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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 the first digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

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

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

The present document 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.

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

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

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

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

[2] 3GPP TS 36.201: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Layer —
General Description".

[3] 3GPP TS 36.211: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and
modulation".

[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 —
Measurements".

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

[9] 3GPP TS 36.423, "Evolved Universal Terrestrial Radio Access (E-UTRA); X2 Application
Protocol (X2AP)".

[10] 3GPP TS 36.133, "Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for

support of radio resource management".

[11] 3GPP TS 36.331, "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".

3GPP

IPR2022-00464
Apple EX1006 Page 7



Release 12 8 3GPP TS 36.213 V12.3.0 (2014-09)

3 Symbols and abbreviations

3.1 Symbols

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

ny System frame number as defined in [3]

ng Slot number within a radio frame as defined in [3]

N, cDelLb Number of configured cells

N ]Eé Downlink bandwidth configuration, expressed in units of NS%B as defined in [3]

N I[{Jé Uplink bandwidth configuration, expressed in units of NS'ZB as defined in [3]

N, Sl;,lr;]b Number of SC-FDMA symbols in an uplink slot as defined in [3]

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

ACK Acknowledgement

BCH Broadcast Channel

CCE Control Channel Element

CDD Cyclic Delay Diversity

CIF Carrier Indicator Field

CQI Channel Quality Indicator

CRC Cyclic Redundancy Check

CSI Channel State Information

CSI-IM CSl-interference measurement

DAI Downlink Assignment Index

DCI Downlink Control Information

DL Downlink

DL-SCH Downlink Shared Channel

DTX Discontinuous Transmission
EPDCCH Enhanced Physical Downlink Control Channel
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 Signal

PRB Physical Resource Block

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

RBG Resource Block Group

3GPP
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RE

RI

RS
SINR
SPS C-RNTI
SR

SRS
TAG
TBS
UCI

UE

UL
UL-SCH
VRB

Resource Element

Rank Indication

Reference Signal

Signal to Interference plus Noise Ratio
Semi-Persistent Scheduling C-RNTI
Scheduling Request

Sounding Reference Symbol
Timing Advance Group

Transport Block Size

Uplink Control Information

User Equipment

Uplink

Uplink Shared Channel

Virtual Resource Block

3GPP
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4 Synchronization 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 ID 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.

A UE may assume the antenna ports 0 — 3 and the antenna port for the primary/secondary synchronization signals of a
serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift and average delay.

4.2 Timing synchronization

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 (Qou and Qin) defined by relevant tests in
[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 (Qout and Qin) defined by relevant tests in
[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 Qou. When the radio link quality is better than the
threshold Qin, 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 synchronization

No functionality is specified in this subclause in this release.

4.2.3 Transmission timing adjustments

Upon reception of a timing advance command for a TAG containing the primary cell, the UE shall adjust uplink
transmission timing for PUCCH/PUSCH/SRS of the primary cell based on the received timing advance command.
The UL transmission timing for PUSCH/SRS of a secondary cell is the same as the primary cell if the secondary cell
and the primary cell belong to the same TAG.

Upon reception of a timing advance command for a TAG not containing the primary cell, if all the serving cells in the
TAG have the same frame structure type, the UE shall adjust uplink transmission timing for PUSCH/SRS of all the
secondary cells in the TAG based on the received timing advance command where the UL transmission timing for
PUSCH /SRS is the same for all the secondary cells in the TAG.

Upon reception of a timing advance command for a TAG not containing the primary cell, if a serving cell in the TAG
has a different frame structure type compared to the frame structure type of another serving cell in the same TAG, the
UE shall adjust uplink transmission timing for PUSCH/SRS of all the secondary cells in the TAG by using Nraofser =
624 regardless of the frame structure type of the serving cells and based on the received timing advance command

3GPP

IPR2022-00464
Apple EX1006 Page 10



Release 12 1" 3GPP TS 36.213 V12.3.0 (2014-09)

where the UL transmission timing for PUSCH /SRS is the same for all the secondary cells in the TAG. Nraggser is
described in [3].

The timing advance command for a TAG indicates the change of the uplink timing relative to the current uplink timing
for the TAG as multiples of 16 7 . The start timing of the random access preamble is specified in [3].

In case of random access response, an 11-bit timing advance command [8], 74, for a TAG indicates Nr4 values by index
values of T4=0, 1,2, ..., 1282, where an amount of the time alignment for the TAG is given by Nr4 = T4 x16. Nr4is
defined in [3].

In other cases, a 6-bit timing advance command [8], 74, for a TAG indicates adjustment of the current Nr4 value, N74,014,
to the new N4 value, Nr4.new, by index values of T4 =0, 1, 2,..., 63, where Nranew = N1a,0a + (T4 —31)x16. Here,
adjustment of Nz4 value by a positive or a negative amount indicates advancing or delaying the uplink transmission
timing for the TAG by a given amount respectively.

For a timing advance command received on subframe #, the corresponding adjustment of the uplink transmission timing
shall apply from the beginning of subframe n+6. For serving cells in the same TAG, 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 complete transmission of subframe » 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 Nr4 accordingly.

4.3 Timing for Secondary Cell Activation / Deactivation

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

- the actions related to CSI reporting
- the actions related to the sCellDeactivationTimer 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 associated with the
secondary cell expires in subframe #, the corresponding actions in [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+38.

3GPP
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5 Power control

Downlink power control determines the Energy Per Resource Element (EPRE). The term Resource Element Energy
denotes the energy prior to CP insertion. The term resource element energy also 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 ISPUSCH, (i) defined in subclause 5.1.1, is first 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 PPUCCH (i), defined in subclause 5.1.1.1, or f’SRS,C (i) is split equally across

the configured antenna ports for PUCCH or SRS. PSRS’C (#) is the linear value of Fspg (V) defined in subclause 5.1.3.

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

5111 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
Ppysch,c (7)) for PUSCH transmission in subframe i for the serving cell cis given by

Femax e (),

. . . . ¢ [dBm]
101og;o(Mpusch,c () + Fo pusch,c(J) + & (/) PL. + Atg o (D) + f,.(1)

Pruscr,e () = min{

If the UE transmits PUSCH simultaneous with PUCCH for the serving cell ¢, then the UE transmit power
Ppuscr(i) for the PUSCH transmission in subframe i for the serving cell ¢ is given by

10log;, |2 ()-P, ),
Pouscie (i) = min Oglo( cmax,e (@) ‘ PUCCH(I)) | . . (B
10log;o(Mpysch,c () + Fo pusch,c (/) + e (J) - PLe + Atp o () + £, (D)

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 Ppyscy(¢) for the PUSCH transmission in

subframe i for the serving cell ¢ is computed by
Pruscne () = min{PCMAX,c @, Fo puschye O+a.(M)-PL.+ f.() } [dBm]

where,

- Fomax,c(?) is the configured UE transmit power defined in [6] in subframe i for serving cell ¢ and

PCM AX,c (@) is the linear value of Fopax ¢ (7) - 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 Fryax(7) as given 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
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PUSCH, the UE shall compute Frpax (i) assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and ATc =0dB,
where MPR, A-MPR, P-MPR and ATc are defined in [6].

- ISPUCCH (i) is the linear value of Ppyccy (7) defined in subclause 5.1.2.1

- Mpysch,c () is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks valid

for subframe i and serving cell c.

- Ifthe UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell ¢
and if subframe i belongs to uplink power control subframe set 2 as indicated by the higher layer parameter
tpc-SubframeSet-r12,

- when j=0, By pyscie(0) = Fo ue puscie2(0) + Fo nommar pusciea(0) » where j=0 is used for PUSCH

(re)transmissions corresponding to a semi-persistent grant. Iy PUSCH.c.2 (0) and By vommaL pUSCH,0)2(0)
are the parameters p0-UE-PUSCH-Persistent-SubframeSet2-r12 and p0-NominalPUSCH-Persistent -

SubframeSet2-r12 respectively provided by higher layers, for each serving cell c.
- whenj=1, K OfPUSCH,c(l) =k 0_UE_PUSCH,c,2 (D +F OﬁNOMINALiPUSCH,c,Z(l) » where j=1is used for PUSCH
(re)transmissions corresponding to a dynamic scheduled grant. Fp 5 PUSCH.c.2 (I)and

POfNOMIN AL PUSCH.c.2 (1) are the parameters p0-UE-PUSCH-SubframeSet2-r12 and p0O-NominalPUSCH-

SubframeSet2-r12 respectively, provided by higher layers for serving cell c.

- when =2, B, pyscie (2)=F 0_UE_PUSCH,c 2)+F O_NOMINAL_PUSCHc (2) where F 0_UE_PUSCH,c (2)=0 and
R O NOMINAL PUSCH,¢ (2)=F orre T APREAMBLEﬁng} » where the parameter

preamblelnitialReceivedTargetPower [8] (Fo ppg) and Appeivmir wgs are signalled from higher layers

for serving cell ¢, where j=2 is used for PUSCH (re)transmissions corresponding to the random access
response grant.

Otherwise
- Po pusch,c (/) is a parameter composed of the sum of a component P NomiNAL PUScH,c (/) provided

from higher layers for j/=0 and / and a component Py yg pusch,c(/) provided by higher layers for j=0 and

1 for serving cell ¢. 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=7 and for PUSCH
(re)transmissions corresponding to the random access response grant then j=2. Fy yg_pusch,c(2) =0 and

Po NOMINAL PUSCH,c (2) = Fo PRE + A PREAMBLE Msg3» Where the parameter
preamblelnitialReceivedTargetPower [8] (Fo ppp) and Apprivmir aes are signalled from higher layers

for serving cell c.

- Ifthe UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell ¢
and if subframe i belongs to uplink power control subframe set 2 as indicated by the higher layer parameter
tpc-SubframeSet-ri2,

- Forj=0orl, a.(j)=a,,e {0, 0.4,0.5,0.6,0.7,0.8,0.9, 1}. Q. , is the parameter alpha-
SubframeSet2-r12 provided by higher layers for each serving cell c.

- Forj=2, Olc(j) =1.

Otherwise

- Forj=0orl, a,c {O, 0.4,0.5,0.6,0.7,0.8,0.9, 1} is a 3-bit parameter provided by higher layers for

serving cell c¢.Forj=2, a.(j)=1.
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PL,. is the downlink pathloss estimate calculated in the UE for serving cell ¢ indBand PL. =

referenceSignalPower — 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. If serving cell ¢ belongs to a TAG containing the primary cell then, for the
uplink of the primary cell, the primary cell is used as the reference serving cell for determining
referenceSignalPower and higher layer filtered RSRP. For the uplink of the secondary cell, the serving cell
configured by the higher layer parameter pathlossReferenceLinking defined in [11] is used as the reference
serving cell for determining referenceSignalPower and higher layer filtered RSRP. If serving cell ¢ belongs to
a TAG not containing the primary cell then serving cell ¢ is used as the reference serving cell for determining
referenceSignalPower and higher layer filtered RSRP.

Arp (D) = 1010g10((2BPRE'K3 - 1)~ j;g‘eg,CH) for K¢ =1.25and 0 for K¢ =0where K is given by the

parameter deltaMCS-Enabled provided by higher layers for each serving cell ¢. BPRE and ﬂg}festCH , for

each serving cell ¢, are computed as below. K¢ =0 for transmission mode 2.

Cc-1
- BPRE =0Ocq / Ngg for control data sent via PUSCH without UL-SCH data and Z K, / Ngg for other

r=0
cases.

- where C is the number of code blocks, K, is the size for code block 7, Ocqy is the number of

CQI/PMI bits including CRC bits and N is the number of resource elements determined as

PUSCH —initial PUSCH -initial PUSCH ~initial PUSCH-initial .
Ngg =M}, “Ngymb ,where C, K,, M_, and Ny are defined in
[4].

- B = Big, for control data sent via PUSCH without UL-SCH data and 1 for other cases.

Spusci, 1s a correction value, also referred to as a TPC command and is included in PDCCH/EPDCCH with

DCI format 0/4 for serving cell cor jointly coded with other TPC commands in PDCCH with DCI format 3/3A
whose CRC parity bits are scrambled with TPC-PUSCH-RNTIL. If the UE is configured with higher layer
parameter UplinkPowerControlDedicated-v12x( for serving cell ¢ and if subframe i belongs to uplink power
control subframe set 2 as indicated by the higher layer parameter tpc-SubframeSet-r12, the current PUSCH

power control adjustment state for serving cell cis given by f, , (i), and the UE shall use f, ,(7) instead of

Je (i) to determine  Ppygcn, ¢ (7) - Otherwise, the current PUSCH power control adjustment state for serving cell
cis givenby f,(i)). f,,(i) and f,(i) are defined by:

- fe@) = fe(i=1)+pyuschc i — Kpuscr) and f, (i) = f.,(i = 1) + Spysepe (i = Kpysen ) 1f accumulation
is enabled based on the parameter Accumulation-enabled provided by higher layers or if the TPC
command Spygcy,c 18 included ina PDCCH/EPDCCH with DCI format 0 for serving cell ¢ where the

CRC is scrambled by the Temporary C-RNTI

- where Spyschc(f — Kpysc ) was signalled on PDCCH/EPDCCH with DCI format 0/4 or PDCCH with

DCI format 3/3A on subframe i — K p -y, and where £, (0) is the first value after reset of
accumulation.

- The value of Kpygey 18
- For FDD or FDD-TDD and serving cell frame structure type 1, Kpygey =4

- For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration
of at least two configured serving cells is not the same, or if the UE is configured with the parameter
EIMTA-MainConfigServCell-ri2 for at least one serving cell, or for FDD-TDD and serving cell frame
structure type 2, the "TDD UL/DL configuration" refers to the UL-reference UL/DL configuration
(defined in subclause 8.0) for serving cell c.
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- For TDD UL/DL configurations 1-6, Kpyscn is given in Table 5.1.1.1-1
- For TDD UL/DL configuration 0

- Ifthe PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH of DCI
format 0/4 in which the LSB of the UL index is setto 1, K pygcy =7

- For all other PUSCH transmissions, K pygcy is given in Table 5.1.1.1-1.

For serving cell ¢ the UE attempts to decode a PDCCH/EPDCCH of DCI format 0/4 with the UE's C-
RNTI or DCI format 0 for SPS C-RNTI and a PDCCH of DCI format 3/3A with this UE's TPC-PUSCH-
RNTT in every subframe except when in DRX or where serving cell ¢ is deactivated.

If DCI format 0/4 for serving cell ¢ and DCI format 3/3A are both detected in the same subframe, then
the UE shall use the dpygcp,. provided in DCI format 0/4.

Spusci,c = 0dB for a subframe where no TPC command is decoded for serving cell ¢ or where DRX
occurs or 7 is not an uplink subframe in TDD or FDD-TDD and serving cell ¢ frame structure type 2.

The Spysch,c dB accumulated values signalled on PDCCH/EPDCCH with DCI format 0/4 are given in

Table 5.1.1.1-2. If the PDCCH/EPDCCH with DCI format 0 is validated as a SPS activation or release
PDCCH/EPDCCH, then 5PUSCH,C is 0dB.

The Opygey dB accumulated values signalled on PDCCH with DCI format 3/3A are one of SET1 given

in Table 5.1.1.1-2 or SET2 given in Table 5.1.1.1-3 as determined by the parameter 7PC-Index provided
by higher layers.

If UE has reached Frpax (i) for serving cell ¢, positive TPC commands for serving cell ¢ shall not

be accumulated
If UE has reached minimum power, negative TPC commands shall not be accumulated

If the UE is not configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving
cell c, the UE shall reset accumulation

- Forserving cell ¢, when Fy yg pysch,c value is changed by higher layers

- Forserving cell ¢, when the UE receives random access response message for serving cell ¢

If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell
c

>

- the UE shall reset accumulation corresponding to f,.(*) for serving cell ¢
- when Fy yg pusch,c Vvalue is changed by higher layers
- when the UE receives random access response message for serving cell ¢

- the UE shall reset accumulation corresponding to f, ,(*) for serving cell ¢

- when Fy yg puscreo Value is changed by higher layers

If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell
¢ and

- if subframe i belongs to uplink power control subframe set 2 as indicated by the higher layer
parameter ipc-SubframeSet-r12 (i) = f.(i —1)
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- if subframe i does not belong to uplink power control subframe set 2 as indicated by the higher layer
parameter tpc-SubframeSet-r12 f, ,(i) = f,,(i—1)

- fe()=Spusch,c i —Kpuscn) and f, (i) = Opyscp, (i = Kpysey ) if accumulation is not enabled for

serving cell ¢ based on the parameter Accumulation-enabled provided by higher layers

- where Spyscp e (f — Kpyscr ) was signalled on PDCCH/EPDCCH with DCI format 0/4 for serving cell
¢ on subframe i—Kpyscy

- The value of Kpjg0y is

- For FDD or FDD-TDD and serving cell frame structure type 1, K pygcy =4

- For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration
of at least two configured serving cells is not the same, or if the UE is configured with the parameter
EIMTA-MainConfigServCell-ri2 for at least one serving cell, or FDD-TDD and serving cell frame
structure type 2, the "TDD UL/DL configuration" refers to the UL-reference UL/DL configuration
(defined in subclause 8.0) for serving cell c.

- For TDD UL/DL configurations 1-6, Kpyscn is given in Table 5.1.1.1-1.

- For TDD UL/DL configuration 0
- If the PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH of DCI

format 0/4 in which the LSB of the UL index is setto 1, K pygcy =7

- For all other PUSCH transmissions, K pscy is given in Table 5.1.1.1-1.

- The Spysc, dB absolute values signalled on PDCCH/EPDCCH with DCI format 0/4 are given in

Table 5.1.1.1-2. If the PDCCH/EPDCCH with DCI format 0 is validated as a SPS activation or release
PDCCH/EPDCCH, then Spyscyye 1s 0dB.

- fe@)=f.G-1) and f,,(i)= f.,(i—1) for asubframe where no PDCCH/EPDCCH with DCI

format 0/4 is decoded for serving cell ¢ or where DRX occurs or 7 is not an uplink subframe in TDD or
FDD-TDD and serving cell ¢ frame structure type 2.

- Ifthe UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell
¢ and

- if subframe i belongs to uplink power control subframe set 2 as indicated by the higher layer
parameter ipc-SubframeSet-ri2 f.(i) = f.(i—1)

- if subframe i does not belong to uplink power control subframe set 2 as indicated by the higher layer
parameter (pc-SubframeSet-ri2 f, (i) = f,,(i—1)

- For both types of f,.(*) (accumulation or current absolute) the first value is set as follows:

- If Py ug pusch, Vvalue is changed by higher layers and serving cell ¢ is the primary cell or, if

Po UE pusch,c Value is received by higher layers and serving cell ¢ is a Secondary cell

- f0=0
- Else

- Ifthe UE receives the random access response message for a serving cell ¢
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If the total transmit power of the UE would exceed ISCM L (i) , the UE scales ISPUSCH, (@) for the serving cell ¢ in

subframe i such that the condition

Z w(i)- ﬁpUSCH,c(l) < (]SCMAX - ISPUCCH (1))

c

is satisfied where PPUCCH (@) is the linear value of Ppyccy (@), PPUSCH,c(i) is the linear value of Ppygcp ¢ (i),

Py (%) is the linear value of the UE total configured maximum output power P, defined in [6] in subframe i
and w(i) is a scaling factor of i)PUSCH, (@) for serving cell ¢ where 0<w(i)<1. In case there is no PUCCH

transmission in subframe i ﬁPUCCH (1)=0.

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 P,y (i) , the UE scales IA’PUSCH, . (9) for the serving cells

without UCI in subframe i such that the condition

Z w(i)- Fouscr.e ()< (PCMAX (- Bouscn, (Z))
c#j
is satisfied where ﬁPUSCH,, ;(i) is the PUSCH transmit power for the cell with UCI and w(i) is a scaling factor of
f’PUSCH’ (i) for serving cell ¢ without UCIL. In this case, no power scaling is applied to ﬁPUSCH,_ (@
unless Zw(i) - Ppyscre (i) =0 and the total transmit power of the UE still would exceed ISCM OR
c#j

Note that w(7) values are the same across serving cells when w(i) > 0 but for certain serving cells w(7) 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 ISCM i (D), the

UE obtains ﬁPUSCH, (i) according to

PPUSCH,j = min(PPUSCH,j (@), (PCMAX () = Boyeen (l)»

and

Z W(i) ' ﬁPUSCH,c (l) < (ISCMAX (l) - ISPUCCH (l) - PPUSCH,j (l))

c#j

If the UE is configured with multiple TAGs, and if the PUCCH/PUSCH transmission of the UE on subframe i fora
given serving cell in a TAG overlaps some portion of the first symbol of the PUSCH transmission on subframe i+ 1
for a different serving cell in another TAG the UE shall adjust its total transmission power to not exceed F,,,, on any

overlapped portion.

If the UE is configured with multiple TAGs, and if the PUSCH transmission of the UE on subframe i for a given
serving cell in a TAG overlaps some portion of the first symbol of the PUCCH transmission on subframe i+ 1 fora
different serving cell in another TAG the UE shall adjust its total transmission power to not exceed Fy,,,, on any

overlapped portion.

If the UE is configured with multiple TAGs, and if the SRS transmission of the UE in a symbol on subframe i for a
given serving cell in a TAG overlaps with the PUCCH/PUSCH transmission on subframe 7 or subframe i +1 fora
different serving cell in the same or another TAG the UE shall drop SRS if its total transmission power exceeds

P, on any overlapped portion of the symbol.
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If the UE is configured with multiple TAGs and more than 2 serving cells, and if the SRS transmission of the UE in a
symbol on subframe i for a given serving cell overlaps with the SRS transmission on subframe i for a different

serving cell(s) and with PUSCH/PUCCH transmission on subframe i or subframe i+ 1 for another serving cell(s) the
UE shall drop the SRS transmissions if the total transmission power exceeds £, on any overlapped portion of the

symbol.

If the UE is configured with multiple TAGs, the UE shall, when requested by higher layers, to transmit PRACH in a
secondary serving cell in parallel with SRS transmission in a symbol on a subframe of a different serving cell belonging

to a different TAG, drop SRS if the total transmission power exceeds Fp,,,, on any overlapped portion in the symbol.

If the UE is configured with multiple TAGs, the UE shall, when requested by higher layers, to transmit PRACH in a
secondary serving cell in parallel with PUSCH/PUCCH in a different serving cell belonging to a different TAG, adjust

the transmission power of PUSCH/PUCCH so that its total transmission power does not exceed F,,,, on the

overlapped portion.

51.1.2 Power headroom

There are two types of UE power headroom reports defined. A UE power headroom PH is valid for subframe i 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

PH ype1,¢ (i) = Fomax,e (D) {IOIOgIO(MPUSCH,c(i)) + Fo pusch,c (V) + @ () - PLe + Atp (D) + /(D) } [dB]

where, PCMAx,c(i)’ Mpysch,c (), Po pusch,e (J)> @ (j), PL., Ay (i) and f.(i) are defined in subclause
5.1.1.1.

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

PH ype o (D) = Peiax. e (i)~ {1010g10(MPUSCH,c(i))+P07PUSCH,c (N+ac(f) PLe + At () + fo (i) } [dB]

where, Mpyscu,c(@), Fo pusch,c()s @c(j). PL., Ay (i) and f.(i) are defined in subclause 5.1.1.1.
Pemax . (i) is computed based on the requirements in [6] assuming a PUSCH only transmission in subframe i . For

this case, the physical layer delivers IBCM ax (f)instead of  Pepax . (9) to higher layers.

If the UE does not transmit PUSCH in subframe i for serving cell ¢, power headroom for a Type 1 report is
computed using

PH o1 0 (1) = IN)CMAX,C - { Fo puscu,c (D +a.(1) PL. + f,.(i) } [dB]

where, Py AX ¢ (i) is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and ATc =0dB, where MPR , A-
MPR, P-MPR and ATc are defined in [6]. Fy pyschH,c(1), @c(1), PL.,and f,(i)are defined in subclause 5.1.1.1.

Type 2:
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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

(1010g10(MPUSCII,c(i))+Po PUSCII,C(j)+az'(j)‘PLL'+ATF.c(i)+.ﬂ'(i)) 10

PH. i)=F i)—10lo;
typeZ( ) CMAX’C( ) &0 4 IO(POJ’UCCH +PLc+h(nCQI’nHARQ’"SR )+AF7PUCCH (F)*'ArxD(F')*'g(i)) 10

where, Pemaxe» Mpusche (D). Fo pusch,e (/) @.(f), Ay (i) and f (i) are the primary cell parameters as
defined in subclause 5.1.1.1 and Fy pycen> PLes h(ncor-nparpsnsr)s Ar pucen (), Arp(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

(1010810 (M pyscr,e (D)+Po puscre (N +ac () PLe +Arp ()+f. (i))/lo
PH yper (1) = Fomax, e (1) —101ogy [dB]

i IO(P@UCCH +PL, +g(i))/10
where, Fomax,e(?), Mpusch,e()s Fo pusche(/)s @c(J), Ay (i) and f,(i) are the primary cell parameters as

defined in subclause 5.1.1.1 and Py pyccn, PL. and g(i) are defined 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

10Popuscie (D+are(1-PLe+ £ ()10

PH i)= P, .(i)—10lo
typez( )= Fomax.e () 810 n IO(PO}UCCH +PL, +h("CQI:”HARQ>”SR )+AF7PUCCH (F)+AT,vD(F')+g(i))/10

where, Fo pysch,c(D), @.(1)and f.(i) are the primary cell parameters as defined in subclause 5.1.1.1,

Femax,c () » Fo puccns PLes h(ncorsnpgarpsnsg)s Ar pucen (), Aqep(F') and g(i) are also 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

10Po_puscie D+ ()-PL + £ ()10
[dB]

PH =P, /)~ 10lo
type2 (1) = Femax, e () 10 . IO(PUUCCH L+ )10

where, ﬁCMA x,c () is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and ATc =0dB, where MPR,

A-MPR, P-MPR and ATc are defined in [6], Py pysch,c(l), a@c(1) and f.(i) are the primary cell parameters as

defined in subclause 5.1.1.1 and Fy pyccn, PLc and g(i) are defined 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.

If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell ¢ and if
subframe i belongs to uplink power control subframe set 2 as indicated by the higher layer parameter zpc-

SubframeSet-r12, the UE shall use f, , (i) instead of f.()to compute PH (i) and PH (i) for

typel,c type2,c

subframe i and serving cell ¢, where f,,(f) is defined in subclause 5.1.1.1.
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51.2 Physical uplink control channel

51.21 UE behaviour

If serving cell cis the primary cell, the setting of the UE Transmit power Ppy .y for the physical uplink control channel
(PUCCH) transmission in subframe i is defined by

Pemax,e (),

b i)=min ' ¢ [dBm]
pucen (1) {POPUCCH +PL. + h(”CQIs”HARQ,”SR )+ AF puccH (F)+App(F)+gli )}

If the UE is not transmitting PUCCH for the primary cell, for the accumulation of TPC command for PUCCH, the UE
shall assume that the UE transmit power Ppyccy for PUCCH in subframe i is computed by

Poycen (i ) = min{P omaxe (s Fy puccn + PL. + 8 (i )} [dBm]

where

- Pomaxc (9) is the configured UE transmit power defined in [6] in subframe i for serving cell c. If the UE

transmits PUSCH without PUCCH in subframe i for the serving cell c, for the accumulation of TPC command
for PUCCH, the UE shall assume Fryax . (7) as given by subclause 5.1.1.1. If the UE does not transmit

PUCCH and PUSCH in subframe i for the serving cell ¢, for the accumulation of TPC command for PUCCH,
the UE shall compute Fepax (i) assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and ATc =0dB, where

MPR, A-MPR, P-MPR and ATc are defined in [6].

- The parameter Ay pyccy (F) is provided by higher layers. Each Ap pyccy (F) value corresponds to a PUCCH
format (F) relative to PUCCH format 1a, where each PUCCH format (F') is defined in Table 5.4-1 of [3].

- Ifthe UE is configured by higher layers to transmit PUCCH on two antenna ports, the value of Agp(F"')is
provided by higher layers where each PUCCH format F” is defined in Table 5.4-1 of [3] ; otherwise,
ATxD(F =0.

- h(ncorsnparp-nsg) is a PUCCH format dependent value, where ncp, corresponds to the number of

information bits for the channel quality information defined in subclause 5.2.3.3 in [4]. ngp =1 if subframe i 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 np4pp is defined in subclause 10.1; otherwise, nyypp is the number of

HARQ-ACK bits sent in subframe i.

- For PUCCH format 1,1a and 1b h(”CQh”HARQa”SR): 0

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

(nHARQ - 1)
2

h(”CQ] 5 nHARQ, nSR) = 5 Otherwise, h(nCQI 5 nHARQ >NSR )= 0

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

n

IOIOgIO[ CQ[J if”CQI >4

0 otherwise

h(”CQ[ SHARQ, 'SR )=

- For PUCCH format 2 and extended cyclic prefix

n +n
IOIOgIO( col ; HARQ

0 otherwise

if n +n >4
h(”CQ[ >THARQ, 'SR ) = ] cor T HARQ

3GPP

IPR2022-00464
Apple EX1006 Page 21



Release 12 22 3GPP TS 36.213 V12.3.0 (2014-09)

- For PUCCH format 3 and when UE transmits HARQ-ACK/SR without periodic CSI,

- Ifthe UE is configured by higher layers to transmit PUCCH format 3 on two antenna ports, or if the UE
transmits more than 11 bits of HARQ-ACK/SR

nprp + 1sg — 1
h(ncorsnparp-nsg) =———

3
- Otherwise
npARQ +sr 1
h(ncornHARQ-NSR) = Qf

- For PUCCH format 3 and when UE transmits HARQ-ACK/SR and periodic CSI,

- Ifthe UE is configured by higher layers to transmit PUCCH format 3 on two antenna ports, or if the UE
transmits more than 11 bits of HARQ-ACK/SR and CSI

n +ng +n., —1
~ Myarg T lgg Tl
h(”cgl >Mar0s Ng) = 3

- Otherwise

Nyaro T Nsg T 1cgy -1
h(”CQI > aroo Ng) = 5

- Iy puccn 1s a parameter composed of the sum of a parameter Py yommarL_pucch Provided by higher layers
and a parameter Py p pyccy provided by higher layers.

- Opyccu 1s a UE 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/2D for the primary cell, or included in an EPDCCH with DCI format
1A/1B/1D/1/2A/2/2B/2C/2D 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.

- Ifa UE is not configured for EPDCCH monitoring, 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/2D
with the UE's C-RNTI or SPS C-RNTI on every subframe except when in DRX.

- Ifa UE is configured for EPDCCH monitoring, the UE attempts to decode

- aPDCCH 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/2D with the UE's C-RNTI or SPS C-RNTI as described in subclause
9.1.1, and

- one or several EPDCCHs of DCI format 1A/1B/1D/1/2A/2/2B/2C/2D with the UE's C-RNTTI or SPS C-
RNTI, as described in subclause 9.1.4.

- Ifthe UE decodes
- aPDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or
- an EPDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D

for the primary cell and the corresponding detected RNTI equals the 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 Jpyccy provided in that PDCCH/EPDCCH.

Else

- if the UE decodes a PDCCH with DCI format 3/3A, the UE shall use the Jpyccy provided in that
PDCCH
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else the UE shall set dpyccy =0 dB.

M-l
- g)=gG-H+ Z Opycey (i—k,) where g(i) is the current PUCCH power control adjustment state and

m=0

where g(0)is the first value after reset.
- For FDD or FDD-TDD and primary cell frame structure type 1, M =1 and k, =4.

- For TDD, values of M and k,, are given in Table 10.1.3.1-1, where the “UL/DL configuration” in

Table 10.1.3.1-1 corresponds to the eimta-HarqReferenceConfig-ri2 for the primary cell when the UE is
configured with the parameter EIMTA-MainConfigServCell-ri2 for the primary cell.

- The 5PUCCH dB values signalled on PDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or EPDCCH

with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D are given in Table 5.1.2.1-1. If the PDCCH with DCI
format 1/1A/2/2A/2B/2C/2D or EPDCCH with DCI format 1/1A/2A/2/2B/2C/2D is validated as an SPS
activation PDCCH/EPDCCH, or the PDCCH/EPDCCH with DCI format 1A is validated as an SPS
release PDCCH/EPDCCH, then Spyccy is 0dB.

- The Opyccy dB values signalled on PDCCH with DCI format 3/3A are given in Table 5.1.2.1-1 or in
Table 5.1.2.1-2 as semi-statically configured by higher layers.

- If By yg puccu Vvalue is changed by higher layers,

- £(0)=0
- Else

- g0)=AP, +0 where

ampup msg2

O,usg2 18 the TPC command indicated in the random access response corresponding to the random

access preamble transmitted in the primary cell, see subclause 6.2 and

- it UE is transmitting PUCCH in subframe i,

By pucen
rampup min| smax| 0, F, tmax,e —| +PL.+ h(nCQ[,nHARQ,nSR) )
|_ \"' AF_PUCCH (F) +AT,(D(F')

AP

rampuprequested

Otherwise,

i _ and AP,
Aljmmpup =min [{maX(O’ P CMAX ¢ (})07PUCCH + P Lc ))}’ A})rampuprequexted ] rampuprequested

is provided by higher layers and corresponds to the total power ramp-up requested by higher layers
from the first to the last preamble in the primary cell.

- If UE has reached Prpax (7)) for the primary cell, positive TPC commands for the primary cell shall

not be accumulated.

- If UE has reached minimum power, negative TPC commands shall not be accumulated.

3GPP

IPR2022-00464
Apple EX1006 Page 23



IPR2022-00464
Apple EX1006 Page 24



Release 12 25 3GPP TS 36.213 V12.3.0 (2014-09)

is satisfied where 13SRS’ (@) is the linear value of Fgg (), ﬁCMAX (i) is the linear value of Fr,;,, defined in [6] in

subframe i and w(i) is a scaling factor of ﬁSRs,e (i) forservingcell ¢ where 0<w(7)<1. Note that w(i) values are

the same across serving cells.

If the UE is configured with multiple TAGs and the SRS transmission of the UE in an SC-FDMA symbol for a serving
cell in subframe i ina TAG overlaps with the SRS transmission in another SC-FDMA symbol in subframe i for a
serving cell in another TAG, and if the total transmit power of the UE for the Sounding Reference Symbol in the

overlapped portion would exceed PCMA x (1) , the UE scales IADSRS!L. (7) for the serving cell ¢ and each of the overlapped
SRS SC-FDMA symbols in subframe 7 such that the condition

Z w(i)- Bgs (1) < Poyygx (i)

is satisfied where IA’SRS, (@) is the linear value of Fgg (i), f’CMA x (0) is the linear value of P, defined in [6] in

subframe i and w(i) is a scaling factor of ﬁSRs,f (i) forserving cell ¢ where 0 < w(i) <1. Note that w(i) values are

the same across serving cells.

If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell ¢ and if
subframe i belongs to uplink power control subframe set 2 as indicated by the higher layer parameter zpc-

SubframeSet-r12, the UE shall use f, ,(i) instead of f,.()to determine Pygg (i) for subframe i and serving cell
¢, where f

c

() is defined in subclause 5.1.1.1.

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
referenceSignalPower 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.

The ratio 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 pzaccording to the OFDM symbol index as given by
Table 5.2-2 and Table 5.2-3. In addition, p, and pzare UE-specific.

For a UE in transmission mode 8 - 10 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, or 256QAM, spatial
multiplexing with more than one layer or for PDSCH transmissions associated with the multi-user MIMO transmission
scheme,

+ P, +10log,,(2) [dB] when the UE receives a PDSCH data transmission using

precoding for transmit diversity with 4 cell-specific antenna ports according to subclause 6.3.4.3 of [3];

- p, isequaltod

power-offset

- p, isequaltod + P, [dB] otherwise

power-offset

where O,

power-offse

. is 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 RSs in the
corresponding PRBs. In addition, the UE may assume that for l6QAM, 64QAM, or 256QAM, this ratio is 0 dB.
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o E (npg)
O lf —E < RNTPthreshold

E(p)

max_ nom

RNTP(nppy) =

E (Npgg) .

1 if no promise about the upper limit of —--===is made

max_ nom

where E (1) is the maximum intended EPRE of UE-specific PDSCH REs in OFDM symbols not containing RS
in this physical resource block on antenna port p in the considered future time interval; 72,,, is the physical resource
block number 7,5 =0,..., Npy —1; RNTP, ., . takes on one of the following

values RNTP,,,... € {~0,~11,-10,-9,-8,~7,-6,~5,—4,~3,~2,—1,0,+1,42,+3}[dB] and

pn. 1
() 7Af

max_nom DL RB
N RB N sc

where Pnﬁffﬁ is the base station maximum output power described in [7], and Af, I?BL and N fg are defined in [3].
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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 shifts in the preamble sequence set for the
primary cell (index to logical root sequence table, cyclic shift ( Vg ), 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 blocks in 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 procedure is triggered upon request of a preamble transmission by higher layers.

2. A preamble index, a target 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 Pprach is determined as
Prract = min{ Popax o (), PREAMBLE RECEIVED_TARGET POWER + PL. } [dBm], where

Pemax (9 is the configured UE transmit power defined in [6] for subframe i of serving cell ¢ and PL, is
the downlink pathloss estimate calculated in the UE for serving cell c.

4. A preamble sequence is selected from the preamble sequence set using the preamble index.

5. A single preamble is transmitted using the selected preamble sequence with transmission power Ppracn on the
indicated PRACH resource.

6. Detection of a PDCCH with the indicated RA-RNTI is attempted during a window controlled by higher layers
(see [8], subclause 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, which is
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 preamble transmission is as
follows.

a) Ifa PDCCH with associated RA-RNTI is detected in subframe #, 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 7+ k; is the first available UL subframe for PUSCH transmission, where for TDD

serving cell, the first UL subframe for PUSCH transmission is determined based on the UL/DL configuration (i.e., the
parameter subframeAssignment) indicated by higher layers. The UE shall postpone the PUSCH transmission to the
next available UL subframe after n+ &, if the field is set to 1.

b) If a random access response is received in subframe #, 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.
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¢) Ifno random access response is received in subframe n, where subframe # 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 a random access procedure is initiated by a "PDCCH order" in subframe 7, the UE shall, if requested by higher
layers, transmit random access preamble in the first subframe n+4%,, k, =6, where a PRACH resource is available.

If a UE is configured with multiple TAGs, and if the UE 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 order" to determine the serving cell for
the corresponding random access preamble transmission.

6.2 Random Access Response Grant

The higher layers indicate the 20-bit UL Grant to the physical layer, as defined in 3GPP TS 36.321 [8].
This is 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 as follows:

- - Hopping flag — 1 bit

- - Fixed size resource block assignment — 10 bits

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

- - UL delay — 1 bit

- - 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 as indicated via
the fixed size resource block assignment detailed below.

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

b= ’—logz (N I[{% . (N I[{% + 1)/ 2)-‘ , and interpret the truncated resource block assignment according to the rules for a
regular DCI format 0

else

Insert b most significant bits with value set to '0' after the Nus_rop hopping bits in the fixed size resource block
assignment, where the number of hopping bits Nuz nop is zero when the hopping flag bit is not set to 1, and is defined

in Table 8.4-1 when the hopping flag bitis setto 1, and b = U—log 2 (N [[{% ~(N é% + 1)/ 2)—‘ - 10) , and interpret the
expanded resource block assignment according to the rules for a regular DCI format 0
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 0 through 15 in Table 8.6.1-1.

The TPC command 6,,.,, shall be used for setting the power of the PUSCH, and is interpreted according to Table 6.2-
1.
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For frame structure type 1,

- the UE 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 VRBs is mapped if either one of the two PRBs overlaps in frequency with
a transmission of either PBCH or primary or secondary synchronization signals in 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 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 in the two PRBs to
which a pair of VRBs is mapped if either one of the two PRBs overlaps in frequency with a transmission of
PBCH in the same subframe;

- the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 7, 8, 9, 10, 11, 12, 13 or
14 in the two PRBs to which a pair of VRBs is mapped if either one of the two PRBs overlaps in frequency with
a transmission of primary or secondary synchronization 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;

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

- with normal cyclic prefix, the UE is not expected to receive PDSCH resource blocks transmitted on antenna port
5 in DwPTS when the UE is configured with special subframe configuration 9.

- 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.

If a UE is configured by higher layers to 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 a UE is configured by higher layers to decode EPDCCH with CRC scrambled by the C-RNTI, the UE shall decode
the EPDCCH and any corresponding PDSCH according to the respective combinations defined in Table 7.1-5A. The
scrambling initialization of PDSCH corresponding to these EPDCCHs 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
layers to decode PDCCH/EPDCCH 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/EPDCCH.

When a UE configured in transmission mode 3, 4, 8, 9 or 10 receives a DCI 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 PDCCHs/EPDCCHs is by C-RNTIL.

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 or 10, in the downlink subframes indicated by the higher layer
parameter mbsfn-SubframeConfigList or by mbsfn-SubframeConfigList-vI2x0 of serving cell ¢ except in subframes for
the serving cell
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- indicated by higher layers to decode PMCH or,

- configured by higher layers to 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/2C/2D intended for
the UE or, upon detection of an EPDCCH with CRC scrambled by the C-RNTI with DCI format 1A/2C/2D intended for
the UE, decode the corresponding PDSCH in the same subframe.

A UE configured in transmission mode 10 can be configured with scrambling identities, n%MRS’i , 1=0,1 by higher

layers for UE-specific reference signal generation as defined in subclause 6.10.3.1 of [3] to decode PDSCH according
to a detected PDCCH/EPDCCH with CRC scrambled by the C-RNTI with DCI format 2D intended for the UE.
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- indicated by higher layers to decode PMCH or,

- configured by higher layers to 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 SPS C-RNTI with DCI format 1A/2C/2D, or
upon detection of a EPDCCH with CRC scrambled by the SPS C-RNTI with DCI format 1A/2C/2D, or for a configured
PDSCH without PDCCH intended for the UE, decode the corresponding PDSCH in the same subframe.

A UE configured in transmission mode 10 can be configured with scrambling identities, n%MRS’i , i=0,1 by higher

layers for UE-specific reference signal generation as defined in subclause 6.10.3.1 of [3] to decode PDSCH according
to a detected PDCCH/EPDCCH with CRC scrambled by the SPS C-RNTI with DCI format 2D intended for the UE.

For PDSCH without a corresponding PDCCH/EPDCCH, the UE shall use the value of 71, and the scrambling

identity of n[([")scm) (as defined in subclause 6.10.3.1 of [3]) derived from the DCI format 2D corresponding to the
associated SPS activation for UE-specific reference signal generation.
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RIV = NPE(N B ~ Logg, +D)+ (N ~1-RB,,,)

where L, > 1 and shall not exceed N ,%LB -RB,,, .

For PDCCH DCI format 1C, a type 2 resource block assignment field consists of a resource indication value (RIV)
corresponding to a starting resource block ( RB,,,, =0, N3P, 2N3P,..., (LN\?[];B /N3 J_ )N3e) and a length in terms
of virtually contiguously allocated resource blocks ( Leggs = N3k, 2N3P ..., |_N v I N, ;‘;"J. N=).

The resource indication value is defined by:
. ' 1DL
i (Ll ~1) < | N5 /2] then

RIV = Ny (Ligs, =1) + RB,

start

else
RIV = Ny (Nyy = Ligg, + D+ (Nyjy =1-RB,,,,)

' _ step ' _ step DL __ L DL stepj
where Lepy, = Lgp, /N xs » BB, =RB,, /N rg and Nyep =|Nypy /N rs | Here,

L'CRBS > 1 and shall not exceed N I’,gé —RB'

start *

7.1.6.4 PDSCH starting position
The starting OFDM symbol for the PDSCH of each activated serving cell is given by index ;. in the first slotina
subframe.

For a UE configured in transmission mode 1-9, for a given activated serving cell

- ifthe PDSCH is assigned by EPDCCH received in the same serving cell, or if the UE is configured to monitor
EPDCCH in the subframe and the PDSCH is not assigned by a PDCCH/EPDCCH, and if the UE is configured
with the higher layer parameter epdcch-StartSymbol-ri1

- buasiart s given by the higher-layer parameter epdcch-StartSymbol-r11.

- else if PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells

- Daasiart s given by the higher-layer parameter pdsch-Start-r10 for the serving cell on which PDSCH is

received,

- Otherwise

- Ibussun g given by the CFI value in the subframe of the given serving cell when Npy >10, and Daasiart 19

given by the CFI value + 1 in the subframe of the given serving cell when Npg <10.

For a UE configured in transmission mode 10, for a given activated serving cell

- ifthe PDSCH is assigned by a PDCCH with DCI format 1C or by a PDCCH with DCI format 1A and with CRC
scrambled with P-RNTI/RA-RNTI/SI-RNTI/Temporary C-RNTI

- Ipawsur s given by the span of the DCI given by the CFI value in the subframe of the given serving cell

according to subclause 5.3.4 of [4].

- ifthe PDSCH is assigned by a PDCCH/EPDCCH with DCI format 1A and with CRC scrambled with C-RNTI
and if the PDSCH transmission is on antenna ports 0 - 3

- if the PDSCH is assigned by EPDCCH received in the same serving cell
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/

- 'DawSart jg given by / for the EPDCCH-PRB-set where EPDCCH with the DCI format 1A was

EPDCCHStart

received (/ as defined in subclause 9.1.4.1),

EPDCCHStart

- else if PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells
- pawsurt g given by the higher-layer parameter pdsch-Start-r10 for the serving cell on which PDSCH is
received.

- otherwise

- 'pawsant g given by the CFI value in the subframe of the given serving cell when NP >10, and Ipatastart

is given by the CFI value+1 in the subframe of the given serving cell when N I?é <10.

- if the PDSCH is assigned by or semi-statically scheduled by a PDCCH/EPDCCH with DCI format 1A and if the
PDSCH transmission is on antenna port 7

- if'the value of the higher layer parameter pdsch-Start-r11 determined from parameter set 1 in table 7.1.9-1

for the serving cell on which PDSCH is received belongs to {1,2,3,4},

Iowasin i given by the higher layer parameter pdsch-Start-r11 determined from parameter set 1 in table
7.1.9-1 for the serving cell on which PDSCH is received.

- else,
- if PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells,

B given by the higher-layer parameter pdsch-Start-r10 for the serving cell on which PDSCH is

received
- otherwise

- Dowasan g given by the CFI value in the subframe of the given serving cell when N2% >10, and

Ipaastart s given by the CFI value + 1 in the subframe of the given serving cell when Np5 <10.

- if the subframe on which PDSCH is received is indicated by the higher layer parameter mbsfn-
SubframeConfigList-rl1 determined from parameter set 1 in table 7.1.9-1 for the serving cell on which
PDSCH is received, or if the PDSCH is received on subframe 1 or 6 for the frame structure type 2,

lDalaSlarl = 1’11111(2, ZDataStan ) S

- otherwise

/ =1

DataStart DataStart

- if the PDSCH is assigned by or semi-persistently scheduled by a PDCCH/EPDCCH with DCI format 2D,

- if the value of the higher layer parameter pdsch-Start-r11 determined from the DCI (according to subclause
7.1.9) for the serving cell on which PDSCH is received belongs to {1,2,3,4},

is given by parameter pdsch-Start-ril1 determined from the DCI (according to subclause 7.1.9) for

leaSmn

the serving cell on which PDSCH is received
- else,
- if PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells,
[ is given by the higher-layer parameter pdsch-Start-r10 for the serving cell on which PDSCH is

DataStart

received
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71.7 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 ( /. ) in the DCI

and second if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI then
- for DCI format 1A:

- set the Table 7.1.7.2.1-1 column indicator N, to Nprp from subclause 5.3.3.1.3 in [4]

- for DCI format 1C:
- use Table 7.1.7.2.3-1 for determining its transport block size.
else

- set Npgp to the total 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 subframe in frame structure type 2, then

- for special subframe configuration 9 with normal cyclic prefix or special subframe configuration 7 with
extended cyclic prefix:

N :max{ N %0375, 1}
- set the Table 7.1.7.2.1-1 column indicator  ° '~ FRB J

- for other special subframe configurations:

- set the Table 7.1.7.2.1-1 column indicator NN ,,, = max {LN{,RB X 0.75J , 1} ,

else, set the Table 7.1.7.2.1-1 column indicator N ppy = Nppp -

The UE may skip decoding a transport block in an initial transmission if the effective channel code rate is higher than
0.931, 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,, =2 if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI, otherwise,

- if the higher layer parameter enableHOM-r12 is set to TRUE or if the higher layer parameter csi-enableHOM-
r12 is set to TRUE for at least one CSI subframe set, and if the PDSCH is assigned by a PDCCH/EPDCCH with
DCI format 1/1B/1D/2/2A/2B/2C/2D with CRC scrambled by C-RNTI,

- the UE shall use /,, and Table 7.1.7.1-1A to determine the modulation order ( Q,, ) used in the physical
downlink shared channel.

- else

- the UE shall use /,, and Table 7.1.7.1-1 to determine the modulation order ( Q,, ) used in the physical

downlink shared channel.
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16 6 21
17 6 22
18 6 23
19 6 24
20 8 25
21 8 27
22 8 28
23 8 29
24 8 30
25 8 31
26 8 32
27 8 33
28 2
29 4
30 6 reserved
31 8

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:

- the UE shall set the TBS index ( /45 ) equal to /s and determine its TBS by the procedure in subclause
7.1.77.21 for 0< I, <26.

- for DCI format 1C:
- the UE shall set the TBS index (/55 ) equal to [, and determine its TBS from Table 7.1.7.2.3-1.

else if the higher layer parameter enableHOM-r12 is set to TRUE or if higher layer parameter csi-enableHOM-r12 is set
to TRUE for at least one CSI subframe set, then

- for DCI format 1A with CRC scrambled by C-RNTI and for DCI format 1/1A/2/2A/2B/2C/2D with CRC
scrambled by SPS C-RNTI:

- for 0 <1, <28, the UE shall first determine the TBS index ( /4 ) using /. and Table 7.1.7.1-1 except if
the transport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. For a transport 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.

<31, the TBS is assumed to be as determined from DCI transported in the latest
< 33. If there is no PDCCH/EPDCCH for the

TBS —

26, and if the initial PDSCH for the same transport block is semi-

- for29< 7,
PDCCH/EPDCCH for the same transport block using 0 < J
same transport block using 0 < Lige <

persistently scheduled, the TBS shall be determined from the most recent semi-persistent scheduling

assignment PDCCH/EPDCCH.

- In DCI formats 2, 2A, 2B, 2C and 2D a transport block is disabled if 1
transport block is enabled.

ves =0 and if 7viax = 1 otherwise the

- for DCI format 1/1B/1D/2/2A/2B/2C/2D with CRC scrambled by C-RNTI

- for 0< /. <27,the UE shall first determine the TBS index ( /g ) using /,,s and Table 7.1.7.1-1A except
if the transport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. For a transport
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- csi-RS-ConfigZPId-r11.
- pdsch-Start-r11.
- qcl-CSI-RS-ConfigNZPId-r11.

To decode PDSCH according to a detected PDCCH/EPDCCH with DCI format 1A with CRC scrambled with C-RNTI
intended for the UE and the given serving cell and for PDSCH transmission on antenna port 7, a UE configured in
transmission mode 10 for a given serving cell shall use the parameter set 1 in table 7.1.9-1 for determining the PDSCH
RE mapping (defined in subclause 6.4 of [3]), and for determining PDSCH antenna port quasi co-location (defined in
subclause 7.1.10) if the UE is configured with Type B quasi co-location type (defined in subclause 7.1.10).

To decode PDSCH corresponding to detected PDCCH/EPDCCH with DCI format 1A with CRC scrambled with SPS
C-RNTI and PDSCH without a corresponding PDCCH/EPDCCH associated with SPS activation indicated in
PDCCH/EPDCCH with DCI format 1A, a UE configured in transmission mode 10 for a given serving cell shall use the
parameter set 1 in table 7.1.9-1 for determining the PDSCH RE mapping (defined in subclause 6.4 of [3]), and for
determining PDSCH antenna port quasi co-location (defined in subclause 7.1.10) if the UE is configured with Type B
quasi co-location type (defined in subclause 7.1.10).

To decode PDSCH according to a detected PDCCH/EPDCCH with DCI format 1A intended for the UE on a given
serving cell and for PDSCH transmission on antenna port 0 — 3, a UE configured in transmission mode 10 for the given
serving cell shall determine the PDSCH RE mapping (as described in subclause 6.4 of [3]) using the lowest indexed
zero-power CSI-RS resource.

7.1.10 Antenna ports quasi co-location for PDSCH

A UE configured in transmission mode 8-10 for a serving cell may assume the antenna ports 7 — 14 of the serving cell
are quasi co-located (as defined in [3]) for a given subframe with respect to delay spread, Doppler spread, Doppler shift,
average gain, and average delay.

A UE configured in transmission mode 1-9 for a serving cell may assume the antenna ports 0 — 3, 5, 7 — 22 of the
serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and
delay spread.

A UE configured in transmission mode 10 for a serving cell is configured with one of two quasi co-location types for
the serving cell by higher layer parameter gcl-Operation to decode PDSCH according to transmission scheme
associated with antenna ports 7-14:

- Type A: The UE may assume the antenna ports 0 — 3, 7 — 22 of a serving cell are quasi co-located (as defined in
[3]) with respect to delay spread, Doppler spread, Doppler shift, and average delay.

- Type B: The UE may assume the antenna ports 15 — 22 corresponding to the CSI-RS resource configuration
identified by the higher layer parameter gcl-CSI-RS-ConfigNZPId-r11 (defined in subclause 7.1.9) and the
antenna ports 7 — 14 associated with the PDSCH are quasi co-located (as defined in [3]) with respect to Doppler
shift, Doppler spread, average delay, and delay spread.
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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
(CQD), precoding matrix indicator (PMI), precoding type indicator (PTI), and/or rank indication (RI) are controlled by
the eNB. For spatial multiplexing, as given in [3], the UE shall determine a RI corresponding to the number of useful
transmission layers. For transmit diversity as given in [3], RI 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 in transmission mode 10 can be configured with one or more CSI processes per serving cell by higher layers.
Each CSI process is associated with a CSI-RS resource (defined in subclause 7.2.5) and a CSl-interference
measurement (CSI-IM) resource (defined in subclause 7.2.6). A UE configured with the higher layer parameter EIMTA-
MainConfigServCell-ri2 for a serving cell can be configured with up to two CSI-IM resources for a CSI process if the
UE is configured with CSI subframe sets Ccgsrg and Ccgy,y for the CSI process. A CSl reported by the UE

corresponds to a CSI process configured by higher layers. Each CSI process can be configured with or without PMI/RI
reporting by higher layer signalling.

A UE is configured with resource-restricted CSI measurements if the subframe sets Ccgrg and Ccgyy are configured

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

If a UE 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 a UE 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 CSI 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.

Table 7.2-1: Void

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.

If the higher layer parameter enableHOM-r12 is set to TRUE,
- the UE shall report CQI according to Table 7.2.3-2.
Else if the higher layer parameter csi-enableHOM-r12 for at least one CSI subframe set is set to TRUE,
- if the parameter csi-enableHOM-r12 for a given CSI subframe set is set to TRUE,
- the UE shall report CQI for the given CSI subframe set according to Table 7.2.3-2.
- else
- the UE shall report CQI for the given CSI subframe set according to Table 7.2.3-1.
Else
- the UE shall report CQI according to Table 7.2.3-1.

When reporting RI 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, 9 or
10 with PMI/RI reporting, a UE shall determine a RI 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
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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 a single or a multiple PMI report. The number of RBs represented by a
single UE PMI report can be N, 1% or a smaller subset of RBs. The number of RBs represented by a single PMI report

is semi-statically configured by higher layer signalling. A UE is restricted to report PMI, RI and PTI within a precoder
codebook subset specified by a bitmap parameter codebookSubsetRestriction configured by higher layer signalling. For
a UE configured in transmission mode 10, the bitmap parameter codebookSubsetRestriction is configured for each CSI
process and each subframe sets (if subframe sets Ccgyg and Ccgy are configured by higher layers) by higher layer

signaling. 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, 9 and 10 with PMI/RI reporting. The resulting number of bits for each transmission mode is

given in Table 7.2-1b. The bitmap forms the bit sequence a, _,,...,a,,d,,4a,,d,where a, isthe LSBand a, _is

the 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 bits to precoders for the relevant transmission modes are given as
follows:

1. Transmission mode 3

a. 2 antenna ports: bit a,_, U = 2 is associated with the precoder in Table 6.3.4.2.3-1 of [3]

corresponding to v layers and codebook index 0 while bit @, is associated with the precoder for 2

antenna ports in subclause 6.3.4.3 of [3].

b. 4 antenna ports: bit @, ,, U =2,3,4is associated with the precoders in Table 6.3.4.2.3-2 of [3]

v-1?
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
a. 2 antenna ports: see Table 7.2-1c

b. 4 antenna ports: bit a6, is associated with the precoder for v layers and with codebook index

i, in Table 6.3.4.2.3-2 of [3].
3. Transmission modes 5 and 6

a. 2 antenna ports: bit a; is associated with the precoder for v =1 layer with codebook index i,in
Table 6.3.4.2.3-1 of [3].

b. 4 antenna ports: bit @, is associated with the precoder for v =1 layer with codebook index I in
Table 6.3.4.2.3-2 of [3].
4. Transmission mode 8
a. 2 antenna ports: see Table 7.2-1¢c

b. 4 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: bit
di6v-1y+, s associated with the precoder for v layers and with codebook index I, in Table

6.3.4.2.3-2 of [3], v=12.

¢. 4 antenna ports with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: bit @4, y,; is
associated with the precoder for v layers (v e {1,2}) and codebook index i, and bit a,, H6(0-1)+, is

associated with the precoder for v layers (v e {1,2}) and codebook index i, . Codebook indices i,

and I, are given in Table 7.2.4-0A or 7.2.4-0B, for v=1 or 2 respectively.

3GPP

IPR2022-00464
Apple EX1006 Page 62



IPR2022-00464
Apple EX1006 Page 63



IPR2022-00464
Apple EX1006 Page 64



Release 12 65 3GPP TS 36.213 V12.3.0 (2014-09)

MainConfigServCell-r12 for any serving cell, a report is triggered according to the value in Table 7.2.1-1B
corresponding to aperiodic CSI reporting.

If a UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 for at least one serving cell,

- If CSI subframe sets Ccsg and Ccgyy are configured for any of the at least one serving cell,

- Ifthe CSI request field is 1 bit, a report is triggered for a set of CSI process(es) and/or {CSI process, CSI
subframe set}-pair(s) for serving cell ¢ corresponding to the higher layer configured set of CSI process(es)
and/or {CSI process, CSI subframe set}-pair(s) associated with the value of CSI request field of '01' in Table
7.2.1-1C, if the CSI request field is set to '1'

- Ifthe CSI request field size is 2 bits, a report is triggered according to the value in Table 7.2.1-1C
corresponding to aperiodic CSI reporting.

- Otherwise,

- Ifthe CSI request field is 1 bit and the UE is configured in transmission mode 1-9, a report is triggered for
serving cell c, if the CSI request field is set to '1".

- Ifthe CSI request field is 1 bit and the UE is configured in transmission mode 10, a report is triggered for a
set of CSI process(es) for serving cell ¢ corresponding to the higher layer configured set of CSI process(es)
associated with the value of CSI request field of '01' in Table 7.2.1-1B, if the CSI request field is set to '1".

- If'the CSI request field size is 2 bits and the UE is configured in transmission mode 1-9 for all serving cells, a
report is triggered according to the value in Table 7.2.1-1A corresponding to aperiodic CSI reporting.

- If the CSI request field size is 2 bits and the UE is configured in transmission mode 10 for at least one
serving cell, a report is triggered according to the value in Table 7.2.1-1B corresponding to aperiodic CSI
reporting.

For a given serving cell, if the UE is configured in transmission modes 1-9, the "CSI process" in Table 7.2.1-1B and
Table 7.2.1-1C refers to the aperiodic CSI configured for the UE on the given serving cell. A UE is not expected to be
configured by higher layers with more than 5 CSI processes in each of the 1% and 2™ set of CSI process(es) in Table
7.2.1-1B. A UE is not expected to be configured by higher layers with more than 5 CSI processes and/or {CSI process,
CSI subframe set}-pair(s) in each of the 1% and 2" set of CSI process(es) and/or {CSI process, CSI subframe set}-
pair(s) in Table 7.2.1-1C. A UE is not expected to be configured by higher layers with more than one instance of the
same CSI process in each of the higher layer configured sets associated with the value of CSI request field of '01','10',
and 'l11' in Table 7.2.1-1B and Table 7.2.1-1C respectively.

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

If a UE is configured with more than one CSI process for a serving cell, the UE on reception of an aperiodic CSI report
request triggering a CSI report according to Table 7.2.1-1B is not expected to update CSI corresponding to the CSI

reference resource (defined in subclause 7.2.3) for all CSI processes except the max(N, — N, , 0) lowest-indexed

CSI processes for the serving cell associated with the request when the UE has N, unreported CSI processes

associated with other aperiodic CSI requests for the serving cell, where a CSI process associated with a CSI request
shall only be counted as unreported in a subframe before the subframe where the PUSCH carrying the corresponding
CSl is transmitted, and N ;_p is the maximum number of CSI processes supported by the UE for the serving cell and:

- for FDD servingcell N =N g p;
- for TDD serving cell

- if the UE is configured with four CSI processes for the serving cell, N =N g p

- if the UE is configured with two or three CSI processes for the serving cell, N =3.
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- set of restricted Rls with precoder codebook subset restriction for each subframe set if subframe sets Ccgj o

and Ccgy are configured by higher layers for both CSI processes, and/or

- set of restricted Rls with precoder codebook subset restriction if subframe sets Ccgyg and Cegy are

configured by higher layers for only one of the CSI processes, and the set of restricted Rls for the two subframe
sets are the same.

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 with 8 CSI-RS ports configured for transmission modes 9 and 10 or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission modes 8,
9 and 10, in which case a first precoding matrix indicator i is reported for the set S

subbands and a second precoding matrix indicator i, is reported for each set S
subband.

=  Subband size is given by Table 7.2.1-3.

= For transmission modes 4, 8, 9 and 10, 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 a wideband CQI value which is calculated assuming transmission on
set S subbands

= The UE shall also report one subband CQI value for each set S subband. The subband
CQI value is 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 calculated 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 all 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 all subbands and transmission on set .S
subbands

= The UE shall report the selected single precoding matrix indicator except with 8 CSI-
RS ports configured for transmission modes 9 and 10 or with

3GPP

IPR2022-00464
Apple EX1006 Page 68



IPR2022-00464
Apple EX1006 Page 69



Release 12

70 3GPP TS 36.213 V12.3.0 (2014-09)

0 Mode 2-0 description:

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

The UE shall also 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 which is 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 calculated 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 & within
the set of subbands S and 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 with 8 CSI-RS ports configured for transmission modes 9 and 10 or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission modes 8,
9 and 10, the UE shall also report the selected single precoding matrix indicator
preferred for the M selected subbands. A UE shall also report the selected single
precoding matrix indicator for all set S subbands.

For transmission modes 9 and 10 with 8 CSI-RS ports configured and for transmission
modes 8, 9 and 10 with alternativeCodeBookEnabledFor4TX-r12=TRUE configured, a
UE shall report a first precoding matrix indicator for all set S subbands. A UE shall
also report a second precoding matrix indicator for all set S subbands and another
second precoding matrix indicator for the M selected subbands.

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

A UE shall report a wideband 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, 9 and 10, the reported PMI and CQI values are calculated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1.

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

M /N —s,
r= z !
i \M —i
where the set {sl} ,(1<s, <N, s,<s,,) contains the M sorted subband indices

X
and < > = ( } X2y is the extended binomial coefficient, resulting in unique label
x<y

G
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- A bandwidth part  is frequency-consecutive and consists of N ; subbands where J bandwidth parts span S or
NRE as given in Table 7.2.2-2. If J =1 then N; is ’—Ngg /k/J-‘ JAfJ>1then N, is either ’—N% /k/J-‘
or ’—NI%I; /k/J-‘ —1, depending on NR% , k and J.

- Each bandwidth part j, where 0 <j <J-1, is scanned in sequential order according to increasing frequency.

- For UE selected subband feedback a single subband out of N ; subbands of a bandwidth part is selected along

with a corresponding L-bit label indexed in the order of increasing frequency, where L = {log2 (N }% lklJ —H .

The CQI and PMI payload sizes of each PUCCH CSI 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:
- Type 1 report supports CQI feedback for the UE selected sub-bands

- Type la report supports subband CQI and second PMI feedback

- Type 2, Type 2b, and Type 2c report supports wideband CQI and PMI feedback
- Type 2a report supports wideband PMI feedback

- Type 3 report supports RI feedback

- Type 4 report supports wideband CQI

- Type 5 report supports RI and wideband PMI feedback

- Type 6 report supports RI and PTI feedback

For a UE configured in transmission mode 1-9 and for each serving cell, or for a UE configured in transmission mode
10 and for each CSI process in each serving cell, the periodicity N ,; (in subframes) and offset Noppgpr oo (I
subframes) for CQI/PMI reporting are determined based on the parameter cqi-pmi-Configindex ( Teorpur ) given in

Table 7.2.2-1A for FDD or for TDD-FDD with primary cell frame structure 1 and Table 7.2.2-1C for TDD or for FDD-
TDD and primary cell frame structure type 2. The periodicity M, and relative offset Npppger py  for RI reporting

are determined based on the parameter ri-ConfigIndex (I, ) given in Table 7.2.2-1B. Both cqi-pmi-ConfigIndex and ri-
Configindex are configured by higher layer signalling. The relative reporting offset for RI Nppger z; takes values
from the set {0,~L....,—~(N ¢ —1)} . If a UE is configured to report for more than one CSI subframe set then parameter

cqi-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-ConfigIndex? respectively correspond to the
CQI/PMI and RI periodicity and relative reporting offset for subframe set 2. For a UE configured with transmission
mode 10, the parameters cqi-pmi-Configindex , ri-Configindex, cqi-pmi-ConfigIndex2 and ri-Configindex2 can be
configured for each CSI process.

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

(10 +[ng /2]~ Nogrser.cor Jmod(N g )= 0.

- In case RI reporting is configured, the reporting interval of the RI reporting is an integer multiple M, of
period N ,; (in subframes).

- The reporting instances for RI are subframes satisfying
(10x ne+ Lng /2]~ Nogrser.cor — Norrser ri Jmod(V pd Mgy )=0.

In the case where both wideband CQI/PMI and subband CQI reporting are configured:
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- The reporting instances for wideband CQI/PMI and subband CQI are subframes satisfying
(10 X nf + |_ns /ZJ— NOFFSET,CQ] )mod di =0.

When PTI is not transmitted (due to not being configured) or the most recently transmitted PTI is
equal to 1 for a UE configured in transmission modes 8 and 9, or for a UE configured in transmission
mode 10 without a 'RI-reference CSI process' for a CSI process, or the transmitted PTI is equal to 1
reported in the most recent RI reporting instance for a CSI process when a UE is configured in
transmission mode 10 with a 'RI-reference CSI process' for the CSI process, or the transmitted PTI is
equal to 1 for a 'Rl-reference CSI process' reported in the most recent RI reporting instance for a CSI
process when a UE is configured in transmission mode 10 with the 'RI-reference CSI process' for the
CSI process, and the most recent type 6 report for the CSI process is dropped:

The wideband CQI/ wideband PMI (or wideband CQI/wideband second PMI for

transmission modes 8, 9 and 10) report has period H - N ,; , and is reported on the

subframes satisfying (1 Oxnp+ |_ns /ZJ— Norrser,cor )mod(H “Npg ): 0. The

integer H isdefinedas H =J-K+1,where J isthe number of bandwidth
parts.

Between every two consecutive wideband CQI/ wideband PMI (or wideband
CQl/wideband second PMI for transmission modes 8, 9 and 10) reports, the
remaining J-K reporting instances are used in sequence for subband CQI reports
on K full cycles of bandwidth parts except when the gap between two consecutive
wideband CQI/PMI reports contains less than J-K reporting instances due to a
system frame number transition to 0, 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 PMI (or wideband CQI/wideband
second PMI for transmission modes 8, 9 and 10) reports. Each full cycle of
bandwidth parts shall be in increasing order starting from bandwidth part 0 to
bandwidth part J —1. The parameter K is configured by higher-layer signalling.

When the most recently transmitted PTI is 0 for a UE configured in transmission modes 8 and 9 or for
a UE configured in transmission mode 10 without a 'RI-reference CSI process' for a CSI process, or
the transmitted PTI is O reported in the most recent RI reporting instance for a CSI process when a UE
is configured in transmission mode 10 with a 'RI-reference CSI process' for the CSI process, or the
transmitted PTI is O for a 'RI-reference CSI process' reported in the most recent RI reporting instance
for a CSI process when a UE is configured in transmission mode 10 with the 'RI-reference CSI
process' for the CSI process, and the most recent type 6 report for the CSI process is dropped:

The wideband first precoding matrix indicator report has period H'-N pd - and is

reported on the subframes satisfying
(10xn ; +|ng /2]~ Noprser.cor Jmod(H'- N g )= 0, where H'is signalled by

higher layers.
Between every two consecutive wideband first precoding matrix indicator reports,

the remaining reporting instances are used for a wideband second precoding
matrix indicator with wideband CQI as described below

- In case Rl reporting is configured, the reporting interval of Rl is M, times the wideband CQI/PMI period
H - N,y , and Rl is reported on the same PUCCH cyclic shift resource as both the wideband CQI/PMI and
subband CQI reports.

The reporting instances for RI are subframes satisfying
(10xn s +[n, /2|~ Noprser.cor = Noprser,r Jmod\H - N g - Mgy )= 0

In case of collision of a CSI report with PUCCH reporting type 3, 5, or 6 of one serving cell with a CSI report with
PUCCH reporting type 1, 1a, 2, 2a, 2b, 2c¢, or 4 of the same serving cell the latter CSI report with PUCCH reporting
type (1, 1a, 2, 2a, 2b, 2c, or 4) has lower priority and is dropped.
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For a serving cell and UE configured in transmission mode 10, in case of collision between CSI reports of same serving
cell with PUCCH reporting type of the same priority, and the CSI reports corresponding to different CSI processes, the
CSI reports corresponding to all CSI processes except the CSI process with the lowest CSIProcessindex are dropped.

For a serving cell and UE configured in transmission mode 1-9 and UE configured with the higher layer parameter
EIMTA-MainConfigServCell-r12 for the serving cell, and the UE configured with CSI subframe sets Ccgyg and

Ccsr,1 for the serving cell, in case of collision between CSI reports of same serving cell with PUCCH reporting type of
the same priority, the CSI report corresponding to CSI subframe set Ccgy ;1 is dropped.

For a serving cell and UE configured in transmission mode 10 and UE configured with the higher layer parameter
EIMTA-MainConfigServCell-r12 for the serving cell, and the UE configured with CSI subframe sets Ccgrg and

Ccs,1 for the serving cell, in case of collision between CSI reports of same serving cell with PUCCH reporting type of

the same priority and the CSI reports corresponding to CSI processes with same csi-Processld-r11, the CSI report
corresponding to CSI subframe set Ccgy; is dropped.

If the UE is configured with more than one serving cell, the UE transmits a CSI report of only one serving cell in any
given subframe. For a given subframe, in case of collision of a CSI report with PUCCH reporting type 3, 5, 6, or 2a of
one serving cell with a CSI report with PUCCH reporting type 1, 1a, 2, 2b, 2¢, or 4 of another serving cell, the latter
CSI 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, 2¢, or 4 of one serving cell with CSI report with PUCCH
reporting type 1 or la of another serving cell, the latter CSI report with PUCCH reporting type 1, or 1a has lower
priority and is dropped.

For a given subframe and serving cells with UE configured in transmission mode 1-9, in case of collision between CSI
reports of these different serving cells with PUCCH reporting type of the same priority, the CSI reports for all these
serving cells except the serving cell with lowest ServCelllndex are dropped.

For a given subframe and serving cells with UE configured in transmission mode 10, in case of collision between CSI
reports of different serving cells with PUCCH reporting type of the same priority and the CSI reports corresponding to
CSI processes with same csi-Processld-r11, the CSI reports of all serving cells except the serving cell with lowest
ServCelllndex are dropped.

For a given subframe and serving cells with UE configured in transmission mode 10, in case of collision between CSI
reports of different serving cells with PUCCH reporting type of the same priority and the CSI reports corresponding to
CSI processes with different csi-Processld-ri1, the CSI reports of all serving cells except the serving cell with CSI
reports corresponding to CSI process with the lowest csi-Processld-r11 are dropped.

For a given subframe, in case of collision between CSI report of a given serving cell with UE configured in
transmission mode 1-9, and CSI report(s) corresponding to CSI process(es) of a different serving cell with the UE
configured in transmission mode 10, and the CSI reports of the serving cells with PUCCH reporting type of the same
priority, the CSI report(s) corresponding to CSI process(es) with csi-Processld-r11 > 1 of the different serving cell are
dropped.

For a given subframe, in case of collision between CSI report of a given serving cell with UE configured in
transmission mode 1-9, and CSI report corresponding to CSI process with csi-Processld-ri1 =1 of a different serving
cell with the UE configured in transmission mode 10, and the CSI reports of the serving cells with PUCCH reporting
type of the same priority, the CSI report of the serving cell with highest ServCelllndex is dropped.

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

The CSI report of a given PUCCH reporting type shall be transmitted on the PUCCH resource n{,%’g)CH as defined in

[3], where ”%?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, CSI is dropped.
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A UE shall report a type 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.

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.

= In the subframe where RI is reported (only for transmission modes 4, 8, 9 and 10):

If a UE is configured in transmission mode 10 with a 'Rl-reference CSI
process' for a CSI process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSI process' irrespective of subframe sets if configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands.

The UE shall report a type 3 report consisting of one RI.

= In the subframe where RI and a first PMI are reported for transmission modes 9 and 10
configured with submode 1 and 8 CSI-RS ports, and for transmission modes 8, 9 and 10
configured with submode 1 and alternativeCodeBookEnabledFor4TX-r12=TRUE:

If a UE is configured in transmission mode 10 with a 'RI-reference CSI
process' for a CSI process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSI process' irrespective of subframe sets if configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands.

The UE shall report a type 5 report consisting of jointly coded RI and a first
PMI corresponding to a set of precoding matrices selected from the codebook
subset assuming transmission on set S subbands.

If the UE is configured in transmission mode 10 with a 'RI-reference CSI
process' for a CSI process and in case of collision of type 5 report for the CSI
process with type 5 report for the 'RI-reference CSI process', the wideband first
PMI for the CSI process shall be the same as the wideband first PMI in the
most recent type 5 report for the configured 'RI-reference CSI process';
otherwise, the wideband first PMI value is calculated conditioned on the
reported periodic RI.

= In the subframe where CQI/PMI is reported for all transmission modes except with 8
CSI-RS ports configured for transmission modes 9 and 10, or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission modes

8,9 and

10:

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

A UE shall report a type 2 report consisting of
0 A single wideband CQI value which is calculated assuming the use of

a single 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 CQI,
which is shown in Table 7.2-2.

For transmission modes 4, 8, 9 and 10,

0 Ifa UE is configured in transmission mode 10 with a “'RI-reference
CSI process’ for a CSI process, and the most recent type 3 report for
the CSI process is dropped, and a type 3 report for the ‘'RI-reference
CSI process’ is reported in the most recent RI reporting instance for
the CSI process, the PMI and CQI for the CSI process are calculated
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conditioned on the reported periodic RI for the configured ‘'RI-
reference CSI process’' in the most recent RI reporting instance for
the CSI process; otherwise the PMI and CQI are calculated
conditioned on the last reported periodic RI.

e  For other transmission modes the PMI and CQI are calculated conditioned on
transmission rank 1.

In the subframe where wideband CQI/second PMI is reported for transmission modes 9
and 10 with 8 CSI-RS ports and submode 1 configured and for transmission modes 8, 9
and 10 with submode 1 and alternativeCodeBookEnabledFordTX-r12=TRUE

configured:

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

e A UE shall report a type 2b report consisting of

(o]

(o]

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.

The wideband second PMI corresponding to the selected single
precoding matrix.

When RI>1, an additional 3-bit wideband spatial differential CQIL,
which is shown in Table 7.2-2.

e IfaUE is configured in transmission mode 10 with a 'RI-reference CSI
process' for a CSI process, and the most recent type 5 report for the CSI
process is dropped, and a type 5 report for the 'RI-reference CSI process' is
reported in the most recent RI reporting instance for the CSI process,

[0}

The wideband second PMI value for the CSI process is calculated
conditioned on the reported periodic RI and the wideband first PMI
for the configured 'RI-reference CSI process' in the most recent RI
reporting instance for the CSI process.

The wideband CQI value is calculated conditioned on the selected
precoding matrix for the CSI process and the reported periodic RI for
the configured 'RI-reference CSI process' in the most recent RI
reporting instance for the CSI process.

e  Otherwise,

(0}

(0}

The wideband second PMI value is calculated conditioned on the last
reported periodic RI and the wideband first PMI.

The wideband CQI value is calculated conditioned on the selected
precoding matrix and the last reported periodic RI.

In the subframe where wideband CQI/first PMI/second PMI is reported for transmission
modes 9 and 10 with 8 CSI-RS ports and submode 2 configured, and for transmission
modes 8, 9 and 10 with submode 2 and alternativeCodeBookEnabledFor4TX-
r12=TRUE configured:

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

e A UE shall report a type 2c report consisting of

(o}

(o}

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

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

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

e Ifa UE is configured in transmission mode 10 with a 'RI-reference CSI
process' for a CSI process, and the most recent type 3 report for the CSI
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process is dropped, and a type 3 report for the 'RI-reference CSI process' is
reported in the most recent RI reporting instance for the CSI process, the
wideband first PMI, the wideband second PMI and the wideband CQI for the
CSI process are calculated conditioned on the reported periodic RI for the
configured 'RI-reference CSI process' in the most recent RI reporting instance
for the CSI process; otherwise the wideband first PMI, the wideband second
PMI and the wideband CQI are calculated conditioned on the last reported
periodic RI.

e UE Selected subband feedback

0 Mode 2-0 description:

In the subframe where Rl is reported (only for transmission mode 3):

e A UE shall determine a RI assuming transmission on set S subbands.

e The UE shall report a type 3 report consisting of one RI.

In the subframe where wideband CQI is reported:

e The UE shall report a type 4 report on each respective successive reporting
opportunity 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 modes it is calculated conditioned on
transmission rank 1.

In the subframe where CQI for the selected subbands is reported:

e The UE shall select the preferred subband within the set of N i subbands in
each of the J bandwidth parts where J is given in Table 7.2.2-2.

e The UE shall report a type 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:

In the subframe where RI is reported for transmission mode 4, transmission mode 8
except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured, transmission
modes 9 and 10 with 2 CSI-RS ports, and transmission modes 9 and 10 with 4 CSI-RS
ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured:

e [fa UE is configured in transmission mode 10 with a 'RI-reference CSI process
for a CSI process, the RI for the CSI process shall be the same as the RI in the
most recent CSI report comprising RI for the configured 'RI-reference CSI
process' irrespective of subframe sets if configured; otherwise, the UE shall
determine a RI assuming transmission on set S subbands.

e The UE shall report a type 3 report consisting of one RI.

In the subframe where RI is reported for transmission modes 9 and 10 with 8 CSI-RS
ports configured and for transmission modes 8, 9 and 10 with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured then:
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If a UE is configured in transmission mode 10 with a 'RI-reference CSI
process' for a CSI process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSI process' irrespective of subframe sets if configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands.

If a UE is configured in transmission mode 10 with a 'RI-reference CSI
process' for a CSI process, the PTI for the CSI process shall be the same as the
PTI in the most recent type 6 report for the configured 'RI-reference CSI
process'; otherwise, the UE shall determine a precoder type indication (PTI).

The PTI for the CSI process shall be equal to 1 if the RI reported jointly with
the PTI is greater than 2 for transmission modes 8, 9, 10 with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured.

The UE shall report a type 6 report consisting of one RI and the PTI.

In the subframe where wideband CQI/PMI is reported for all transmission modes except

with 8 CSI-RS ports configured for transmission modes 9 and 10, or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission modes
8,9 and 10:

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

A UE shall report a type 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 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 CQI,
which is shown in Table 7.2-2.

For transmission modes 4, 8, 9 and 10,

o0 Ifa UE is configured in transmission mode 10 with a 'RI-reference
CSI process' for a CSI process, and the most recent type 3 report for
the CSI process is dropped, and a type 3 report for the 'RI-reference
CSI process' is reported in the most recent RI reporting instance for
the CSI process, the PMI and CQI values for the CSI process are
calculated conditioned on the reported periodic RI for the configured
'RI-reference CSI process' in the most recent RI reporting instance for
the CSI process; otherwise the PMI and CQI values are calculated
conditioned on the last reported periodic RI.

For other transmission modes the PMI and CQI values are calculated
conditioned on transmission rank 1.

= In the subframe where the wideband first PMI is reported for transmission modes 9 and
10 with 8 CSI-RS ports configured and for transmission modes 8, 9 and 10 with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured:

A set of precoding matrices corresponding to the wideband first PMI is
selected from the codebook subset assuming transmission on set S subbands.

A UE shall report a type 2a report on each respective successive reporting
opportunity consisting of the wideband first PMI corresponding to the selected
set of precoding matrices.

If a UE is configured in transmission mode 10 with a 'RI-reference CSI
process' for a CSI process, and the most recent type 6 report for the CSI
process is dropped, and a type 6 report for the 'RI-reference CSI process' with
PTI=O0 is reported in the most recent RI reporting instance for the CSI process,
the wideband first PMI value for the CSI process is calculated conditioned on
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the reported periodic RI for the configured 'RI-reference CSI process' in the
most recent RI reporting instance for the CSI process; otherwise with the last
reported PTI=0, the wideband first PMI value is calculated conditioned on the
last reported periodic RI.

= In the subframe where wideband CQI/second PMI is reported for transmission modes 9
and 10 with 8 CSI-RS ports configured and for transmission modes 8,9, and 10 with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured:

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

e A UE shall report a type 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 S subbands.

0 The wideband second PMI corresponding to the selected single
precoding matrix.

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

e IfaUE is configured in transmission mode 10 with a 'RI-reference CSI
process' for a CSI process, and the most recent type 6 report for the CSI
process is dropped, and a type 6 report for the 'RI-reference CSI process' with
PTI=1 is reported in the most recent RI reporting instance for the CSI process,

0 The wideband second PMI value for the CSI process is calculated
conditioned on the reported periodic RI for the configured 'RI-
reference CSI process' in the most recent RI reporting instance for the
CSI process and the last reported wideband first PMI for the CSI
process,

0 The wideband CQI value is calculated conditioned on the selected
precoding matrix for the CSI process and the reported periodic RI for
the configured 'RI-reference CSI process' in the most recent RI
reporting instance for the CSI process.

Otherwise, with the last reported PTI=1,

0 The wideband second PMI value is calculated conditioned on the last
reported periodic RI and the wideband first PMI.

0 The wideband CQI value is calculated conditioned on the selected
precoding matrix and the last reported periodic RI.

If the last 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 value is not specified.

= In the subframe where CQI for the selected subband is reported for all transmission
modes except with 8 CSI-RS ports configured for transmission modes 9 and 10, or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission modes 8,
9 and 10:

e The UE shall select the preferred subband within the set of N; subbands in each
of the J bandwidth parts where J is given in Table 7.2.2-2.

e The UE shall report a type 1 report per bandwidth part on each respective
successive reporting opportunity consisting of:
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0 CQI value for codeword 0 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.

0 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 0
— 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 is shown in Table 7.2-2.

For transmission modes 4, 8, 9 and 10,

o0 IfaUE is configured in transmission mode 10 with a 'RI-reference
CSI process' for a CSI process, and the most recent type 3 report for
the CSI process is dropped, and a type 3 report for the 'Rl-reference
CSI process' is reported in the most recent RI reporting instance for
the CSI process, the subband selection and CQI values for the CSI
process are calculated conditioned on the last reported periodic
wideband PMI for the CSI process and the reported periodic RI for
the configured 'RI-reference CSI process' in the most recent RI
reporting instance for the CSI process; otherwise the subband
selection and CQI values are calculated conditioned on the last
reported periodic wideband PMI and RI.

For other transmission modes the subband selection and CQI values are
calculated conditioned on the last reported PMI and transmission rank 1.

= In the subframe where wideband CQI/second PMI is reported for transmission modes 9
and 10 with 8 CSI-RS ports configured and for transmission modes 8, 9 and 10 with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured:

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

The UE shall report a type 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 S subbands.

0 The wideband second PMI corresponding to the selected single
precoding matrix.

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

If a UE is configured in transmission mode 10 with a 'RI-reference CSI
process' for a CSI process, and the most recent type 6 report for the CSI
process is dropped, and a type 6 report for the 'RI-reference CSI process' with
PTI=0 is reported in the most recent RI reporting instance for the CSI process,

0 The wideband second PMI value for the CSI process is calculated
conditioned on the reported periodic RI for the configured 'RI-
reference CSI process' in the most recent RI reporting instance for the
CSI process and the last reported wideband first PMI for the CSI
process.
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0 The wideband CQI value is calculated conditioned on the selected
precoding matrix for the CSI process and the reported periodic RI for
the configured 'RI-reference CSI process' in the most recent RI
reporting instance for the CSI process.

e  Otherwise, with the last reported PTI=0,

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

o Ifthe last 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 value is not specified.

= In the subframe where subband CQI/second PMI for the selected subband is reported
for transmission modes 9 and 10 with 8 CSI-RS ports configured and for transmission
modes 8, 9 and 10 with alternativeCodeBookEnabledFor4TX-r12=TRUE configured:

e The UE shall select the preferred subband within the set of N; subbands in each
of the J bandwidth parts where J is given in Table 7.2.2-2.

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

0 CQI value for codeword 0 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.

0 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 0
— 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 is shown 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.

e Ifa UE is configured in transmission mode 10 with a 'RI-reference CSI
process' for a CSI process, and the most recent type 6 report for the CSI
process is dropped, and a type 6 report for the 'RI-reference CSI process' with
PTI=1 is reported in the most recent RI reporting instance for the CSI process,

0 The subband second PMI values for the CSI process are calculated
conditioned on the reported periodic RI for the configured 'RI-
reference CSI process' in the most recent RI reporting instance for the
CSI process and the last reported wideband first PMI for the CSI
process.

0 The subband selection and CQI values are calculated conditioned on
the selected precoding matrix for the CSI process and the reported
periodic RI for the configured 'RI-reference CSI process' in the most
recent RI reporting instance for the CSI process.
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7.2.3  Channel Quality Indicator (CQI) definition

The CQI indices and their interpretations are given in Table 7.2.3-1 for reporting CQI based on QPSK, 16QAM and
64QAM. The CQI indices and their interpretations are given in Table 7.2.3-2 for reporting CQI based on QPSK,
16QAM, 64QAM and 256QAM.

Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in
uplink subframe 7 the highest CQI index between 1 and 15 in Table 7.2.3-1 or Table 7.2.3-2 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 a transport block error probability not exceeding 0.1.

If CSI subframe sets Ccgro and Ccgyy are configured by higher layers, each CSI reference resource belongs to either
Cesro or Ccgy, but not to both. When CSI subframe sets Cegrg and Ccgy,y are configured by higher layers a UE

is not expected to receive a trigger for which the CSI reference resource is in subframe that does not belong to either
subframe set. For a UE in transmission mode 10 and periodic CSI reporting, the CSI subframe set for the CSI reference
resource is configured by higher layers for each CSI process.

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 (CSI) reference signals (CSI-RS) defined in [3] for which the UE is configured to assume non-zero power
for the CSI-RS. For a UE in transmission mode 9 when the parameter pmi-RI-Report is not configured by higher layers
or in transmission modes 1-8 the UE shall derive the channel measurements for computing CQI based on CRS.

For a UE in transmission mode 10, the UE shall derive the channel measurements for computing the CQI value reported
in uplink subframe » and corresponding to a CSI process, based on only the non-zero power CSI-RS (defined in [3])
within a configured CSI-RS resource associated with the CSI process.

For a UE in transmission mode 10 , the UE shall derive the interference measurements for computing the CQI value
reported in uplink subframe # and corresponding to a CSI process, based on only the zero power CSI-RS (defined in
[3]) within the configured CSI-IM resource associated with the CSI process. If the UE in transmission mode 10 is
configured by higher layers for CSI subframe sets Ccgpo and Ccgy; for the CSI process, the configured CSI-IM

resource within the subframe subset belonging to the CSI reference resource is used to derive the interference
measurement. For a UE configured with the parameter EIMTA-MainConfigServCell-ri2 for a serving cell, configured
CSI-IM resource(s) within only downlink subframe(s) of a radio frame that are indicated by UL/DL configuration of the
serving cell can be used to derive the interference measurement for the serving cell.

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 CSI 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 sizes is relevant.

The CSI reference resource for a serving cell is defined as follows:

- In the 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.

- In the time domain,

- for a UE configured in transmission mode 1-9 or transmission mode 10 with a single configured CSI process
for the serving cell, the CSI reference resource is defined by a single downlink or special subframe n-ncor rer,
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where for periodic CSI reporting ncor s is the smallest value greater than or equal to 4, such that it
corresponds to a valid downlink or valid special subframe;

where for aperiodic CSI reporting, if the UE is not configured with the higher layer parameter E/MTA-
MainConfigServCell-r12, or if the UE is configured with the higher layer parameter EIMTA-
MainConfigServCell-r12 and the UE is not configured with CSI subframe sets.

- ncoires 18 such that the reference resource is in the same valid downlink or valid special subframe as
the corresponding CSI request in an uplink DCI format.

- ncorre 1s equal to 4 and subframe n-ncor rer corresponds to a valid downlink or valid special
subframe, where subframe n-ncos rer is received after the subframe with the corresponding CSI request
in a Random Access Response Grant.

where for aperiodic CSI reporting, and the UE configured with the higher layer parameter EIMTA-
MainConfigServCell-ri2, and the UE configured with CSI subframe sets,

- for the UE configured in transmission mode 1-9,

- ncoi rer 1s the smallest value greater than or equal to 4 and subframe n-ncor s corresponds to a
valid downlink or valid special subframe, where subframe n-ncos s is received on or after the
subframe with the corresponding CSI request in an uplink DCI format;

- ncorrer 18 the smallest value greater than or equal to 4, and subframe n-ncor s corresponds to a
valid downlink or valid special subframe, where subframe n-ncos s is received after the subframe
with the corresponding CSI request in an Random Access Response Grant;

- if'there is no valid value for ncor s based on the above conditions, then ncor rs is the smallest
value such that the reference resource is in a valid downlink or valid special subframe n-ncos ref
prior to the subframe with the corresponding CSI request, where subframe n-ncor s is the lowest
indexed valid downlink or valid special subframe within aradio frame;

- for the UE configured in transmission mode 10,

- ncolre s the smallest value greater than or equal to 4, such that it corresponds to a valid
downlink or valid special subframe, and the corresponding CSI request is in an uplink DCI format;

- ncoires 18 the smallest value greater than or equal to 4, and subframe n-ncor s corresponds to a
valid downlink or valid special subframe, where subframe n-ncos s is received after the subframe
with the corresponding CSI request in a Random Access Response Grant;

- for a UE configured in transmission mode 10 with multiple configured CSI processes for the serving cell, the
CSI reference resource for a given CSI process is defined by a single downlink or special subframe n-ncos ref,

where for FDD serving cell and periodic or aperiodic CSI reporting ncor s is the smallest value greater
than or equal to 5, such that it corresponds to a valid downlink or valid special subframe, and for
aperiodic CSI reporting the corresponding CSI request is in an uplink DCI format;

where for FDD serving cell and aperiodic CSI reporting ncos ror is equal to 5 and subframe n-ncor rer
corresponds to a valid downlink or valid special subframe, where subframe n-ncor rer is received after the
subframe with the corresponding CSI request in a Random Access Response Grant.

where for TDD serving cell, and 2 or 3 configured CSI processes, and periodic or aperiodic CSI
reporting, ncor s s the smallest value greater than or equal to 4, such that it corresponds to a valid
downlink or valid special subframe, and for aperiodic CSI reporting the corresponding CSI request is in
an uplink DCI format;

where for TDD serving cell, and 2 or 3 configured CSI processes, and aperiodic CSI reporting, ncor rer 1S
equal to 4 and subframe n-ncor . corresponds to a valid downlink or valid special subframe, where
subframe n-ncor rer is received after the subframe with the corresponding CSI request in a Random
Access Response Grant;

where for TDD serving cell, and 4 configured CSI processes, and periodic or aperiodic CSI reporting,
ncor rer 18 the smallest value greater than or equal to 5, such that it corresponds to a valid downlink or
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valid special subframe, and for aperiodic CSI reporting the corresponding CSI request is in an uplink DCI
format;

where for TDD serving cell, and 4 configured CSI processes, and aperiodic CSI reporting, ncor rer 1S
equal to 5 and subframe n-ncor s corresponds to a valid downlink or valid special subframe, where
subframe n-ncor rer is received after the subframe with the corresponding CSI request in a Random
Access Response Grant.

A subframe in a serving cell shall be considered to be a valid downlink or a valid special subframe if:

it is configured as a downlink subframe or a special subframe for that UE, and

in case multiple cells with different uplink-downlink configurations are aggregated and the UE is not
capable of simultaneous reception and transmission in the aggregated cells, the subframe in the primary
cell is a downlink subframe or a special subframe with the length of DWPTS more than 7680- 7, and

except for transmission mode 9 or 10, it is not an MBSFN subframe, and

it does not contain a DwWPTS field in case the length of DWPTS is 7680-7, and less, and

it does not fall within a configured measurement gap for that UE, and

for periodic CSI reporting, it is an element of the CSI subframe set linked to the periodic CSI report when
that UE is configured with CSI subframe sets, and

for a UE configured in transmission mode 10 with multiple configured CSI processes, and aperiodic CSI
reporting for a CSI process, it is an element of the CSI subframe set linked to the downlink or special
subframe with the corresponding CSI request in an uplink DCI format, when that UE is configured with
CSI subframe sets for the CSI process and UE is not configured with the higher layer parameter EIMTA-
MainConfigServCell-ri2, and

for a UE configured in transmission mode 1-9, and aperiodic CSI reporting, it is an element of the CSI
subframe set associated with the corresponding CSI request in an uplink DCI format, when that UE is
configured with CSI subframe sets and the UE is configured with the higher layer parameter EIMTA-
MainConfigServCell-ri2, and

for a UE configured in transmission mode 10, and aperiodic CSI reporting for a CSI process, it is an
element of the CSI subframe set associated with the corresponding CSI request in an uplink DCI format,
when that UE is configured with CSI subframe sets for the CSI process and the UE is configured with the
higher layer parameter EIMTA-MainConfigServCell-ri2.

If there is no valid downlink or no valid special subframe for the CSI reference resource in a serving cell, CSI
reporting is omitted for the serving cell in uplink subframe ».

In the layer domain, the CSI reference resource is defined by any RI 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:
- The first 3 OFDM symbols are occupied by control signalling

- No resource elements used by primary or secondary synchronization signals or PBCH or EPDCCH

- CP length of the non-MBSFN subframes

- Redundancy Version 0

- If CSI-RS is used for channel measurements, the ratio of PDSCH EPRE to CSI-RS EPRE is as given in
subclause 7.2.5

- For transmission mode 9 CSI reporting:

- CRS REs are as in non-MBSFN subframes;

- If'the UE is configured for PMI/RI reporting, the UE-specific reference signal overhead is consistent with the
most recent reported rank if more than one CSI-RS port is configured, and is consistent with rank 1
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transmission if only one CSI-RS port is configured; and PDSCH signals on antenna ports {7...6+ 0} for
U layers would result in signals equivalent to corresponding symbols transmitted on antenna ports

y*7 @) x (i)
{15...14 + P}, as given by : =W() : , where x(i) = [x(o)(i) x(“’])(i)]r isa
y(14+P) (i) ) (i)
vector of symbols from the layer mapping in subclause 6.3.3.2 of [3], P € {1,2,4,8} is the 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 applicable to x(7) . The corresponding PDSCH signals transmitted

on antenna ports {15...14+ P} would have a ratio of EPRE to CSI-RS EPRE equal to the ratio given in
subclause 7.2.5.

- For transmission mode 10 CSI reporting, if a CSI process is configured without PMI/RI reporting:

If the number of antenna ports of the associated CSI-RS resource is one, a PDSCH transmission is on single-
antenna port, port 7. The channel on antenna port {7} is inferred from the channel on antenna port {15} of
the associated CSI-RS resource.

- CRS REs are as in non-MBSFN subframes. The CRS overhead is assumed to be the same as the CRS
overhead corresponding to the number of CRS antenna ports of the serving cell;

- The UE-specific reference signal overhead is 12 REs per PRB pair.
Otherwise,

- If the number of antenna ports of the associated CSI-RS resource is 2, the PDSCH transmission scheme
assumes the transmit diversity scheme defined in subclause 7.1.2 on antenna ports {0,1} except that the
channels on antenna ports {0,1} are inferred from the channels on antenna port {15, 16} of the associated
CSI resource respectively.

- If the number of antenna ports of the associated CSI-RS resource is 4, the PDSCH transmission scheme
assumes the transmit diversity scheme defined in subclause 7.1.2 on antenna ports {0,1,2,3} except that
the channels on antenna ports {0,1,2,3} are inferred from the channels on antenna ports {15, 16, 17, 18}
of the associated CSI-RS resource respectively.

- The UE is not expected to be configured with more than 4 antenna ports for the CSI-RS resource
associated with the CSI process configured without PMI/RI reporting.

- The overhead of CRS REs is assuming the same number of antenna ports as that of the associated CSI-RS
resource.

- UE-specific reference signal overhead is zero.

- For transmission mode 10 CSI reporting, if a CSI process is configured with PMI/RI reporting:

CRS REs are as in non-MBSFN subframes. The CRS overhead is assumed to be the same as the CRS
overhead corresponding to the number of CRS antenna ports of the serving cell;

The UE-specific reference signal overhead is consistent with the most recent reported rank for the CSI
process if more than one CSI-RS port is configured, and is consistent with rank 1 transmission if only one

CSI-RS port is configured; and PDSCH signals on antenna ports {7...6+ 0} for Ulayers would result in

signals equivalent to corresponding symbols transmitted on antenna ports {15...14 4+ P}, as given by
15) (+ 0) /s
¥y ) x? (i)
=W() , where x(i) = [x(o)(i) x(’H)(i)]T is a vector of symbols from the
y(l4+P) (i) x(U71) (l)

layer mapping in subclause 6.3.3.2 of [3], P € {1,2,4,8} is the number of antenna ports of the associated
CSI-RS resource, and if P=1, W (i) is 1, otherwise W (i)is the precoding matrix corresponding to the
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7.2.4 Precoding Matrix Indicator (PMI) definition

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 modes 9 and 10, the UE shall report PMI if configured with
PMI/RI reporting and the number of CSI-RS ports is larger 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.

For 2 antenna ports, each PMI value corresponds to a codebook index given in Table 6.3.4.2.3-1 of [3] as follows:
= For 2 antenna ports {0,1} or {15,16} and an associated RI value of 1, a PMI value of 7 € {0,1,2,3} corresponds

to the codebook index # given in Table 6.3.4.2.3-1 of [3] with v =1.
= For 2 antenna ports {0,1} or {15,16} and an associated RI value of 2, a PMI value of n € {0,1} corresponds to
the codebook index 7 + 1 given in Table 6.3.4.2.3-1 of [3] with v = 2.

For 4 antenna ports {0,1,2,3} or {15,16,17,18}, each PMI value corresponds to a codebook index given in Table

6.3.4.2.3-2 of [3] or a pair of codebook indices given in Table 7.2.4-0A, 7.2.4-0B, 7.2.4-0C, or 7.2.4-0D as follows:
e A PMI value of ne {0,1,---,15} corresponds to the codebook index 7 given in Table 6.3.4.2.3-2 of [3] with U

equal to the associated RI value except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured.
o If alternativeCodeBookEnabledFor4TX-r12=TRUE is configured, each PMI value corresponds to a pair of
codebook indices given in Table 7.2.4-0A, 7.2.4-0B, 7.2.4-0C, or 7.2.4-0D, where the quantities ¢,, ¢',

and ' in Table 7.2.4-0A and Table 7.2.4-0B are given by
P = e/™?

Jj2m)32

P, =e

V' = [1 ejz”m/32]T

0 A first PMI value of i, € {0,1,---,f(U)— 1} and a second PMI value of i, € {0,1,---,g(1))— 1}
correspond to the codebook indices #; and I, respectively given in Table 7.2.4-0j with v equal to
the associated RI value and where j ={A,B,C,D} respectively when v = {1,2,3,4 },
f()={16,16,1,1} and g(v) ={16,16,16,16 }.

0 The quantity Wn"“'} in Table 7.2.4-0C and Table 7.2.4-0D denotes the matrix defined by the columns
given by the set {s} from the expression W, =1 —2uu’ / ufu, where I isthe 4x4 identity
matrix and the vector u, is given by Table 6.3.4.2.3-2in[3]and n=1,.

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

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

defined in Table 7.2.2-1H. The sub-sampled codebook for PUCCH mode 2-1 is defined in Table
7.2.2-11 for PUCCH Reporting Type 1la.

Table 7.2.4-0A: Codebook for 1-layer CSI reporting using antenna ports 0 to 3 or 15 to 18

i )
0 1 2 3 4 5 6 7

1 ) ) (1 () Q) ) )
0-15 VVil,O VVil,S Wi,,m th,24 Wi,+8,z I/Vi1+8,10 Wi,+8,18 Wi,+8,26

I I
8 9 10 1" 12 13 14 15

) O] O] O M ) O] M
0-15 I/Vz'l+1(),4 VVi]H(v,lZ I/Vi1+16,20 VVi1+16,28 I/Vi1+24,6 m1+24,]4 VVi1+24,22 I/Vi1+24,3()

1 Vm
where Wnil,)l ==
2[9 Vs
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Table 7.2.4-0B: Codebook for 2-layer CSI reporting using antenna ports 0 to 3 or 15 to 18

iy Iy
0 1 2 3
(2) (2) 2) 2)
0-15 VVil i ,0 I/Vil,il,l VViﬁS,iﬁS,O VVil +8,i;+8,1
I iy
4 5 6 7
(2) (2) (2) (2)
0-15 I/Vi,+16,[1+16,0 VVi1+16,[l+l6,l Wi,+24,i,+24,0 W[1+24,1,+24,1
iy I
8 9 10 11
(2) (2) (2) 2)
0-15 I/Vil ,i;+8,0 I/Vi],f1+8,1 VV;} +8,i+16,0 VViler,i1+16,1
I I
12 13 14 15
(2) (2) (2) (2)
0-15 iyij+24,0 iy iy +24,1 VV[, +8.i,+24,0 i\ +8,i,+24,1
1]V V'
where W,,(lzrzl,’n =— m' " '
\/g (DM\/ m - (onv m'

Table 7.2.4-0C: Codebook for 3-layer CSl reporting using antenna ports 15 to 18

il i2
0 2 3 4 6

1 5 7
0 W0{124}/‘/§ Wl{lzs}/‘/g W2{|23)/\/§ W3{123}/\/§ W4{124}/‘/§ W;m)/\/g Wﬁ(m}/\/g W7“34}/\/§

iy )
8 9 10 1 12 13 14 15

O R R e R R N R e

Table 7.2.4-0D: Codebook for 4-layer CSl reporting using antenna ports 15 to 18

iy I

0 1 2 3 4 5 6 7

0 WO{1234,l /2 Wlf.1234} /2 W2{3214; /2 W3<3214;/2 W:1234} /2 W5{1234; /2 W6(1324; /2 W7f.1324} /2
iy I
8 9 10 1 12 13 14 15

0 W8{1234} /2 W9{1234; /2 WI{O1324} /2 Wl{11324> /2 Wl{zlzn} /2 Wl{31324> /2 ng3214} /2 Wl{51234;/2

The UE is not expected to receive the configuration of alternativeCodeBookEnabledFor4TX-r12 except for
transmission mode 8 configured with 4 CRS ports, and transmission modes 9 and 10 configured with 4 CSI-RS ports.
For a UE configured in transmission mode 10, the parameter alternativeCodeBookEnabledFor4TX-r12 may be
configured for each CSI process.

For 8 antenna ports, each PMI value corresponds to a pair of codebook indices given in 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, or 7.2.4-8, where the quantities ¢, and v, are given by

0, ="

vm:[l QI A3 ejézzm/32r
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7.2.5 Channel-State Information — Reference Signal (CSI-RS) definition

For a serving cell and UE configured in transmission mode 9, the UE can be configured with one CSI-RS resource
configuration. For a serving cell and UE configured in transmission mode 10, the UE can be configured with one or
more CSI-RS resource configuration(s). The following parameters for which the UE shall assume non-zero transmission
power for CSI-RS are configured via higher layer signaling for each CSI-RS resource configuration:

- CSI-RS resource configuration identity, if the UE is configured in transmission mode 10,

- Number of CSI-RS ports. The allowable values and port mapping are given in subclause 6.10.5 of [3].

- CSI RS Configuration (see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3])

- CSIRS subframe configuration /-g;_gs. The allowable values are given in subclause 6.10.5.3 of [3].

- UE assumption on reference PDSCH transmitted power for CSI feedback P, , if the UE is configured in
transmission mode 9.

- UE assumption on reference PDSCH transmitted power for CSI feedback P. for each CSI process, if the UE is
configured in transmission mode 10. If CSI subframe sets Ccgpo and Ccgy; are configured by higher layers

for a CSI process, P, is configured for each CSI subframe set of the CSI process.
- Pseudo-random sequence generator parameter, 1. The allowable values are given in [11].

- Higher layer parameter gc/-CRS-Info-r11 for Quasi co-location type B UE assumption of CRS antenna ports and
CSI-RS antenna ports with the following parameters, if the UE is configured in transmission mode 10:

- qcl-Scramblingldentity-r11.
- crs-PortsCount-r11.
- mbsfn-SubframeConfigList-r11.

P, is the assumed ratio of PDSCH EPRE to CSI-RS EPRE when UE derives CSI 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 is denoted 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 PMCH in the same subframe of a serving cell.

For frame structure type 2 serving cell and 4 CRS ports, the UE is not expected to receive a CSI 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.

A UE may assume the CSI-RS antenna ports of a CSI-RS resource configuration are quasi co-located (as defined in [3])
with respect to delay spread, Doppler spread, Doppler shift, average gain, and average delay.

A UE configured in transmission mode 10 and with quasi co-location type B, may assume the antenna ports 0 — 3
associated with gc/-CRS-Info-r11 corresponding to a CSI-RS resource configuration and antenna ports 15 — 22
corresponding to the CSI-RS resource configuration are quasi co-located (as defined in [3]) with respect to Doppler
shift, and Doppler spread.
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7.2.6 Channel-State Information — Interference Measurement (CSI-IM)
Resource definition

For a serving cell and UE configured in transmission mode 10, the UE can be configured with one or more CSI-IM
resource configuration(s). The following parameters are configured via higher layer signaling for each CSI-IM resource
configuration:

- Zero-power CSI RS Configuration (see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3])

- Zero-power CSI RS subframe configuration /-g_pg. The allowable values are given in subclause 6.10.5.3 of
(3]
For a serving cell, if a UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-ri2, or if a UE
is configured with the higher layer parameter EIMTA-MainConfigServCell-r12and the UE is not configured with CSI
subframe sets Ccgyo and CCSL1 for any CSI process, the UE is not expected to receive CSI-IM resource

configuration(s) that are not all completely overlapping with one zero-power CSI-RS resource configuration which can
be configured for the UE.

A UE is not expected to receive a CSI-IM resource configuration that is not completely overlapping with one of the
zero-power CSI-RS resource configurations defined in subclause 7.2.7.

For a serving cell, if a UE is configured with the higher layer parameter EIMTA-MainConfigServCell-ri2, and the UE is
not configured with CSI subframe sets Ccgro and CCSL , for any CSI process, and the UE is configured with four

CSI-IM resources, then the UE is not expected to be configured with CSI processes that are associated with all of the
four CSI-IM resources.

A UE should not expect the configuration of CSI-IM resource and PMCH in the same subframe of a serving cell.

727 Zero Power CSI-RS Resource definition

For a serving cell and UE configured in transmission mode 1-9 and UE not configured with EIMTA-
MainConfigServCell-r12 for the serving cell, the UE can be configured with one zero-power CSI-RS resource
configuration. For a serving cell and UE configured in transmission mode 1-9 and UE configured with EIMTA-
MainConfigServCell-ri2 for the serving cell, the UE can be configured with up to two zero-power CSI-RS resource
configurations. For a serving cell and UE configured in transmission mode 10, the UE can be configured with one or
more zero-power CSI-RS resource configuration(s).
The following parameters are configured via higher layer signaling for each zero-power CSI-RS resource configuration:
- Zero-power CSI RS Configuration list (16-bit bitmap ZeroPowerCSI-RS in [3])

- Zero-power CSI RS subframe configuration /-g;_pg. The allowable values are given in subclause 6.10.5.3 of
(3]

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

For frame structure type 1 serving cell, the UE is not expected to receive the 16-bit bitmap ZeroPowerCSI-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.

For frame structure type 2 serving cell and 4 CRS ports, the UE is not expected to receive the 16-bit bitmap
ZeroPowerCSI-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

If each of the serving cell(s) configured for the UE has frame structure type 1, the UE procedure for HARQ-ACK
reporting for frame structure type 1 is given in subclause 7.3.1.

If each of the serving cell(s) configured for the UE has frame structure type 2, the UE procedure for HARQ-ACK
reporting for frame structure type 2 is given in subclause 7.3.2.

If the UE is configured with more than one serving cell, and if the frame structure type of any two configured serving
cells is different, and if the primary cell is frame structure type 1, UE procedure for HARQ-ACK reporting is given in
subclause 7.3.3.

If the UE is configured for more than one serving cell, and if the frame structure type of any two configured serving
cells is different, and if the primary cell is frame structure type 2, UE procedure for HARQ-ACK reporting is given in
subclause 7.3.4.

7.3.1 FDD HARQ-ACK reporting procedure

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 on its
assigned SR PUCCH resource for a positive SR transmission according to the following:

— if only one transport block or a PDCCH/EPDCCH indicating downlink SPS release is detected on a serving
cell, the HARQ-ACK bit for the serving cell is the HARQ-ACK bit corresponding to the transport block or the
PDCCH/EPDCCH 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/EPDCCH
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 p(1), respectively, where
b(0) and p(1) are specified in subclause 5.4.1 in [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 a PDCCH/EPDCCH 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 # if the UE does
not receive PDSCH or PDCCH indicating downlink SPS release in subframe n-4.

When only a positive SR is transmitted, a UE shall use PUCCH Format 1 for the SR resource as defined in subclause
5.4.1in[3].

7.3.2 TDD HARQ-ACK reporting procedure

For TDD and a UE not configured with the parameter EIMTA-MainConfigServCell-ri2 for any serving cell, if the UE is
configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cells is the same, UE procedure for reporting HARQ-ACK is given in
subclause 7.3.2.1.
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For TDD, if a UE is configured with more than one serving cell and the TDD UL/DL configuration of at least two
configured serving cells is not the same, or if the UE is configured with the parameter EIMTA-MainConfigServCell-ri12
for at least one serving cell, UE procedure for reporting HARQ-ACK is given in subclause 7.3.2.2.

When only a positive SR is transmitted, a UE shall use PUCCH Format 1 for the SR resource as defined in subclause
5.4.11in[3].

7.3.2.1 TDD HARQ-ACK reporting procedure for same UL/DL configuration

For TDD, the UE shall upon detection of a PDSCH transmission or a PDCCH/EPDCCH indicating downlink SPS
release (defined in subclause 9.2) within subframe(s) n—k, where k€ 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 response in UL
subframe 7.

For TDD, when PUCCH format 3 is configured for transmission of HARQ-ACK, for special subframe configurations 0
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 special subframe of the serving cell is excluded from the HARQ-ACK codebook size determination. In
this case, if the serving cell is the primary cell, there is no PDCCH/EPDCCH 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, VgAL ;» detected by the UE according to Table

7.3-X in subframe 7 — k', where k' is defined in Table 7.3-Y, represents the total number of subframes with PDSCH
transmissions and with PDCCH/EPDCCH indicating downlink SPS release to the corresponding UE within all the

subframe(s) n —k , where k € K . The value VDUAL ; includes all PDSCH transmission with and without corresponding

PDCCH/EPDCCH within all the subframe(s) n—k . In case neither PDSCH transmission, nor PDCCH/EPDCCH
indicating the downlink SPS resource release is intended to the UE, the UE can expect that the value of the DAI in DCI

format 0/4, V[[);L] , 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, a value ng ; is determined by the

Downlink Assignment Index (DAI) in DCI format 0/4 according to Table 7.3-Z in subframe 7 — k', where k' is
defined in Table 7.3-Y. In case neither PDSCH transmission, nor PDCCH/EPDCCH indicating the downlink SPS

resource release is intended to the UE, the UE can expect that the value of Wg}l is set 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/2D denotes the

accumulative number of PDCCH/EPDCCH (s) with assigned PDSCH transmission(s) and PDCCH/EPDCCH indicating
downlink SPS release up to the present subframe within subframe(s) n—k of each configured serving cell, where

k € K, and shall be updated from subframe to subframe. Denote VDDALL ¢ as the value of the DAI in PDCCH/EPDCCH
with DCI format 1/1A/1B/1D/2/2A/2B/2C/2D detected by the UE according to Table 7.3-X in subframe 7 — k,, in
serving cell ¢, where k, is the smallest value in the set 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/2D. When configured with one serving cell, the subscript of ¢ in VDDAL]’ . canbe

omitted.

For all TDD UL/DL configurations, denote Up,; . as the total number of PDCCH/EPDCCH (s) with assigned

PDSCH transmission(s) and PDCCH/EPDCCH indicating downlink SPS release detected by the UE within the
subframe(s) n—k inserving cell ¢, where k € K. When configured with one serving cell, the subscript of ¢ in

Upur,c canbe omitted. Denote N g, , which can be zero or one, as the number of PDSCH transmissions without a
corresponding PDCCH/EPDCCH 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 a logical AND operation per codeword across M downlink and special

subframes associated with a single UL subframe, of all the corresponding U, ,; + N individual PDSCH
transmission HARQ-ACKSs and individual ACK in response to received PDCCH/EPDCCH indicating downlink SPS
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release, where M is the number of elements in the set 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 V, _j.q -

- For TDD UL/DL configuration 0, N, 4.q shall be 1 if the UE detects the PDSCH transmission with or

without corresponding PDCCH/EPDCCH, or detects PDCCH indicating downlink SPS release within the
subframe n—k, where k e 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 — k , where k € K .

- For the case that the UE is not transmitting on PUSCH in subframe » and TDD UL/DL configurations 1-6, if
U,, >0 and V[ﬁf, * (U DAl 1)m0d4 +1, the UE detects that 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/EPDCCH with DCI format 0/4 intended for the UE and TDD UL/DL configurations 1-6, if

VDUALI * (UDAI + Ngps — 1)m0d4 +1 the UE detects that at least one downlink assignment has been missed
and the UE shall generate NACK for all codewords where N, .q is determined by the UE as
Niundied = VgAL 7 + 2. If the UE does not detect any downlink assignment missing, N, q.q is determined by

the UEas Ny, 4eq = VgAL ;. UE shall not transmit HARQ-ACK if U ,; + Ngpg = Oand Véﬁfl =4,

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

Uy, >0 and V2 # (U Al — 1)mod4 +1, the UE detects that at least one downlink assignment has been
missed and the UE shall generate NACK for all codewords. The UE determines N, qeq = (U py + Nops)
as the number of assigned subframes. The UE shall not transmit HARQ-ACK if U, + N =0.

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

aCAOC K ocAIC K. . . o" CleK for the c-th serving cell configured by RRC are constructed as follows, where ¢>0,
’ K c, 0. ~1

OCA K = BCDL if transmission mode configured in the c-th serving cell supports one transport block or spatial HARQ-

ACK bundling is applied and OCA *=2B CD g otherwise, where BfL is the number of downlink and special subframes
for which the UE needs to feedback HARQ-ACK bits for the c-th serving cell.

- For the case that the UE is transmitting on PUCCH, B CD “ =M where M is the number of elements in the set

K defined in Table 10.1.3.1-1 associated with subframe # and the set 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/EPDCCH with DCI format 0/4, the UE shall assume BCDL =M where M isthe number of elements

inthe set K defined in Table 10.1.3.1-1 associated with subframe » and the set 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 BCDL = M —1. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not
receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k , where ke K .

- For TDD UL/DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission adjusted based on a detected
PDCCH/EPDCCH 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/EPDCCH indicating downlink SPS release in
subframe(s) n—k where ke K and Wg}, =4.
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For TDD UL/DL configurations 5 and a PUSCH transmission adjusted based on a detected PDCCH/EPDCCH
with DCI format 0/4, the UE shall assume BCDL = W[Zﬁ + 4((U - W[ZLI )/4—| ,where U denotes the

maximum value of U, among all the configured serving cells,U , is the total number of received PDSCHs and

PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k on the c-th serving cell, k € K . The
UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH

indicating downlink SPS release in subframe(s) n —k where k€ K and ng ; =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/EPDCCH or for a PDCCH/EPDCCH indicating downlink SPS release in subframe n -k is

associated with oélc)lj 1(k)-1 if transmission mode configured in the c-th serving cell supports one transport

block or spatial HARQ-ACK bundling is applied, or associated with of,ZCgA (k)2 and ogf% AT (k)1
otherwise, where DAI(k) is the value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected in subframe
n—k, OizchI(k)—z and oﬁ%A,(k)_l 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/EPDCCH is mapped to o”‘g’jc,( _, The HARQ-ACK feedback bits without any

c,0;
detected PDSCH transmission or without detected PDCCH/EPDCCH 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/EPDCCH

indicating downlink SPS release in subframe n —k is associated with OCAgK if transmission mode configured

. . . . ACK ACK .
in the c-th serving cell supports one transport block or associated with o, ;" and 0., otherwise, where

Ong and OCA’ICK are the HARQ-ACK feedback for codeword 0 and codeword 1, respectively. The HARQ-

ACK feedback bits without any detected PDSCH transmission or without detected PDCCH/EPDCCH 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

ACK ACK ACK

serving cells, the HARQ-ACK feedback bits 0, 0y ,...,0 4, on PUSCH are constructed as follows.

For TDD UL/DL configuration 0, OfCK =HARQ-ACK(j), 0< j< A-1 as defined 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/EPDCCH
indicating downlink SPS release in subframe(s) n—k where ke K .

For TDD UL/DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4 with ngﬁ =] or 2, OfCK is determined as if PUCCH format 3 is

configured for transmission of HARQ-ACK, except that spatial HARQ-ACK bundling across multiple
codewords within a downlink or special subframe is performed for all serving cells configured with a downlink

transmission mode that supports up to two transport blocks in case W,;JAL =2.

For TDD UL/DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission adjusted based on a detected

PDCCH/EPDCCH with DCI format 0/4 with W5y, =3 or 4, 07““ =0(j), 0< j <3as defined in Table

10.1.3.2-5 or in Table 10.1.3.2-6 respectively, where the value of u is replaced by ngl . The UE shall not
transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink
SPS release in subframe(s) n—k where k€ K and WgAL =4,

For TDD UL/DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission not adjusted based on a detected

PDCCH/EPDCCH with DCI format 0/4 and a subframe n with M =1 or2, 07" = HARQ-ACK()),

0< j< A-1 asdefined in subclause 10.1.3.2.1. The UE shall not transmit HARQ-ACK on PUSCH if the UE
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subframe n—k . For the case with Ngpg > 0, the HARQ-ACK associated with a PDSCH transmission

without a corresponding PDCCH/EPDCCH is mapped to ogfg - The HARQ-ACK feedback bits without any

detected PDSCH transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are set to
NACK.

- If the PUSCH transmission is not adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 intended
for the UE, o'* =M , and OI.ACK is associated with the spatially bundled HARQ-ACK for downlink or

special subframe 71—k, , where k;, € K . The HARQ-ACK feedback bits without any detected PDSCH

transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are set to NACK. The UE
shall not transmit HARQ-ACK if U ,; + Ngpg =0.

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/EPDCCH in subframe n -k, , where k, e K, and for TDD UL/DL configurations 1-6 the DAI value

in the PDCCH/EPDCCH is equal to '1' (defined in Table 7.3-X), or a PDCCH/EPDCCH indicating downlink
SPS release (defined in subclause 9.2) in subframe p — k,» where k,ek, and for TDD UL/DL configurations

1-6 the DAI value in the PDCCH/EPDCCH is equal to '1', or

- asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k, where k € K and no PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k, where k€ K, or

- a PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH detected
within subframe(s) n—k, where k € K and an additional PDSCH transmission only on the primary cell
indicated by the detection of a corresponding PDCCH/EPDCCH in subframe n -k, , where k, e K with the
DAI value in the PDCCH/EPDCCH equal to '1' (defined in Table 7.3-X) or a PDCCH/EPDCCH indicating
downlink SPS release (defined in subclause 9.2) in the subframe 5 — k,» where k,eK with the DAI value in

the PDCCH/EPDCCH 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 selection in 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-
ACK PUCCH resources for a negative SR transmission. For a positive SR, the UE shall transmit 5(0),h(1) on its
assigned SR PUCCH resource using PUCCH format 1b according to subclause 5.4.1 in [3]. The value of 5(0),h(1) are
Ncg{l\ -1
generated according to Table 7.3-1 from the Ngpg + ZU par,c HARQ-ACK responses including ACK in response
c=0
to PDCCH/EPDCCH indicating downlink SPS release by spatial HARQ-ACK bundling across multiple codewords
NCZ;ZLI: -1
within each PDSCH transmission for all serving cells N, CD;IS . For TDD UL/DL configurations 1-6, if ZU pare>0
c=0
and VDZLI,C # (U DALe l)mod 4+1 for a serving cell c, the UE detects that at least one downlink assignment has been

missed.
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0 ifthe total number of bits in the subframe corresponding to spatially bundled HARQ-ACKs, SR (if
any), and the CSI is not larger than 22

then the UE shall transmit the HARQ-ACKs, SR (if any) and the CSI using the determined PUCCH format 3 resource
according to [4];

else,

the UE shall drop the CSI and transmit the HARQ-ACK according to subclause 10.1.3.

7.3.2.2 TDD HARQ-ACK reporting procedure for different UL/DL configurations

For a configured serving cell, the DL-reference UL/DL configuration as defined in subclause 10.2 is referred to as the
"DL-reference UL/DL configuration" in the rest of this subclause.

For a configured serving cell, if the DL-reference UL/DL configuration is 0, then the DAI in DCI format
1/1A/1B/1D/2/2A/2B/2C/2D is not used.

The UE shall upon detection of a PDSCH transmission or a PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k for serving cell ¢, where k € K . intended for the UE and for
which HARQ-ACK response shall be provided, transmit the HARQ-ACK response in UL subframe #n, wherein set
K contains values of & € K such that subframe n-k corresponds to a downlink subframe or a special subframe for
serving cell ¢, K defined in Table 10.1.3.1-1 (where "UL/DL configuration" in Table 10.1.3.1-1 refers to the DL-
reference UL/DL configuration) is associated with subframe n. A/, is the number of elements in set K, associated

with subframe » for serving cell c,
For the remainder of this subclause K =K.

If the UE is configured with the parameter EIMTA-MainConfigServCell-ri2 for the primary cell, “UL/DL configuration
of the primary cell” in the rest of this subclause refers to “DL-reference UL/DL configuration of the primary cell”.

When PUCCH format 3 is configured for transmission of HARQ-ACK, for special subframe configurations 0 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 special subframe of the serving cell is excluded from the HARQ-ACK codebook size determination. In this
case, if the serving cell is the primary cell, there is no PDCCH/EPDCCH indicating downlink SPS release in the special
subframe.

If the UL-reference UL/DL configuration (defined in Sec 8.0) belongs to {1,2,3,4,5,6} for a serving cell, a value

WgAL 7is determined by the Downlink Assignment Index (DAI) in DCI format 0/4 corresponding to a PUSCH on the
serving cell according to Table 7.3-Z in subframe n — k', where k' is defined in Table 7.3-Y and the "TDD UL/DL
Configuration" in Table 7.3-Y refers to the UL-reference UL/DL configuration (defined in subclause 8.0) for the
serving cell. In case neither PDSCH transmission, nor PDCCH/EPDCCH indicating the downlink SPS resource release

is intended to the UE, the UE can expect that the value of WgAL ; is set to 4 by the DAI in DCI format 0/4 if transmitted.

If the DL-reference UL/DL configuration belongs to {1,2,3,4,5,6}, the value of the DAI in DCI format
1/1A/1B/1D/2/2A/2B/2C/2D denotes the accumulative number of PDCCH/EPDCCH (s) with assigned PDSCH
transmission(s) and PDCCH/EPDCCH indicating downlink SPS release up to the present subframe within subframe(s)

n—k of each configured serving cell, where k € K , and shall be updated from subframe to subframe. Denote V[%’ ¢
as the value of the DAI in PDCCH/EPDCCH with DCI format 1/1A/1B/1D/2/2A/2B/2C/2D detected by the UE
according to Table 7.3-X in subframe 77 — k,, in serving cell ¢, where k, isthe smallest value in the set K such
that the UE detects a DCI format 1/1A/1B/1D/2/2A/2B/2C/2D.

For all TDD UL/DL configurations, denote Up,; . as the total number of PDCCH/EPDCCH (s) with assigned
PDSCH transmission(s) and PDCCH/EPDCCH indicating downlink SPS release detected by the UE within the

subframe(s) n—k inserving cell ¢, where k € K. Denote N sps» Which can be zero or one, as the number of
PDSCH transmissions without a corresponding PDCCH/EPDCCH within the subframe(s) n—k, where ke K .
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If PUCCH format 3 is configured for transmission of HARQ-ACK, the HARQ-ACK feedback bits

o ASK ACK ,...,oACK for the c-th serving cell configured by RRC are constructed as follows, where ¢>0,
c,0 c,1 c.04CK _|

e

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

ACK bundling is applied and OCA & = QBCDL otherwise, where BCDL is the number of downlink and special subframes
for which the UE needs to feedback HARQ-ACK bits for the c-th serving cell.
- For the case that the UE is transmitting in subframe » on PUCCH or a PUSCH transmission not adjusted based
on a detected DCI format 0/4 or a PUSCH transmission adjusted based on an associated detected DCI format 0/4
with UL-reference UL/DL configuration 0 (defined in Sec 8.0), then BCDL = M . The UE shall not transmit
HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS
release in subframe(s) n —k , where ke K .

- If DL-reference UL/DL configuration of each of the configured serving cells belongs to {0, 1, 2, 3, 4, 6} and for
a PUSCH transmission in a subframe # adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4
using UL-reference UL/DL configuration belonging to {1,2,3,4,5,6} (defined in Sec 8.0), the UE shall assume

BCDL = min(Wé/AL M, ) The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive
PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k where k € K and
Wi =4.

- If DL-reference UL/DL configuration of at least one configured serving cell belongs to {5} and for a PUSCH

transmission adjusted based on an associated detected PDCCH/EPDCCH with DCI format 0/4 using UL-
reference UL/DL configuration belonging to {1,2,3,4,5,6} (defined in Sec 8.0), the UE shall assume

BCDL = min(WLl)jAf G+ 4‘ (U - WLZ)]AL ; )/ 4 LM . ). where U denotes the maximum value of U, among all the

configured serving cells, U, is the total number of received PDSCHs and PDCCH/EPDCCH indicating

downlink SPS release in subframe(s) n—k for the c-th serving cell, k € K . The UE shall not transmit HARQ-
ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in

subframe(s) n—k where k€ K and WgAL =4

When PUCCH format 3 is configured for transmission of HARQ-ACK,

- if DL-reference UL/DL configuration belongs to {1,2,3,4,5,6}, the HARQ-ACK for a PDSCH transmission
with a corresponding PDCCH/EPDCCH or for a PDCCH/EPDCCH indicating downlink SPS release in

subframe n—k is associated with ogf{gﬁ 1(k)-1 if transmission mode configured in the c-th serving cell

supports one transport block or spatial HARQ-ACK bundling is applied, or associated with oé 2C g AT (k)—2 and

ogfzc 5 41(k)-1 otherwise, where DAI(k) is the value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected

in subframe n—*k, oéZCgA (k)2 and ogf% 41(k)—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/EPDCCH is mapped to oACI/f « . The HARQ-ACK feedback bits without
c,OCC -1

any detected PDSCH transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are
set to NACK;

- if DL-reference UL/DL configuration is 0, the HARQ-ACK for a PDSCH transmission or for a
PDCCH/EPDCCH indicating downlink SPS release in subframe n —k is associated with Ojg X" if transmission

mode configured in the c-th serving cell supports one transport block or spatial HARQ-ACK bundling is applied,
or associated with OCAEK and Oﬁ]CK otherwise, where Ong and Oflc X are the HARQ-ACK feedback for

codeword 0 and codeword 1, respectively. The HARQ-ACK feedback bits without any detected PDSCH
transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are set to NACK.
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If DL-reference UL/DL configuration of each of the serving cells belongs to {0,1,2,3,4,6} and if PUCCH format 1b
with channel selection is configured for transmission of HARQ-ACK and for two configured serving cells, the HARQ-

ACK feedback bits O(f K OIACK yevey 0;% _,on PUSCH are constructed as follows

- if UL-reference UL/DL configuration (defined in Sec 8.0) belongs to {1, 2, 3, 4, 6}, for a PUSCH transmission
adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 with Wg; ;=lor2, O;CK is determined
as if PUCCH format 3 is configured for transmission of HARQ-ACK, except that spatial HARQ-ACK bundling
across multiple codewords within a downlink or special subframe is performed for all serving cells configured
with a downlink transmission mode that supports up to two transport blocks in case WgALI =2, where the UL-

reference UL/DL configuration is the UL-reference UL/DL configuration of the serving cell corresponding to the
PUSCH transmission.

- if UL-reference UL/DL configuration (defined in Sec 8.0) belongs to {1, 2, 3, 4, 6}, for a PUSCH transmission
adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 with 755, =3 or 4, 07" =o(}),
0 < j <3as defined in Table 10.1.3.2-5 or in Table 10.1.3.2-6 respectively, where the value of M is replaced by

ng, where the UL-reference UL/DL configuration is the UL-reference UL/DL configuration of the serving

cell corresponding to the PUSCH transmission. The UE shall not transmit HARQ-ACK on PUSCH if the UE
does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n —k where

keK and ngj, =4.

- if UL-reference UL/DL configuration (defined in Sec 8.0) is 0, or if UL-reference UL/DL configuration (defined
in Sec 8.0) belongs to {1, 2, 3, 4, 6}, for a PUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4, for a subframe »n with M =1 or2 (M defined in Sec 10.1.3.2.1),

;‘CK =HARQ-ACK(j), 0< j< A-1 as defined in subclause 10.1.3.2.1, where the UL-reference UL/DL

configuration is the UL-reference UL/DL configuration of the serving cell corresponding to the PUSCH
transmission. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or
PDCCH/EPDCCH indicating downlink SPS release in subframe(s)n—k where k € K .

o

- if UL-reference UL/DL configuration (defined in Sec 8.0) is 0, or if UL-reference UL/DL configuration (defined
in Sec 8.0) belongs to {1, 2, 3, 4, 6} and, for a PUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4, for a subframe » with M =3 or4 (M defined in Sec 10.1.3.2.1),

fCK =0(J), 0< j<3as defined in Table 10.1.3.2-5 or in Table 10.1.3.2-6 respectively, where the UL-

reference UL/DL configuration is the UL-reference UL/DL configuration of the serving cell corresponding to the
PUSCH transmission. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or
PDCCH/EPDCCH indicating downlink SPS release in subframe(s)n—k where ke K .

o

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/EPDCCH in subframe n -k, , where k e K, and for UL/DL configuration of the primary cell

belonging to {1,2,3,4,5,6}, the DAI value in the PDCCH/EPDCCH is equal to '1' (defined in Table 7.3-X), or a
PDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe -, , where

k, € K , and for UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in the
PDCCH/EPDCCH is equal to '1', or

- asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k, where k € K and no PDCCH/EPDCCH indicating downlink SPS release

(defined in subclause 9.2) within subframe(s) n—k, where k € K, or

- aPDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH detected
within subframe(s) n—k, where k € K and an additional PDSCH transmission only on the primary cell
indicated by the detection of a corresponding PDCCH/EPDCCH in subframe n -k, , where k, € K with the
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DALI value in the PDCCH/EPDCCH equal to '1' (defined in Table 7.3-X) or a PDCCH/EPDCCH indicating
downlink SPS release (defined in subclause 9.2) in the subframe 5 —k, , where k, € K with the DAI value in

the PDCCH/EPDCCH 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 selection in TDD.

If the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE, and if the UE is configured with
PUCCH format 1b with channel selection, and if the UE receives PDSCH and/or PDCCH/EPDCCH indicating
downlink SPS release only on the primary cell within subframe(s) n—k, where k € K, a UE shall transmit the CSI
and h(0),b(1) using PUCCH format 2b for normal CP or PUCCH format 2 for extended CP, according to subclause
5.2.3.4in[4] with ag,a] replaced by b(0),b(1). The value of b(0),h(1) are generated according to Table 7.3-1 from
N -1

cells
the Ngpg + ZUDA[’C HARQ-ACK responses including ACK in response to PDCCH/EPDCCH indicating

c=0
downlink SPS release by spatial HARQ-ACK bundling across multiple codewords within each PDSCH transmission for

NG -1

cells —
all serving cells N, cDe%ls . If DL-reference UL/DL configuration belongs to {1,2,3,4,5,6} and, if ZU pare >0 and
c=0
VDZLI,C # (U DAle™ l)mod 4+1 for a serving cell c, the UE detects that at least one downlink assignment has been
missed.
If the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE, and if the UE is configured with

PUCCH format 1b with channel selection and receives at least 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.

When both HARQ-ACK and CSI are configured to be transmitted in the same sub-frame and if a UE is configured with
PUCCH format 3,

if the parameter simultaneousAckNackAndCQI is set TRUE and if the UE receives

- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n -k, , where k, e K, and for UL/DL configuration of the primary cell

belonging to {1,2,3,4,5,6} the DAI value in the PDCCH/EPDCCH is equal to '1' (defined in Table 7.3-X), or a
PDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n -k, , where

k, € K , and for UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in the
PDCCH/EPDCCH is equal to 'l', or

- asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH detected
within subframe(s) n—k, where k € K and no PDCCH/EPDCCH indicating downlink SPS release (defined
in subclause 9.2) within subframe(s) n—k, where k€K,

then the UE shall transmit the CSI and HARQ-ACK using PUCCH format 2/2a/2b according to subclause 5.2.3.4 in [4];
else if

- the parameter simultaneousAckNackAndCQI-Format3-r11 is set TRUE and if PUCCH format 3 resource is
determined according to subclause 10.1.3.1 or subclause 10.1.3.2.2 and

o0 if the total number of bits in the subframe corresponding to HARQ-ACKs, SR (if any), and the CSI is
not larger than 22, or

0 ifthe total number of bits in the subframe corresponding to spatially bundled HARQ-ACKs, SR (if
any), and the CSI is not larger than 22

then the UE shall transmit the HARQ-ACKs, SR (if any) and the CSI using the determined PUCCH format 3 resource
according to [4];

else,

the UE shall drop the CSI and transmit the HARQ-ACK according to subclause 10.1.3.
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7.3.3 FDD-TDD HARQ-ACK reporting procedure for primary cell frame
structure type 1

For FDD-TDD and the primary cell is frame structure type 1, with PUCCH format 1b with channel selection,
- for a negative SR transmission,

- UE shall transmit the HARQ-ACK on its assigned HARQ-ACK PUCCH resource with channel selection as
defined in subclause 10.1.2A.

- for a positive SR transmission

- if one transport block or two transport blocks or a PDCCH/EPDCCH indicating downlink SPS release is
detected on the primary cell in subframe i, and if subframe i is an uplink subframe for the secondary cell

- UE shall transmit the HARQ-ACK and SR as for FDD with PUCCH format 1a/1b as described in
subclause 7.3.1.

- otherwise

- UE shall transmit the HARQ-ACK and SR as for FDD with PUCCH format 1b with channel selection as
described in subclause 7.3.1

For FDD-TDD and the primary cell is frame structure type 1, 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 a PDCCH/EPDCCH 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 as described in subclause 7.3.1.

For FDD-TDD and for a PUSCH transmission, a UE shall not transmit HARQ-ACK on PUSCH in subframe 7 if the
UE does not receive PDSCH or PDCCH indicating downlink SPS release in subframe n-4.

When only a positive SR is transmitted, a UE shall use PUCCH Format 1 for the SR resource as defined in subclause
5.4.11in [3].

7.3.4 FDD-TDD HARQ-ACK reporting procedure for primary cell frame
structure type 2

When only a positive SR is transmitted, a UE shall use PUCCH Format 1 for the SR resource as defined in subclause
5.4.11in[3].

The FDD-TDD HARQ-ACK reporting procedure follows the HARQ-ACK procedure described in subclause 7.3.2.2
where for a serving cell with frame structure type 1, and a UE not configured to monitor PDCCH/EPDCCH in another
serving cell for scheduling the serving cell, K is defined in Table 10.1.3A-1, otherwise K is defined in Table 10.1.3.1-
1, with the exception that for a serving cell with frame structure type 1 and a UE not configured to monitor
PDCCH/EPDCCH in another serving cell for scheduling the serving cell, if the DL-reference UL/DL configuration of

the serving cell in Table 10.1.3A-1 belongs to {2,3,4}, BCDL is determined as in subclause 7.3.2.2 for a serving cell with
DL-reference UL/DL configuration {5}..
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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 3 uplink HARQ processes for subframe bundling operation when
parameter e-HARQ-Pattern-ri2 is set to TRUE and 4 uplink HARQ processes for subframe bundling operation
otherwise. 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 #tiBundling provided by higher layers.

In case higher layers configure the use of subframe bundling for FDD and TDD, the subframe bundling operation is
only applied to UL-SCH, such that four consecutive uplink subframes are used.

8.0 UE procedure for transmitting the physical uplink shared
channel

The term “UL/DL configuration” in this subclause refers to the higher layer parameter subframeAssignment unless
specified otherwise.

For FDD and normal HARQ operation, the UE shall upon detection on a given serving cell of a PDCCH/EPDCCH with
DCI format 0/4 and/or a PHICH transmission in subframe » intended for the UE, adjust the corresponding PUSCH
transmission in subframe n+4 according to the PDCCH/EPDCCH and PHICH information.

For FDD-TDD and normal HARQ operation and a PUSCH for serving cell ¢ with frame structure type 1, the UE shall
upon detection of a PDCCH/EPDCCH with DCI format 0/4 and/or a PHICH transmission in subframe n intended for
the UE, adjust the corresponding PUSCH transmission for serving cell ¢ in subframe n+4 according to the
PDCCH/EPDCCH 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/EPDCCH with DCI format 4 in subframe » 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/EPDCCH, if the number of negatively acknowledged
transport blocks is equal to the number of transport blocks indicated in the most recent PDCCH/EPDCCH 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/EPDCCH with DCI format 4 in subframe #n intended for the UE, and if the number of negatively
acknowledged transport blocks is not equal to the number of transport blocks indicated in the most recent
PDCCH/EPDCCH 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/EPDCCH. In this case, the UL DMRS resources are
calculated according to the cyclic shift field for DMRS [3] in the most recent PDCCH/EPDCCH with DCI format 4
associated with the corresponding PUSCH transmission and number of layers corresponding to the negatively
acknowledged transport block.

If a UE 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/EPDCCH with uplink DCI format to determine the serving cell for the corresponding
PUSCH transmission.

For FDD and normal HARQ operation, if a PDCCH/EPDCCH 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 #, 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.

For FDD-TDD and normal HARQ operation, for a serving cell with frame structure type 1, if a PDCCH/EPDCCH
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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8.1 Resource allocation for PDCCH/EPDCCH with uplink DCI
format

Two resource allocation schemes Type 0 and Type 1 are supported for PDCCH/EPDCCH with uplink DCI format.
If the resource allocation type bit is not present in the uplink DCI format, only resource allocation 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/EPDCCH is indicated by a resource allocation type bit where type 0 is indicated by 0 value and type 1 is
indicated otherwise. The UE shall interpret the resource allocation field depending on the resource allocation type bit in
the PDCCH/EPDCCH with uplink DCI format detected.

8.1.1 Uplink resource allocation type O

The resource allocation information for uplink resource allocation type 0 indicates to a scheduled UE a set of
contiguously allocated virtual resource block indices denoted by nygg. A resource allocation field in the scheduling

grant consists of a resource indication value (RIV) corresponding to a starting resource block ( RBgpart ) and a length in

terms of contiguously allocated resource blocks ( Lcgps = 1).  The resource indication value is defined by
: UL
if (Lepps —D < LNRB /ZJ then
RIV = Ngi (Legps —1) + RBspagr

else

RIV:N]%(N}{% — Legps +1)+(N1[1% —1=RBgrprt)

8.1.2 Uplink resource allocation type 1

The resource allocation information for uplink resource allocation 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 as given in table

. UL . . C . . ’—Ngé /P+1 .
7.1.6.1-1 assuming Ngpg as the system bandwidth. A combinatorial index » consists of | log, A bits.

The bits from the resource allocation field in the scheduling grant represent » unless the number of bits in the resource
allocation field in the scheduling grant is

- smaller than required to fully represent , in which case the bits in the resource allocation field in the scheduling
grant occupy the LSBs of » and the value of the remaining bits of 7 shall be assumed to be 0; or

- larger than required to fully represent 7, in which case » occupies the LSBs of the resource allocation field in the
scheduling grant.

The combinatorial index » corresponds to a starting and ending RBG index of resource block set 1, syand s;—1, and

M N -5,
resource block set 2, s;and s3—1 respectively, where 7 is given by equation » = Z < '> defined in subclause
i=0 -1

7.2.1 with M=4 and N = ’VN 1%]; / P-‘ +1. subclause 7.2.1 also defines ordering properties and range of values that s;

(RBG indices) map to. Only a single RBG is allocated for a set at the starting RBG index if the corresponding ending
RBG index equals the starting RBG index.
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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].

For a TDD serving cell, SRS transmissions can occur in UpPTS and uplink subframes of the UL/DL configuration
indicated by the higher layer parameter subframeAssignment for the serving cell.

When closed-loop UE transmit antenna selection is enabled for a given serving cell for a UE that supports transmit
antenna selection, the index a(nSRS), of the UE antenna that transmits the SRS at time nsrs is given by

a(”SRS):”SRs mod2, for both partial and full sounding bandwidth, and when frequency hopping is disabled (i.e.,
bhap 2 BSRS )’

- (ngrs +|nsps 2]+ B+ ngps / K JJmod2 when K is even p 1 where K mod4 =0
a(ngps) = B =
ST sps mod?2 when K is odd 0 otherwise
when frequency hopping is enabled (i.e., bhop < Bgs),
BSRS
where values Bsrs, bnop, Nb, and nsgs are given in subclause 5.5.3.2 of [3],and K = H N, (where N by = 1
jop
bl:b/mp

regardless of the N, value), except when a single SRS transmission is configured for the UE. If a UE 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 SRS on N, antenna ports of a serving 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
N, €{0,1,2} with two antenna ports configured for PUSCH and N, €{0,1,4} 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 not configured with multiple TAGs shall not transmit SRS in a symbol whenever SRS and PUSCH transmissions
happen to overlap in the same symbol.

For TDD serving cell, when one SC-FDMA symbol exists in UpPTS of the given serving cell, it can be used for SRS
transmission. When two SC-FDMA symbols exist in UpPTS of the given serving cell, both can be used for SRS
transmission and for trigger type 0 SRS both can be assigned to the same UE.

If a UE is not configured with multiple TAGs, or if a UE is configured with multiple TAGs and SRS and PUCCH
format 2/2a/2b happen to coincide in the same subframe in the same serving cell,

- The UE shall not transmit type 0 triggered SRS whenever type 0 triggered SRS and PUCCH format 2/2a/2b
transmissions happen to coincide in the same subframe;

- The 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;

- The 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.

If a UE is not configured with multiple TAGs, or if a UE is configured with multiple TAGs and SRS and PUCCH
happen to coincide in the same subframe in the same serving cell,

- The 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-
SimultaneousTransmission is FALSE;
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- For FDD-TDD and primary cell frame structure 1, the UE shall not transmit SRS in a symbol 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 overlap in the same symbol if the parameter
ackNackSRS-SimultaneousTransmission is TRUE.

- Unless otherwise prohibited, the 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-SimultaneousTransmission is TRUE.

A UE not configured with multiple TAGs 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-SimultaneousTransmission provided by higher layers determines if 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 a serving cell for SRS periodicity, Ty , and SRS subframe offset, T, , is

defined in Table 8.2-1 and Table 8.2-2, for FDD and TDD serving cell, respectively. The periodicity 7, of the SRS
transmission is serving cell specific and is selected from the set {2, 5, 10, 20, 40, 80, 160, 320} ms or subframes.

For the SRS periodicity Ty s of 2 ms in TDD serving cell, two SRS resources are configured in a half frame containing
UL subframe(s) of the given serving cell.

Type 0 triggered SRS transmission instances in a given serving cell for TDD serving cell with T, >2 and for FDD
serving cell are the subframes satisfying (101, + kg — T, ) mod Ty = 0, Where for FDD kg, o = {0,1,...,9} is the

subframe index within the frame, for TDD serving cell kSRS is defined in Table 8.2-3. The SRS transmission instances

for TDD serving cell with Ty =2 are the subframes satisfying (kggg — 7, )mod5=0.

For TDD serving cell, and a UE configured for type 0 triggered SRS transmission in serving cell ¢, and the UE
configured with the parameter EIMTA-MainConfigServCeli-ri2 for serving cell ¢, if the UE does not detect an UL/DL
configuration indication for radio frame m (as described in section 13.1), the UE shall not transmit trigger type 0 SRS in
a subframe of radio frame m that is indicated by the parameter eimta-HarqReferenceConfig-r12 as a downlink subframe
unless the UE transmits PUSCH in the same subframe.

Trigger type 1 SRS configuration of a UE in a serving cell for SRS periodicity, T, , and SRS subframe offset, ]:,fﬁet)l R

is defined in Table 8.2-4 and Table 8.2-5, for FDD and TDD serving cell, respectively. The periodicity of the

IWSRS 1
SRS transmission is serving cell specific and is selected from the set {2, 5, 10} ms or subframes.

For the SRS periodicity T, of 2 ms in TDD serving cell, two SRS resources are configured in a half frame

containing UL subframe(s) of the given serving cell.

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/EPDCCH 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/EPDCCH 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
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