE may be configured to transmit SRSon N, antenna ports of aserving cell where N, may be configured by
higher layer signalling. For PUSCH transmission mode 1 N, € {0,1,2,4} and for PUSCH transmission mode 2
Npe{012 withtwo antenna ports configured for PUSCH and N € {014} with 4 antenna ports configured for

PUSCH. A UE configured for SRS transmission on multiple antenna ports of a serving cell shall transmit SRS for all
the configured transmit antenna ports within one SC-FDMA symbol of the same subframe of the serving cell. The
SRS transmission bandwidth and starting physical resource block assignment are the same for all the configured
antenna ports of a given serving cell.

A UE shall not transmit SRS whenever SRS and PUSCH transmissions happen to coincide in the same symbol.

For TDD, when one SC-FDMA symbol exists in UpPTS of a given serving cell, it can be used for SRS transmission.
When two SC-FDMA symbols exist in UpPTS of a given serving cell, both can be used for SRS transmission and for
trigger type 0 SRS both can be assigned to the same UE.

A UE shall not transmit type O triggered SRS whenever type O triggered SRS and PUCCH format 2/2a/2b transmissions
happen to coincide in the same subframe. A UE shall not transmit type 1 triggered SRS whenever type 1 triggered SRS

and PUCCH format 2a/2b or format 2 with HARQ-ACK transmissions happen to coincide in the same subframe. A UE

shall not transmit PUCCH format 2 without HARQ-ACK whenever type 1 triggered SRS and PUCCH format 2 without
HARQ-ACK transmissions happen to coincide in the same subframe.

ETSI



3GPP TS 36.213 version 10.13.0 Release 10 83 ETSI TS 136 213 V10.13.0 (2015-07)

A UE shall not transmit SRS whenever SRS transmission and PUCCH transmission carrying HARQ-ACK and/or
positive SR happen to coincide in the same subframe if the parameter ackNackSRS-SmultaneousTransmission is FALSE.
A UE shall transmit SRS whenever SRS transmission and PUCCH transmission carrying HARQ-ACK and/or positive
SR using shortened format as defined in subclauses 5.4.1 and 5.4.2A of [3] happen to coincide in the same subframe if
the parameter ackNackSRS-SmultaneousTransmission is TRUE.

A UE shall not transmit SRS whenever SRS transmission on any serving cells and PUCCH transmission carrying
HARQ-ACK and/or positive SR using normal PUCCH format as defined in subclauses 5.4.1 and 5.4.2A of [3] happen
to coincide in the same subframe.

In UpPTS, whenever SRS transmission instance overlaps with the PRACH region for preamble format 4 or exceeds the
range of uplink system bandwidth configured in the serving cell, the UE shall not transmit SRS.

The parameter ackNackSRS-SmultaneousTransmission provided by higher layers determinesif a UE is configured to
support the transmission of HARQ-ACK on PUCCH and SRS in one subframe. If it is configured to support the
transmission of HARQ-ACK on PUCCH and SRS in one subframe, then in the cell specific SRS subframes of the
primary cell UE shall transmit HARQ-ACK and SR using the shortened PUCCH format as defined in subclauses 5.4.1
and 5.4.2A of [3], where the HARQ-ACK or the SR symbol corresponding to the SRS location is punctured. This
shortened PUCCH format shall be used in a cell specific SRS subframe of the primary cell even if the UE does not
transmit SRS in that subframe. The cell specific SRS subframes are defined in subclause 5.5.3.3 of [3]. Otherwise, the
UE shall use the normal PUCCH format 1/1a/1b as defined in subclause 5.4.1 of [3] or normal PUCCH format 3 as
defined in subclause 5.4.2A of [3] for the transmission of HARQ-ACK and SR.

Trigger type 0 SRS configuration of a UE in aserving cell for SRS periodicity, T, and SRS subframe offset, T , IS

defined in Table 8.2-1 and Table 8.2-2, for FDD and TDD, respectively. The periodicity Tg,s of the SRS transmission

isserving cell specific and is selected from the set { 2, 5, 10, 20, 40, 80, 160, 320} ms or subframes. For the SRS
periodicity T Of 2msin TDD, two SRS resources are configured in a half frame containing UL subframe(s) of a

given serving cell.
Type 0 triggered SRS transmission instances in a given serving cell for TDD with Tg. > 2 and for FDD are the
subframes satisfying  (10-n; + Kggs — Ty ) MOd T = 0, Wherefor FDD kg = {0,1,...,9} isthe subframe index

within the frame, for TDD Kgg isdefined in Table 8.2-3. The SRS transmission instances for TDD with Tg,q =2 are
the subframes satisfying (Kgzg — Ty ) M0d5=0.

Trigger type 1 SRS configuration of a UE in aserving cell for SRS periodicity, Tg,g ,, and SRS subframe offset, Toﬁset’l,

is defined in Table 8.2-4 and Table 8.2-5, for FDD and TDD, respectively. The periodicity Tg.g, of the SRS

transmission is serving cell specific and is selected from the set {2, 5, 10} ms or subframes. For the SRS periodicity
Tgsy 0f 2msinTDD, two SRS resources are configured in ahalf frame containing UL subframe(s) of agiven serving

cel.

A UE configured for type 1 triggered SRS transmission in serving cell ¢ and not configured with a carrier indicator field
shall transmit SRS on serving cell ¢ upon detection of a positive SRS request in PDCCH scheduling PUSCH/PDSCH
on serving cell c.

A UE configured for type 1 triggered SRS transmission in serving cell ¢ and configured with a carrier indicator field
shall transmit SRS on serving cell ¢ upon detection of a positive SRS request in PDCCH scheduling PUSCH/PDSCH
with the value of carrier indicator field corresponding to serving cell c.

A UE configured for type 1 triggered SRS transmission on serving cell ¢ upon detection of a positive SRS request in
subframe n of serving cell ¢ shall commence SRS transmission in the first subframe satisfying n+k,k>4 and

(10-n¢ +Kksrs — Tofset, 1) M0d Ters 1 =0 for TDD with Tgpgy > 2 and for FDD,
(ksrs — Toftset 1) Mod5 =0 for TDD with Tgrg =2

wherefor FDD kg ={0,1,...,9} isthe subframe index within the frame n; , for TDD Kgzg isdefined in Table 8.2-3.
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A UE configured for type 1 triggered SRS transmission is not expected to receive type 1 SRS triggering events
associated with different values of trigger type 1 SRS transmission parameters, as configured by higher layer signalling,
for the same subframe and the same serving cell.

A UE shall not transmit SRS whenever SRS and a PUSCH transmission corresponding to a Random Access Response
Grant or aretransmission of the same transport block as part of the contention based random access procedure coincide
in the same subframe.

Table 8.2-1: UE Specific SRS Periodicity Ty and Subframe Offset Configuration T for trigger

type O, FDD
SRS Configuration Index Isrs | SRS Periodicity Tgg (mMS) SRS Subframe Offset T oy
0-1 2 Isrs
2-6 5 Isrs — 2
7-16 10 Isrs — 7
17 -36 20 Isrs — 17
37-76 40 Isrs — 37
77 — 156 80 Isrs — 77
157 — 316 160 Isrs — 157
317 — 636 320 Isrs — 317
637 — 1023 reserved reserved

Table 8.2-2: UE Specific SRS Periodicity Tgs and Subframe Offset Configuration Ty, for trigger

type O, TDD
SRS Configuration Index Isgs | SRS Periodicity Teg (MS) SRS Subframe Offset Toffset

0 2 0,1

1 2 0,2

2 2 1,2

3 2 0,3

4 2 1,3

5 2 0,4

6 2 1,4

7 2 2,3

8 2 2,4

9 2 3,4
10-14 5 Isrs — 10
15-24 10 Isrs — 15
25 —-44 20 Isrs — 25
45 — 84 40 Isrs — 45
85— 164 80 Isrs — 85
165 — 324 160 lsrs — 165
325 - 644 320 Isrs — 325
645 — 1023 reserved reserved
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Table 8.2-3: Kgig for TDD

subframe index n
0 1 2|1 3(4]|5 6 718|9
1st symbol | 2nd symbol 1st 2nd
of UpPTS of UpPTS symbol of | symbol of
UpPTS UpPTS
kSRS in case 0 1 2|34 5 6 71819
UpPTS length
of 2 symbols
kSRS in case 1 2|34 6 71819
UpPTS length
of 1 symbol

Table 8.2-4: UE Specific SRS Periodicity Ty, and Subframe Offset Configuration Toffsetyl for trigger

type 1, FDD
RS Periodici
SRS Configuration Index Isrs SRS PEEEEY Vg SRS Subframe Offset T oy 4
(ms) ’
0-1 2 Isrs
2-6 5 Isrs — 2
7-16 10 Isrs — 7
17-31 reserved reserved
Table 8.2-5: UE Specific SRS Periodicity Tgs, and Subframe Offset Configuration Toﬁset]1 for trigger
type 1, TDD
SRS Periodicit
SRS Configuration Index lsrs I( ! )I Y Tsrss SRS Subframe Offset Ty 4
ms
0 reserved reserved
1 2 0,2
2 2 1,2
3 2 0,3
4 2 1,3
5 2 0,4
6 2 1,4
7 2 2,3
8 2 2,4
9 2 3,4
10-14 5 Isrs — 10
15-24 10 Isrs — 15
25-31 reserved reserved

8.3 UE HARQ-ACK procedure

For Frame Structure type 1, an HARQ-ACK received on the PHICH assigned to a UE in subframei is associated with
the PUSCH transmission in subframe i-4.

For Frame Structure type 2 UL/DL configuration 1-6, an HARQ-ACK received on the PHICH assigned to aUE in
subframei is associated with the PUSCH transmission in the subframe i-k as indicated by the following table 8.3-1.

For Frame Structure type 2 UL/DL configuration 0, an HARQ-ACK received on the PHICH in the resource
corresponding to |y oy =0, asdefined in subclause 9.1.2, assigned to a UE in subframe i is associated with the
PUSCH transmission in the subframei-k as indicated by the following table 8.3-1. For Frame Structure type 2 UL/DL
configuration 0, an HARQ-ACK received on the PHICH in the resource corresponding to |y =1, asdefined in
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subclause 9.1.2, assigned to a UE in subframei is associated with the PUSCH transmission in the subframe i-6.

Table 8.3-1 k for TDD configurations 0-6

TDD UL/DL subframe number i
Configuration
0|1|2|3[4|5|6|7|8]|9
0 7|4 7|4
1 4 6 4 6
2 6 6
3 6 6|6
4 6|6
5 6
6 6|4 7|4 6

The physical layer in the UE shall deliver indications to the higher layers as follows:
For downlink subframe i, if atransport block was transmitted in the associated PUSCH subframe then:

- if ACK isdecoded on the PHICH corresponding to that transport block in subframei, or if that
transport block is disabled by PDCCH received in downlink subframei, ACK for that transport block
shall be delivered to the higher layers;

- else NACK for that transport block shall be delivered to the higher layers.

8.4 UE PUSCH Hopping procedure

The UE shall perform PUSCH frequency hopping if the single bit frequency hopping (FH) field in a corresponding
PDCCH with DCI format 0 is set to 1 and the uplink resource block assignment is type 0 otherwise no PUSCH
frequency hopping is performed.

A UE performing PUSCH fregquency hopping shall determine its PUSCH resource alocation (RA) for the first slot of a
subframe (S1) including the lowest index PRB ( nS%QB (n)) in subframe n from the resource alocation field in the latest

PDCCH with DCI format O for the same transport block. If there isno PDCCH for the same transport block, the UE
shall determine its hopping type based on

- the hopping information in the most recent semi-persistent scheduling assignment PDCCH, when the initial
PUSCH for the same transport block is semi-persistently scheduled or

- therandom access response grant for the same transport block, when the PUSCH isinitiated by the random
access response grant.

The resource alocation field in DCI format 0 excludes either 1 or 2 bits used for hopping information as indicated by
Table 8.4-1 below where the number of PUSCH resource blocks is defined as

NY — NHO — (Ng; mod 2) Type 1PUSCH hopping
NS ={Nrg Type 2N =1 PUSCH hopping
NU — NFHO Type 2 N, >1PUSCH hopping
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For type 1 and type 2 PUSCH hopping, N9 =NAQ +1 if NKO isan odd number where NAS defined in[3].
NE’S =NES inother cases. Thesize of the resource allocation field in DCI format O after excluding either 1 or 2 bits
shal be y= [I 09, (N (N&s +1)/ 2)—| — Ny hop » Where Nug_nop = 1 0r 2 bits. The number of contiguous RBs

that can be assigned to atype-1 hopping user islimited to LZV / NFl;é J The number of contiguous RBsthat can be

assigned to atype-2 hopping user islimited to mi n( LZy / N,;JBLJ,LNRPLBJSCH / NsbJ ), where the number of sub-bands

Ng, isgiven by higher layers.

A UE performing PUSCH frequency hopping shall use one of two possible PUSCH frequency hopping types based on
the hopping information. PUSCH hopping type 1 is described in subclause 8.4.1 and type 2 is described in subclause
8.4.2.

Table 8.4-1: Number of Hopping Bits Ny nop VS. System Bandwidth

System BW #Hopping bits for
N% 2nd slot RA
(NUL hop)
6-49 1
50-110 2

The parameter Hopping-mode provided by higher layers determines if PUSCH frequency hopping is 'inter-subframe’ or
'intraand inter-subframe'.

8.4.1  Type 1 PUSCH Hopping

For PUSCH hopping type 1 the hopping bit or bitsindicated in Table 8.4-1 determineNpgg (i) asdefined in Table 8.4-2.
The lowest index PRB (nSsg (i) ) of the 1% slot RA in subframeii is defined as npmg (i) = fiprg (i) + Nps / 2, where

Noks (i) = RBgragr » ad RBgarr is Obtained from the uplink scheduling grant as in subclause 8.4 and subclause 8.1.

The lowest index PRB (npgg (i) ) of the 2™ slot RA in subframei is defined as Npgg (i) = fiprg (i) + NRs /2.

The set of physical resource blocks to be used for PUSCH transmission are L gg contiguously allocated resource

blocks from PRB index n,%B (i) forthe 1% dlot, and from PRB index npgg(i) for the 2" dot, respectively, where
Lcras i obtained from the uplink scheduling grant asin subclause 8.4 and subclause 8.1.

If the Hopping-mode is "inter-subframe”, the 1% slot RA is applied to even CURRENT_TX_NB, and the 2™ dlot RA is
applied to odd CURRENT_TX_NB, where CURRENT_TX_NB is defined in [8].

8.4.2 Type 2 PUSCH Hopping

In PUSCH hopping type 2 the set of physical resource blocks to be used for transmissionin slot ng is given by the
scheduling grant together with a predefined pattern according to [3] subclause 5.3.4. If the system frame number is not
acquired by the UE yet, the UE shall not transmit PUSCH with type-2 hoppingand Ng, >1 for TDD, where Ny, is

defined in [3].
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Table 8.4-2: PDCCH DCI Format 0 Hopping Bit Definition

System BW Number of Information in = .
UL . . . . Nprs (1)
Ngs Hopping bits hopping bits
6 — 49 . 0 @N F3cH /2J + s (i)j mod NEYSH |
1 Type 2 PUSCH Hopping
00 ON FscH /4J + N5 (i)) mod N g ="
50— 110 ) 01 (— LNggSCH /4j +Noms (i)) mod N5 ="
10 O_NE};SCH /2j - ﬁp%B(i)j mod N 5=
11 Type 2 PUSCH Hopping

8.5 UE Reference Symbol procedure

If UL sequence-group hopping or sequence hopping is configured in a serving cell, it appliesto all reference symbols
(SRS, PUSCH and PUCCH RS). If disabling of the sequence-group hopping and sequence hopping is configured for the
UE in the serving cell through the higher-layer parameter Disable-sequence-group-hopping, the sequence-group
hopping and sequence hopping for PUSCH RS are disabled.

8.6 Modulation order, redundancy version and transport block
size determination

To determine the modul ation order, redundancy version and transport block size for the physical uplink shared channel,
the UE shall first

- read the 'modulation and coding scheme and redundancy version' field (I, ), and

check the'CSl request’ bit field, and

compute the total number of allocated PRBS ( N5 ) based on the procedure defined in subclause 8.1, and

compute the number of coded symbols for control information.

8.6.1 Modulation order and redundancy version determination
ForO< I, <28, the modulation order (Q,, ) is determined as follows:

— If the UE is capable of supporting 64QAM in PUSCH and has not been configured by higher layers to transmit
only QPSK and 16QAM, the modulation order isgiven by Q, in Table 8.6.1-1.

— If the UE is not capable of supporting 64QAM in PUSCH or has been configured by higher layers to transmit
only QPSK and 16QAM, Q. isfirst read from Table 8.6.1-1. The modulation order issetto Q,, = min(4,Q,,) .

— If the parameter ttiBundling provided by higher layersis set to TRUE, then the resource alocation sizeis
restrictedto Npzg <3 and the modulation order issetto Q,, =2.

For29<1,,cs <31 the modulation order (Q,, ) is determined as follows:

— if DCI format Oisused and 1,,.s=29 or, if DCI format 4 isused and only 1 TB isenabled and 1, = 29for the
enabled TB and the signalled number of transmission layersis 1, and if
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0 the'CSl request' bit field is 1 bit and the bit is set to trigger an aperiodic report and, Npgg <4 or,

o the'CSl request' bit field is 2 bits and istriggering an aperiodic CSI report for one serving cell
according to Table 7.2.1-1A, and, Npgg <4 or,
o the'CSl request' bit field is 2 bits and istriggering an aperiodic CSI report for more than one serving
cell according to Table 7.2.1-1A and, Npgg <20,
then the modulation order issetto Q,, =2.

— Otherwise, the modulation order shall be determined from the DCI transported in the latest PDCCH with DCI
format 0/4 for the same transport block using 0< |, < 28. If thereis no PDCCH with DCI format 0/4 for the

same transport block using 0<I,,. < 28, the modulation order shall be determined from

o themost recent semi-persistent scheduling assignment PDCCH, when the initial PUSCH for the same
transport block is semi-persistently scheduled, or,

o0 therandom access response grant for the same transport block, when the PUSCH isinitiated by the
random access response grant.

The UE shall usel s and Table 8.6.1-1 to determine the redundancy version (rvigy) to use in the physical uplink shared
channel.
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Table 8.6.1-1: Modulation, TBS index and redundancy version table for PUSCH

MCS Index | Modulation Order | TBS Index | Redundancy
I MCS Qm I TBS VEElE
I'Vidx
0 2 0 0
1 2 1 0
2 2 2 0
3 2 3 0
4 2 4 0
5 2 5 0
6 2 6 0
7 2 7 0
8 2 8 0
9 2 9 0
10 2 10 0
11 4 10 0
12 4 11 0
13 4 12 0
14 4 13 0
15 4 14 0
16 4 15 0
17 4 16 0
18 4 17 0
19 4 18 0
20 4 19 0
21 6 19 0
22 6 20 0
23 6 21 0
24 6 22 0
25 6 23 0
26 6 24 0
27 6 25 0
28 6 26 0
29 1
30 reserved 2
31 3

8.6.2 Transport block size determination

ForO< I <28, the UE shall first determinethe TBSindex ( |,g5) using I, and Table 8.6.1-1 except if the

transport block is disabled in DCI format 4 as specified below. For atransport block that is not mapped to two-layer
spatial multiplexing, the TBSis determined by the procedure in subclause 7.1.7.2.1. For atransport block that is
mapped to two-layer spatial multiplexing, the TBS is determined by the procedure in subclause 7.17.2.2.

For29< |, <31,

— if DCl format Oisusedand 1,5 =29 or, if DCI format 4 isused and only 1 TB isenabled and | ,~5 =29

for the enabled TB and the number of transmission layersis 1, and if

0 the'CSl request’ bit field is 1 bit and is set to trigger an aperiodic CSl report and Npgg <4, or

o the'CSl request' bit field is 2 bits and istriggering an aperiodic CSl report for one serving cell
according to Table 7.2.1-1A, and,, Npgg <4 or,

o the'CSl request' bit field is 2 bits and istriggering aperiodic CSI report for more than one serving cell
according to Table 7.2.1-1A and, Npgg <20,
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then there is no transport block for the UL-SCH and only the control information feedback for the current PUSCH
reporting mode is transmitted by the UE.

— Otherwise, the transport block size shall be determined from the initial PDCCH for the same transport block
using 0<1,,.s < 28. If thereisnoinitial PDCCH with an uplink DCI format for the same transport block using

0< 1,05 < 28, the transport block size shall be determined from

o themost recent semi-persistent scheduling assignment PDCCH, when the initial PUSCH for the same
transport block is semi-persistently scheduled, or,

0 therandom access response grant for the same transport block, when the PUSCH isinitiated by the
random access response grant.

In DCI format 4 atransport block is disabled if either the combination of I,.s=0 and Npgg >1 or the combination

of Iyes=28 and Npgg =1 issignalled, otherwise the transport block is enabled.

8.6.3 Control information MCS offset determination

Offset values are defined for single codeword PUSCH transmission and multiple codeword PUSCH transmission.
Single codeword PUSCH transmission offsets ﬁO?;RQ_ACK \ ,Boﬁf'fsa and g& shall be configured to values

according to Table 8.6.3-1,2,3 with the higher layer signalled indexes | a0 " I B and | S, | respectively.

Multiple codeword PUSCH transmission offsets S O, B and S, shall be configured to values

according to Table 8.6.3-1,2,3 with the higher layer signalled indexes I;;R?BZQCK , Ig}ﬂ,Mc and IOCﬁQS,'EL,\,IC ,

respectively.

Table 8.6.3-1: Mapping of HARQ-ACK offset values and the index signalled by higher layers

| HARQ-ACK | HARQ-ACK HARQ-ACK

offset offset,MC offset
0 2.000
1 2.500
2 3.125
3 4.000
4 5.000
5 6.250
6 8.000
7 10.000
8 12.625
9 15.875
10 20.000
11 31.000
12 50.000
13 80.000
14 126.000
15 1.0
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Table 8.6.3-2: Mapping of RI offset values and the index signalled by higher layers

I oRf‘:set Iy IoRf:set,MC ﬂo?fset
0 1.250
1 1.625
2 2.000
3 2.500
4 3.125
5 4.000
6 5.000
7 6.250
8 8.000
9 10.000
10 12.625
11 15.875
12 20.000
13 reserved
14 reserved
15 reserved

Table 8.6.3-3: Mapping of CQI offset values and the index signalled by higher layers

| e OF ot B
0 reserved
1 reserved
2 1.125
3 1.250
4 1.375
5 1.625
6 1.750
7 2.000
8 2.250
9 2.500
10 2.875
11 3.125
12 3.500
13 4.000
14 5.000
15 6.250
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8.7 UE Transmit Antenna Selection

UE transmit antenna selection is configured by higher layers via parameter ue-TransmitAntennaSelection.
A UE configured with transmit antenna selection for a serving cell is not expected to

e  be configured with more than one antenna port for any uplink physical channel or signal for any configured
serving cell, or

e be configured with trigger type 1 SRS transmission on any configured serving cell, or
e be configured with simultaneous PUCCH and PUSCH transmission, or

¢  be configured with demodulation reference signal for PUSCH with OCC for any configured serving cell (see
[3], subclause 5.5.2.1.1), or

e receive DCI Format O indicating uplink resource alocation type 1 for any serving cell.
If UE transmit antenna selection is disabled or not supported by the UE, the UE shall transmit from UE port O.

If closed-loop UE transmit antenna selection is enabled by higher layers the UE shall perform transmit antenna selection
in response to the most recent command received via DCI Format 0 in subclause 5.3.3.2 of [4]. If a UE is configured
with more than one serving cell, the UE may assume the same transmit antenna port value is indicated in each DCI
format 0 PDCCH grant in a given subframe.

If open-loop UE transmit antenna selection is enabled by higher layers, the transmit antenna to be selected by the UE is
not specified.

9 Physical downlink control channel procedures

9.1 UE procedure for determining physical downlink control
channel assignment

9.1.1 PDCCH Assignment Procedure

The control region of each serving cell consists of a set of CCEs, numbered from0to Nccg —1 according to
subclause 6.8.1in[3], where Nccg ) isthe total number of CCEsin the control region of subframe k. The UE shall

monitor a set of PDCCH candidates on one or more activated serving cells as configured by higher layer signalling for
control information in every non-DRX subframe, where monitoring implies attempting to decode each of the PDCCHs
in the set according to all the monitored DCI formats.

The set of PDCCH candidates to monitor are defined in terms of search spaces, where a search space SEL) a
aggregation level Le {1,2,4,8} isdefined by aset of PDCCH candidates. For each serving cell on which PDCCH is
monitored, the CCEs corresponding to PDCCH candidate m of the search space SE") are given by

L {(Yk +m’)mod \_NCCE,k / LJ }+i
whereY, isdefined below, i =0,---,L—1. For the common search space m’=m. For the UE specific search space, for

the serving cell on which PDCCH is monitored, if the monitoring UE is configured with carrier indicator field then
m=m+M"). Ncy where ng isthe carrier indicator field value, else if the monitoring UE is not configured with
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carrier indicator field then m'=m, where m=0,---,M® —1. M® isthe number of PDCCH candidates to monitor
in the given search space.

Note that the carrier indicator field value is the same as ServCellIndex given in [11].
The UE shall monitor one common search space at each of the aggregation levels 4 and 8 on the primary cell.

A UE not configured with a carrier indicator field shall monitor one UE-specific search space at each of the aggregation
levels 1, 2, 4, 8 on each activated serving cell. A UE configured with a carrier indicator field shall monitor one or
more UE-specific search spaces at each of the aggregation levels 1, 2, 4, 8 on one or more activated serving cells as
configured by higher layer signalling.

The common and UE-specific search spaces on the primary cell may overlap.

A UE configured with the carrier indicator field associated with monitoring PDCCH on serving cell ¢ shall monitor
PDCCH configured with carrier indicator field and with CRC scrambled by C-RNTI in the UE specific search space of
serving cell c.

A UE configured with the carrier indicator field associated with monitoring PDCCH on the primary cell shall monitor
PDCCH configured with carrier indicator field and with CRC scrambled by SPS C-RNTI in the UE specific search
space of the primary cell.

The UE shall monitor the common search space for PDCCH without carrier indicator field.

For the serving cell on which PDCCH is monitored, if the UE is not configured with a carrier indicator field, it shall
monitor the UE specific search space for PDCCH without carrier indicator field, if the UE is configured with a carrier
indicator field it shall monitor the UE specific search space for PDCCH with carrier indicator field.

A UE is not expected to monitor the PDCCH of a secondary cell if it is configured to monitor PDCCH with carrier
indicator field corresponding to that secondary cell in another serving cell.  For the serving cell on which PDCCH is
monitored, the UE shall monitor PDCCH candidates at |east for the same serving cell.

A UE configured to monitor PDCCH candidates with CRC scrambled by C-RNTI or SPS C-RNTI with a common
payload size and with the same first CCE index n-cg (asdescribed in subclause 10.1) but with different sets of DCI

information fields as defined in [4] in the
- common search space
- UE specific search space
on the primary cell shall assume that for the PDCCH candidates with CRC scrambled by C-RNTI or SPS C-RNTI,

- if the UE is configured with the carrier indicator field associated with monitoring the PDCCH on the
primary cell, only the PDCCH in the common search space is transmitted by the primary cell;

- otherwise, only the PDCCH in the UE specific search space is transmitted by the primary cell.

A UE configured to monitor PDCCH candidates in a given serving cell with agiven DCI format size with CIF, and
CRC scrambled by C- RNTI, where the PDCCH candidates may have one or more possible values of CIF for the given
DCI format size, shall assume that a PDCCH candidate with the given DCI format size may be transmitted in the given
serving cell in any UE specific search space corresponding to any of the possible values of CIF for the given DCI
format size.

The aggregation levels defining the search spaces are listed in Table 9.1.1-1. The DCI formats that the UE shall monitor
depend on the configured transmission mode per each serving cell as defined in subclause 7.1.
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Table 9.1.1-1: PDCCH candidates monitored by a UE.

Search space SEL) Number of PDC(CL;—|

Type Aggregation level L Size [in CCEs] candidates M
1 6 6
UE- 2 12 6
specific 4 8 2
8 16 2
Common 4 16 4
8 16 2

For the common search spaces, Y, is set to O for the two aggregation levels L=4 and L=8.
For the UE-specific search space S&"’ at aggregation level L , the variable Y, is defined by
Y, =(A-Y,_;)modD

where Y, =ngyy %0, A=39827, D=65537 and k=|n,/2], n istheslot number within aradio frame. The

RNTI value used for Ngyq, isdefined in subclause 7.1 in downlink and clause 8 in uplink.

9.1.2 PHICH Assignment Procedure

For PUSCH transmissions scheduled from serving cell cin subframe n, a UE shall determine the corresponding PHICH
resource of serving cell ¢ insubframe n+Kpy oy » Where Kpy oy isaways4 for FDD and isgivenintable 9.1.2-1

for TDD. For subframe bundling operation, the corresponding PHICH resource is associated with the last subframein
the bundle.

TDD UL/DL subframe index n
Configuration
0|1|2|3[4|5|6|7|8]|9

0 417 |6 41716

1 416 416

2 6 6

3 6|66

4 6|6

5 6

6 4166 4|7

The PHICH resource is identified by theindex pair (ngi&y . Npicy ) Where n3i &, isthe PHICH group number and
Npicy 1S the orthogonal sequence index within the group as defined by:

group _ group group
NeHicH = (Ipre ra+ NbMRrs) MOANBL & + 1 prich NpHICH

e = \_ group J PHICH
NeHicH = (Uprs_ra’/ NpHicH I+ Nomrs) mod 2Nge

where
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Npumrs 1S Mapped from the cyclic shift for DMRS field (according to Table 9.1.2-2) in the most recent

PDCCH with uplink DCI format [4] for the transport block(s) associated with the corresponding
PUSCH transmission. npygs Shall be set to zero, if thereis no PDCCH with uplink DCI format for

the same transport block, and

e if theinitidl PUSCH for the same transport block is semi-persistently scheduled, or

e if theinitial PUSCH for the same transport block is scheduled by the random access response

grant .

«  N'“Histhe spreading factor size used for PHICH modulation as described in subclause 6.9.1 in [3].

PRB_RA

| lowest _index

for thefirst TB of a PUSCH with associated PDCCH or for the case of

no associated PDCCH when the number of negatively acknowledged
| lowest_index TBsisnot equal to the number of TBsindicated in the most recent
'pre_Ra = PDCCH associated with the corresponding PUSCH

| lowest_index 1 for asecond TB of aPUSCH with associated PDCCH

where PRB RA isthe lowest PRB index in the first dot of the corresponding PUSCH

transmission

HICH
[3l.

NS isthe number of PHICH groups configured by higher layers as described in subclause 6.9 of

| {1 for TDD UL/DL configuration 0 with PUSCH transmission in subframen=4or 9
* PHICH

- 0 otherwise

Table 9.1.2-2: Mapping between npyrs and the cyclic shift for DMRS field in PDCCH with uplink DCI

format in [4]

Cyclic Shift for DM RS Field in PDCCH
with uplink DCI format in [4]

Npvrs

000

001

010

011

100

101

110

111

N0~ |WIN|F-

9.1.3  Control Format Indicator assignment procedure

PHICH duration is signalled by higher layers according to Table 6.9.3-1in[3]. The duration signalled puts a lower

limit on the size of the control region determined from the control format indicator (CFl). When N F?'B‘ >10, if
extended PHICH duration isindicated by higher layers then the UE shall assume that CFl is equal to PHICH duration.

9.2 PDCCH validation for semi-persistent scheduling

A UE shall validate a Semi-Persistent Scheduling assignment PDCCH only if al the following conditions are met:
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- the CRC parity hits obtained for the PDCCH payload are scrambled with the Semi-Persistent Scheduling C-
RNTI

- the new data indicator field is set to "0". In case of DCI formats 2, 2A, 2B and 2C, the new data indicator
field refers to the one for the enabled transport block.

Validation is achieved if al the fields for the respective used DCI format are set according to Table 9.2-1 or Table 9.2-
1A.

If validation is achieved, the UE shall consider the received DCI information accordingly as a valid semi-persistent
activation or release.

If validation is not achieved, the received DCI format shall be considered by the UE as having been received with a
non-matching CRC.

Table 9.2-1: Special fields for Semi-Persistent Scheduling Activation PDCCH Validation

DCI format O DCI format 1/1A DCI format
2/2A/2B/2C
TPC command for set to "00" N/A N/A
scheduled PUSCH
Cyclic shift DM RS set to " 000" N/A N/A
Modulation and coding MSB issetto"0" N/A N/A
scheme and
redundancy version
HARQ process N/A FDD: set to "000" FDD: set to "000"
number
TDD: set to "0000" TDD: set to "0000"
Modulation and coding N/A MSB issetto "0" For the enabled
scheme transport block:
MSB is set to"0"
Redundancy version N/A set to " 00" For the enabled
transport block:
set to " 00"

Table 9.2-1A: Special fields for Semi-Persistent Scheduling Release PDCCH Validation

DCI format 0 DCI format 1A
TPC command for scheduled set to " 00" N/A
PUSCH
Cyclic shift DM RS set to 000" N/A
Modulation and coding scheme and setto"11111" N/A
redundancy version
Resource block assignment and Settoal "1"s N/A
hopping resource alocation
HARQ process number N/A FDD: set to "000"

TDD: set to "0000"

Modulation and coding scheme N/A setto"11111"
Redundancy version N/A set to 00"
Resource block assignment N/A Settoall "1"s
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For the case that the DCI format indicates a semi-persistent downlink scheduling activation, the TPC command for
PUCCH field shall be used as an index to one of the four PUCCH resource values configured by higher layers, with the
mapping defined in Table 9.2-2

Table 9.2-2: PUCCH Resource value for Downlink Semi-Persistent Scheduling

Value of " TPC command for (Lp)
PUCCH" PUCCH

"00" The first PUCCH resource value
configured by the higher layers

01" The second PUCCH resource value
configured by the higher layers

0" The third PUCCH resource value
configured by the higher layers

n1qn The fourth PUCCH resource value
configured by the higher layers

9.3 PDCCH control information procedure

A UE shall discard the PDCCH if consistent control information is not detected.

10 Physical uplink control channel procedures

10.1  UE procedure for determining physical uplink control
channel assignment

If the UE is configured for asingle serving cell and is not configured for simultaneous PUSCH and PUCCH
transmissions, then in subframe n uplink control information (UCI) shall be transmitted

- onPUCCH using format 1/1a/1b/3 or 2/2a/2b if the UE is not transmitting on PUSCH

- on PUSCH if the UE is transmitting on PUSCH in subframe n unlessthe PUSCH transmission corresponds to
a Random Access Response Grant or a retransmission of the same transport block as part of the contention
based random access procedure, in which case UCI is not transmitted

If the UE is configured for asingle serving cell and simultaneous PUSCH and PUCCH transmission, then in subframe
n UCI shall be transmitted

- onPUCCH using format 1/1a/1b/3 if the UCI consists only of HARQ-ACK and/or SR
- onPUCCH using format 2 if the UCI consists only of periodic CSI

- on PUCCH using format 2/2a/2b if the UCI consists of periodic CSl and HARQ-ACK and if the UE is not
transmitting PUSCH

- on PUCCH and PUSCH if the UCI consists of HARQ-ACK/HARQ-ACK+SR/positive SR and
periodic/aperiodic CSI in which case the HARQ-ACK/HARQ-ACK+SR/positive SR is transmitted on PUCCH
using format 1/1a/1b/3 and the periodic/aperiodic CSI transmitted on PUSCH unless the PUSCH transmission
corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the
contention based random access procedure, in which case periodic/aperiodic CSl is not transmitted

If the UE is configured with more than one serving cell and is not configured for simultaneous PUSCH and PUCCH
transmission, then in subframe n UCI shall be transmitted

- onPUCCH using format 1/1a/1b/3 or 2/2a/2b if the UE is not transmitting PUSCH
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- on PUSCH of the serving cell givenin subclause 7.2.1 if the UCI consists of aperiodic CSI or aperiodic CSl and
HARQ-ACK

- onprimary cell PUSCH if the UCI consists of periodic CSl and/or HARQ-ACK and if the UE is transmitting on
the primary cell PUSCH in subframe n unlessthe primary cell PUSCH transmission corresponds to a Random
Access Response Grant or aretransmission of the same transport block as part of the contention based random
access procedure, in which case UCI is not transmitted

- on PUSCH of the secondary cell with smallest SCelllndex if the UCI consists of periodic CSI and/or HARQ-
ACK and if the UE is not transmitting PUSCH on primary cell but is transmitting PUSCH on at |east one
secondary cell

If the UE is configured with more than one serving cell and simultaneous PUSCH and PUCCH transmission, then in
subframe n UCI shall be transmitted

- onPUCCH using format 1/1a/1b/3 if the UCI consists only of HARQ-ACK and/or SR
- on PUCCH using format 2 if the UCI consists only of periodic CSI

- asdescribed in subclause 10.1.1, if the UCI consists of periodic CSl and HARQ-ACK and if the UE is not
transmitting on PUSCH

- onPUCCH and primary cell PUSCH if the UCI consists of HARQ-ACK and periodic CSl and the UE is
transmitting PUSCH on the primary cell, in which case the HARQ-ACK istransmitted on PUCCH using format
1a/1b/3 and the periodic CSl is transmitted on PUSCH unless the primary cell PUSCH transmission
corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the
contention based random access procedure, in which case periodic CSl is not transmitted

- on PUCCH and PUSCH of the secondary cell with the smallest SCellindex if the UCI consists of HARQ-ACK
and periodic CSI and if the UE is not transmitting PUSCH on primary cell but is transmitting PUSCH on at
least one secondary cell, in which case, the HARQ-ACK istransmitted on PUCCH using format 1a/1b/3 and the
periodic CSl istransmitted on PUSCH

- on PUCCH and PUSCH if the UCI consists of HARQ-ACK/HARQ-ACK+SR/positive SR and aperiodic CSl in
which case the HARQ-ACK/HARQ-ACK+SR/positive SR is transmitted on PUCCH using format 1/1a/1b/3
and the aperiodic CSl is transmitted on PUSCH of the serving cell given in subclause 7.2.1

If the UE is configured with more than one serving cell, then reporting prioritization and collision handling of periodic
CSl reports of a certain PUCCH reporting type is given in subclause 7.2.2.

A UE transmits PUCCH only on the primary cell.

A UE isconfigured by higher layersto transmit PUCCH on one antennaport (p= pg) or two antenna ports
(Pe[Po, Pul) -

For FDD with two configured serving cells and PUCCH format 1b with channel selection or for FDD with two or more

NDDehS_l .
configured serving cells and PUCCH format 3, narq = Z N/esved where Nis iSthe number of configured cells
c=0

and Nc“a"e‘"ed isthe number of transport blocks or the SPS release PDCCH, if any, received in subframe n—4 in
servingcell C.

For TDD with two configured serving cells and PUCCH format 1b with channel selection and a subframe n with M = 1,
NDDehS_l i .
or for TDD UL-DL configuration 0 and PUCCH format 3, nyarq = Z Z NJeEved where N isthe number
c=0 keK
of transport blocks or the SPS release PDCCH, if any, received in subframe N—K inservingcell C,where ke K,
and M is the number of elementsin K.
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For TDD UL-DL configurations 1-6 and PUCCH format 3, or for TDD with two configured serving cells and PUCCH

Nc[()ellis_l .
format 1b with channel selectionand M =2, nuage = Z ((ngl, «—Upar c)m0d4)' nACK 4 Z Njeeved | where
c=0 keK

Voni o isthe Vox insevingcell €, Up,, . isthe Uy, inservingcell €, and nS isthe number of HARQ-
ACK hits corresponding to the configured DL transmission mode on serving cell C. In case spatiad HARQ-ACK
bundling isapplied, N?™ =1 and N;%** isthe number of PDCCH or PDSCH without a corresponding PDCCH

received in subframe N—Kk and serving cell C, where ke K and M is the number of elementsin K. In case spatial
HARQ-ACK bundling is not applied, Nf‘c’d"ed is the number of transport blocks received or the SPS release PDCCH

received in subframe N—K inservingcell C, where ke K and M isthe number of elementsin K. VDDAL,YC:Oif no

transport block or SPS release PDCCH is detected in subframe(s) n—K inservingcell C, where ke K .

For TDD with two configured serving cells and PUCCH format 1b with channel selectionand M =3 0r 4, N,zo =2

if UE receives PDSCH or PDCCH indicating downlink SPS release only on one serving cell within subframes
n—Kk ,where ke K ;otherwise Ny po = 4.

Throughout the following sections, subframes are numbered in monotonically increasing order; if the last subframe of a
radio frameis denoted as k, the first subframe of the next radio frameis denoted as k+1.

10.1.1 PUCCH format information

Using the PUCCH formats defined in subclauses 5.4.1 and 5.4.2 in [ 3], the following combinations of UCI on PUCCH
are supported:

- Format 1afor 1-bit HARQ-ACK or in case of FDD for 1-bit HARQ-ACK with positive SR
- Format 1b for 2-bit HARQ-ACK or for 2-bit HARQ-ACK with positive SR

- Format 1b for up to 4-bit HARQ-ACK with channel selection when the UE is configured with more than one
serving cell or, in the case of TDD, when the UE is configured with a single serving cell

- Format 1 for positive SR

- Format 2 for aCSl report when not multiplexed with HARQ-ACK

- Format 2afor a CSl report multiplexed with 1-bit HARQ-ACK for normal cyclic prefix

- Format 2b for a CSl report multiplexed with 2-bit HARQ-ACK for normal cyclic prefix

- Format 2 for aCSl report multiplexed with HARQ-ACK for extended cyclic prefix

- Format 3 for up to 10-bit HARQ-ACK for FDD and for up to 20-bit HARQ-ACK for TDD

- Format 3 for up to 11-hit corresponding to 10-bit HARQ-ACK and 1-hit positive/negative SR for FDD and for
up to 21-bit corresponding to 20-bit HARQ-ACK and 1-bit positive/negative SR for TDD.

For a UE configured with PUCCH format 3 and HARQ-ACK transmission on PUSCH or using PUCCH format 3, or
for a UE configured with two serving cells and PUCCH format 1b with channel selection and HARQ-ACK
transmission on PUSCH, or for UE configured with one serving cell and PUCCH format 1b with channel selection
according to Tables 10.1.3-5, 10.1.3-6, 10.1.3-7 and HARQ-ACK transmission on PUSCH.

- If the configured downlink transmission mode for a serving cell supports up to 2 transport blocks and only one
transport block is received in a subframe, the UE shall generate a NACK for the other transport block if spatial
HARQ-ACK bundling is not applied.

- If neither PDSCH nor PDCCH indicating downlink SPS release is detected in a subframe for a serving cell, the
UE shall generate two NACK s when the configured downlink transmission mode supports up to 2 transport
blocks and the UE shall generate a single NACK when the configured downlink transmission mode supports a
single transport block.
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The scrambling initialization of PUCCH format 2, 2a, 2b and 3 isby C-RNTI.

For a UE that is configured with asingle serving cell and is not configured with PUCCH format 3, in case of collision
between a periodic CSl report and an HARQ-ACK in a same subframe without PUSCH, the periodic CSl report is
multiplexed with HARQ-ACK on PUCCH if the parameter simultaneousAckNackAndCQI provided by higher layersis
set TRUE, otherwise the CSl is dropped.

For TDD and for a UE that is configured with a single serving cell and with PUCCH format 3, in case of collision
between a periodic CSI report and an HARQ-ACK in a same subframe without PUSCH, if the parameter
simultaneousAckNackAndCQI provided by higher layers is set TRUE, the periodic CSI report is multiplexed with
HARQ-ACK or dropped as described in subclause 7.3, otherwise the CSl is dropped.

For FDD and for a UE that is configured with more than one serving cell, in case of collision between a periodic CSI
report and an HARQ-ACK in a same subframe without PUSCH, the periodic CSI report is multiplexed with HARQ-
ACK on PUCCH if the parameter simultaneousAckNackAndCQI provided by higher layersis set TRUE and if the
HARQ-ACK correspondsto a PDSCH transmission or PDCCH indicating downlink SPS release only on the primary
cell, otherwise CSl| is dropped.

For TDD and for a UE that is configured with more than one serving cell, in case of collision between a periodic CSI
report and an HARQ-ACK in a same subframe without PUSCH, if the parameter simultaneousAckNackAndCQI
provided by higher layersis set TRUE, the periodic CSI report is multiplexed with HARQ-ACK or dropped as
described in subclause 7.3, otherwise the CSI is dropped.In case of collision between a periodic CSI report and an
HARQ-ACK in a same subframe with PUSCH, the periodic CSl is multiplexed with the HARQ-ACK in the PUSCH
transmission in that subframe if the UE is not configured by higher layers simultaneous PUCCH and PUSCH
transmissions. Otherwise, if the UE is configured by higher layers simultaneous PUCCH and PUSCH transmissions, the
HARQ-ACK istransmitted in the PUCCH and the periodic CSl in transmitted in the PUSCH.

10.1.2 FDD HARQ-ACK feedback procedures

For FDD and for a UE transmitting HARQ-ACK using PUCCH format 1b with channel selection or PUCCH format 3,
the UE shall determine the number of HARQ-ACK bits, 0, based on the number of configured serving cells and the
downlink transmission modes configured for each serving cell. The UE shall use two HARQ-ACK bits for a serving
cell configured with a downlink transmission mode that support up to two transport blocks; and one HARQ-ACK bit
otherwise.

A UE that supports aggregating at most 2 serving cells with frame structure type 1 shall use PUCCH format 1b with
channel selection for transmission of HARQ-ACK when configured with more than one serving cell with frame
structure type 1.

A UE that supports aggregating more than 2 serving cells with frame structure type 1 is configured by higher layersto
use either PUCCH format 1b with channel selection or PUCCH format 3 for transmission of HARQ-ACK when
configured with more than one serving cell with frame structure type 1.

The FDD HARQ-ACK feedback procedure for one configured serving cell is given in subclause 10.1.2.1 and
procedures for more than one configured serving cell are given in subclause 10.1.2.2.

10.1.2.1 FDD HARQ-ACK procedure for one configured serving cell

HARQ-ACK transmission on two antennaports (pe [pg, p1]) issupported for PUCCH format 1a/1b.

For FDD and one configured serving cell, the UE shall use PUCCH resource n&,@CH for transmission of HARQ-ACK
insubframe n for p mapped to antenna port p for PUCCH format 1a/1b [3], where

- for aPDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n—4 , or for a
PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—4 , the UE shall use

nélL‘,i'éJéH =Neee + N&,)CCH for antennaport p,, where nece isthe number of the first CCE (i.e. lowest CCE

index used to construct the PDCCH) used for transmission of the corresponding DCI assignment and N&}CCH
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is configured by higher layers. For two antenna port transmission the PUCCH resource for antennaport p, is

. 15 1
given by né,UFC’léH = Neee +1+ NéU)CCH .

- for aPDSCH transmission on the primary cell where there is not a corresponding PDCCH detected in subframe
n-4, the value of né,tb(;)CH is determined according to higher layer configuration and Table 9.2-2. For aUE
configured for two antenna port transmission, a PUCCH resource value in Table 9.2-2 maps to two PUCCH
resources with the first PUCCH resource né,tg"():H for antennaport py and the second PUCCH resource

n(Pt%éH for antennaport p, , otherwise, the PUCCH resource value maps to a single PUCCH resource

n(P{f:“C)H for antennaport pg.

10.1.2.2 FDD HARQ-ACK procedures for more than one configured serving cell

The FDD HARQ-ACK feedback procedures for more than one configured serving cell are either based on a PUCCH
format 1b with channel selection HARQ-ACK procedure as described in subclause 10.1.2.2.1 or aPUCCH format 3
HARQ-ACK procedure as described in subclause 10.1.2.2.2.

HARQ-ACK transmission on two antennaports (pe [ pg, py]) issupported for PUCCH format 3.

10.1.2.2.1 PUCCH format 1b with channel selection HARQ-ACK procedure

For FDD with two configured serving cells and PUCCH format 1b with channel selection, the UE shall transmit
b(0)b(1) on PUCCH resource nS&CCH selected from A PUCCH resources, néﬁccm where 0< j<A-1 and

Ae {234 , according to Table 10.1.2.2.1-3, Table 10.1.2.2.1-4, Table 10.1.2.2.1-5 in subframe n using PUCCH
format 1b. HARQ-ACK((j) denotes the ACK/NACK/DTX response for atransport block or SPS release PDCCH

associated with serving cell ¢, where the transport block and serving cell for HARQ-ACK(j) and A PUCCH resources
aregiven by Table 10.1.2.2.1-1.

A UE configured with a transmission mode that supports up to two transport blocks on serving cell, c, shall usethe
same HARQ-ACK response for both the transport blocks in response to a PDSCH transmission with a single transport
block or aPDCCH indicating downlink SPS release associated with the serving cell c.

Table 10.1.2.2.1-1: Mapping of Transport Block and Serving Cell to HARQ-ACK(j) for PUCCH format
1b HARQ-ACK channel selection

A HARQ-ACK(j)

HARQ-ACK(0)

HARQ-ACK(1)

HARQ-ACK(2)

HARQ-ACK(3)

TB1 Primary cell

TB1 Secondary cell

NA

NA

TB1 Serving celll

TB2 Serving celll

TB1 Serving cell2

NA

TB1 Primary cell

TB2 Primary cell

TB1 Secondary cell

TB2 Secondary cell

The UE shall determinethe A PUCCH resources, néﬁccm associated with HARQ-ACK(j) where 0< j< A-1 in
Table 10.1.2.2.1-1, according to

- for aPDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n—4 onthe
primary cell, or for a PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—4 on
the primary cell, the PUCCH resourceis n&)JCCH i = Nece + N&}CCH , and for transmission mode that supports

up to two transport blocks, the PUCCH resource néﬂCCH’ i+1 isgiven by néﬂCCH’ i1 = Neee +1+ NS eer

where N isthe number of the first CCE used for transmission of the corresponding PDCCH and N&}CCH
is configured by higher layers.
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- for aPDSCH transmission on the primary cell where there is not a corresponding PDCCH detected in subframe
n-4, the value of néﬁCCH’ ; isdetermined according to higher layer configuration and Table 9.2-2. For

transmission mode that supports up to two transport blocks, the PUCCH resource n&icm,ju isgiven by

® —n®

NeuccH, j+1 = Mpucc, | +1

- for aPDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n—4 onthe
secondary cell, the value of né,BCCH’ j » and the value of néﬂCCH’ j+1 for the transmission mode that supports up

to two transport blocks is determined according to higher layer configuration and Table 10.1.2.2.1-2. The TPC
field in the DCI format of the corresponding PDCCH shall be used to determine the PUCCH resource values
from one of the four resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.1-
2. For a UE configured for a transmission mode that supports up to two transport blocks a PUCCH resource

valuen Table 10.1.2.2.1-2 maps to two PUCCH resources (Ncc j» Nigoc 1) » Otherwise, the PUCCH

resource value maps to a single PUCCH resource né,BCCH’ j -

Table 10.1.2.2.1-2: PUCCH Resource Value for HARQ-ACK Resource for PUCCH

n(l’ .or
Value of "TPC command for PUCCH, j
PUCCH" @ @
(nPUCCH,j ) nPUCCH,j+1)
"00" The 1st PUCCH resource value
configured by the higher layers
01" The 2™ PUCCH resource value
configured by the higher layers
"10" The 3™ PUCCH resource value
configured by the higher layers
"q The 4™ PUCCH resource value
configured by the higher layers
Note: (nI(D:BCCH,j , né’:BCCH,j ,1) are determined from the first and second

PUCCH resource lists configured by n1PUCCH-AN-CS-List-r10 in [11],
respectively.

Table 10.1.2.2.1-3: Transmission of Format 1b HARQ-ACK channel selection for A=2

HARQ-ACK(0) | HARQ-ACK(1) A b(0)b(1)
ACK ACK nPecnt 11
ACK NACK/DTX nYecho 11

NACK/DTX ACK nYecn 0,0
NACK NACK/DTX nYecho 0,0
DTX NACK/DTX No Transmission
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Table 10.1.2.2.1-4: Transmission of Format 1b HARQ-ACK channel selection for A=3

HARQ-ACK(0) | HARQ-ACK(1) | HARQ-ACK(2) n,(,ﬂCCH b(0)b(2)
ACK ACK ACK nSccrt 11
ACK NACK/DTX ACK nSccrt 1,0

NACK/DTX ACK ACK nSccrt 01
NACK/DTX NACK/DTX ACK nYccr2 11
ACK ACK NACK/DTX nSccro 11
ACK NACK/DTX NACK/DTX nSccro 1,0
NACK/DTX ACK NACK/DTX nSccro 01
NACK/DTX NACK/DTX NACK nYccr2 0,0
NACK NACK/DTX DTX nSccro 0,0
NACK/DTX NACK DTX nSccro 0,0
DTX DTX DTX No Transmission
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Table 10.1.2.2.1-5: Transmission of Format 1b HARQ-ACK channel selection for A=4

HARQ-ACK(0) | HARQ-ACK(1) | HARQ-ACK(2) | HARQ-ACK(3) nﬁ}CCH b(0)b(2)
ACK ACK ACK ACK né,ll)JCCH1 1,1
ACK NACK/DTX ACK ACK né,ll)JCCH2 0,1

NACK/DTX ACK ACK ACK né,ll)JCCH1 0,1
NACK/DTX NACK/DTX ACK ACK né,ll)JCCH3 1,1
ACK ACK ACK NACK/DTX nQ&CCH’l 1,0
ACK NACK/DTX ACK NACK/DTX né,ll)JCCH2 0,0
NACK/DTX ACK ACK NACK/DTX né,ll)JCCH1 0,0
NACK/DTX NACK/DTX ACK NACK/DTX né,ll)JCCH3 1,0
ACK ACK NACK/DTX ACK né,ll)JCCH2 1,1
ACK NACK/DTX NACK/DTX ACK nQ&CCHZ 1,0
NACK/DTX ACK NACK/DTX ACK né,ll)JCCH3 0,1
NACK/DTX NACK/DTX NACK/DTX ACK né,ll)JCCH3 0,0
ACK ACK NACK/DTX NACK/DTX nS&CCHD 1,1
ACK NACK/DTX NACK/DTX NACK/DTX nS&CCH’O 1,0
NACK/DTX ACK NACK/DTX NACK/DTX nS&CCHD 0,1
NACK/DTX NACK NACK/DTX NACK/DTX nS&CCHD 0,0
NACK NACK/DTX NACK/DTX NACK/DTX nS&CCHD 0,0
DTX DTX NACK/DTX NACK/DTX No Transmission

10.1.2.2.2

For FDD with PUCCH format 3, the UE shall use PUCCH resource
ACK insubframe n for p mapped to antenna port p where

PUCCH format 3 HARQ-ACK procedure

(3,p)
Neucen

(Lp)

or Npjcey for transmission of HARQ-

for a PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n—4, or for aPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—4

on the primary cell, the UE shall use PUCCH format 1&/1b and PUCCH resource n&,@CH

with

n(P{f:“C)H =Neee + N&J)CCH for antennaport p,, where ne isthe number of the first CCE (i.e. lowest CCE

index used to construct the PDCCH) used for transmission of the corresponding PDCCH and N, is
configured by higher layers. When two antenna port transmission is configured for PUCCH format 1a/1b, the

PUCCH resource for antennaport p; isgiven by

Lp) _
Npgcen =N

CCE +

3
1+ Npjeen -

for a PDSCH transmission only on the primary cell where there is not a corresponding PDCCH detected in
subframe n-4, the UE shall use PUCCH format 1a/1b and PUCCH resource nélo’():)CH where the value of
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n&;@CH is determined according to higher layer configuration and Table 9.2-2. For a UE configured for two
antenna port transmission for PUCCH format 1a/1b, a PUCCH resource value in Table 9.2-2 maps to two
PUCCH resources with the first PUCCH resource n&%&H for antennaport py and the second PUCCH
resource n&;g%H for antennaport pq, otherwise, the PUCCH resource value maps to asingle PUCCH
resource n&%&H for antenna port pg.

- for aPDSCH transmission on the secondary cell indicated by the detection of a corresponding PDCCH in
subframe n—4, the UE shall use PUCCH format 3 and PUCCH resource NSPL., wherethe valueof n&PL,,

is determined according to higher layer configuration and Table 10.1.2.2.2-1. The TPC field in the DCI format
of the corresponding PDCCH shall be used to determine the PUCCH resource values from one of the four
resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. For aUE
configured for two antenna port transmission for PUCCH format 3, a PUCCH resource valuein Table

10.1.2.2.2-1 maps to two PUCCH resources with the first PUCCH resource néfjg(gH for antenna port py and

the second PUCCH resource n%g@H for antenna port p,, otherwise, the PUCCH resource value mapsto a

single PUCCH resource n%gﬂgH for antennaport py. A UE shall assume that the same HARQ-ACK PUCCH

resource value is transmitted in each DCI format of the corresponding secondary cell PDCCH assignmentsin a
given subframe.

Table 10.1.2.2.2-1: PUCCH Resource Value for HARQ-ACK Resource for PUCCH

Value of "TPC command for n(3,5)
PUCCH" PUCCH
"00" The 1st PUCCH resource value

configured by the higher layers
The 2" PUCCH resource value

01 configured by the higher layers
"10" The _3”’ PUCCH resource value
configured by the higher layers

"q The 4™ PUCCH resource value

configured by the higher layers

10.1.3 TDD HARQ-ACK feedback procedures

For TDD and a UE that does not support aggregating more than one serving cell with frame structure type 2, two
HARQ-ACK feedback modes are supported by higher layer configuration.

- HARQ-ACK bundling and
- HARQ-ACK multiplexing

For TDD UL-DL configuration 5 and a UE that does not support aggregating more than one serving cell with frame
structure type 2, only HARQ-ACK bundling is supported.

A UE that supports aggregating more than one serving cell with frame structure type 2 is configured by higher layersto
use either PUCCH format 1b with channel selection or PUCCH format 3 for transmission of HARQ-ACK when
configured with more than one serving cell with frame structure type 2.

A UE that supports aggregating more than one serving cell with frame structure type 2 is configured by higher layersto
use HARQ-ACK bundling, PUCCH format 1b with channel selection according to the set of Tables 10.1.3-2/3/4 or
according to the set of Tables 10.1.3-5/6/7, or PUCCH format 3 for transmission of HARQ-ACK when configured with
one serving cell with frame structure type 2.

PUCCH format 1b with channel selection according to the set of Tables 10.1.3-2/3/4 or according to the set of Tables
10.1.3-5/6/7 is not supported for TDD UL-DL configuration 5.
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TDD HARQ-ACK bundling is performed per codeword across M multiple DL subframes associated with a single UL
subframe n, where M isthe number of elementsintheset K definedin Table 10.1.3.1-1, by alogical AND
operation of all the individual PDSCH transmission (with and without corresponding PDCCH) HARQ-ACKs and ACK
in response to PDCCH indicating downlink SPS release. For one configured serving cell the bundled 1 or 2 HARQ-
ACK bits are transmitted using PUCCH format 1a or PUCCH format 1b, respectively.

For TDD HARQ-ACK multiplexing and a subframe n with M >1, where M isthe number of elementsinthe set K
defined in Table 10.1.3.1-1, spatial HARQ-ACK bundling across multiple codewords within a DL subframeis
performed by alogical AND operation of al the corresponding individual HARQ-ACKs. PUCCH format 1b with
channel selection isused in case of one configured serving cell. For TDD HARQ-ACK multiplexing and a subframe n
with M =1, spatial HARQ-ACK bundling across multiple codewords within a DL subframe is not performed, 1 or 2
HARQ-ACK bits are transmitted using PUCCH format 1a or PUCCH format 1b, respectively for one configured
serving cell.

In the case of TDD and more than one configured serving cell with PUCCH format 1b with channel selection and more
than 4 HARQ-ACK bhitsfor M multiple DL subframes associated with asingle UL subframen, where M isthe
number of elementsintheset K defined in Table 10.1.3.1-1 and for the configured serving cells, spatial HARQ-ACK
bundling across multiple codewords within a DL subframe for all configured cellsis performed and the bundled
HARQ-ACK bits for each configured serving cell is transmitted using PUCCH format 1b with channel selection. For
TDD and more than one configured serving cell with PUCCH format 1b with channel selection and up to 4 HARQ-
ACK bitsforM multiple DL subframes associated with asingle UL subframe n, where M isthe number of elements
intheset K defined in Table 10.1.3.1-1 and for the configured serving cells, spatial HARQ-ACK bundling is not
performed and the HARQ-ACK bits are transmitted using PUCCH format 1b with channel selection.

In the case of TDD and more than one configured serving cell with PUCCH format 3 and more than 20 HARQ-ACK
bitsfor M multiple DL subframes associated with asingle UL subframen, where M isthe number of elementsin
theset K defined in Table 10.1.3.1-1 and for the configured serving cells, spatidl HARQ-ACK bundling across
multiple codewords within a DL subframe is performed for each serving cell by alogical AND operation of all of the
corresponding individual HARQ-ACKs and PUCCH format 3 is used. For TDD and more than one configured serving
cell with PUCCH format 3 and up to 20 HARQ-ACK bitsfor M multiple DL subframes associated with asingle UL
subframe n, where M isthe number of elementsintheset K defined in Table 10.1.3.1-1 and for the configured
serving cells, spatial HARQ-ACK bundling is not performed and the HARQ-ACK bits are transmitted using PUCCH
format 3.

For TDD with PUCCH format 3, a UE shall determine the number of HARQ-ACK bits, o, associated with an UL
subframe n based on the number of configured serving cells, the downlink transmission modes configured for each
serving cell and M which isthe number of elementsintheset K defined in Table 10.1.3.1-1 according to

Naais

O= ZOCACK where N 2%, isthe number of configured cells, and OCACK is the number of HARQ-bits for the for
c=1

the c-th serving cell defined in subclause 7.3.

TDD HARQ-ACK feedback procedures for one configured serving cell are given in subclause 10.1.3.1 and procedures
for more than one configured serving cell are given in subclause 10.1.3.2.

10.1.3.1 TDD HARQ-ACK procedure for one configured serving cell

HARQ-ACK transmission on two antennaports (pe [pg, py]) issupported for PUCCH format 1a/1b with TDD
HARQ-ACK bundling feedback mode and for PUCCH format 3.

The TDD HARQ-ACK procedure for a UE configured with PUCCH format 3 is as described in subclause 10.1.3.2.2
when the UE receives PDSCH and/or SPS release PDCCH only on the primary cell.

For TDD HARQ-ACK bundling or TDD HARQ-ACK multiplexing for one configured serving cell and a subframe n
with M =1 where M isthe number of elementsintheset K definedin Table 10.1.3.1-1, the UE shall use PUCCH

resource nélt’J’SC)CH for transmission of HARQ-ACK in subframe n for p mapped to antenna port p for PUCCH
format 1a/1b, where

- If thereis PDSCH transmission indicated by the detection of corresponding PDCCH or thereis PDCCH
indicating downlink SPS release within subframe(s) n—k, where ke K and K (defined in Table 10.1.3.1-1)

isaset of M elements {ky,k;, --ky,_;} depending on the subframe n and the UL-DL configuration (defined in
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Table4.2-2in[3]), the UE first selectsa ¢ value out of {0, 1, 2, 3} which makes N <nccg < Ngy; and
shall use N&™ =(M —m=1)-N_+m-N_, +Nee + NSy for antennaport py, where N&ooyy

is configured by higher layers, N, = max{o, L[N% -(NSFéB -c—4)]/36 J} ,and ngee  isthe number of the

first CCE used for transmission of the corresponding PDCCH in subframe n—k_, and the corresponding m,
where k,, isthesmallest valueinset K such that UE detects a PDCCH in subframe n-k,. When two
antenna port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for HARQ-ACK

bundling for antennaport p, isgivenby N&2L. =(M —m-1)-N_+m-N_, +Noe +1+ NSooy -
If thereisonly a PDSCH transmission where there is not a corresponding PDCCH detected within subframe(s)
n—k,where ke Kand K isdefinedin Table 10.1.3.1-1, the UE shall use PUCCH format 1a/1b and PUCCH

resource n&,@CH with the value of n&,@CH is determined according to higher layer configuration and Table

9.2-2. For aUE configured for two antenna port transmission for PUCCH format 1a/1b and HARQ-ACK
bundling, a PUCCH resource value in Table 9.2-2 maps to two PUCCH resources with the first PUCCH

resource n&%&H for antennaport py and the second PUCCH resource n&;g%H for antennaport pq,

otherwise, the PUCCH resource value maps to asingle PUCCH resource né,{fggH for antenna port pg.

Table 10.1.3.1-1: Downlink association set index K : {ky,k,---ky_} for TDD

UL-DL Subframe n
Configuration

0]1 2 3 4 [5]6 7 819
0 - |- 6 - 4 |- 6 - 14
1 HE 7,6 4 - [-1- 7,6 |4]-
2 - |- 8,7,4,6 - - |-]-[8746]-]-
3 - |- 7,6,11 6,5 54| -1- - - |-
4 - |- 12,8,7,11 6,547 - |-]- - - |-
5 -[-113,12,9,8,7,5,4,11,6 - - [-1- - - |-
6 - |- 7 7 5 [ -[- 7 7] -

For TDD HARQ-ACK multiplexing and sub-frame n with M >1 and one configured serving cell, where M isthe
number of elementsintheset K defined in Table 10.1.3.1-1, denote ng&CCH,i as the PUCCH resource derived from

sub-frame n—k; and HARQ-ACK(i) asthe ACK/NACK/DTX response from sub-frame n—k; , where k € K
(defined in Table 10.1.3.1-1) and 0<i<M —1.

For a PDSCH transmission indicated by the detection of corresponding PDCCH or a PDCCH indicating
downlink SPSrelease in sub-frame n-k where k € K , the PUCCH resource

ngl)JCCH’i =(M —i—-1)-Ng+i-N¢yg +Ncegj + NSJCCH , Where ¢ isselected from {0, 1, 2, 3} such that
Ne <nccgj < Neips Ne= max{o, L[NRDE -(NSFf;B -c—4)]/36 J} » Necgi isthe number of the first CCE used

for transmission of the corresponding PDCCH in subframe n—k; , and N$).,, isconfigured by higher
layers.

For a PDSCH transmission where thereis not a corresponding PDCCH detected in subframe n—k; , the value

of ng&CCH,i is determined according to higher layer configuration and Table 9.2-2.

Based on higher layer signalling a UE configured with asingle serving cell will perform channel selection either
according to the set of Tables10.1.3-2, 10.1.3-3, and 10.1.3-4 or according to the set of Tables 10.1.3-5, 10.1.3-6, and
10.1.3-7. For the selected table set indicated by higher layer signalling, the UE shall transmit b(0),b(1) on PUCCH

resource nS&CCH in sub-frame n using PUCCH format 1b according to subclause 5.4.1in [3]. The value of b(0),b(1)

and the PUCCH resource nS&CCH are generated by channel selection according to the selected set of Tablesfor M =
2, 3, and 4 respectively.
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Table 10.1.3-2: Transmission of HARQ-ACK multiplexing for M =2

HARQ-ACK(0), HARQ-ACK (1) NccH b(0),b(D)
ACK, ACK NScera 1,1
ACK, NACK/DTX NS ccno 0,1
NACK/DTX, ACK NSccHi 0,0
NACK/DTX, NACK NSccna 1,0
NACK, DTX NSccro 1,0
DTX, DTX No transmission

Table 10.1.3-3: Transmission of HARQ-ACK multiplexing for M =3

HARQ-ACK (0), HARQ-ACK (1), HARQ-ACK (2) NS et b(0), b(1)
ACK, ACK, ACK NSccH2 1,1
ACK, ACK, NACK/DTX NSccna 1,1
ACK, NACK/DTX, ACK NS ccno 1,1
ACK, NACK/DTX, NACK/DTX NSccHo 0,1
NACK/DTX, ACK, ACK NSccn2 1,0
NACK/DTX, ACK, NACK/DTX NSccha 0,0
NACK/DTX, NACK/DTX, ACK NSccn2 0,0
DTX, DTX, NACK NSccH2 0,1
DTX, NACK, NACK/DTX NSccha 1,0
NACK, NACK/DTX, NACK/DTX NS ccno 1,0
DTX, DTX, DTX No transmission
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Table 10.1.3-4: Transmission of HARQ-ACK multiplexing for M =4

HARQ-ACK (0), HARQ-ACK (1), HARQ-ACK (2), HARQ-ACK (3) N oo b(0),b(2)
ACK, ACK, ACK, ACK NS cena 1,1
ACK, ACK, ACK, NACK/DTX NSecna 1,0
NACK/DTX,NACK/DTX,NACK,DTX NSccn 2 1,1
ACK, ACK, NACK/DTX, ACK NSccna 1,0
NACK, DTX, DTX, DTX IS 1,0
ACK, ACK, NACK/DTX, NACK/DTX NSccna 1,0
ACK, NACK/DTX, ACK, ACK NSecna 0,1
NACK/DTX, NACK/DTX, NACK/DTX, NACK NSecns 1,1
ACK, NACK/DTX, ACK, NACK/DTX IS 0,1
ACK, NACK/DTX, NACK/DTX, ACK IS 0,1
ACK, NACK/DTX, NACK/DTX, NACK/DTX NSecho 1,1
NACK/DTX, ACK, ACK, ACK NSccna 0,1
NACK/DTX, NACK, DTX, DTX NS cena 0,0
NACK/DTX, ACK, ACK, NACK/DTX IS 1,0
NACK/DTX, ACK, NACK/DTX, ACK NScen s 1,0
NACK/DTX, ACK, NACK/DTX, NACK/DTX NSecna 0,1
NACK/DTX, NACK/DTX, ACK, ACK NScen s 0,1
NACK/DTX, NACK/DTX, ACK, NACK/DTX NS)ccn 2 0,0
NACK/DTX, NACK/DTX, NACK/DTX, ACK NSccna 0,0
DTX, DTX, DTX, DTX No transmission

Table 10.1.3-5: Transmission of HARQ-ACK multiplexing for M =2

HARQ-ACK (0), HARQ-ACK (1) N e b(0)b(2)
ACK, ACK IS 1,0
ACK, NACK/DTX nYccro 1,1
NACK/DTX, ACK IS 0,1
NACK, NACK/DTX nYccro 0,0
DTX, NACK/DTX No Transmission

Table 10.1.3-6: Transmission of HARQ-ACK multiplexing for M =3

HARQ-ACK(0), HARQ-ACK (1), HARQ- o
ACK(2) MpiceH b(0)b(l)
(1)
ACK, ACK, ACK NBdoch 2 1,1
1
ACK, ACK, NACK/DTX NScc 1 1,0
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ACK, NACK/DTX, ACK nSccr2 1,0
ACK, NACK/DTX, NACK/DTX nSccro 1,1

NACK/DTX, ACK, ACK nSccr2 0,1
NACK/DTX, ACK, NACK/DTX IS 0,1
NACK/DTX, NACK/DTX, ACK nSccr2 0,0
NACK, NACK/DTX, NACK/DTX nSccro 0,0
DTX, NACK/DTX, NACK/DTX No Transmission

Table 10.1.3-7: Transmission of HARQ-ACK multiplexing for M =4

HARQ-ACK(0), HARQ-ACK (1), HARQ-ACK(2), HARQ-ACK(3) n&)JCCH b(0)b(1)
ACK, ACK, ACK, ACK nSccra 1,1
ACK, ACK, ACK, NACK/DTX né,{)JCCH2 1,1
ACK, ACK, NACK/DTX, ACK n&ﬂCCH’0 1,0
ACK, ACK, NACK/DTX, NACK/DTX nQL)JCCH’I 1,0
ACK, NACK/DTX, ACK, ACK nS&CCH,S 1,1
ACK, NACK/DTX, ACK, NACK/DTX né,{)JCCH2 1,0
ACK, NACK/DTX, NACK/DTX, ACK nS&CCH’0 0,1
ACK, NACK/DTX, NACK/DTX, NACK/DTX n&ﬂCCH’0 1,1
NACK/DTX, ACK, ACK, ACK nS&CCH’l 0,0
NACK/DTX, ACK, ACK, NACK/DTX ”g&cm,z 0,1
NACK/DTX, ACK, NACK/DTX, ACK né,ﬂcm3 1,0
NACK/DTX, ACK, NACK/DTX, NACK/DTX ”g&ccm 0,1
NACK/DTX, NACK/DTX, ACK, ACK né,{)JCCH3 0,1
NACK/DTX, NACK/DTX, ACK, NACK/DTX né,{)JCCH2 0,0
NACK/DTX, NACK/DTX, NACK/DTX, ACK nS&CCH,S 0,0
NACK, NACK/DTX, NACK/DTX, NACK/DTX né,{)JCCH0 0,0
DTX, NACK/DTX, NACK/DTX, NACK/DTX No Transmission

10.1.3.2 TDD HARQ-ACK procedure for more than one configured serving cell

The TDD HARQ-ACK feedback procedures for more than one configured serving cell are either based on a PUCCH
format 1b with channel selection HARQ-ACK procedure as described in subclause 10.1.3.2.1 or aPUCCH format 3
HARQ-ACK procedure as described in subclause 10.1.3.2.2.

HARQ-ACK transmission on two antennaports (pe [pg. pq]) is supported for PUCCH format 3 and TDD with more

than one configured serving cell. TDD UL-DL configuration 5 with PUCCH format 3 is only supported for up to two
configured serving cells. TDD UL-DL configuration 5 with PUCCH format 1b with channel selection for two
configured serving cellsis not supported.

ETSI



3GPP TS 36.213 version 10.13.0 Release 10 112 ETSI TS 136 213 V10.13.0 (2015-07)

10.1.3.2.1 PUCCH format 1b with channel selection HARQ-ACK procedure

For TDD HARQ-ACK multiplexing with PUCCH format 1b with channel selection and two configured serving cells
and a subframenwith M =1 where M isthe number of elementsintheset K defined in Table 10.1.3.1-1, aUE
shall determine the number of HARQ-ACK bits, o, based on the number of configured serving cells and the
downlink transmission modes configured for each serving cell. The UE shall use two HARQ-ACK bits for a serving
cell configured with a downlink transmission mode that supports up to two transport blocks; and one HARQ-ACK bit
otherwise.

For TDD HARQ-ACK multiplexing with PUCCH format 1b with channel selection and two configured serving cells
and a subframen with M <2 where M isthe number of elementsintheset K defined in Table 10.1.3.1-1, the UE
shall transmit po)b(y on PUCCH resource ng&CCH selected from A PUCCH resources, n&iccm where

0<j<A-1 andAe{2,34}, according to Tables 10.1.3.2-1, 10.1.3.2-2, and 10.1.3.2-3 in subframe n using PUCCH

format 1b. For a subframe n with M =1, HARQ-ACK(j) denotes the ACK/NACK/DTX response for a transport block
or SPS release PDCCH associated with serving cell, where the transport block and serving cell for HARQ-ACK(j) and
A PUCCH resources are given by Table 10.1.2.2.1-1. For asubframe n with M =2, HARQ-ACK(j) denotesthe
ACK/NACK/DTX response for aPDSCH transmission or SPS release PDCCH within subframe(s) given by set K on
each serving cell, where the subframes on each serving cell for HARQ-ACK(j) and A PUCCH resources are given by

Table 10.1.3.2-4. The UE shall determinethe A PUCCH resources, nélL)JCCH’ ; associated with HARQ-ACK(j) where
0<j<A-1inTable10.1.22.1-1for M =1 and Table 10.1.3.2-4for M = 2, according to

- for aPDSCH transmission indicated by the detection of a corresponding PDCCH in subframe N— km , Where
k., K ontheprimary cell, or for aPDCCH indicating downlink SPS release (defined in subclause 9.2) in
subframe N— km ,where k. € K ontheprimary cell, the PUCCH resourceis

NScen; =(M —=m=1)-N_ +m-N

that N, <Nge,, <N N, :maX{O,L[NF?r; (NEZ® -C—4)]/36J} where Ng; isdetermined

from the primary cell, and for a subframe n with M =1 and atransmission mode that supports up to two
transport blocks on the serving cell where the corresponding PDSCH transmission occurs, the PUCCH resource

@ e 1) — @ .
Nedccn, j+1 1sgivenby Nejeey g = (M - m_l)' N; +mM- Ng,; + Neee o + 14 Npgeen where Neeep is

+Necem NS e » Where ¢ isselected from{0, 1, 2, 3} such

c+l

c+l?

the number of the first CCE used for transmission of the corresponding DCI assignment and N{ccy 1S
configured by higher layers.

- for aPDSCH transmission on the primary cell where there is not a corresponding PDCCH detected within
subframe(s) n—k, where ke K , the value of nélL)JCCH’j is determined according to higher layer configuration
and Table 9.2-2.

- for aPDSCH transmission indicated by the detection of a corresponding PDCCH within subframe(s) n—k,
where ke K on the secondary cell, the value of nélL)JCCH’ ; » and the value of néﬂCCH’ j+1 forasubframen

with M =2 orfor asubframenwith M =1 and atransmission mode on the secondary cell that supports up
to two transport blocks is determined according to higher layer configuration and Table 10.1.2.2.1-2. The TPC
field in the DCI format of the corresponding PDCCH shall be used to determine the PUCCH resource values
from one of the four resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.1-
2. For aUE configured for atransmission mode on the secondary cell that supports up to two transport blocks
and a subframenwith M =1, or for asubframenwith M =2, aPUCCH resource valuein Table 10.1.2.2.1-2
maps to two PUCCH resources (n&icm T néﬂCCH, j ,1) » otherwise, the PUCCH resource value mapsto asingle

PUCCH resource nélL)JCCH’j . A UE shall assume that the same HARQ-ACK PUCCH resource valueis

transmitted in the TPC field on all PDCCH assignments on the secondary cell within subframe(s) n—k , where
ke K.
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Table 10.1.3.2-1: Transmission of HARQ-ACK multiplexing for A =2

HARQ-ACK (0), HARQ-ACK (1) NSecH b(0)b(1)

@

ACK, ACK NEJecH 1 1,0
@

ACK, NACK/DTX NBOCCH,0 1,1
@

NACK/DTX, ACK NBOCCH 1 0,1
@

NACK, NACK/DTX NBOCCH,0 0,0

DTX, NACK/DTX No Transmission

Table 10.1.3.2-2: Transmission of HARQ-ACK multiplexing for A =3

HARQ-ACK(0), :(A:E(%ACK(D, ARG o b(0)b()

ACK, ACK, ACK IS 1,1

ACK, ACK, NACK/DTX nYcch 1 1,0

ACK, NACK/DTX, ACK nSccr2 1,0

ACK, NACK/DTX, NACK/DTX nSccto 1,1
NACK/DTX, ACK, ACK nSccr2 0,1
NACK/DTX, ACK, NACK/DTX IS 0,1
NACK/DTX, NACK/DTX, ACK NYcch 2 0,0
NACK, NACK/DTX, NACK/DTX nSecro 0,0
DTX, NACK/DTX, NACK/DTX No Transmission

Table 10.1.3.2-3: Transmission of HARQ-ACK multiplexing for A =4

HARQ-ACK(0), HARQ-ACK (1), HARQ-ACK(2), HARQ-ACK(3) n&)JCCH b(0)b(1)
ACK, ACK, ACK, ACK nSccra 1,1
ACK, ACK, ACK, NACK/DTX né,{)JCCH2 1,1
ACK, ACK, NACK/DTX, ACK n&ﬂCCH’0 1,0
ACK, ACK, NACK/DTX, NACK/DTX nQL)JCCH’I 1,0
ACK, NACK/DTX, ACK, ACK nS&CCH,S 1,1
ACK, NACK/DTX, ACK, NACK/DTX né,{)JCCH2 1,0
ACK, NACK/DTX, NACK/DTX, ACK nS&CCH’0 0,1
ACK, NACK/DTX, NACK/DTX, NACK/DTX n&ﬂCCH’0 1,1
NACK/DTX, ACK, ACK, ACK nS&CCH’l 0,0
NACK/DTX, ACK, ACK, NACK/DTX ”g&cm,z 0,1
NACK/DTX, ACK, NACK/DTX, ACK né,{)JCCH3 1,0
NACK/DTX, ACK, NACK/DTX, NACK/DTX ”g&ccm 0,1
NACK/DTX, NACK/DTX, ACK, ACK né,{)JCCH3 0,1
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@

NACK/DTX, NACK/DTX, ACK, NACK/DTX NB{ICCH.2 0,0
@

NACK/DTX, NACK/DTX, NACK/DTX, ACK NBOCCH 3 0,0
@

NACK, NACK/DTX, NACK/DTX, NACK/DTX NBOCCH.0 0,0

DTX, NACK/DTX, NACK/DTX, NACK/DTX No Transmission

Table 10.1.3.2-4: Mapping of subframes on each serving cell to HARQ-ACK(j) for PUCCH format 1b
HARQ-ACK channel selection for TDD with M =2

A HARQ-ACK(j)
HARQ-ACK(0) HARQ-ACK(1) HARQ-ACK(2) HARQ-ACK(3)
4 The first subframe of | The second subframe | The first subframe of | The second subframe
Primary cell of Primary cell Secondary cell of Secondary cell

For TDD HARQ-ACK multiplexing with PUCCH format 1b with channel selection and sub-frame n with M > 2
and two configured serving cells, where M isthe number of elementsinthe set K defined in Table 10.1.3.1-1,

denotes ng&CCH i 0<i<3asthe PUCCH resource derived from the transmissionsin M DL sub-frames associated

with the UL subframen . néﬂcm,o and né,ﬂcc,ﬂ are associated with the PDSCH transmission(s) or a PDCCH

indicating downlink SPS release (defined in subclause 9.2) on the primary cell and ”&ccm and néﬂcw,g are
associated with the PDSCH transmission(s) on the secondary cell.

For Primary cell:

- If thereisa PDSCH transmission on the primary cell without a corresponding PDCCH detected within the
subframe(s) n—k, where ke K,

o thevaueof nélL),CCH’O is determined according to higher layer configuration and Table 9.2-2.

o foraPDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH
in subframe N— km , where K. € K with the DAI value in the PDCCH equal to "1" (defined in
Table 7.3-X) or aPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe

n-— km , Where km € K with the DAI valuein the PDCCH equal to "1", the PUCCH resource
nl(:’BCCH,l = (M - m_l)' N +m-Ney +Noee o + NSBCCH where c isselected from{0, 1, 2, 3}
suchthat N, <Noee < Noypo N, =max{0,| [N2 -(N2®.c—4)]/36 |} where e .,
isthe number of the first CCE used for transmission of the corresponding PDCCH in subframe

n-k, and N§)., isconfigured by higher layers.

0 HARQ-ACK(0) isthe ACK/NACK/DTX response for the PDSCH transmission without a
corresponding PDCCH. For 1< j<M -1, if aPDSCH transmission with a corresponding PDCCH

and DA valueinthe PDCCH equal to " j " or aPDCCH indicating downlink SPS release and with
DAl valueinthe PDCCH equal to" j " isreceived, HARQ-ACK(j) is the corresponding
ACK/NACK/DTX response; otherwise HARQ-ACK(j) shall be setto DTX.

- Otherwise,

o foraPDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH
insubframe n—k_, where K, € K withthe DAI valuein the PDCCH equal to either "1" or "2"
or aPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe N— krn , where
K., € K withthe DAI value in the PDCCH equal to either "1" or "2", the PUCCH resource

ETSI



3GPP TS 36.213 version 10.13.0 Release 10 115 ETSI TS 136 213 V10.13.0 (2015-07)

nSJCCHJ =(M-m-=1)-N_+m-N_, + Necem + NS e » Where ¢ isselected from {0, 1, 2,
3} suchthat N, <Nneee <N, N, = max{ 0, I_[NF?BL (N2®.c-4)]/36 J} , Where
Necem 1S the number of the first CCE used for transmission of the corresponding PDCCH in

subframe N— km , N%CCH is configured by higher layers, i =0 for the corresponding PDCCH
with the DAI value equal to"1" and |1 =1 for the corresponding PDCCH with the DAI value equal
to"2".

0 For 0<j<M -1,if aPDSCH transmission with a corresponding PDCCH and DAl valuein the
PDCCH equal to" j +1" or aPDCCH indicating downlink SPS release and with DAI value in the
PDCCH equal to" j +1" isreceived, HARQ-ACK(j) is the corresponding ACK/NACK/DTX
response; otherwise HARQ-ACK(j) shall be set to DTX.

For Secondary cell:

- for aPDSCH transmission on the secondary cell indicated by the detection of a corresponding PDCCH on the
primary cell in subframe N—K_ where K, € K withthe DAI valuein the PDCCH equal to either "1" or

"2", the PUCCH resources n&jccm =(M -=m-=1)-N_+m-N_, + Necem T N&oq » Where ¢ is
selected from {0, 1, 2, 3} suchthat N, <n..,<N.,, N;,= max{ 0, L[Ngé ‘(N2®.c-4)]/36 J} :

where Ng'g is determined from the primary cell, n..,, isthe number of the first CCE used for transmission

of the corresponding PDCCH in subframe n—-k, N%CCH is configured by higher layers, i =2 for the

corresponding PDCCH with the DAI value equal to "1" and i =3 for the corresponding PDCCH with the DAI
value equal to "2".

- for aPDSCH transmission indicated by the detection of a corresponding PDCCH  within the subframe(s)

n—k, where ke K on the secondary cell, the value of néﬂCCH’Z and néﬂcms is determined according to

higher layer configuration and Table 10.1.2.2.1-2. The TPC field in the DCI format of the corresponding
PDCCH shall be used to determine the PUCCH resource values from one of the four resource values configured
by higher layers, with the mapping defined in Table 10.1.2.2.1-2. A UE shall assume that the same HARQ-
ACK PUCCH resource value is transmitted in the TPC field on all PDCCH assignments on the secondary cell
within subframe(s) n—k, where ke K.

- For 0<j<M -1,if aPDSCH transmission with a corresponding PDCCH and DAI value in the PDCCH
equal to " j +1" isreceived, HARQ-ACK(j) is the corresponding ACK/NACK/DTX response; otherwise
HARQ-ACK(j) shall be set to DTX.

A UE shall perform channel selection according to the Tables 10.1.3.2-5, and 10.1.3.2-6 and transmit b(0),b(1) on
PUCCH resource néﬂCCH in sub-frame N using PUCCH format 1b according to subclause 5.4.1 in [3] where 'any’

represents any response of ACK, NACK, or DTX. The value of b(0),b(1) and the PUCCH resource néﬂCCH are

generated by channel selection according to Tables 10.1.3.2-5, and 10.1.3.2-6 for M = 3, and 4 respectively.

Table 10.1.3.2-5: Transmission of HARQ-ACK multiplexing for M =3

Primary Cell Secondary Cell Resource Constellation | RM Code Input Bits
TS | It | e | wosy | 000
ACK, ACK, ACK ACK, ACK, ACK ”g&ccm 1,1 1111
ACK, ACK, NACK/DTX ACK, ACK, ACK nPccnt 0,0 1011
ACK, NACK/DTX, any ACK, ACK, ACK nS&CCH’S 1,1 0111
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NACK/DTX, any, any ACK, ACK, ACK nYccn 3 0,1 0.0.1.1
ACK, ACK, ACK ACK, ACK, NACKIDTX | n§ccio 1,0 1110
ACK, ACK, NACK/DTX |  ACK, ACK, NACK/DTX nYcch 3 1,0 1010
ACK, NACK/DTX, any | ACK, ACK, NACKIDTX | n§ccuo 0,1 0.11.0
NACK/DTX, any, any | ACK, ACK, NACK/DTX nYccn 3 0,0 0.0.1.0
ACK, ACK, ACK ACK, NACK/DTX, any NYcch 2 1,1 1,1,01
ACK, ACK, NACK/DTX |  ACK, NACK/DTX, any nSccn 2 0,1 1,0,0,1
ACK, NACK/DTX, any |  ACK, NACK/DTX, any NYcch 2 1,0 0,1,0,1
NACK/DTX, any, any ACK, NACK/DTX, any nl(:,lt)JCC,_L2 0,0 0,0,0,1
ACK, ACK, ACK NACK/DTX, any, any nYcc1 1,0 1,1,0,0
ACK, ACK, NACK/DTX |  NACK/DTX, any, any nQccn 0,1 1,0,0,0
ACK, NACK/DTX, any NACK/DTX, any, any nl(fi)JCCH,O 1,1 0,1,0,0
NACK, any, any NACK/DTX, any, any nSccHo 0,0 0,0,0,0
DTX, any, any NACK/DTX, any, any No Transmission 0,0,0,0

Table 10.1.3.2-6: Transmission of HARQ-ACK multiplexing for M =4

Primary Cell Secondary Cell Resource Constellation RM Code Input Bits
HARQ-ACK(0), HARQ-ACK(0), HARQ- n® 0(0),0(1),0(2),0(3)
HARQ-ACK(1), ACK(1), HARQ-ACK(2), PUEES b(0),b(1)

HARQ-ACK(2), HARQ-ACK(3) ’

HARQ-ACK(3)
ACK, ACK, ACK, )
NACK/DTX ACK, ACK, ACK, NACK/DTX | Npijcep 1 1,1 1,1,1,1
ACK, ACK, @
NACK/DTX, any ACK, ACK, ACK, NACK/DTX NPUCCH 1 0,0 1,0,1,1
ACK, DTX, DTX, DTX | ACK, ACK, ACK, NACKIDTX | nSccis 11 0,1,1,1
ACK, ACK, ACK, )
ACK ACK, ACK, ACK, NACK/DTX | Npijccp 3 1,1 0,1,1,1
NACK/DTX, any, any, @
any ACK, ACK, ACK, NACK/IDTX | Ngljcch 3 0,1 0,0,1,1
(ACK, NACK/DTX,
any, any), except for @
(ACK. DTX. DTX. ACK, ACK, ACK, NACK/DTX | Npijcc 3 0,1 0,0,1,1
DTX)
ACK, ACK, ACK, )
NACKIDTX ACK, ACK, NACK/DTX, any NBUCCH.0 1,0 1,1,1,0
ACK, ACK, @
NACK/DTX, any ACK, ACK, NACK/DTX, any | Npjcch 3 1,0 1,0,1,0
ACK, DTX, DTX, DTX | ACK, ACK, NACK/DTX, any nScero 0,1 0,1,1,0
ACK, ACK, ACK, )
ACK ACK, ACK, NACK/DTX, any NBUCCH.0 0,1 0,1,1,0
NACK/DTX, any, any, ()]
any ACK, ACK, NACK/DTX, any NBUCCH 3 0,0 0,0,1,0

(ACK, NACK/DTX,

any, any), except for @
(ACK, DTX, DTX, ACK, ACK, NACK/DTX, any NBUCCH 3 0,0 0,0,1,0
DTX)
ACK, ACK, ACK, )
NACK/DTX ACK, DTX, DTX, DTX NBUCCH.2 11 1,1,0,1
ACK, ACK, ACK, )
NACK/DTX ACK, ACK, ACK, ACK NBUCCH 2 1,1 1,1,01
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ACK, ACK, )
NACK/DTX, any ACK, DTX, DTX, DTX NPUCCH,2 0,1 1,0,0,1
ACK, ACK, @
NACK/DTX, any ACK, ACK, ACK, ACK NBUCCH.2 0,1 1,0,0,1
ACK, DTX, DTX, DTX | ACK, DTX, DTX, DTX NSccr 2 1,0 0,1,0,1
ACK, DTX, DTX, DTX | ACK, ACK, ACK, ACK NS cch 2 1,0 0,1,0,1
ACK, ACK, ACK, )
ACK ACK, DTX, DTX, DTX NBUCCH 2 1,0 0,1,0,1
ACK, ACK, ACK, @
ACK ACK, ACK, ACK, ACK NBUCCH 2 1,0 0,1,0,1
Q‘SCK/ DTX,any, any, | ack, pTX, DTX, DTX nD cenn 0,0 0,0,0,1
NACK/DTX, any, any, (@]
any ACK, ACK, ACK, ACK NBUCCH 2 0,0 0,0,0,1
(ACK, NACK/DTX,
any, any), except for @
(ACK, DTX, DTX, ACK, DTX, DTX, DTX NBUCCH 2 0,0 0,0,0,1
DTX)
(ACK, NACK/DTX,
any, any), except for @
(ACK, DTX, DTX, ACK, ACK, ACK, ACK NBUCCH 2 0,0 0,0,0,1
DTX)
ACK, ACK, ACK, @
NACK/DTX NACK/DTX, any, any, any NPOCCH 1 1,0 1,1,0,0
ACK, NACK/DTX, any, any),
ACK, ACK, ACK, ( o)
NACK/DTX eD>_<I9;)pt for (ACK, DTX, DTX, NBOCCH, 1 1,0 1,1,0,0
ACK, ACK, @
NACK/DTX, any NACK/DTX, any, any, any NBOCCH, 1 0,1 1,0,0,0
ACK, NACK/DTX, any, any),
ACK, ACK, ( o)
NACK/DTX, any eD>_<I9;)pt for (ACK, DTX, DTX, NBOCCH,1 0,1 1,0,0,0
ACK, DTX, DTX, DTX | NACK/DTX, any, any, any nYccro 1,1 0,1,0,0
(ACK, NACK/DTX, any, any), 1
ACK, DTX, DTX, DTX | except for (ACK, DTX, DTX, | n% -0 1,1 0,1,0,0
DTX) '
ACK, ACK, ACK, @
ACK NACK/DTX, any, any, any NPUCCH,0 1,1 0,1,0,0
(ACK, NACK/DTX, any, any),
Aok ACK ACK, except for (ACK, DTX, DTX, | N0 1,1 0,1,0,0
DTX) '
NACK, any, any, any NACK/DTX, any, any, any n,(plL),CCH 0 0,0 0,0,0,0
(ACK, NACK/DTX, any, any), (1)
NACK, any, any, any | except for (ACK, DTX, DTX, NBOCCH.0 0,0 0,0,0,0
DTX) '
(ACK, NACK/DTX,
any, any), except for )
(ACK, DTX, DTX, NACK/DTX, any, any, any NPUCCH,0 0,0 0,0,0,0
DTX)
gﬁSKér:\;/))ACeiggﬁor (ACK, NACK/DTX, any, any), M
(ACK, DTX, DTX, eD>_<IE:>((e)pt for (ACK, DTX, DTX, NBOCCH,0 0,0 0,0,0,0
DTX)
DTX, any, any, any NACK/DTX, any, any, any No Transmission 0,0,0,0
(ACK, NACK/DTX, any, any),
DTX, any, any, any except for (ACK, DTX, DTX, No Transmission 0,0,0,0
DTX)

10.1.3.2.2 PUCCH format 3 HARQ-ACK procedure

For TDD HARQ-ACK transmission with PUCCH format 3 and sub-frame n with M >1 and more than one
configured serving cell, where M isthe number of elementsintheset K defined in Table 10.1.3.1-1, the UE shall
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use PUCCH resource n,(jfng:H or n&;@CH for transmission of HARQ-ACK in subframe n for p mapped to antenna

port p where
- for asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH in

subframe n-k_ ,where k e K, andfor TDD UL-DL configurations 1-6 the DAI valuein the PDCCH isequal to "1"
(defined in Table 7.3-X), or

- for asingle PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_, where k e K,
and for TDD UL-DL configurations 1-6 the DAI value in the PDCCH is equal to "1",

- the UE shall use PUCCH format 1a&/1b and PUCCH resource nélt)@CH with
N, =(M —=m=1)- N, +m- N, + Neee n + NGy, for antennaport py, where N, is
configured by higher layers, ¢ isselected from{0, 1, 2, 3} suchthat N, <n., <N

cHl’
N¢ = max{o, L[N% (N8B .c-4)]/36 J} ,and Neee ,, isthe number of the first CCE used for
transmission of the corresponding PDCCH in subframe n—k., where ke K . When two antenna port
transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antennaport p, isgiven by
nét%():H = nétiéoéH +1

- for asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH detected
within subframe(s) n—k, where ke K and no PDCCH indicating downlink SPS release (defined in subclause 9.2)
within subframe(s) n—k, where ke K,

- the UE shall use PUCCH format 1&/1b and PUCCH resource n&,@CH with the value of n&,@CH is

determined according to higher layer configuration and Table 9.2-2. For a UE configured for two antenna

port transmission for PUCCH format 1a/1b, a PUCCH resource value in Table 9.2-2 maps to two PUCCH

resources with the first PUCCH resource nét'é’c)H for antennaport pg and the second PUCCH resource

n&’)g’m for antenna port p-, otherwise, the PUCCH resource value maps to a single PUCCH resource
15

n&®) . for antennaport pg.

- for M>1,and

- for aPDSCH transmission only on the primary cell where there is not a corresponding PDCCH detected
within subframe(s) n—k, where ke K, and

- for an additional PDSCH transmission only on the primary cell indicated by the detection of a
corresponding PDCCH in subframe n—k_, where k_e K with the DAI value in the PDCCH equal to

"1" (defined in Table 7.3-X), or

- for an additional PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_,
where ke K with the DAI valuein the PDCCH equal to "1,

- the UE shall transmit b(0),b(1) in subframe n using PUCCH format 1b on PUCCH resource

NY., Selected from A PUCCH resources nI(DBCCH,i where 0<i < A—1, according to Table

10.1.3.2-1 and Table 10.1.3.2-2for A=2 and A= 3, respectively. For a UE configured with a

transmission mode that supports up to two transport blocks on the primary cell, A= 3; otherwise,
A=2.

- The PUCCH resource n®

PUCCH,0

9.2-2. The PUCCH resource N, isdetermined as
n®

boccns = (M —m=1- N, +m- N, +Neee + NSocr» where N&_,, is configured by

is determined according to higher layer configuration and Table
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higher layers, ¢ isselected from {0, 1,2, 3} suchthat N, <n.., <N

c+l?

_ DL RB ; :
N¢ = max{o, L[NRB -(Ng -c—4)]/36J} ,and Neee ,, isthe number of the first CCE used for
transmission of the corresponding PDCCH in subframe n—k., where k e K .

- For aUE configured with a transmission mode that supports up to two transport blocks on the

primary cell, the PUCCH resource n&,,, isdetermined as nicc, = NSecns +1-

- HARQ-ACK(0) isthe ACK/NACK/DTX response for the PDSCH without a corresponding PDCCH
detected.

- HARQ-ACK(1) isthe ACK/NACK/DTX response

- for thefirst transport block of the PDSCH indicated by the detection of a corresponding PDCCH
for which the value of the DAI field in the corresponding DCI format isequal to "1", or

- for the PDCCH indicating downlink SPS release for which the value of the DA field in the
corresponding DCI format isequal to "1".

- HARQ-ACK(2) isthe ACK/NACK/DTX response for the second transport block of the PDSCH
indicated by the detection of a corresponding PDCCH for which the value of the DAI field in the
corresponding DCI format is equal to "1".

for M >1, and

for aPDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n—k_, where k e K withthe DAI valuein the PDCCH greater than "1" (defined in Table 7.3-

X), or

for aPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-k_, where ke K
with the DAI value in the PDCCH greater than "1", or

for M =9 and for aPDSCH transmission only on the primary cell indicated by the detection of a
corresponding PDCCH in subframe n-k_, where k e K withthe DAI valuein the PDCCH equal to'1l'

(defined in Table 7.3-X) not being the first PDCCH transmission in subframe(s) n—k, where ke K with
the DAI value equal to '1', or

for M =9 and for aPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-k
,Where k e K with the DAI valuein the PDCCH equal to "1" (defined in Table 7.3-X) not being the first
PDCCH transmission in subframe(s) n—k, where ke K with the DAI value equal to '1',

- the UE shall use PUCCH format 3 and PUCCH resource ngﬁf’;’w where the value of néfjgz}, is

determined according to higher layer configuration and Table 10.1.2.2.2-1 and the TPC field in aPDCCH
assignment with DAI value greater than "1" (defined in Table 7.3-X) or with DAI value equal to "1", not
being the first PDCCH assignment in subframe(s) n-k, where ke K with the DAI value equal to '1',
shall be used to determine the PUCCH resource value from one of the four PUCCH resource values
configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. A UE shall assume that the
same HARQ-ACK PUCCH resource value is transmitted on all PDCCH assignments used to determine
the PUCCH resource values within the subframe(s) n—k, where ke K.

For a PDSCH transmission on the secondary cell indicated by the detection of a corresponding PDCCH within
subframe(s) n—k, where ke K, the UE shall use PUCCH format 3 and PUCCH resource néfjgz}, where the

value of ngﬁf’;’w is determined according to higher layer configuration and Table 10.1.2.2.2-1 and the TPC

field in the corresponding PDCCH shall be used to determine the PUCCH resource value from one of the four
resource val ues configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1.

For TDD UL-DL configurations 1-6,
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- if aPDCCH corresponding to a PDSCH on the primary cell within subframe(s) n—k, where ke K, or a
PDCCH indicating downlink SPS release (defined in subclause 9.2) within subframe(s) n—k, where
ke K, isdetected, the TPC field in the PDCCH with the DAI value greater than "1" (defined in Table
7.3-X) or with DAI value equal to "1" not being the first PDCCH transmission in subframe(s) n-k,
where ke K withthe DAI value equal to '1', shall be used to determine the PUCCH resource value from
one of the four resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-
1. A UE shall assume that the same HARQ-ACK PUCCH resource value is transmitted on all PDCCH
assignmentsin the primary cell and in each secondary cell that are used to determined the PUCCH
resource value within the subframe(s) n—k, where ke K .

- For PUCCH format 3 and PUCCH resource néfjgz}, and a UE configured for two antenna port transmission, a
PUCCH resource valuein Table 10.1.2.2.2-1 maps to two PUCCH resources with the first PUCCH resource
né,fjgng for antennaport pg and the second PUCCH resource néfjgléH for antennaport p, otherwise, the

PUCCH resource value maps to a single PUCCH resource né,fjgng for antennaport pg.

10.1.4 HARQ-ACK Repetition procedure

HARQ-ACK repetition is enabled or disabled by a UE specific parameter ackNackRepetition configured by higher
layers. Once enabled, the UE shall repeat any HARQ-ACK transmission with a repetition factor N ANRep where

N ANRep is provided by higher layers and includes the initial HARQ-ACK transmission, until HARQ-ACK
repetition is disabled by higher layers. For a PDSCH transmission without a corresponding PDCCH detected, the
UE shall transmit the corresponding HARQ-ACK response N ANRep times using PUCCH resource n&,‘é)CH

configured by higher layers. For a PDSCH transmission with a corresponding PDCCH detected, or for aPDCCH
indicating downlink SPS release, the UE shall first transmit the corresponding HARQ-ACK response once using
PUCCH resource derived from the corresponding PDCCH CCE index (as described in subclauses 10.1.2 and

10.1.3), and repeat the transmission of the corresponding HARQ-ACK response N ANRep — 1 timesawaysusing
PUCCH resource n&@m ANRep » Where n&@m ANRep 1S CONfigured by higher layers,

HARQ-ACK repetition is only applicable for UEs configured with one serving cell for FDD and TDD. For TDD,
HARQ-ACK repetition is only applicable for HARQ-ACK bundling.

HARQ-ACK repetition can be enabled with PUCCH format 1a/1b on two antenna ports. For a UE configured for
two antenna port transmission for HARQ-ACK repetition with PUCCH format 1a/1b, a PUCCH resource value

n&@m ANRep Maps to two PUCCH resources with the first PUCCH resource né,tgf’c)H] ANRep TOF @ntennaport [,

and the second PUCCH resource nétici:%H, ANRep TOF @ntennaport py, otherwise, the PUCCH resource val ue maps to

asingle PUCCH resource nét(ﬁ:fjc)Hy ANRep OF @ntennaport pg.

10.1.5 Scheduling Request (SR) procedure

A UE is configured by higher layers to transmit the scheduling request (SR) on one antenna port or two antenna
ports. The scheduling request shall be transmitted on the PUCCH resource(s) né,tpC)CH = né,t‘(’:)CH‘SR, for p mapped

to antenna port p as defined in [3], where n&’J@CHm is configured by higher layers unless the SR coincidesin time

with the transmission of HARQ-ACK using PUCCH Format 3 in which case the SR is multiplexed with HARQ-
ACK according to subclause 5.2.3.1 of [4]. The SR configuration for SR transmission periodicity SRoegiopiciry @nd

SR subframe offset Noprger sg 1S defined in Table 10.1.5-1 by the parameter sr-Configindex | o, given by higher
layers.

SR transmission instances are the uplink subframes satisfying
(10X ng + Lns / ZJ — Norrser sr ) mod SReeriopicity =0
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Table 10.1.5-1: UE-specific SR periodicity and subframe offset configuration

SR configuration Index |, SR g::Eodicity = SR subframe offset Norrser sr
RIODICITY
0-4 5 |
5-14 10 -5
1534 20 | —15
35-74 40 l&—35
75— 154 80 lq—75
155 — 156 2 | & —155
157 1 | 157

10.2  Uplink HARQ-ACK timing

For FDD, the UE shall upon detection of a PDSCH transmission in subframe n-4 intended for the UE and for which an
HARQ-ACK shall be provided, transmit the HARQ-ACK response in subframe n. If HARQ-ACK repetition is enabled,
upon detection of a PDSCH transmission in subframe n-4 intended for the UE and for which HARQ-ACK response
shall be provided, and if the UE is not repeating the transmission of any HARQ-ACK in subframe n corresponding to
aPDSCH transmission in subframes n— Nanpep =37 -+ N=5, the UE:

e shal transmit only the HARQ-ACK response (corresponding to the detected PDSCH transmission in

subframe n—4) on PUCCH in subframes n, n+1, ..., n+ Nanre — 17

e shall not transmit any other signal in subframes n, n+1, ..., N+ Ny, —1; @nd

e shall not transmit any HARQ-ACK response repetitions corresponding to any detected PDSCH transmission
insubframes n-3, ..., n+ Nanre =5+

For TDD, the UE shall upon detection of a PDSCH transmission within subframe(s) n—k, where ke K and K is
defined in Table 10.1.3.1-1 intended for the UE and for which HARQ-ACK response shall be provided, transmit the
HARQ-ACK responsein UL subframe n. If HARQ-ACK repetition is enabled, upon detection of a PDSCH
transmission within subframe(s) n—k, where ke K and K isdefined in Table 10.1.3.1-1 intended for the UE and
for which HARQ-ACK response shall be provided, and if the UE is not repeating the transmission of any HARQ-ACK
in subframe n corresponding to a PDSCH transmission in a DL subframe earlier than subframe n-k, the UE:

e shal transmit only the HARQ-ACK response (corresponding to the detected PDSCH transmissionin
subframen—k) on PUCCH in UL subframen and thenext N, —1UL subframesdenoted as I, ...,

Nanrep —1?

e shall not transmit any other signal in UL subframe N, N, ...,N and

NANRep_l;
e shall not transmit any HARQ-ACK response repetitions corresponding to any detected PDSCH transmission
insubframes N —Kk, where ke K;, K;isthe set defined in Table 10.1.3.1-1 corresponding to UL
subframe 1, and 1< < Nyge, — 1.
For TDD, HARQ-ACK bundling, if the UE detects that at least one downlink assignment has been missed as described

in subclause 7.3, the UE shall not transmit HARQ-ACK on PUCCH if HARQ-ACK isthe only UCI present in agiven
subframe.

The uplink timing for the ACK corresponding to a detected PDCCH indicating downlink SPS release shall be the same
asthe uplink timing for the HARQ-ACK corresponding to a detected PDSCH, as defined above.
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11 Physical multicast channel related procedures

11.1  UE procedure for receiving the physical multicast channel

The UE shall decode the PMCH when configured by higher layers. The UE may assume that an eNB transmission on
the PMCH is performed according to subclause 6.5 of [3].

Thel s for the PMCH is configured by higher layers. The UE shall usel s for the PMCH and Table 7.1.7.1-1 to
determine the modulation order (Q,,) and TBSindex (|155) used inthe PMCH. The UE shall then follow the

procedure in subclause 7.1.7.2.1 to determine the transport block size, assuming N o is equal to NRg . The UE shall
set the redundancy version to O for the PMCH.

11.2  UE procedure for receiving MCCH change notification

If aUE is configured by higher layers to decode PDCCHs with the CRC scrambled by the M-RNTI, the UE shall
decode the PDCCH according to the combination defined in table 11.2-1.

Table 11.2-1: PDCCH configured by M-RNTI

DCI format Search Space

DCI format 1C Common

The 8-bit information for MCCH change notification [11], as signalled on the PDCCH, shall be delivered to higher
layers.
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09/09/08 | RAN_41 |RP-080670( 74 - | Correction to the downlink/uplink timing 8.3.0 8.4.0
09/09/08 | RAN_41 |RP-080670( 75 - | Correction to the time alignment command 8.3.0 8.4.0
09/09/08 | RAN_41 |RP-080670( 77 1 [Correction of offset signalling of UL Control information MCS 8.3.0 8.4.0
09/09/08 | RAN_41 |RP-080670| 78 2 [DCI formatlC 8.3.0 8.4.0
09/09/08 | RAN_41 |RP-080670( 80 - |Correction to Precoder Cycling for Open-loop Spatial Multiplexing 18.3.0 8.4.0
09/09/08 | RAN_41 |RP-080670( 81 1 |[Clarifying Periodic CQI Reporting using PUCCH 8.3.0 8.4.0
09/09/08 | RAN_41 |RP-080670| 84 1 |CQI reference measurement period 8.3.0 8.4.0
09/09/08 | RAN_41 |RP-080670| 86 - | Correction on downlink multi-user MIMO 8.3.0 8.4.0
09/09/08 | RAN_41 |RP-080670| 87 - |PUCCH Reporting 8.3.0 8.4.0
09/09/08 | RAN_41 |RP-080670( 88 1 |Handling of Uplink Grant in Random Access Response 8.3.0 8.4.0
09/09/08 | RAN_41 |RP-080670( 89 - | Correction to UL Hopping operation 8.3.0 8.4.0
09/09/08 | RAN_41 |RP-080670| 90 - |DRS EPRE 8.3.0 8.4.0
09/09/08 | RAN_41 |RP-080670( 92 - |Uplink ACK/NACK mapping for TDD 8.3.0 8.4.0
09/09/08 | RAN_41 |RP-080670( 93 - |UL SRI Parameters Configuration 8.3.0 8.4.0
09/09/08 | RAN_41 |RP-080670( 94 - |Miscellaneous updates for 36.213 8.3.0 8.4.0
09/09/08 | RAN_41 |RP-080670| 95 - | Clarifying Requirement for Max PDSCH Coding Rate 8.3.0 8.4.0
09/09/08 | RAN_41 |RP-080670( 96 - |UE Specific SRS Configuration 8.3.0 8.4.0
09/09/08 | RAN_41 [RP-080670| 97 - |DCI Format 1A changes needed for scheduling Broadcast Control |8.3.0 8.4.0
09/09/08 | RAN_41 |RP-080670( 98 - |Processing of TPC bits in the random access response 8.3.0 8.4.0
09/09/08 | RAN 41 |RP-080670( 100 1 |Support of multi-bit ACK/NAK transmission in TDD 8.3.0 8.4.0
03/12/08 | RAN_42 |RP-081075( 82 3 |Corrections to RI for CQI reporting 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075| 83 2 [Moving description of large delay CDD to 36.211 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075( 102 3 |Reception of DCI formats 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075( 105 8 |Alignment of RAN1/RAN2 specification 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075 107 1 General correction of reset of power control and random access 8.4.0 8.5.0
response message
03/12/08 | RAN 42 |RP-081075( 108 2 |Final details on codebook subset restrictions 8.4.0 8.5.0
03/12/08 | RAN 42 |RP-081075( 109 - | Correction on the definition of Pmax 8.4.0 8.5.0
03/12/08 | RAN 42 |RP-081075( 112 2 |CQI/PMI reference measurement periods 8.4.0 8.5.0
03/12/08 | RAN_ 42 |RP-081075( 113 - | Correction of introduction of shortened SR 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075( 114 - |RAN1/2 specification alignment on HARQ operation 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075( 115 - |Introducing other missing L1 parameters in 36.213 8.4.0 8.5.0
03/12/08 | RAN 42 |RP-081075( 116 - |PDCCH blind decoding 8.4.0 8.5.0
03/12/08 | RAN 42 |RP-081075( 117 - |PDCCH search space 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075( 119 - |Delta_TF for PUSCH 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075 120 _ |Delta_preamble_msg3 parameter values and TPC command in RA |8.4.0 8.5.0
response
03/12/08 | RAN_42 |RP-081075( 122 1 [Correction of offset signaling of uplink control information MCS 8.4.0 8.5.0
03/12/08 | RAN 42 |RP-081075( 124 - | Miscellaneous Corrections 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075( 125 - | Clarification of the uplink index in TDD mode 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075( 126 - |Clarification of the uplink transmission configurations 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075( 127 2 |Correction to the PHICH index assignment 8.4.0 8.5.0
03/12/08 | RAN 42 |RP-081075( 128 - | Clarification of type-2 PDSCH resource allocation for format 1C 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075( 129 - | Clarification of uplink grant in random access response 8.4.0 8.5.0
03/12/08 | RAN 42 |RP-081075( 130 - |UE sounding procedure 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075 134 _ |Change for determining DCI format 1A TBS table column indicator |8.4.0 8.5.0
for broadcast control
03/12/08 | RAN_42 |RP-081075( 135 - |Clarifying UL VRB Allocation 8.4.0 8.5.0
03/12/08 | RAN 42 |RP-081075( 136 1 |Correction for Aperiodic CQI 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075( 137 1 [Correction for Aperiodic CQI Reporting 8.4.0 8.5.0
03/12/08 | RAN 42 |RP-081075( 138 1 |[Correction to PUCCH CQI reporting mode for N*DL_RB <=7 8.4.0 8.5.0
03/12/08 | RAN 42 |RP-081075( 140 1 |On sounding procedure in TDD 8.4.0 8.5.0
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03/12/08 | RAN_42 |RP-081075( 141 1 |Alignment of RAN1/RANS3 specification 8.4.0 8.5.0
03/12/08 | RAN 42 |RP-081075( 143 1 |TTI bundling 8.4.0 8.5.0
03/12/08 | RAN 42 |RP-081075( 144 1 |ACK/NACK transmission on PUSCH for LTE TDD 8.4.0 8.5.0
03/12/08 | RAN 42 |RP-081075( 145 1 |Timing relationship between PHICH and its associated PUSCH 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075 147 1 Definition of parameter for downlink reference signal transmit 8.4.0 8.5.0
power
03/12/08 | RAN_42 |RP-081075( 148 1 [Radio link monitoring 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075( 149 1 |[Correction in 36.213 related to TDD downlink HARQ processes 8.4.0 8.5.0
03/12/08 | RAN 42 |RP-081075( 151 - |Nominal PDSCH-to-RS EPRE Offset for CQI Reporting 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075( 152 1 |[Support of UL ACK/NAK repetition in Rel-8 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075( 155 - |Clarification of misconfiguration of aperiodic CQI and SR 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075 156 1 Cordrection of control information multiplexing in subframe bundling (8.4.0 8.5.0
mode
03/12/08 | RAN_42 |RP-081075( 157 - | Correction to the PHICH index assignment 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075( 158 1 |UE transmit antenna selection 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075( 159 - |Clarification of spatial different CQI for CQI reporting Mode 2-1 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075( 160 1 |[Corrections for TDD ACK/NACK bundling and multiplexing 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075( 161 - |Correction to RI for Open-Loop Spatial Multiplexing 8.4.0 8.5.0
03/12/08 | RAN 42 |RP-081075( 162 - | Correction of differential CQI 8.4.0 8.5.0
03/12/08 | RAN 42 |RP-081075( 163 - |Inconsistency between PMI definition and codebook index 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075( 164 - |PDCCH validation for semi-persistent scheduling 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075 Correction to the UE behavior of PUCCH CQI piggybacked on 8.4.0 8.5.0
165 1 1 |puscH
03/12/08 | RAN_42 |RP-081075 166 ) Cor(rjection on SRS procedure when shortened PUCCH format is 8.4.0 8.5.0
use
03/12/08 | RAN_42 |RP-081075 167 1 Transmission overlapping of physical channels/signals with PDSCH |8.4.0 8.5.0
for transmission mode 7
03/12/08 | RAN 42 |RP-081075( 169 - | Clarification of SRS and SR transmission 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075( 171 - | Clarification on UE behavior when skipping decoding 8.4.0 8.5.0
03/12/08 | RAN 42 |RP-081075( 172 1 |PUSCH Hopping operation corrections 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075( 173 - | Clarification on message 3 transmission timing 8.4.0 8.5.0
03/12/08 | RAN_ 42 |RP-081075( 174 - |MCS handling for DWPTS 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075 175 _|Clarification of UE-specific time domain position for SR 8.4.0 8.5.0
transmission
03/12/08 | RAN_42 |RP-081075( 176 1 [Physical layer parameters for CQI reporting 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075( 177 - |A-periodic CQI clarification for TDD UL/DL configuration O 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075 179 1 Correction to the definitions of rho_A and rho_B (downlink power  [8.4.0 8.5.0
allocation)
03/12/08 | RAN 42 |RP-081075( 180 - | Clarification of uplink A/N resource indication 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081075 PDCCH format 0 for message 3 adaptive retransmission and 8.4.0 8.5.0
181 - |transmission of control information in message 3 during contention
based random access procedure
03/12/08 | RAN_42 |RP-081075 182 _ | To Fix the Discrepancy of Uplink Power Control and Channel 8.4.0 8.5.0
Coding of Control Information in PUSCH
03/12/08 | RAN_42 |RP-081122( 183 1 [CQI reporting for antenna port 5 8.4.0 8.5.0
03/12/08 | RAN_42 |RP-081110( 168 1 [Clarification on path loss definition 8.4.0 8.5.0
04/03/09 | RAN 43 |RP-090236( 184 1 |Corrections to Transmitted Rank Indication 8.5.0 8.6.0
04/03/09 [ RAN 43 |RP-090236( 185 4 [Corrections to transmission modes 8.5.0 8.6.0
04/03/09 | RAN 43 |RP-090236( 186 2 |Delta_TF configuration for control only PUSCH 8.5.0 8.6.0
04/03/09 [ RAN 43 |RP-090236( 187 1 |Correction to concurrent SRS and ACK/NACK transmission 8.5.0 8.6.0
04/03/09 | RAN_43 |RP-090236( 191 1 |[PDCCH release for semi-persistent scheduling 8.5.0 8.6.0
04/03/09 [ RAN 43 |RP-090236( 192 1 |Correction on ACKNACK transmission on PUSCH for LTE TDD 8.5.0 8.6.0
04/03/09 | RAN_43 RP-090236 193 - |Correction to subband differential CQI value to offset level mapping |8.5.0 8.6.0
) for aperiodic CQI reporting
04/03/09 | RAN_43 |RP-090236( 194 - | Correction for DRS Collision handling 8.5.0 8.6.0
04/03/09 | RAN_43 RP-090236 196 2 |Alignment of RAN1/RANA4 specification on UE maximum output 8.5.0 8.6.0
power
04/03/09 | RAN 43 |RP-090236( 197 - | Transmission scheme for transmission mode 7 with SPS C-RNTI  |8.5.0 8.6.0
04/03/09 | RAN_43 RP-090236 198 - | Clarifying bandwidth parts for periodic CQI reporting and CQI 8.5.0 8.6.0
refererence period
04/03/09 | RAN_43 199 2 |Correction to the ACK/NACK bundling in case of transmission 8.5.0 8.6.0
RP-090236
mode 3 and 4
04/03/09 | RAN_43 |RP-090236( 200 - |ACK/NAK repetition for TDD ACK/NAK multiplexing 8.5.0 8.6.0
04/03/09 | RAN_43 |RP-090236( 201 - | Clarifying UL ACK/NAK transmission in TDD 8.5.0 8.6.0
04/03/09 | RAN 43 |RP-090236( 202 - | Corrections to UE Transmit Antenna Selection 8.5.0 8.6.0
04/03/09 | RAN_43 |RP-090236( 203 - |Correction to UE PUSCH hopping procedure 8.5.0 8.6.0
04/03/09 | RAN_43 |RP-090236( 204 - | Correction to PHICH resource association in TTI bundling 8.5.0 8.6.0
04/03/09 | RAN_43 |RP-090236( 205 - |Clarification of the length of resource assignment 8.5.0 8.6.0
04/03/09 | RAN_43 RP-090236 206 - C<I)rrection on ACK/NACK transmission for downlink SPS resource |8.5.0 8.6.0
release
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04/03/09 | RAN_ 43 |RP-090236( 207 - Introduction of additional values of wideband CQI/PMI periodicities [8.5.0 8.6.0
04/03/09 | RAN_43 |RP-090236( 208 2 |Correction to CQI/PMI/RI reporting field 8.5.0 8.6.0
04/03/09 [ RAN 43 |RP-090236( 209 2 [Correction to rho A definition for CQI calculation 8.5.0 8.6.0
04/03/09 | RAN 43 |RP-090236( 210 - | Correction to erroneous cases in PUSCH linear block codes 8.5.0 8.6.0
04/03/09 | RAN_43 |RP-090236( 211 1 |Removing RL monitoring start and stop 8.5.0 8.6.0
04/03/09 | RAN_43 |RP-090236( 214 1 [Correction to type-1 and type-2 PUSCH hopping 8.5.0 8.6.0
04/03/09 | RAN 43 |RP-090236( 215 - | Contradicting statements on determination of CQI subband size 8.5.0 8.6.0
04/03/09 [ RAN 43 |RP-090236( 216 - | Corrections to SRS 8.5.0 8.6.0
04/03/09 | RAN 43 |RP-090236( 219 2 [Miscellaneous corrections on TDD ACKNACK 8.5.0 8.6.0
04/03/09 | RAN_43 |RP-090236( 221 1 |CR for Redundancy Version mapping function for DCI 1C 8.5.0 8.6.0
04/03/09 | RAN_43 223 - | Scrambling of PUSCH corresponding to Random Access 8.5.0 8.6.0
RP-090236
Response Grant
04/03/09 | RAN_43 |RP-090236( 225 - _|Removal of SRS with message 3 8.5.0 8.6.0
04/03/09 | RAN_43 |RP-090236( 226 3 |PRACH retransmission timing 8.5.0 8.6.0
04/03/09 | RAN 43 |RP-090236( 227 - | Clarifying error handling of PDSCH and PUSCH assignments 8.5.0 8.6.0
04/03/09 | RAN_43 |RP-090236( 228 - |Clarify PHICH index mapping 8.5.0 8.6.0
04/03/09 | RAN_ 43 |RP-090236( 229 - | Correction of CQI timing 8.5.0 8.6.0
04/03/09 | RAN 43 |RP-090236( 230 - |Alignment of CQI parameter names with RRC 8.5.0 8.6.0
04/03/09 | RAN_43 |RP-090236( 231 1 |Removal of "Off" values for periodic reporting in L1 8.5.0 8.6.0
04/03/09 | RAN_43 |RP-090236| 232 - |Default value of RI 8.5.0 8.6.0
04/03/09 | RAN_43 |RP-090236( 233 1 |[Clarification of uplink timing adjustments 8.5.0 8.6.0
04/03/09 | RAN_43 |RP-090236( 234 - |Clarification on ACK/NAK repetition 8.5.0 8.6.0
27/05/09 | RAN_44 RP-090529 235 1 Correct'ion to the condition of resetting accumulated uplink power |8.6.0 8.7.0
correction
27/05/09 | RAN_44 236 - | Correction to the random access channel parameters received from|8.6.0 8.7.0
RP-090529 .
higher layer
27/05/09 | RAN 44 |RP-090529( 237 - | Correction on TDD ACKNACK 8.6.0 8.7.0
27/05/09 | RAN_44 |RP-090529( 238 1 [Correction on CQI reporting 8.6.0 8.7.0
27/05/09 | RAN_44 |RP-090529( 239 - | Correction on the HARQ process number 8.6.0 8.7.0
27/05/09 | RAN_44 |RP-090529( 241 1 [CR correction of the description on TTI-bundling 8.6.0 8.7.0
27/05/09 | RAN_44 RP-090529 242 1 |Clarify latest and initial PDCCH for PDSCH and PUSCH 8.6.0 8.7.0
transmisisons, and NDI for SPS activation
27/05/09 | RAN_44 |RP-090529| 243 - _|Clarify DRS EPRE 8.6.0 8.7.0
27/05/09 | RAN_ 44 |RP-090529( 244 1 |Clarification on TPC commands for SPS 8.6.0 8.7.0
15/09/09 | RAN_45 |RP-090888| 245 1 |[Correction to PUSCH hopping and PHICH mapping procedures 8.7.0 8.8.0
15/09/09 | RAN_45 |RP-090888| 246 - _|Clarification on subband indexing in periodic CQI reporting 8.7.0 8.8.0
15/09/09 | RAN_45 |RP-090888| 247 2 |Correction to DVRB operation in TDD transmission mode 7 8.7.0 8.8.0
15/09/09 | RAN_45 RP-090888 249 - | Clarification of concurrent ACKNACK and periodic PMI/RI 8.7.0 8.8.0
transmission on PUCCH for TDD
15/09/09 | RAN_45 |RP-090888| 250 - | Clarify Inter-cell synchronization text 8.7.0 8.8.0
01/12/09 | RAN_46 |RP-091172( 248 1 [Introduction of LTE positioning 8.8.0 9.0.0
01/12/09 | RAN_46 |RP-091172( 254 - |Clarification of PDSCH and PRS in combination for LTE positioning |8.8.0 9.0.0
01/12/09 | RAN_46 |RP-091177( 255 5 |Editorial corrections to 36.213 8.8.0 9.0.0
01/12/09 | RAN_46 |RP-091257( 256 1 |Introduction of enhanced dual layer transmission 8.8.0 9.0.0
01/12/09 | RAN 46 |RP-091177( 257 1 |Add shorter SR periodicity 8.8.0 9.0.0
01/12/09 | RAN 46 |RP-091256( 258 - |Introduction of LTE MBMS 8.8.0 9.0.0
17/12/09 | RAN_46 RP-091257 256 1 |Correction by MCC due to wrong implementation of CR0256r1 — 9.0.0 9.0.1
Sentence is added to Single-antenna port scheme section 7.1.1
16/03/10 | RAN_47 RP-100211 259 3 |UE behavior when collision of antenna port 7/8 with PBCH or SCH |9.0.1 9.1.0
happened and when distributed VRB is used with antenna port 7
16/03/10 | RAN_47 |RP-100210| 260 1 |MCCH change natification using DCI format 1C 9.0.1 9.1.0
16/03/10 | RAN_47 263 - |Correction on PDSCH EPRE and UE-specific RS EPRE for Rel-9 19.0.1 9.1.0
RP-100211 o
enhanced DL transmissions
01/06/10 | RAN_48 RP-100589 265 - |Clarification for TDD when multiplexing ACK/NACK with SR of 9.1.0 9.2.0
ACK/NACK with CQI/PMI or RI
01/06/10 | RAN_48 |RP-100590| 268 1 |Clarification of PRS EPRE 9.1.0 9.2.0
14/09/10 | RAN_49 [RP-100900| 269 - | Clarification on Extended CP support with Transmission Mode 8 9.2.0 9.3.0
07/12/10 | RAN 50 |RP-101320( 270 - |Introduction of Rel-10 LTE-Advanced features in 36.213 9.3.0 10.0.0
27/12/10 - - - - | Editorial change to correct a copy/past error in section 7.2.2 10.0.0 |10.0.1
15/03/11 | RAN_51 |RP-110255| 271 1 |A clarification for redundancy version of PMCH 10.0.1 [10.1.0
15/03/11 | RAN 51 [RP-110258| 272 - |RLM Procedure with restricted measurements 10.0.1 ]10.1.0
15/03/11 | RAN_51 |RP-110256| 273 - |Corrections to Rel-10 LTE-Advanced features in 36.213 10.0.1 ]10.1.0
01/06/11 | RAN 52 |RP-110819( 274 3 |Correction to HARQ-ACK procedure for TDD mode b with M=2 10.1.0 |10.2.0
01/06/11 | RAN 52 |RP-110819( 275 3 |Determination of PUSCH A/N codebook size for TDD 10.1.0 |10.2.0
01/06/11 | RAN_52 |RP-110823( 276 - | The triggering of aperiodic SRS in DCI formats 2B and 2C 10.1.0 [10.2.0
01/06/11 | RAN 52 |RP-110819( 278 3 [Corrections to power headroom 10.1.0 |10.2.0
01/06/11 | RAN_52 |RP-110819( 279 1 [Removal of square brackets for PUCCH format 3 ACK/NACK 10.1.0 [10.2.0
01/06/11 | RAN_52 |RP-110819( 281 1 |[Correction of AN repetition and PUCCH format 3 10.1.0 |10.2.0
01/06/11 | RAN_52 |RP-110819( 282 2 |Correction to timing for secondary cell activation and deactivation |10.1.0 ]10.2.0
01/06/11 | RAN_52 |RP-110823[ 283 1 [Correction to MCS offset for multiple TBs 10.1.0 ]10.2.0
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01/06/11 | RAN 52 |RP-110820( 286 1 |Miscellaneous Corrections 10.1.0 |10.2.0
01/06/11 | RAN_52 |RP-110819( 288 1 [Corrections on UE procedure for determining PUCCH Assignment |10.1.0 [{10.2.0
01/06/11 | RAN_52 |RP-110819( 289 2 |Correction to Multi-cluster flag in DCI format 0 10.1.0 [10.2.0
01/06/11 | RAN_52 |RP-110819( 290 2 |Joint transmission of ACK/NACK and SR with PUCCH format 3 10.1.0 |10.2.0
01/06/11 | RAN_52 |RP-110819( 291 3 |Correction of uplink resource allocation type 1 10.1.0 [10.2.0
01/06/11 | RAN_52 |RP-110821( 292 1 [Correction on CSI-RS configuration 10.1.0 |10.2.0
01/06/11 | RAN_52 294 - |ACK/NACK and CQI simultaneous transmission in ACK/NACK 10.1.0 |10.2.0
RP-110818 L
bundling in TDD
01/06/11 | RAN_52 |RP-110823[ 295 - |UE specific disabling of UL DMRS sequence hopping 10.1.0 [10.2.0
01/06/11 | RAN 52 |RP-110821( 296 - |PDSCH transmission in MBSFN subframes 10.1.0 |10.2.0
01/06/11 | RAN_52 |RP-110819( 297 - |Introduction of PCMAX for PUSCH power scaling 10.1.0 ]10.2.0
01/06/11 | RAN 52 |RP-110819( 298 - |Power control for SR and ACK/NACK with PUCCH format 3 10.1.0 ]10.2.0
01/06/11 | RAN 52 |RP-110819( 299 2 |CR on power control for HARQ-ACK transmission on PUCCH 10.1.0 ]10.2.0
01/06/11 | RAN_52 |RP-110819( 300 2 |Correction to handling of search space overlap 10.1.0 [10.2.0
01/06/11 | RAN_52 RP-110819 301 1 |Correction to simultaneous transmission of SRS and PUCCH 10.1.0 |10.2.0
format 2/2a/2b
01/06/11 | RAN_52 302 1 |Correction for Simultaneous PUCCH and SRS Transmissions on 10.1.0 |10.2.0
RP-110819 CA
01/06/11 | RAN_52 |RP-110821( 303 - | Correction on 8Tx Codebook Sub-sampling for PUCCH Mode 1-1 10.1.0 [10.2.0
01/06/11 | RAN_52 304 1 |Corrections on CQI type in PUCCH mode 2-1 and clarificationon  |10.1.0 [10.2.0
RP-110821 simultaneous PUCCH and PUSCH transmission for UL-SCH
subframe bundling
01/06/11 | RAN_52 RP-110818 305 1 |Correction on UE behaviour upon reporting periodic CSI using 10.1.0 |10.2.0
PUCCH Model-1
01/06/11 | RAN 52 |RP-110818( 306 - | Clarification for the definition of CQI 10.1.0 |10.2.0
01/06/11 | RAN_52 |RP-110818( 307 - |Clarification for the definition of Precoding Matrix Indicator 10.1.0 ]10.2.0
01/06/11 | RAN 52 |RP-110819( 308 - | Simultaneous SRS transmissions in more than one cell 10.1.0 ]10.2.0
01/06/11 | RAN 52 |RP-110819( 310 1 |Miscellaneous Corrections for TS36.213 10.1.0 |10.2.0
01/06/11 | RAN_52 |RP-110821( 311 1 |Configuration of pmi-RI-Report 10.1.0 [10.2.0
01/06/11 | RAN_52 RP-110819 312 1 Colrre<_:tion on the support of PUCCH format 3 and channel 10.1.0 |10.2.0
selection
01/06/11 | RAN_52 RP-110821 313 - | Correction on UE behaviour during DM-RS transmission on 10.1.0 |10.2.0
subframes carrying synchronisation signals
01/06/11 | RAN 52 |RP-110820( 314 1 |36.213 CR on antenna selection 10.1.0 ]10.2.0
01/06/11 | RAN_52 |RP-110823[ 316 1 [Number of HARQ process for UL spatial multiplexing 10.1.0 ]10.2.0
01/06/11 | RAN_52 |RP-110819( 317 - |PUCCH format 3 Fallback procedure in TDD 10.1.0 [10.2.0
01/06/11 | RAN_52 |RP-110819( 318 - _|Clarification on CSI reporting under an invalid downlink subframe ]10.1.0 [10.2.0
01/06/11 | RAN_52 |RP-110819( 320 - |Multiple Aperiodic SRS Triggers for Same Configuration 10.1.0 [10.2.0
01/06/11 | RAN 52 |RP-110823[ 321 - |UE antenna switch in UL MIMO 10.1.0 ]10.2.0
01/06/11 | RAN_52 |RP-110819( 322 - |UE behaviour for PDSCH reception with limited soft buffer in CA 10.1.0 [10.2.0
01/06/11 | RAN_52 323 - |Joint transmission of ACK/NACK and SR or CSI with PUCCH 10.1.0 |10.2.0
RP-110859 ;
format 3 and channel selection
15/09/11 | RAN_53 |RP-111229| 277 1 |[Correction to reception of PRS in MBSFN subframes 10.2.0 [10.3.0
15/09/11 | RAN_53 |RP-111230| 325 3 |Corrections on UE procedure for reporting HARQ-ACK 10.2.0 ]10.3.0
15/09/11 | RAN_53 |RP-111230| 326 2 |Corrections on Physical Uplink Control Channel Procedure 10.2.0 [10.3.0
15/09/11 | RAN_53 RP-111231| 331 1 Correction to uplink transmission scheme usage for random access |10.2.0 ]10.3.0
) response and PHICH-triggered retransmissions
15/09/11 | RAN 53 [RP-111229| 336 - | Corrections on transmission mode 9 10.2.0 |10.3.0
15/09/11 | RAN_53 |RP-111230| 339 - |Corrections on HARQ-ACK codebook size determination 10.2.0 ]10.3.0
15/09/11 | RAN_53 RP-111230| 340 _ |Corrections on TDD PUCCH format 1b with channel selection and |10.2.0 |10.3.0
HARQ-ACK transmission on PUSCH
15/09/11 | RAN_53 |RP-111230| 341 - |Corrections on NACK generation 10.2.0 [10.3.0
15/09/11 | RAN_53 |RP-111230| 342 - | Corrections on power headroom reporting 10.2.0 |10.3.0
15/09/11 | RAN 53 [RP-111229| 346 - | Correction on TBS translation table 10.2.0 ]10.3.0
15/09/11 | RAN_53 |RP-111229| 347 2 |Correction to the condition of enabling PMI feedback 10.2.0 [10.3.0
15/09/11 | RAN 53 [RP-111232| 348 - | Miscellaneous corrections to 36.213 10.2.0 |10.3.0
15/09/11 | RAN 53 [RP-111229| 349 - | Corrections on PUSCH and PUCCH modes 10.2.0 |10.3.0
15/09/11 | RAN 53 [RP-111231| 350 1 |CR on UL HARQ ACK determination 10.2.0 |10.3.0
15/09/11 | RAN_53 RP-111231| 351 1 Correctio_n on UL DMRS resources for PHICH-triggered 10.2.0 |10.3.0
retransmission
15/09/11 | RAN_53 |RP-111230| 352 - |Clarification on the common search space description 10.2.0 [10.3.0
15/09/11 | RAN_53 RP-111232| 353 1 Clarification on ambiguous DCI information between UE-specific 10.2.0 |10.3.0
search space and common search space for DCI formats 0 and 1A
15/09/11 | RAN_53 RP-111229| 354 ) (Fllleaggi)c;é:?n of Reference PDSCH Power for CSI-RS based CSI 10.2.0 |10.3.0
15/09/11 | RAN_53 |RP-111230| 355 2 |Corrections on reporting Channel State Information 10.2.0 [10.3.0
05/12/11 | RAN_54 |RP-111669( 324 3 |Accumulation of power control commands from DCI format 3/3A 10.3.0 |10.4.0
05/12/11 | RAN_54 |RP-111666( 357 1 [Miscellaneous corrections on uplink power control 10.3.0 [10.4.0
05/12/11 | RAN_54 |RP-111666| 358 - | Corrections on N_c*{received} 10.3.0 [10.4.0
05/12/11 | RAN 54 |RP-111666( 359 - | Corrections on TDD PUCCH format 1b with channel selection and |10.3.0 [10.4.0
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05/12/11 | RAN_54 |RP-111667[ 364 - | Correction on the notation of SRS transmission comb 10.3.0 ]10.4.0
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05/12/11 | RAN_54 |RP-111666( 367 1 |[Correction on HARQ-ACK procedure 10.3.0 ]10.4.0
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05/12/11 | RAN_54 |RP-111668( 369 - _|Clarification of PUCCH 2-1 Operation 10.3.0 [10.4.0
05/12/11 | RAN 54 |RP-111668( 370 1 |Correction on PMI index 10.3.0 ]10.4.0
05/12/11 | RAN_54 |RP-111666( 371 2 |Correction to periodic CSI reports for carrier aggregation 10.3.0 [10.4.0
05/12/11 | RAN_54 |RP-111666( 373 1 [Removal of square bracket in HARQ-ACK procedure 10.3.0 |10.4.0
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05/12/11 | RAN_54 |RP-111666( 375 1 |[Clarifications of UE behavior on PUSCH power control 10.3.0 [10.4.0
28/02/12 | RAN_55 |RP-120286( 376 1 [RNTI Configuration associated with DL Resource Allocation Type 2 |10.4.0 [10.5.0
28/02/12 | RAN_55 377 2 |Correction for ACK/NACK related procedure in case of TDD UL-DL [{10.4.0 |10.5.0
RP-120283 . .
configuration 0
13/06/12 | RAN_56 RP-120737 378 3 Correc;ior_] of FDD channel selection HARQ-ACK and SR 10.5.0 |10.6.0
transmission
13/06/12 | RAN_56 |RP-120738| 379 - |Removal of description with square brackets 10.5.0 [10.6.0
13/06/12 | RAN_56 RP-120738 381 - Correcyior_] on transmission mode 9 with a single antenna port 10.5.0 |10.6.0
transmission
04/09/12 | RAN_57 |RP-121265( 382 - |Clarification of codebook subsampling for PUCCH 2-1 10.6.0 [10.7.0
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04/09/12 | RAN_57 |RP-121264( 386 1 |Reference serving cell for pathloss estimation 10.6.0 [10.7.0
04/09/12 | RAN_57 |RP-121264( 387 - |Power control for PUCCH format 3 with single configured cell 10.6.0 ]10.7.0
04/09/12 | RAN 57 |RP-121264( 388 - | ACK/NACK resource in case of channel selection 10.6.0 |10.7.0
04/12/12 | RAN_58 RP-121839 391 - | Correction of codebook subsampling for PUCCH 2-1 to the 10.7.0 |10.8.0
) duplicated description
04/12/12 | RAN_58 |RP-121839( 392 - | Correction to the parameter ue-Category-v10xy 10.7.0 [10.8.0
04/12/12 | RAN_58 394 - | Correction of reference signal scrambling sequence initialization for |10.7.0 |10.8.0
RP-121837 . N
SPS in transmission mode 7
26/02/13 | RAN 59 |RP-130254( 397 - | Correction on UE procedure for reporting HARQ-ACK 10.8.0 |10.9.0
26/02/13 | RAN_59 |RP-130252( 399 - | Corrections for SRS power scaling in UpPTS 10.8.0 [10.9.0
26/02/13 | RAN_59 RP-130253 401 - | Correction on UE-specific RS overhead for deriving CQI when 10.8.0 |10.9.0
PMI/RI is configured in TM9
26/02/13 | RAN_59 RP-130252 402 - |CR on UE specific search and Common search space overlap on |10.8.0 |10.9.0
. PDCCH
11/06/13 | RAN_60 [RP-130751| 406 2 [Correction on the RI bit width 10.9.0 [10.10.0
11/06/13 | RAN 60 [RP-130749| 419 1 |CR on SCell activation timing 10.9.0 ]10.10.0
11/06/13 | RAN_60 423 - |Correction on HARQ-ACK transmission for a UE configured with 10.9.0 |10.10.0
RP-130749
PUCCH format 3
03/12/13 | RAN_62 |RP-132023( 444 2 |Correction on CSI reporting type and parameters 10.10.0 [10.11.0
03/03/14 | RAN_63 |RP-140288( 453 1 [Modification to |_SRS = 0 for trigger type 1 SRS and TDD 10.11.0 |10.12.0
15/06/15 | RAN_68 495 3 |Clarification on PUCCH Format 3 Resource Derivation for TDD 10.12.0 |10.13.0
- RP-150932 ) ;
UL/DL Configuration 5
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