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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.

3GPP
Samsung Ex. 1006



Release 12 7 3GPP TS 36.213 V12.3.0 (2014-09)

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.

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

For a specific reference, subsequent revisions do not apply.

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".
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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 f,zlLlS Number of configured cells

NRy Downlink bandwidth configuration, expressed in units of NXP as defined in [3]

N ]% Uplink bandwidth configuration, expressed in units of N, SIEB as defined in [3]

N, SLyJI&Ib Number of SC-FDMA symbols in an uplink slot as defined in [3]

N SEB 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 Qout. 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
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where the UL transmission timing for PUSCH /SRS is the same for all the secondary cells in the TAG. Nraofser 1S
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 T . 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 N4 values by index
values of T4=0, 1, 2, ..., 1282, where an amount of the time alignment for the TAG is given by Nr1 = T4 x16. Nr4is
defined in [3].

In other cases, a 6-bit timing advance command [8], T4, for a TAG indicates adjustment of the current N74 value, N74,0i4,
to the new Nr4 value, N74,new, by index values of T4 =0, 1, 2...., 63, where Nr4new = Nr4,01a + (T4 —31)x16. Here,
adjustment of N74 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 n, 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 N4 accordingly.

4.3 Timing for Secondary Cell Activation / Deactivation

When a UE receives an activation command [8] for a secondary cell in subframe 7, the corresponding actions in [8]
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+38.

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
Samsung Ex. 1006



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

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 ﬁPUSCH, (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 Ppyccy (i), defined in subclause 5.1.1.1, or ﬁSRsx (#) is split equally across

the configured antenna ports for PUCCH or SRS. IA’SRS,C (i) is the linear value of Fsgg () 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].

511 Physical uplink shared channel

51.1.1 UE behaviour

The setting of the UE Transmit power for a Physical Uplink Shared Channel (PUSCH) transmission is defined as
follows.

If the UE transmits PUSCH without a simultaneous PUCCH for the serving cell ¢, then the UE transmit power
Ppysch,¢(#) for PUSCH transmission in subframe i for the serving cell cis given by

P ] b
cMAX,c (D) } (dBm]

Ppysch,c (i) = min . . . . .
“ 101og;o(Mpysch,c (1) + Fo pusch,c () + e () PLe + Atg o (i) + £, (i)

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

1010g10(]3CMAX,c(i) ~ Bpycen (i)), } dBm]

Ppusch,c (7)) = min , . . . .
101og; (M pysch,c (1) + Fo_pusc,e () + e () PLe + A1g o (1) + f. (i)

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

subframe i for the serving cell ¢ is computed by
Pouscne () = min{PCMAX,c (&), Fo puscne WD +a.(D)-PL. + f.(i) } [dBm]

where,

- Fomax e (i) is the configured UE transmit power defined in [6] in subframe 7 for serving cell ¢ and

}SCM 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 c, for the accumulation of TPC command received with DCI format 3/3A for
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PUSCH, the UE shall compute Fryax(f) assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and ATc =0dB,
where MPR, A-MPR, P-MPR and ATc are defined in [6].

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

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

for subframe i and serving cell c.

- 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
tpc-SubframeSet-ri2,

- when =0, F pyscie(0) = Fo vk pusciren (0) + Fo nowmar_pusciiea (0) » where j=0 is used for PUSCH

(re)transmissions corresponding to a semi-persistent grant. I, ¢ puscne2(0) and By yommar pusciies (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¢.
- when j=1, B pyscue (D) = By ve puscrea (D) + Fo nommar pusciiea (1) » where j=1 is used for PUSCH
(re)transmissions corresponding to a dynamic scheduled grant. B, g pyscue, (1) and

Py nommarL puscrie (1) are the parameters p0-UE-PUSCH-SubframeSet2-r12 and - p0-NominalPUSCH-
SubframeSet2-r12 respectively, provided by higher layers for serving cell c.

- when =2, Fy puscie(2) = Fo ue puscie(2) T Fo nowmvar puscie(2) where By g pysce(2) = 0 and

F OfNOMINALfPUSCH,c(z) =k ore T APREAMBLEﬁngS , where the parameter
preamblelnitialReceivedTargetPower [8] ( Py prp ) and A pppiiisre msg3 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 Py NyomINAL PUSCH,c (/) provided
from higher layers for /=0 and / and a component P yg pusch,c(/) provided by higher layers for /=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=/ and for PUSCH
(re)transmissions corresponding to the random access response grant then j=2. Py yg pusch,c(2) =0 and

Po NommNAL PUscH,c(2) = Po PRE + A PREAMBLE Msg3 > Where the parameter
preamblelnitialReceivedTargetPower [8] (Fyy prg) and A ppr s a3 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,, € {0, 0.4,0.5,0.6,0.7,0.8,0.9, 1}. «a, , is the parameter alpha-
SubframeSet2-r12 provided by higher layers for each serving cell c.
- Forj=2, a.(j)=1.

Otherwise

- Forj=0orl, a,c {0, 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.

- Ap )= IOIOgIO((ZBPRE'KS - l)o (gfg‘ftCH) for Kg=1.25and 0 for K¢ =0where K is given by the

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

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

c-1
- BPRE = Ocq / 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

r

is the size for code block 7, Ocqy is the number of

CQI/PMI bits including CRC bits and Ny 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 =B, for control data sent via PUSCH without UL-SCH data and 1 for other cases.

- OpuscH, 18 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-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, the current PUSCH

power control adjustment state for serving cell cis given by f, 2 (7), and the UE shall use f 2 (7) instead of

Je(i)to determine  Ppygcyy (i) . Otherwise, the current PUSCH power control adjustment state for serving cell

cis given by f,.(i). f,,(i) and f.(i) are defined by:

- fc (’) = fc (i - 1) + 5PUSCH,c (i - KPUSCH) and fc,2 (l) = fc,Z (i - 1) + 5PUSCH,C (i - KPUSCH ) if accumulation
is enabled based on the parameter Accumulation-enabled provided by higher layers or if the TPC
command Spyscp,c is included in a PDCCH/EPDCCH with DCI format 0 for serving cell ¢ where the

CRC is scrambled by the Temporary C-RNTI

- where Spysch,c (i — Kpusch ) was signalled on PDCCH/EPDCCH with DCI format 0/4 or PDCCH with

DCI format 3/3A on subframe i — K py g0y » and where f,.(0) is the first value after reset of
accumulation.

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

- 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, Kpygey =7

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

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

- If DCI format 0/4 for serving cell cand DCI format 3/3A are both detected in the same subframe, then
the UE shall use the Spygcp,c provided in DCI format 0/4.

- OpuscH, = 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 Opysch, 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 Jpygcy 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 TPC-Index provided
by higher layers.

- IfUE has reached Frypax (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 ¢, the UE shall reset accumulation

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

- For serving 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 b

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

- the UE shall reset accumulation corresponding to f,

.2 (¥) for serving cell ¢

- when PO_UE_PUSCH,C,Z 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 tpc-SubframeSet-r12 f.(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)

Se(@® =pusche i —Kpyscn) and [ (i) = Opyscyr.e (( = Kpysey ) if accumulation is not enabled for

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

- where Spyscnc (i — Kpuscr ) was signalled on PDCCH/EPDCCH with DCI format 0/4 for serving cell

¢ on subframe i—Kpy oy
- The value of KPUSCH is
- For FDD or FDD-TDD and serving cell frame structure type 1, K pygon =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-r12 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, Kpuscr 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, Kpygey =7

- For all other PUSCH transmissions, K p; sy is given in Table 5.1.1.1-1.

- The Jpysch, 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 5PUSCH,C is 0dB.

- fe=f.=1) and f,,(i)=f,,(i—1) forasubframe where no PDCCH/EPDCCH with DCI

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

- 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 tpc-SubframeSet-r12 (i) = f.(i—1)

- if subframe i does not belong to uplink power control subframe set 2 as indicated by the higher layer
parameter tpc-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, Value 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

- If the 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 v (1) , the UE scales IA’PUSCH’ ¢ (i) for the serving cell ¢ in
subframe 7 such that the condition

Z w(i)- ISPUSCH,C ()< (ﬁCMAx (- ﬁPUCCH (1))

is satisfied where ISPUCCH (i) 1is the linear value of Ppyccp (i), IAJPUSCH,C(Z') is the linear value of Ppygcp (),

f’CM .y () 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 ﬁPUSCH, (i) for serving cell ¢ where 0<w(i)<1. In case there is no PUCCH

transmission in subframe i Ppyccp (i) =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 Py, (i) , the UE scales Ppygcy,c (i) for the serving cells

without UCI in subframe i such that the condition

Z w(i) - ISPUSCH,C ()< (ISCMAX @) - IBPUSCH,j (l))

c#j

is satisfied where ﬁpUSCH’_ j(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 UCI. In this case, no power scaling is applied to }A)pUSCH’ (D)

unless z w(i)- ﬁPUSCH, (i) =0 and the total transmit power of the UE still would exceed ISCM (@) -
c#j

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

If the UE has simultaneous PUCCH and PUSCH transmission with UCI on serving cell j and PUSCH transmission

without UCI in any of the remaining serving cells, and the total transmit power of the UE would exceed ﬁCM AX (@), the

UE obtains ISPUSCH7 (i) according to

A

PPUSCH,j ()= min(PPUSCH,j (@), (PCMAX () = Boycen (Z)»

and

z W(i) ' ﬁPUSCH,c (l) < (ISCMAX (1) - ISPUCCH (1) - ISPUSCH,] (Z))

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 F,,,, 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 i 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

P4 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 I, 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 [, 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

PHygper (1) = Pesax.e (D {1010g10(Mpuscir.e (0) + Po_puscite(/) + @e()- PLe +Agp o (i) + f(i) | [dB]

where, PCMAXC(i), Mpysc,e () » Po pusche()> @c(J), PLe, 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 ype1 o (1) = Pomax.e (- {1010g10(MPUSCH,c (D)) +Fo pusch,e (/) +ac () PLe + Atp e (i) + /(D) } [dB]

where, Mpysch,c (), Po pusche(/)> @ (J), PLe, Ay (i) and f.(i) are defined in subclause 5.1.1.1.
FCM AX (i) is computed based on the requirements in [6] assuming a PUSCH only transmission in subframe i . For

this case, the physical layer delivers IN’CM AX (i) instead of Fopax (7)) 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 e (D) = ﬁCMAX,c (- {PoiPUSCH,c D+a.(D)-PL.+ f.(D) } [dB]

where, ﬁCM AX,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]. Fo pysch,c(l), ac(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

(lologIO(MPUSCH,c(i))+P07PUSCH,c(j)+ac(.i)'PLz: +ATF,c(i)+fc(i)) 10

N N dB
Pthpez(l) PCMAX’C(I) 10logi " IO(P(LPUCCH +PLe+h("cg1s”HARQ’”SR)*AFJUCCH (F)+ArxD(F')+g(i))/10 [dB]

where, Pemaxe. Mpusch,e (). Fo pusche(/)> @c(J), A (i) and [, (i) are the primary cell parameters as
defined in subclause 5.1.1.1 and Fy pyccns PLes h(ncor.nparp-nsg) s Ar pucen(F), App(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

(IOIOgIO(MPUSCH,C(i))+P07PUSCll,c (N+ae(j)PL+Arg, (l')+ﬁ:(i)) 10

dB
4 IO(POJ’UCCH"'PLC“'g(I'))/lO [dB]

PH 56 (i) = Pomax,c (1) —10loggg

where, Fomax,c()) . Mpusch,c() . Po pusch,e (/) @.(J), Ay (i) and f.(i) are the primary cell parameters as

defined in subclause 5.1.1.1 and By 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

(Po pusciie D+ (D-PL,+ £, (1))10

N N dB
PthpeZ(l) Fenax. ()~ 10logio " 10(P07PUCCH+PL£+h(nCQ17"HARQ=”SR)+AF7PUCCH(F)+AEVD(F')+g(i)) 10 [dB]

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

Femax,e @) > Fo pucen» Ple, h(nCQI >IN HARQ > 'SR )s Ap puccn (F), App(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

(Po pusciie D+ (D-PL.+ £, ()10

dB
n 10(P07PUCCH +PLc+g(i))/10 [dB]

Pthch(i) = IECMAX,C(I') — 10]0g10

where, IBCMAX’ (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], Fo pysch,c(1). @.(1) and f.(i) are the primary cell parameters as

defined in subclause 5.1.1.1 and By pyccn» PL. 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 tpc-

SubframeSet-r12, the UE shall use  f, ,(7) instead of f(7) to compute PH (i) and PH (i) for

typel,c type2,c

subframe i and serving cell ¢, where f,

5 (#) is defined in subclause 5.1.1.1.
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5.1.2 Physical uplink control channel

51.21 UE behaviour

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

n (1) min Femax,c (), [dBm]
PUCCH Py pucch + PL. + h(nCQIanHARQ,nSR)+ Ar puccn(F)+ Agep(F') + g(i)

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 omax.c (s By pucen +PL. + & (i )} [dBm]

where

- Poemaxc (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 ¢, for the accumulation of TPC command
for PUCCH, the UE shall assume Fryjax(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 Fryax (7)) 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 Ag pyccy (£) 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 Ap.p(F"')is

provided by higher layers where each PUCCH format /" is defined in Table 5.4-1 of [3] ; otherwise,
App(F')=0.

- h(ncor.nparp-nsg) isa PUCCH format dependent value, where nc, 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 ngr =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 7npp is defined in subclause 10.1; otherwise, 74pp 1s the number of

HARQ-ACK bits sent in subframe i.

- For PUCCH format l,la and 1b h(nCQ[,nHARQ,nSR): 0

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

(11240 -1)

h(nCQI,nHARQ,nSR) = 5 otherwise, h(nCQI,nHARQ,nSR ): 0

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

n
( ) [101ogig O it ngg, > 4
Mncor-nparp, sk )= 4

0 otherwise

- For PUCCH format 2 and extended cyclic prefix

n +n
IOIOgIO[ col ; HARQ

0 otherwise

if n +n >4
h(nCQl »"HARQ, HSR)= j oI YT "HARQ
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- For PUCCH format 3 and when UE transmits HARQ-ACK/SR without periodic CSI,

- If the 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

Nparo + g — 1
h(ncor.niarp-nsr) = +

- Otherwise

Nparp +1sp —1
h(ncorsnparps"sr) = — 5

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

- If the 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

Paro + Msg + Neor -1

h(”CQI sMiaroo Ng) = 3
- Otherwise
Nyaro T Mg + Ncg; -1
h(nCQI’ nHARQ:nSR) = )

Fo puccn 18 a parameter composed of the sum of a parameter Py, yommar puccn Provided by higher layers
and a parameter P | pyccy provided by higher layers.

- Opyccn 18 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-

RNTL

- 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-RNTI or SPS C-
RNTI, as described in subclause 9.1.4.

- Ifthe UE decodes
- a PDCCH 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 Spyccy provided in that PDCCH/EPDCCH.

Else

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

M-l
- g)=g@@-D+ z Opycer (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-r12 for the primary cell when the UE is
configured with the parameter EIMTA-MainConfigServCell-r12 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 Opycey 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 Fy yg puccn Vvalue is changed by higher layers,

- Else

- 8O)=AF,,,, +6

ampup msg2 s where

- 9

msg2 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

- if UE is transmitting PUCCH in subframe i,

B puccn
AB’ampup =min| ymax| 0, .., . —| +PL + h(nCQ[,nHARQ,nSR) >
1
| U‘ Ar pycen (F) A, (F')
rampuprequested
Otherwise,

AP o _ AP and AP )
rampup mln[{maX(O, PCMA_X,C (%7PUCCH + PLC ))}, rampuprequested ] 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 Fopax (i) 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.
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is satisfied where f)SRS,c(i) is the linear value of Rgg (i), PCMA x (i) is the linear value of Fr,,,y defined in [6] in

subframe i and w(i) is a scaling factor of ﬁ)SRS,c(i) for serving cell ¢ where 0 < w(i) <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 iin a 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 13CMA x (i) , the UE scales ﬁSRS,c (i) for the serving cell ¢ and each of the overlapped
SRS SC-FDMA symbols in subframe i such that the condition

Z w(i)- ﬁ)SRS,c(i) < Prygay (i)

is satisfied where 13SRs,c (¢) is the linear value of Fyg (i), f’CM x ({) 1s the linear value of Py, defined in [6] in

subframe i and w(i) is a scaling factor of }A’SRS’C (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 tpc-

SubframeSet-r12, the UE shall use f, ,(7) instead of f. (i) to determine Pygg (i) for subframe i and serving cell

¢, where f, (i) 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 pjaccording to the OFDM symbol index as given by

Table 5.2-2 and Table 5.2-3. In addition, p, and pjare 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, isequaltod + P, +10log,,(2) [dB] when the UE receives a PDSCH data transmission using

power-offset

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

- p, isequalto O + P, [dB] otherwise

power-offset

where 0

power-offset

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 16QAM, 64QAM, or 256QAM, this ratio is 0 dB.
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)
0 lf E’:‘(E)LPRB) < RNTPthreshold

max_ nom

RNTP(nppg) = E.(n,,)
Appg)

1 if nopromiseabout the upper limit of ————=is made

(p)

max_ nom

where E (npp,) 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, 71, is the physical resource

block number 71,5 = 0,..., N RDBL —1; RNTP,,, ... takes on one of the following
values RNTP, ., .. € {— 00,—1 1,—10,—9,—8,—7,—6,—5,—4,—3,—2,—1,0,+1,+2,+3} [dB] and

P(P) A i

E® ﬂ

max_nom DL RB
N RB ° N sC

where P?) s the base station maximum output power described in [7], and Af, Narand N 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 ( Ng), and set type (unrestricted or restricted
set))

6.1 Physical non-synchronized random access procedure

From the physical layer perspective, the L1 random access procedure encompasses the transmission of random access
preamble and random access response. The remaining messages are scheduled for transmission by the higher layer on
the shared data channel and are not considered part of the L1 random access procedure. A random access channel
occupies 6 resource 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 Ppracu is determined as
Peracu = min{ Popjax o (), PREAMBLE _RECEIVED _TARGET POWER + PL. } [dBm], where
Pemax e (9) s 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-RNTT 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-RNTT 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 n+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+ k, 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 7, 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 n, the UE shall, if requested by higher
layers, transmit random access preamble in the first subframe n+#k,, 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

- - CSIrequest — 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 Ngy <44

Truncate the fixed size resource block assignment to its b least significant bits, where

b= ’710g2 (N o -(N e+ 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 Nuz_iop hopping bits in the fixed size resource block
assignment, where the number of hopping bits Nur o 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= (’-log2 (N ,5% o(N ]% + 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 DwWPTS 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 1 A 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-RNTL

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, nR)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 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, nE)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 11y, and the scrambling

identity of nl(gS“D) (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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R]V:NRDBL(NEBL _LCRBs +1)+(NRDBL _1_RBstart)

DL
where L pp > 1 and shall not exceed N, —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, 2N,..., (|_1\/DL /N3 J_ )N;) and a length in terms

VRB B
of virtually contiguously allocated resource blocks ( Leggs = N3P, 2N3P ..., |_N\[/’]§B /N3 J NP).

The resource indication value is defined by:
. ' 'DL
i (Llop — D <[NP /2] then

RIV = NJ25 (Ll s —1) + RB!

start

else
RIV = Nyy (Nyg = Ligg, +1) + (Njgg —=1-RB,,)

where L[ pp = Lpp, /N¥? RB' =RB /N;t;p and N,',IL;; = \_N,ZfB /N;tgp J Here,

RB > start start

' 'DL '
L, = 1 and shall not exceed Nypz —RB_,,.

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 firstslotina
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 1

- Iouasun g given by the higher-layer parameter epdcch-StartSymbol-r11.

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

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

received,

- Otherwise

- 'buasurt s given by the CFI value in the subframe of the given serving cell when N Ry >10,and I g is

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

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

- if the 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

- 'Dawsurt 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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/

- ‘DaaStart s given by [ ,pcopsas 107 the EPDCCH-PRB-set where EPDCCH with the DCI format 1A was

received (/ as defined in subclause 9.1.4.1),

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

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

received.

- otherwise

- Ipaasan g given by the CFI value in the subframe of the given serving cell when N2t >10, and Ipatastar

is given by the CFI value+1 in the subframe of the given serving cell when Npy <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},

- Iowsanjs given by the higher layer parameter pdsch-Start-ri11 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,

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

- otherwise

Ioaasar i given by the CFI value in the subframe of the given serving cell when NR§ >10, and

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

- if the subframe on which PDSCH is received is indicated by the higher layer parameter mbsfi-
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,

- lDataStart = mln(za lDataStart ) R
- otherwise
lDalaSlarl = lDalaSlan .

- 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-ri11 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},

l is given by parameter pdsch-Start-rl11 determined from the DCI (according to subclause 7.1.9) for

the serving cell on which PDSCH is received

'
DataStart

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

! is given by the higher-layer parameter pdsch-Start-ri0 for the serving cell on which PDSCH is

DataStart
received
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7.1.7 Modulation order and transport block size determination

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

- read the 5-bit "modulation and coding scheme" field ( /,,s ) in the DCI

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

- set the Table 7.1.7.2.1-1 column indicator N ,p; to Npep 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 N ;RB 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 x0.375], 1}
- set the Table 7.1.7.2.1-1 column indicator PRE \- PRB J

- for other special subframe configurations:

- set the Table 7.1.7.2.1-1 column indicator N ,,, = max {\_NI',RB X 0.75J, 1} ,

else, set the Table 7.1.7.2.1-1 column indicator N ppz = 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.

71.71 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-enable HOM-
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 /,,-s 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 /,,.q 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 ( /,z5 ) equal to /,,. and determine its TBS by the procedure in subclause
7.1.721for 0< /I, <26.

TBS —

- 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 </, <28, the UE shall first determine the TBS index ( /55 ) 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.

- for29 <7, <31, the TBS is assumed to be as determined from DCI transported in the latest
PDCCH/EPDCCH for the same transport block using 0 < /_ . <33. If there is no PDCCH/EPDCCH for the

TBS —
same transport block using < 1. 26, and if the initial PDSCH for the same transport block is semi-

<
TBS —
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 7, s =0 and if rviax = 1 otherwise the
transport block is enabled.

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

- for 0<1J ves <275 the UE shall first determine the TBS index ( /55 ) 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-RNTTI 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 gc/-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 gc/-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
(CQI), 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 Ccgrog and Ccgy for the CSI process. A CSI 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 Ccgpo and Ccgy; 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, ]‘3,; 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 PTT 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 Ccgp; 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;,a,,a,,a,where @, is the LSB and Ay, 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]

v-1°
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 = 2,3,4 is 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 a4(,y),; 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 @, 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 &
a. 2 antenna ports: see Table 7.2-1c

b. 4 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: bit
16(u-1)+i, 18 associated with the precoder for v layers and with codebook index I, in Table

6.3.42.320f[3], v=12.

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

associated with the precoder for v layers (v e{1,2}) and codebook index 7, . Codebook indices i,

and I, are given in Table 7.2.4-0A or 7.2.4-0B, for v=1 or 2 respectively.
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MainConfigServCell-ri2 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-ri2 for at least one serving cell,

- If CSI subframe sets Ccgpo and Ccgy 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"

- If the 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.

- Ifthe 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 'l1' 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 NV ,_p is the maximum number of CSI processes supported by the UE for the serving cell and:

- forFDD 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 _,

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

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 Ccgrg and Cegp; are

configured by higher layers for only one of the CSI processes, and the set of restricted RIs 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
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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 k 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 » defined as

Y1 /N =—s,
- =200

*  where the set {s,.}z:, (1<s, <N, s,<s,,) contains the M sorted subband indices

i+l

X (x\ X2y . . . . .. .
and =1v) is the extended binomial coefficient, resulting in unique label
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- A bandwidth part is frequency-consecutive and consists of N ; subbands where J bandwidth parts span S or
NRg as given in Table 7.2.2-2. If J =1 then N; is (NI?BP /k/J-‘ AfJ>1then N, is either ’VNI% /k/J-‘
or (Nl% /k/J-‘ —1, depending on Ny, 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 {NE& lklJ ﬂ .

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 lareport 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 PTT 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 Noppger cor (In

subframes) for CQI/PMI reporting are determined based on the parameter cqi-pmi-Configindex ( I corrpmi ) 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 Npprgpr gy for RI reporting

are determined based on the parameter ri-Configindex ( I, ) given in Table 7.2.2-1B. Both cqi-pmi-Configlndex and ri-
Configlndex are configured by higher layer signalling. The relative reporting offset for RI Npprger gy takes values
from the set {0,~L,...,—(N 4 —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-Configindex?2 and ri-ConfigIndex2 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

(10xn ; +|ny /2|~ Nopser.cor Jmod(N )= 0.

- In case Rl 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 ny+|ng/2|- Nogrser.cor — Norrser ki Jmod(N pd “Mpy )=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 I’lf + IJ’ZS /2J— NOFFSET,CQI )moded =0.

= When PTI is not transmitted (due to not being configured) or the most recently transmitted PTT 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 '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 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 (10 X I’lf + |J’ls /2J - NOFFSET,CQ] )mod(H . di ) =0.The

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

=  Between every two consecutive wideband CQI/ wideband PMI (or wideband
CQI/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 0 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 'Rl-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
(10 Xnp+ Lns /ZJ— Norrser,cor )mod(H’ . di): 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 4, and Rl s 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
(10x ny+|ng/2|- Nogrser.cor = Norrser ki Jmod(# - Npq - Mpy )=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, la, 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 CS/Processindex 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 Ccgro and

Ccsgy,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; 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 Ccgpo and

Ccsgy,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-ri1, the CSI report
corresponding to CSI subframe set Ccgyy 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, 2c, 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, 2c, 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-ri 1, 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-r11, 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-r11 = 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 nl(,%g)CH as defined in
[3], where n%géﬁ 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 Rl is reported (only for transmission modes 4, 8, 9 and 10):

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 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 'Rl-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 alfernativeCodeBookEnabledFor4TX-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

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

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 Ifa UE 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.

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,

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.

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

0 When RI>1, an additional 3-bit wideband spatial differential 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 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 Ifa 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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e IfaUE 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 'Rl-reference
CSI process' irrespective of subframe sets if configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands.

e Ifa 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 (PTT).

e 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.

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

= 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:

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

e 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.

e  For transmission modes 4, 8, 9 and 10,

0 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 '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
'Rl-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.

e  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:

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

e 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.

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=0 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.

o [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 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.

e  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.

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 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.

e  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 'RI-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 'Rl-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.

e  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:

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

e 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.

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=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.

e 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 ; 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 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=I 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 # 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 Ccgpg and Ccgy are configured by higher layers, each CSI reference resource belongs to either
Ccsp or Ccgry but not to both. When CSI subframe sets Cegrg and Ccgp; 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 » 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:

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

- 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 rer 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/IMTA-
MainConfigServCell-ri2, or if the UE is configured with the higher layer parameter EIMTA-
MainConfigServCell-ri12 and the UE is not configured with CSI subframe sets.

- ncor rer 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 18 equal to 4 and subframe n-ncor rr corresponds to a valid downlink or valid special
subframe, where subframe n-ncos roris 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-r12, and the UE configured with CSI subframe sets,

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

- ncorres 18 the smallest value greater than or equal to 4 and subframe n-ncor ror  corresponds to a
valid downlink or valid special subframe, where subframe n-ncor s is received on or after the
subframe with the corresponding CSI request in an uplink DCI format;

- ncor re 1S the smallest value greater than or equal to 4, and subframe n-nco:r s  corresponds to a
valid downlink or valid special subframe, where subframe n-ncor 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 rer is the smallest
value such that the reference resource is in a valid downlink or valid special subframe n-ncor ref
prior to the subframe with the corresponding CSI request, where subframe n-ncor rer is the lowest
indexed valid downlink or valid special subframe within a radio frame;

- for the UE configured in transmission mode 10,

- ncorre 1S 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;

- ncorre 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-ncor rer 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-nco; ref,

- where for FDD serving cell and periodic or aperiodic CSI reporting ncor rr 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 nco: ror is equal to 5 and subframe n-ncor rer
corresponds to a valid downlink or valid special subframe, where subframe n-ncos roris 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 1s 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 s corresponds to a valid downlink or valid special subframe, where
subframe n-ncor rr 1is 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,
ncoi ref 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 - corresponds to a valid downlink or valid special subframe, where
subframe n-ncor rr 1s 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:
- itis 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 76807, and

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

- it does not contain a DWPTS 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 n.

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;

- Ifthe 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+ v} for
U layers would result in signals equivalent to corresponding symbols transmitted on antenna ports

»y2 @) x ()
{15...14+ P}, as given by : =W (i) : , where x(i) = [x(o) (@) .. x(“’l)(i)]r isa
y(l4+P) (l) x(ufl) (l)

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 (7)is 1, otherwise W (i)is the precoding
matrix corresponding to the reported PMI applicable to x(f) . 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 0layers would result in
signals equivalent to corresponding symbols transmitted on antenna ports {15...14 + P}, as given by
15) 0) /.
¥y ) x (i)
=W() , where x(i) = [x(o) @ .. x(“_l)(i)]l is a vector of symbols from the
14+P) / + o) /s
Yy x7 (@)

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 (@) 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 n e {0,1,2,3} corresponds

to the codebook index 7 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 € {O,l} corresponds to
the codebook index 7 + 1 given in Table 6.3.4.2.3-1 of [3] with U = 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/™2

Vo= [1 ej27zm/32]T
0 A first PMI value of 7, € {0,1, o f(v)— 1} and a second PMI value of 7, € { 0,L,---,g(v)— 1}
correspond to the codebook indices i, 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()=1{16,16,11} and g(v) = {16,16,16,16 }.

0 The quantity Wn{“"L in Table 7.2.4-0C and Table 7.2.4-0D denotes the matrix defined by the columns

H
n

/ ullu, where I isthe 4x4 identity
matrix and the vector u, is given by Table 6.3.4.2.3-2in[3]and n=1,.

given by the set {s} from the expression W, =1—2u,u

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 i; and i,.

Joint encoding of rank and first precoding matrix indicator #; 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 1a.

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

Ul )

m @ ©} m M O (O] )
0-15 VVz‘l,O VVil,S VVil,IG Wz‘1,24 VVi1+8,2 Wi,+8,1o VV:‘1+8,18 I/Vil+8,26

i )
8 9 10 1" 12 13 14 15

M M O] M ) O] O] )
0-15 VI/;|+16,4 VV;,+16,12 VViIH(a,ZO W:'|+16,28 W;+24,6 VVi1+24,14 W;,+24,22 W;1+24,30

1
where W”il; = l Von
5 2 ¢V V'm
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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

h %)

0 1 2 3
(2) (2) (2) 2)
0-15 VV;] i ,0 VKI,il,l VKI+8,1‘1+8,0 I/Vil+8,i1+8,1
i i
4 5 6 7

(2) (2) (2) (2)
0-15 VK’,+I6,I‘,+16,0 VV;,+16,1‘,+16,1 VVi,+24,i1+24,0 I/Vi,+24,i,+24,1

h %)

8 9 10 11
(2) (2) (2) (2)
0-15 ip,i+8,0 ip i +8,1 i +8,i,+16,0 i +8,i+16,1
J )
12 13 14 15
(2) 2 (2) (2
0-15 VVil ,i+24,0 iy, +24,1 VV:‘, +8,i+24,0 i+8,i+24,1
' '
where W(Z) :L|: Vm va :|
m,m',n \/_ ' '
8 ¢nv m - Q)}IV m'

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

iy )
0 1 2 3 4 5 6

0 W(){124}/\/§ Wl{m}/ﬁ W2{123}/\/§ W3{123}/\/§ W4{124’l/\/§ W5{124}/\/§ W6{134}/\/§ W7{134}/\/§
i )
10 1 12 13 14 15

8 9
o [P35 | ™ 15 | [ [ S | 1 | 3 | [ | i [

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

h %)

0 1 2 3 4 5 6 7
0 WO{1234} /2 VV]{1234} /2 W2{3214} /2 W3{3214} /2 W4{1234} /2 W5{1234} /2 W6{1324} /2 W7{1324} /2
il i2
8 9 10 11 12 13 14 15
1234 1234 1324 1324 1234 1324 3214 {1234
O | WS 2 B o | g o R o | w2 R o R 2 B )

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-ri12 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

g, =/

j2mm/32  jAmm/32  j6mm/32
v, =l & m/ o4/ e/ ]T
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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])

- CSI RS subframe configuration /-g;_rg. 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, n;,. The allowable values are given in [11].

- Higher layer parameter gcl/-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 p,, 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 gcl-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;_rg. 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-ri2and the UE is not configured with CSI
subframe sets Ccgpo 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-r12, and the UE is
not configured with CSI subframe sets Ccgpg and Ceg; 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.

7.2.7 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-ri2 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-r12 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;_rg. 7he 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
5.4.11n [3].

7.3.2 TDD HARQ-ACK reporting procedure

For TDD and a UE not configured with the parameter EIMTA-MainConfigServCell-ri12 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-r12
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].

7.3.21 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 n.

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, VISJAL 7, 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, VgAL ; » 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 W[lﬁl 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 V[?AL,, ¢ asthe 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 subframen — k,, in
serving cell ¢, where Kk, isthe 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 VDDALI,C can be

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

Upar,c canbe omitted. Denote NN gy, 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 » 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 g 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 N bundled -

- For TDD UL/DL configuration 0, N, 4.4 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 € 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) # — 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
Upy >0 and Vlff] #* (U Al — 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
Vi (U par T Nps — 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, ., is determined by the UE as
Nyndied = Vg:] + 2. If the UE does not detect any downlink assignment missing, NV, 4.4 is determined by

the UEas Ny jeq = ng 7. UE shall not transmit HARQ-ACK if U, + Ngpg = 0and ng =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 VDDAL1 # (U Al 1)m0d4 +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, y.a = (Upy + Ngpg)
as the number of assigned subframes. The UE shall not transmit HARQ-ACK if U, + Ngps = 0.

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

ocAOCK ofch ,...,oAC{fCK for the c-th serving cell configured by RRC are constructed as follows, where c>0,
> ’ c,0." -1

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

ACK bundling is applied and OCACK = 2B£L 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 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 n 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.

- 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 WDUALI =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 = WDUAL L+ 4[((/ — WDUAL ; )/ 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 WDUAL , =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 oéglj 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, 2C g Al(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, Oézchl(k)—z and OézchI(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 oAg’§CK _, The HARQ-ACK feedback bits without any

c,
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 7 —k is associated with Of’gK if transmission mode configured

in the c-th serving cell supports one transport block or associated with Ong and OCAIC ® otherwise, where

Of’g[{ and Off 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.

For TDD when format 1b with channel selection is configured for transmission of HARQ-ACK and for 2 configured

serving cells, the HARQ-ACK feedback bits 06‘ x OIA s ogff,(( _,on PUSCH are constructed as follows.

- For TDD UL/DL configuration 0, O;ICK =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 Wys,=1or2, 0/ 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.

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

ACK

PDCCH/EPDCCH with DCI format 0/4 with Wy, =3 or4, 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 s is replaced by 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 WDUAL =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 N > 0, the HARQ-ACK associated with a PDSCH transmission

without a corresponding PDCCH/EPDCCH is mapped to 0;%{( _,- 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 7 —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 Up; + 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 ke 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 n —k, , where ke K, 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

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 e 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.

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),5(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
NEE 1

cells —
generated according to Table 7.3-1 from the Ngpg + ZU par,e HARQ-ACK responses including ACK in response
c=0
to PDCCH/EPDCCH indicating downlink SPS release by spatial HARQ-ACK bundling across multiple codewords
N 35‘15 -1
within each PDSCH transmission for all serving cells N, C%L,S . For TDD UL/DL configurations 1-6, if ZU pare >0
c=0
and VDDALI’L, # (U DAlc ™ l)mod 4+1 for a serving cell ¢, the UE detects that at least one downlink assignment has been

missed.
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o if the 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-ACKSs, 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 € 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. M, is the number of elements in set K . associated

with subframe #n 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
WDUj ;is 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 7 — 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[?AL]’ ¢
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 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 inservingcell ¢, where k € K. Denote N ¢, 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

oégK oéICK ,...,0A51§CK B for the c-th serving cell configured by RRC are constructed as follows, where ¢>0,

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 OfCK = 2BCDL 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 Bf)L = 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

BP* =min(WY,, 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
WDU/fI =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

B> = min(ngAL T+ 4| (U -wi )/ 4 |,M . )» 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 ke 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 oé‘{gj I(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 oc’f 2C 5 41(k)—2 and
oﬁ 2C 5 41(k)-1 Ootherwise, where DAI(k) is the value of DAL in DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected

in subframe n—*k, ocA’ng 41(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 oAC§CK The HARQ-ACK feedback bits without
0K

c
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 Ong 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,g X and Oilc Kk otherwise, where OigK and Ozlc 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 061 K OlA K yenes O;f({i _,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 W5, =10r2, 07" 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 WDUAL ;=3 or4, Oj.‘CK =o0(}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 M is replaced by

whE 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 and WDUAL, =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),

OfCK =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 ke K.

- 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 n with M =3 or4 (M defined in Sec 10.1.3.2.1),

fCK =0(Jj), 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 ke 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 -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 '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 ke 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 ke 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 & e 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 5(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 5(0),b(1). The value of 5(0),b(1) are generated according to Table 7.3-1 from
NOL -1

cells
the Ngpg + ZU par,e 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

NEE 1

cells —
all serving cells N, chlLls . If DL-reference UL/DL configuration belongs to {1,2,3,4,5,6} and, if ZU par.e >0 and
c=0
VDDAL,’C #* (U DAlLc ™~ 1)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 k e 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 ke 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 ke K,

then the UE shall transmit the CST 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-ACKSs, SR (if any), and the CSI is
not larger than 22, or

0 if the 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-ACKSs, 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 1, 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 la/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 # 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
5.4.11n [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 ##iBundling 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 #z 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 7 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 » 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 7, 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 0 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 7y . A resource allocation field in the scheduling

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

terms of contiguously allocated resource blocks ( Logps = 1).  The resource indication value is defined by
. UL
if (Legps —1) < LN RE ' ZJ then
RIV = Nyg (Legps = 1) + RBsrarr

else

RIV:N}%(NI% — Lcggs +1)+(N1% —1=RBgrarr)

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 . . L. . ’VNILQ% /P+1 .
7.1.6.1-1 assuming Ngp as the system bandwidth. A combinatorial index  consists of | log, bits.
4

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 r, 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 », in which case  occupies the LSBs of the resource allocation field in the
scheduling grant.

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

M-1 —g.
resource block set 2, s,and s3—1 respectively, where r is given by equation r = z < f> defined in subclause
i=0 —1

7.2.1 with M=4 and N = ’_NI%% / 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(n SRS ) , of the UE antenna that transmits the SRS at time nszs is given by

a(nSRS): ngpg mod?2, for both partial and full sounding bandwidth, and when frequency hopping is disabled (i.e.,
bhop 2B SRS )’

(Monc) (ngrs +LnSRS/2J+ﬂ-|_nSRS/KJ)m0d2 when K is even 5 1 where K mod4 =0
an = y =
BT n srs mod?2 when K is odd 0 otherwise
when frequency hopping is enabled (i.e., bhop < Bg),
BSRS
where values Bsrs, bhop, No, and nsrs are given in subclause 5.5.3.2 of [3],and K = H N, (where N by = 1
btzb/wp

regardless of the NN, 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 p 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 18 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-Simultaneous Transmission 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, and SRS subframe offset, 7,5, , is

Tgs >
defined in Table 8.2-1 and Table 8.2-2, for FDD and TDD serving cell, respectively. The periodicity Ty 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 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  (10-n, + kgg —7T,,,,) mod Tgpg = 0, where for FDD kg, = {0,1,___,9} is the

subframe index within the frame, for TDD serving cell kg is defined in Table 8.2-3. The SRS transmission instances

for TDD serving cell with Tgzs =2 are the subframes satisfying (kgpg — 7,5, ) mod5=0.

For TDD serving cell, and a UE configured for type O triggered SRS transmission in serving cell ¢, and the UE
configured with the parameter EIMTA-MainConfigServCell-r12 for serving cell c, 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-ri2 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, T;Jjj;vet,l ,

is defined in Table 8.2-4 and Table 8.2-5, for FDD and TDD serving cell, respectively. The periodicity of the
SRS transmission is serving cell specific and is selected from the set {2, 5, 10} ms or subframes.

For the SRS periodicity Ty, of 2 ms in TDD serving cell, two SRS resources are configured in a half frame

TSRS,I

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 # of serving cell ¢ shall commence SRS transmission in the first subframe satisfying » + k,k >4 and
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8.3 UE HARQ-ACK procedure

For FDD, and serving cell with frame structure type 1, an HARQ-ACK received on the PHICH assigned to a UE in
subframe i is associated with the PUSCH transmission in subframe i-4.

For FDD-TDD, and serving cell with frame structure type 1, and UE not configured to monitor PDCCH/EPDCCH in
another serving cell with frame structure type 2 for scheduling the serving cell, an HARQ-ACK received on the PHICH
assigned to a UE in subframe i is associated with the PUSCH transmission in subframe i-4.

For FDD-TDD, if a serving cell is a secondary cell with frame structure type 1 and if the UE is configured to monitor
PDCCH/EPDCCH in another serving cell with frame structure type 2 for scheduling the serving cell, then an HARQ-
ACK received on the PHICH assigned to a UE in subframe i is associated with PUSCH transmission on the serving cell
in subframe i-6.

For TDD, if the UE is not configured with EIMTA-MainConfigServCell-ri12 for any serving cell and, if a 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,

- For frame structure type 2 UL/DL configuration 1-6, an HARQ-ACK received on the PHICH assigned to a UE
in subframe i is associated with the PUSCH transmission in the subframe i-k as indicated by the following Table
8.3-1.

- For frame structure type 2 UL/DL configuration 0, an HARQ-ACK received on the PHICH in the resource
corresponding to 1 py;cy =0, as defined in subclause 9.1.2, assigned to a UE in subframe i is associated with
the PUSCH transmission in the subframe i-k as indicated by the following Table 8.3-1. For frame structure type
2 UL/DL configuration 0, an HARQ-ACK received on the PHICH in the resource corresponding to /pgcp =1,

as defined in subclause 9.1.2, assigned to a UE in subframe i is associated with the PUSCH transmission in the
subframe i-6.

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 EIMTA-MainConfigServCell-ri2 for at least
one serving cell, or FDD-TDD and serving cell is frame structure type 2,

- For serving cell with an UL-reference UL/DL configuration (defined in subclause 8.0) belonging to
{1,2,3,4,5,6}, an HARQ-ACK received on the PHICH assigned to a UE in subframe i is associated with the
PUSCH transmission in the subframe i-k for the serving cell as indicated by the following Table 8.3-1, where
"TDD UL/DL Configuration" in Table 8.3-1 refers to the UL-reference UL/DL Configuration.

- For a serving cell with UL-reference UL/DL configuration 0 (defined in subclause 8.0), an HARQ-ACK
received on the PHICH in the resource corresponding to /pg;cp =0, as defined in subclause 9.1.2, assigned to a

UE in subframe i is associated with the PUSCH transmission in the subframe i-k for the serving cell as indicated
by the following Table 8.3-1, where "TDD UL/DL Configuration" in Table 8.3-1 refers to the UL-reference
UL/DL configuration. For a serving cell with UL-reference UL/DL configuration 0, an HARQ-ACK received on
the PHICH in the resource corresponding to [ p;-y =1, as defined in subclause 9.1.2, assigned to a UE in

subframe i is associated with the PUSCH transmission in the subframe i-6 for the serving cell.

- For FDD-TDD, if a serving cell is a secondary cell with UL-reference UL/DL configuration 0 and if the UE is
configured to monitor PDCCH/EPDCCH in another serving cell with frame structure type 1 for scheduling the
serving cell, for downlink subframe i, if a transport block was transmitted in the associated PUSCH subframe i-6
for the serving cell then PHICH resource corresponding to that transport block is not present in subframe 7.
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8.6 Modulation order, redundancy version and transport block
size determination

To determine the modulation order, redundancy version and transport block size for the physical uplink shared channel,
the UE shall first

- read the "modulation and coding scheme and redundancy version" field (/5 ), and
— check the "CSI request" bit field, and

— compute the total number of allocated PRBs ( N, ) based on the procedure defined in subclause 8.1, and

— compute the number of coded symbols for control information.

8.6.1 Modulation order and redundancy version determination
For0 < I,,s <28, the modulation order (Q,, ) is determined as follows:

- Ifthe UE is capable of supporting 64QAM in PUSCH and has not been configured by higher layers to transmit
only QPSK and 16QAM, the modulation order is given by Q, in Table 8.6.1-1.

- If the UE is not capable of supporting 64QAM in PUSCH or has been configured by higher layers to transmit
only QPSK and 16QAM, Q;n is first read from Table 8.6.1-1. The modulation order is setto Q,, = min(4,Q;n ).

- If the parameter #tiBundling provided by higher layers is set to TRUE, then the modulation order is set to
0,, =2 . Resource allocation size is restricted to Nppz <3 applies in this case if the UE does not indicate
support by higher layers to operate without it.

For29 < I,cs <31 the modulation order (Q,, ) is determined as follows:

- if DCI format 0 is used and 1, =29 or, if DCI format 4 is used and only 1 TB is enabled and 1, =29 for

the enabled TB and the signalled number of transmission layers is 1, and if
- the "CSI request" bit field is 1 bit and the bit is set to trigger an aperiodic report and, Nppp <4 or,

- the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for one serving cell according to
Table 7.2.1-1A, and, Nppg <4 or,

- the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for more than one serving cell
according to Table 7.2.1-1A and, Nppp <20, or,

- the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for one CSI process according to
Table 7.2.1-1B and Nppp <4, or,

- the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for more than one CSI process
according to Table 7.2.1-1B and Nppp <20,

then the modulation order is setto Q, =2.

- Otherwise, the modulation order shall be determined from the DCI transported in the latest PDCCH/EPDCCH
with DCI format 0/4 for the same transport block using 0 < [, <28. If there is no PDCCH/EPDCCH with

DCI format 0/4 for the same transport block using 0 </, .. <28, the modulation order shall be determined from

MCS

- the most recent semi-persistent scheduling assignment PDCCH/EPDCCH, when the initial PUSCH for the
same transport block is semi-persistently scheduled, or,
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- the "CSI request" bit field is 2 bits and is triggering aperiodic CSI report for more than one serving cell
according to Table 7.2.1-1A and, Nprp <20, or,

- the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for one CSI process according to
Table 7.2.1-1B and Nppp <4, or,

- the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for more than one CSI process
according to Table 7.2.1-1B and, Nppp <20

then there is no transport block for the UL-SCH and only the control information feedback for the current PUSCH
reporting mode is transmitted by the UE.

- Otherwise, the transport block size shall be determined from the initial PDCCH/EPDCCH for the same transport
block using 0<[,,.. <28. If there is no initial PDCCH/EPDCCH with an uplink DCI format for the same

transport block using 0 </

MCS

ves < 28, the transport block size shall be determined from

- the most recent semi-persistent scheduling assignment PDCCH/EPDCCH, when the initial PUSCH for the
same transport block is semi-persistently scheduled, or,

- the random access response grant for the same transport block, when the PUSCH is initiated by the random
access response grant.

In DCI format 4 a transport block is disabled if either the combination of /s =0 and Nppg >1 or the combination

of Iycg =28 and Nppp =1 is signalled, otherwise the transport block is enabled.

3GPP
Samsung Ex. 1006












Release 12 138 3GPP TS 36.213 V12.3.0 (2014-09)

8.7 UE transmit antenna selection

UE transmit antenna selection is configured by higher layers via parameter ue-TransmitAntennaSelection.
A UE configured with transmit antenna selection for a serving cell is not expected to

e  be configured with more than one antenna port for any uplink physical channel or signal for any configured
serving cell, or

e Dbe configured with trigger type 1 SRS transmission on any configured serving cell, or
e be configured with simultaneous PUCCH and PUSCH transmission, or

e be configured with demodulation reference signal for PUSCH with OCC for any configured serving cell (see
[3], subclause 5.5.2.1.1), or

e receive DCI Format 0 indicating uplink resource allocation type 1 for any serving cell.
If UE transmit antenna selection is disabled or not supported by the UE, the UE shall transmit from UE port 0.

If closed-loop UE transmit antenna selection is enabled by higher layers the UE shall perform transmit antenna selection
for PUSCH in response to the most recent command received via DCI Format 0 in subclause 5.3.3.2 of [4].

If a UE is configured with more than one serving cell, the UE may assume the same transmit antenna port value is
indicated in each PDCCH/EPDCCH with DCI format 0 in a given subframe.

If open-loop UE transmit antenna selection is enabled by higher layers, the transmit antenna for PUSCH/SRS to be
selected by the UE is not specified.
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9 Physical downlink control channel procedures

9.1 UE procedure for determining physical downlink control
channel assignment

9.1.1 PDCCH assignment procedure

The control region of each serving cell consists of a set of CCEs, numbered from 0 to N¢cg, —1 according to
subclause 6.8.1 in [3], where N is the total number of CCEs in the control region of subframe & .

The UE shall monitor a set of PDCCH candidates on one or more activated serving cells as configured by higher layer
signalling for control information, where monitoring implies attempting to decode each of the PDCCHs in the set
according to all the monitored DCI formats.

The set of PDCCH candidates to monitor are defined in terms of search spaces, where a search space S ,EL) at
aggregation level L e {1,2,4,8} is defined by a set of PDCCH candidates. For each serving cell on which PDCCH is
monitored, the CCEs corresponding to PDCCH candidate m of the search space S ,((L ) are given by

L {(Yk +m')rn0d \_NCCE,]C /LJ }+l

where Y, is defined below, i=0,---,L —1. For the common search space m’=m . For the PDCCH UE specific search
space, for the serving cell on which PDCCH is monitored, if the monitoring UE is configured with carrier indicator field
then m'=m+M"D ‘ney where n¢y is the carrier indicator field value, else if the monitoring UE is not configured

with carrier indicator field then m'=m , where m=0,---,M B 1. M™ is the number of PDCCH candidates to
monitor in the given search space.

Note that the carrier indicator field value is the same as ServCelllndex given in [11].

The UE shall monitor one common search space in every non-DRX subframe at each of the aggregation levels 4 and 8
on the primary cell.

The UE shall monitor common search space on a cell to decode the PDCCHs necessary to decode PMCH on that cell if
configured to decode PMCH by higher layers.

If a UE is not configured for EPDCCH monitoring, and if the UE is not configured with a carrier indicator field, then
the UE shall monitor one PDCCH UE-specific search space at each of the aggregation levels 1, 2, 4, 8 on each activated
serving cell in every non-DRX subframe.

If a UE is not configured for EPDCCH monitoring, and if the UE is configured with a carrier indicator field, then the
UE shall monitor one or more UE-specific search spaces at each of the aggregation levels 1, 2, 4, 8 on one or more
activated serving cells as configured by higher layer signalling in every non-DRX subframe.

If a UE is configured for EPDCCH monitoring on a serving cell, and if that serving cell is activated, and if the UE is not
configured with a carrier indicator field, then the UE shall monitor one PDCCH UE-specific search space at each of the
aggregation levels 1, 2, 4, 8 on that serving cell in all non-DRX subframes where EPDCCH is not monitored on that
serving cell.

If a UE is configured for EPDCCH monitoring on a serving cell, and if that serving cell is activated, and if the UE is
configured with a carrier indicator field, then the UE shall monitor one or more PDCCH UE-specific search spaces at
each of the aggregation levels 1, 2, 4, § on that serving cell as configured by higher layer signalling in all non-DRX
subframes where EPDCCH is not monitored on that serving cell.

The common and PDCCH UE-specific search spaces on the primary cell may overlap.
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9.1.2 PHICH assignment procedure

If a UE is not configured with multiple TAGs, or if a UE is configured with multiple TAGs and PUSCH transmissions
scheduled from serving cell c¢in subframe n are not scheduled by a Random Access Response Grant corresponding to a
random access preamble transmission for a secondary cell

- For PUSCH transmissions scheduled from serving cell ¢ in subframe », the UE shall determine the
corresponding PHICH resource of serving cell ¢ in subframe #n+ kpy;cp , where

- kppcn 1s always 4 for FDD.

- kpgycp 1s 6 for FDD-TDD and serving cell ¢ frame structure type 2 and the PUSCH transmission is for

another serving cell with frame structure type 1.

- kpycy is 4 for FDD-TDD and serving cell ¢ frame structure type 1and the PUSCH transmission is for a
serving cell with frame structure type 1.

- - For TDD, if the UE is not configured with EIMTA-MainConfigServCell-r12 for any serving cell and, 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, for PUSCH transmissions scheduled from
serving cell ¢ in subframe #n, the UE shall determine the corresponding PHICH resource of serving cell ¢ in

subframe #+ kpyc , where kppyey is given in table 9.1.2-1.

- 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 EIMTA-MainConfigServCell-ri2 for
at least one serving cell , or for FDD-TDD and serving cell ¢ frame structure type 2, for PUSCH transmissions
scheduled from serving cell cin subframe n, the UE shall determine the corresponding PHICH resource of
serving cell ¢ in subframe »n+kpy;cp, Wwhere kppopis given in table 9.1.2-1, where the "TDD UL/DL

Configuration" in the rest of this subclause refers to the UL-reference UL/DL configuration (defined in
subclause 8.0) of the serving cell corresponding to the PUSCH transmission.

If a UE is configured with multiple TAGs, for PUSCH transmissions on subframe # for a secondary cell ¢ scheduled
by a Random Access Response grant corresponding to a random access preamble transmission for the secondary cell ¢,

- 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 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” in the rest of this subclause refers to the UL-reference UL/DL configuration (defined in
subclause 8.0) of secondary cell c.

- If the UE is not configured to monitor PDCCH/EPDCCH with carrier indicator field corresponding to secondary
cell ¢ in another serving cell, the UE shall determine the corresponding PHICH resource on the secondary cell
c in subframe #+ kpy;cy , where

kprycy is always 4 for FDD and where kp;cy is given in table 9.1.2-1 for TDD.

kppcrr 1s 4 for FDD-TDD and secondary cell ¢ frame structure type 1.
kpprcn 18 given in table 9.1.2-1 for FDD-TDD and secondary cell ¢ frame structure type 2
- If the UE is configured to monitor PDCCH/EPDCCH with carrier indicator field corresponding to secondary cell
¢ 1in another serving cell cl, the UE configured with multiple TAGs shall determine the corresponding PHICH
resource on the serving cell ¢l in subframe 7+ kpyycp , Where

kpgcyr 1s always 4 for FDD and where kpy;cy 1s given in table 9.1.2-1 for TDD.

kppicpr is 4 for FDD-TDD and primary cell frame structure type 1 and frame structure type 1 for secondary

cell ¢ and serving cell ¢l
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An EPDCCH UE-specific search space ES\" at aggregation level L € { 1,2,4,8,16,32 } is defined by a set of
EPDCCH candidates.

For an EPDCCH-PRB-set p , the ECCEs corresponding to EPDCCH candidate m of the search space ES ,EL) are
given by

m-N,.. ]
L (,, + % +b)ymod | Nyey /L | b+

p

where

Y, is defined below,

b=n,, ifthe UE is configured with a carrier indicator field for the serving cell on which EPDCCH is monitored,

otherwise b =0

n¢y 1s the carrier indicator field value,

m=0,1,..M" -1,

P

If the UE is not configured with a carrier indicator field for the serving cell on which EPDCCH is monitored, M ;L) is

the number of EPDCCH candidates to monitor at aggregation level L in EPDCCH-PRB-set p for the serving cell on
which EPDCCH is monitored, as given in Tables 9.1.4-1a, 9.1.4-1b, 9.1.4-2a, 9.1.4-2b, 9.1.4-3a, 9.1.4-3b, 9.1.4-4a,
9.4.4-4b, 9.1.4-5a, 9.1.4-5b below; otherwise, M LL) is the number of EPDCCH candidates to monitor at aggregation

level L in EPDCCH-PRB-set p for the serving cell indicated by ny .

Note that the carrier indicator field value is the same as ServCelllndex given in [11].

A UE is not expected to monitor an EPDCCH candidate, if an ECCE corresponding to that EPDCCH candidate is
mapped to a PRB pair that overlaps in frequency with a transmission of either PBCH or primary or secondary
synchronization signals in the same subframe.

If a UE is configured with two EPDCCH-PRB-sets with the same ng DCCH Value (where nIE[s DCCH is defined in

subclause 6.10.3A.1 in [3]), if the UE receives an EPDCCH candidate with a given DCI payload size corresponding to
one of the EPDCCH-PRB-sets and mapped only to a given set of REs (as described in subclause 6.8A.5 in [3]), and if
the UE is also configured to monitor an EPDCCH candidate with the same DCI payload size and corresponding to the
other EPDCCH-PRB-set and which is mapped only to the same set of REs, and if the number of the first ECCE of the
received EPDCCH candidate is used for determining PUCCH resource for HARQ-ACK transmission (as described in
subclause 10.1.2 and subclause 10.1.3), the number of the first ECCE shall be determined based on EPDCCH-PRB-set

p=0.

The variable Y, is defined by

Y

p.k

= (Ap Y, 4 )modD

where Yp’_1 =Npa 20, 4, =39827, 4, =39829, D=065537 and k= LnS/ZJ, n, is the slot number within a

radio frame. The RNTI value used for 7, is defined in subclause 7.1 in downlink and subclause 8 in uplink. The

DCI formats that the UE shall monitor depend on the configured transmission mode per each serving cell as defined in
subclause 7.1.

The aggregation levels defining the search spaces and the number of monitored EPDCCH candidates is given as follows
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- For a UE configured with only one EPDCCH-PRB-set for distributed transmission, the aggregation levels
defining the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-1a,
Table 9.1.4-1b.

- For a UE configured with only one EPDCCH-PRB-set for localized transmission, the aggregation levels defining
the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-2a, Table 9.1.4-
2b.

For a UE configured with two EPDCCH-PRB-sets for distributed transmission, the aggregation levels defining
the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-3a, 9.1.4-3b.

For a UE configured with two EPDCCH-PRB-sets for localized transmission, the aggregation levels defining the
search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-4a, 9.4.4-4b.

For a UE configured with one EPDCCH-PRB-set for distributed transmission, and one EPDCCH-PRB-set for
localized transmission, the aggregation levels defining the search spaces and the number of monitored
EPDCCH candidates are listed in Table 9.1.4-5a, 9.1.4-5b.

If the UE is not configured with a carrier indicator field for the serving cell on which EPDCCH is monitored,

A

N, 13'; = 13; of the serving cell on which EPDCCH is monitored. If the UE is configured with a carrier indicator field

for the serving cell on which EPDCCH is monitored, N 1131; =N I?BL of the serving cell indicated by n(y.

For Tables 9.1.4-1a, 9.1.4-1b, 9.1.4-2a, 9.1.4-2b, 9.1.4-3a, 9.1.4-3b, 9.1.4-4a, 9.4.4-4b, 9.1.4-5a, 9.1.4-5b
- Case 1 applies
0 for normal subframes and normal downlink CP when DCI formats 2/2A/2B/2C/2D are monitored and

]\7113;225 , or

0 for special subframes with special subframe configuration 3,4,8 and normal downlink CP when DCI
formats 2/2A/2B/2C/2D are monitored and N ]?é >25 or

0 for normal subframes and normal downlink CP when DCI formats 1A/1B/1D/1/2/2A/2B/2C/2D/0/4
are monitored, and when nyppccy <104 (npppccy defined in subclause 6.8A.1 in [3]), or

o0 for special subframes with special subframe configuration 3, 4, 8 and normal downlink CP when DCI
formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4 are monitored, and when ngppccy <104 (ngppocy defined

in subclause 6.8A.1 in [3]);
- Case 2 applies

0 for normal subframes and extended downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4
are monitored or,

0 for special subframes with special subframe configuration 1,2,6,7,9 and normal downlink CP when
DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4 are monitored , or

o for special subframes with special subframe configuration 1,2,3,5,6 and extended downlink CP when
DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4 are monitored;

- otherwise

0 Case 3 is applied.

N lfé’ is the number of PRB-pairs constituting EPDCCH-PRB-set p .
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9.1.41 EPDCCH starting position

For a given serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission modes 1-9,

— if the UE is configured with a higher layer parameter epdcch-StartSymbol-ri 1,

0 the starting OFDM symbol for EPDCCH given by index /pppcecpsay 10 the first slot in a subframe is
determined from the higher layer parameter,
- otherwise
0 the starting OFDM symbol for EPDCCH given by index /pppccpsae 10 the first slot in a subframe is
given by the CFI value in the subframe of the given serving cell when N2% >10,and / EPDCCHStart

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

For a given serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission mode 10, for each EPDCCH-PRB-set, the starting OFDM symbol for monitoring EPDCCH
in subframe £ is determined from the higher layer parameter pdsch-Start-ri1 (defined in subclause 9.1.4.3) as follows

— if the value of the parameter pdsch-Start-r11 belongs to {1,2,3,4},

0 ' sopccusn 1S 81ven by the higher layer parameter pdsch-Start-ri1
— otherwise
O I'topccnsan 1S given by the CFI value in subframe & of the given serving cell when N 1?1% >10, and

! eopccisian 18 given by the CFI value+1 in subframe k of the given serving cell when N <10

— if subframe £k is indicated by the higher layer parameter mbsfi-SubframeConfigList-r11 (defined in subclause
9.1.4.3), or if subframe k 1is subframe 1 or 6 for frame structure type 2,

O lppccnsian =M, I ppopccnsian ) >
— otherwise
o lEPDCCHStan = l;EPDCCHStzxn .
9.1.4.2 Antenna ports quasi co-location for EPDCCH

For a given serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission modes 1-9, and if the UE is configured to monitor EPDCCH,

- the UE may assume the antenna ports 0 — 3, 107 — 110 of the serving cell are quasi co-located (as defined in [3])
with respect to Doppler shift, Doppler spread, average delay, and delay spread.

For a given serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission mode 10, and if the UE is configured to monitor EPDCCH, for each EPDCCH-PRB-set,

- if the UE is configured by higher layers to decode PDSCH according to quasi co-location Type-A as described in
subclause 7.1.10

- the UE may assume the antenna ports 0 — 3, 107 — 110 of the serving cell are quasi co-located (as defined in
[3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.

- if the UE is configured by higher layers to decode PDSCH according to quasi co-location Type-B as described in
subclause 7.1.10

- the UE may assume antenna ports 15 — 22 corresponding to the higher layer parameter gcl-CSI-RS-
ConfigNZPId-r11 (defined in subclause 9.1.4.3) and antenna ports 107-110 are quasi co-located (as defined
in [3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.
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9.14.3 Resource mapping parameters for EPDCCH

For a given serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission mode 10, and if the UE is configured to monitor EPDCCH, for each EPDCCH-PRB-set, the
UE shall use the parameter set indicated by the higher layer parameter re-MappingQCL-Configld-r1 1 for determining
the EPDCCH RE mapping (defined in subclause 6.8A.5 of [3]) and EPDCCH antenna port quasi co-location. The
following parameters for determining EPDCCH RE mapping (as described in subclause 6.8A.5 of [3]) and EPDCCH
antenna port quasi co-location are included in the parameter set:

- -crs-PortsCount-r11.

- crs-FreqShift-r11.
- mbsfn-SubframeConfigList-r11.

- csi-RS-ConfigZPId-r11.

- pdsch-Start-r11.

- qcl-CSI-RS-ConfigNZPId-r11.

- csi-RS-ConfigZPId-Second -r12 if the UE is configured with the higher layer parameter EIMTA-
MainConfigServCell-r12 for the serving cell, and the UE is configured with CSI subframe sets Cg, and

Cegy, for the serving cell.

9144 PRB-pair indication for EPDCCH

For a given serving cell, for each EPDCCH-PRB-pair set p , the UE is configured with a higher layer parameter

XI’ —
resourceBlockAssignment-r11 indicating a combinatorial index 7 corresponding to the PRB index {kl. }ﬁ’z)’* Y

oL . . N NDE k. DL . -
(I<k <N k, <k, ) and given by equation , _ z ,where Ny, is the number of PRB pairs

RB > i+l 0%
- P _ 7
i=0 NRB l

associated with the downlink bandwidth, N lfB” is the number of PRB-pairs constituting EPDCCH-PRB-set p, and is

(%] x>y

X

configured by the higher layer parameter numberPRBPairs-ri 1, and < > =)
Yy

0 x<y

is the extended binomial

DL

. o Ny
coefficient, resulting in unique label 7 € 10,...,| 7 |—1

N
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10 Physical uplink control channel procedures

10.1  UE procedure for determining physical uplink control
channel assignment

If the UE is configured for a single serving cell and is not configured for simultaneous PUSCH and PUCCH
transmissions, then in subframe n uplink control information (UCI) shall be transmitted

- on PUCCH using format 1/1a/1b/3 or 2/2a/2b if the UE is not transmitting PUSCH

- on PUSCH if the UE is transmitting PUSCH in subframe » unless the PUSCH transmission corresponds to a
Random Access Response Grant or a retransmission of the same transport block as part of the contention based
random access procedure, in which case UCI is not transmitted

If the UE is configured for a single serving cell and simultaneous PUSCH and PUCCH transmission, then in
subframe n UCI shall be transmitted

- on PUCCH using format 1/1a/1b/3 if the UCI consists only of HARQ-ACK and/or SR
- on PUCCH using format 2 if the UCI consists only of periodic CSI

- on PUCCH using format 2/2a/2b/3 if the UCI consists of periodic CSI and HARQ-ACK and if the UE is not
transmitting PUSCH

- on PUCCH and PUSCH if the UCI consists of HARQ-ACK/HARQ-ACK+SR/positive SR and
periodic/aperiodic CSI and if the UE is transmitting PUSCH in subframe n, in which case the HARQ-
ACK/HARQ-ACK+SR/positive SR is transmitted on PUCCH using format 1/1a/1b/3 and the periodic/aperiodic
CSI transmitted on PUSCH unless the PUSCH transmission corresponds to a Random Access Response Grant
or a retransmission of the same transport block as part of the contention based random access procedure, in
which case periodic/aperiodic CSI is not transmitted

If the UE is configured with more than one serving cell and is not configured for simultaneous PUSCH and PUCCH
transmission, then in subframe n UCI shall be transmitted

- on PUCCH using format 1/1a/1b/3 or 2/2a/2b if the UE is not transmitting PUSCH

- on PUSCH of the serving cell given in subclause 7.2.1 if the UCI consists of aperiodic CSI or aperiodic CSI and
HARQ-ACK

- on primary cell PUSCH if the UCI consists of periodic CSI and/or HARQ-ACK and if the UE is transmitting on
the primary cell PUSCH in subframe n unless the primary cell PUSCH transmission corresponds to a Random
Access Response Grant or a retransmission of the same transport block as part of the contention based random
access procedure, in which case UCI is not transmitted

- on PUSCH of the secondary cell with smallest SCelllndex if the UCI consists of periodic CSI and/or HARQ-
ACK and if the UE is not transmitting PUSCH on primary cell but is transmitting PUSCH on at least one
secondary cell

If the UE is configured with more than one serving cell and simultaneous PUSCH and PUCCH transmission, then in
subframe »n UCI shall be transmitted

- on PUCCH using format 1/1a/1b/3 if the UCI consists only of HARQ-ACK and/or SR
- on PUCCH using format 2 if the UCI consists only of periodic CSI

- as described in subclause 10.1.1, if the UCI consists of periodic CSI and HARQ-ACK and if the UE is not
transmitting on PUSCH

- on PUCCH and primary cell PUSCH if the UCI consists of HARQ-ACK and periodic CSI and the UE is
transmitting PUSCH on the primary cell, in which case the HARQ-ACK is transmitted on PUCCH using format
1a/1b/3 and the periodic CSI is transmitted on PUSCH unless the primary cell PUSCH transmission
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corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the
contention based random access procedure, in which case periodic CSI is not transmitted

- on PUCCH and PUSCH of the secondary cell with the smallest SCellIndex if the UCI consists of HARQ-ACK
and periodic CSI and if the UE is not transmitting PUSCH on primary cell but is transmitting PUSCH on at
least one secondary cell, in which case, the HARQ-ACK is transmitted on PUCCH using format 1a/1b/3 and the
periodic CSI is transmitted on PUSCH

- on PUCCH and PUSCH if the UCI consists of HARQ-ACK/HARQ-ACK+SR/positive SR and aperiodic CSI in
which case the HARQ-ACK/HARQ-ACK+SR/positive SR is transmitted on PUCCH using format 1/1a/1b/3
and the aperiodic CSI is transmitted on PUSCH of the serving cell given in subclause 7.2.1

If the UE is configured with more than one serving cell, then reporting prioritization and collision handling of periodic
CSI reports of a certain PUCCH reporting type is given in subclause 7.2.2.

A UE transmits PUCCH only on the primary cell.

A UE is configured by higher layers to transmit PUCCH on one antenna port (p = p,) or two antenna ports
(pelpo.p])-

For FDD or FDD-TDD and primary cell frame structure 1, with two configured serving cells and PUCCH format 1b
with channel selection or for FDD with two or more configured serving cells and PUCCH format 3,
Negis1

Z Nreeeived ywhere N2F s the number of configured cells and N***** is the number of transport

NHARQ =
c=0

blocks or the SPS release PDCCH/EPDCCH, if any, received in subframe n —4 in serving cell c.

For TDD and a UE not configured with the parameter EIMTA-MainConfigServCell-ri2 for any serving cell, if a UE is
configured with one serving cell, or the UE is configured with more than one serving cell and the UL/DL configurations
of all serving cells are the same, then

- For TDD with two configured serving cells and PUCCH format 1b with channel selection and a subframe n with
Nof -1
M = 1, or for TDD UL/DL configuration 0 and PUCCH format 3, n, ARQ = Z Z N]te%eived . where
c=0 keK

N s the number of transport blocks or the SPS release PDCCH/EPDCCH, if any, received in subframe

n—k inservingcell c,where ke K, and M is the number of elements in K.

- For TDD UL/DL configurations 1-6 and PUCCH format 3, or for TDD with two configured serving cells and
PUCCH format 1b with channel selection and M = 2,

NP 1
N yDL  _u d4) nACK nreeeived | where FP5 s the VPE in serving cell ¢
NHARQ = DAL ¢ ~UDAL ¢ /mod4j-n. — + k,c DAL ¢ DAI g >
c=0 keK

Upare isthe Up, inservingcell ¢,and n® is the number of HARQ-ACK bits corresponding to the

configured DL transmission mode on serving cell ¢ . In case spatial HARQ-ACK bundling is applied,
n** =1 and N ,fcfived is the number of PDCCH/EPDCCH or PDSCH without a corresponding

PDCCH/EPDCCH received in subframe 7 —k and serving cell ¢, where &k € K and M is the number of
elements in K. In case spatial HARQ-ACK bundling is not applied, N, ;?C:ived is the number of transport blocks

received or the SPS release PDCCH/EPDCCH received in subframe 72—k in serving cell ¢, where k € K
and M is the number of elements in K. V[I)) ALL . =0 if no transport block or SPS release PDCCH/EPDCCH is

detected in subframe(s) n—k inserving cell ¢, where ke K.

- For TDD with two configured serving cells and PUCCH format 1b with channel selection and M =3 or 4,
n =2 if UE receives PDSCH or PDCCH/EPDCCH indicating downlink SPS release only on one serving

4.

HARQ

cell within subframes #n — k ,where k € K ;otherwise Myarg =
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For TDD if the UE is configured with more than one serving cell and if at least two serving cells have different UL/DL
configurations, or if the UE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one serving
cell, or for FDD-TDD and primary cell frame structure 2, then

- For PUCCH format 3, or for two configured serving cells and PUCCH format 1b with channel selection and
M <2 (defined in subclause 10.1.3.2.1 for TDD and subclause 10.1.3A for FDD-TDD),

NL‘IZ)ILI\'_I
] DL ACK received DL . DL . ;
NHARQ = E ((VDALc _UDAI,c)m0d4)' niCK z Nj where VDALc isthe Vp,; inservingcell ¢,
c=0 kekK

K

U, ALc isthe Uy, inserving cell ¢, and nfc is the number of HARQ-ACK bits corresponding to the

configured DL transmission mode on serving cell ¢ . In case spatial HARQ-ACK bundling is applied,
n** =1 and N[ s the number of PDCCH/EPDCCH or PDSCH without a corresponding

PDCCH/EPDCCH received in subframe 7 —k and serving cell ¢, where ke K and K =K (defined in
subclause 7.3.2.2 for TDD and subclause 7.3.4 for FDD-TDD). In case spatial HARQ-ACK bundling is not
applied, N ,fcceived is the number of transport blocks received or the SPS release PDCCH/EPDCCH received in
subframe n—k inservingcell ¢, where k€K and K=K . (defined in subclause 7.3.2.2 for TDD and
subclause 7.3.4 for FDD-TDD). V];) ALL . =0 if no transport block or SPS release PDCCH/EPDCCH is detected
in subframe(s) n—k inservingcell ¢, where ke K and K = K, (defined in subclause 7.3.2.2 for TDD and
subclause 7.3.4 for FDD-TDD). For a serving cell ¢, set VDiLL .=U, Al ¢ if the DL-reference UL/DL
configuration (defined in subclause 10.2) for serving cell ¢ is TDD UL/DL configuration 0,

- For two configured serving cells and PUCCH format 1b with channel selection and M = 3 or 4 (defined in

subclause 10.1.3.2.1 for TDD and subclause 10.1.3A for FDD-TDD), n, ARQ = 2 if UE receives PDSCH or

PDCCH/EPDCCH indicating downlink SPS release only on one serving cell within subframes 7 — k ,where

ke K and K =K (defined in subclause 7.3.2.2 for TDD and subclause 7.3.4 for FDD-TDD); otherwise
4.

Nyarg =

Throughout the following subclauses, subframes are numbered in monotonically increasing order; if the last subframe
of a radio frame is denoted as %, the first subframe of the next radio frame is denoted as &k +1.

Throughout the following subclauses, if the UE is configured with higher layer parameter n/ PUCCH-AN-r11 then
N, }(,BCCH is given by n/ PUCCH-AN-ri11, else N, ](,BCCH is given by higher layer parameter n/ PUCCH-AN .

10.1.1  PUCCH format information

Using the PUCCH formats defined in subclause 5.4.1 and 5.4.2 in [3], the following combinations of UCI on PUCCH
are supported:

- Format 1a for 1-bit HARQ-ACK or in case of FDD or FDD-TDD primary cell frame structure type 1 for 1-bit
HARQ-ACK with positive SR.

- Format 1b for 2-bit HARQ-ACK or for 2-bit HARQ-ACK with positive SR.

- Format 1b for up to 4-bit HARQ-ACK with channel selection when the UE is configured with more than one
serving cell or, in the case of TDD, when the UE is configured with a single serving cell.

- Format 1 for positive SR.

- Format 2 for a CSI report when not multiplexed with HARQ-ACK.

- Format 2a for a CSI report multiplexed with 1-bit HARQ-ACK for normal cyclic prefix.
- Format 2b for a CSI report multiplexed with 2-bit HARQ-ACK for normal cyclic prefix.

- Format 2 for a CSI report multiplexed with HARQ-ACK for extended cyclic prefix.
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- Format 3 for up to 10-bit HARQ-ACK for FDD or FDD-TDD primary cell frame structure type 1 and for up to
20-bit HARQ-ACK for TDD and for up to 21 bit HARQ-ACK for FDD-TDD primary cell frame structure type
2.

- Format 3 for up to 11-bit corresponding to 10-bit HARQ-ACK and 1-bit positive/negative SR for FDD or FDD-
TDD and for up to 21-bit corresponding to 20-bit HARQ-ACK and 1-bit positive/negative SR for TDD and for
up to 22-bit corresponding to 21-bit HARQ-ACK and 1-bit positive/negative SR for FDD-TDD primary cell
frame structure type 2.

- Format 3 for HARQ-ACK, 1-bit positive/negative SR (if any) and a CSI report for one serving cell.

For a UE configured with PUCCH format 3 and HARQ-ACK transmission on PUSCH or using PUCCH format 3, or
for a UE configured with two serving cells and PUCCH format 1b with channel selection and HARQ-ACK
transmission on PUSCH, or for UE configured with one serving cell and PUCCH format 1b with channel selection
according to Tables 10.1.3-5, 10.1.3-6, 10.1.3-7 and HARQ-ACK transmission on PUSCH:

- if the configured downlink transmission mode for a serving cell supports up to 2 transport blocks and only one
transport block is received in a subframe, the UE shall generate a NACK for the other transport block if spatial
HARQ-ACK bundling is not applied.

- if neither PDSCH nor PDCCH/EPDCCH indicating downlink SPS release is detected in a subframe for a serving
cell, the UE shall generate two NACKSs when the configured downlink transmission mode supports up to 2
transport blocks and the UE shall generate a single NACK when the configured downlink transmission mode
supports a single transport block.

The scrambling initialization of PUCCH format 2, 2a, 2b and 3 is by C-RNTL

For a UE that is configured with a single serving cell and is not configured with PUCCH format 3, in case of collision
between a periodic CSI report and an HARQ-ACK in a same subframe without PUSCH, the periodic CSI report is
multiplexed with HARQ-ACK on PUCCH if the parameter simultaneousAckNackAndCQI provided by higher layers is
set TRUE, otherwise the CSI is dropped.

For TDD and for a UE that is configured with a single serving cell and with PUCCH format 3, in case of collision
between a periodic CSI report and an HARQ-ACK in a same subframe without PUSCH, if the parameter
simultaneousAckNackAndCQI provided by higher layers is set TRUE or if the parameter simultaneousAckNackAndCQI-
Format3-rl1 provided by higher layers is set TRUE, the periodic CSI report is multiplexed with HARQ-ACK or
dropped as described in subclause 7.3, otherwise the CSI is dropped.

For FDD or for FDD-TDD and primary cell frame structure type 1 and for a UE that is configured with more than one
serving cell, in case of collision between a periodic CSI report and an HARQ-ACK in a same subframe without
PUSCH,

- if the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE and if the HARQ-ACK
corresponds to a PDSCH transmission or PDCCH/EPDCCH indicating downlink SPS release only on the
primary cell,

then the periodic CSI report is multiplexed with HARQ-ACK on PUCCH using PUCCH format 2/2a/2b

- else if the UE is configured with PUCCH format 3 and if the parameter simultaneousAckNackAndCQI-Format3-
r11 provided by higher layers is set TRUE, and if PUCCH resource is determined according to subclause
10.1.2.2.2, and

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

- if the 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 periodic CSI report is multiplexed with HARQ-ACK on PUCCH using the determined PUCCH
format 3 resource according to [4]

- otherwise,

CSI is dropped.

3GPP
Samsung Ex. 1006



Release 12 157 3GPP TS 36.213 V12.3.0 (2014-09)

For TDD or for FDD-TDD and primary cell frame structure type 2 and for a UE that is configured with more than one
serving cell, in case of collision between a periodic CSI report and an HARQ-ACK in a same subframe without
PUSCH, if the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE or if the parameter
simultaneousAckNackAndCQI-Format3-r11 provided by higher layers is set TRUE, the periodic CSI report is
multiplexed with HARQ-ACK or dropped as described in subclause 7.3, otherwise the CSI is dropped.

In case of collision between a periodic CSI report and an HARQ-ACK in a same subframe with PUSCH, the periodic
CSI is multiplexed with the HARQ-ACK in the PUSCH transmission in that subframe if the UE is not configured by
higher layers for simultaneous PUCCH and PUSCH transmissions. Otherwise, if the UE is configured by higher layers
for simultaneous PUCCH and PUSCH transmissions, the HARQ-ACK is transmitted in the PUCCH and the periodic
CSI is transmitted in the PUSCH.

If each of the serving cells configured for the UE has frame structure type 1, UE procedures for HARQ-ACK feedback
are given in subclause 10.1.2.

If each of the serving cells configured for the UE has frame structure type 2, UE procedures for HARQ-ACK feedback
are given in subclause 10.1.3.

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 1, UE procedure for HARQ-ACK feedback is given in
subclause 10.1.2A.

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 feedback is given in
subclause 10.1.3A.

10.1.2 FDD HARQ-ACK feedback procedures

For FDD and for a UE transmitting HARQ-ACK using PUCCH format 1b with channel selection or PUCCH format 3,
the UE shall determine the number of HARQ-ACK bits, 0, based on the number of configured serving cells and the
downlink transmission modes configured for each serving cell. The UE shall use two HARQ-ACK bits for a serving
cell configured with a downlink transmission mode that support up to two transport blocks; and one HARQ-ACK bit
otherwise.

A UE that supports aggregating at most 2 serving cells with frame structure type 1 shall use PUCCH format 1b with
channel selection for transmission of HARQ-ACK when configured with more than one serving cell with frame
structure type 1.

A UE that supports aggregating more than 2 serving cells with frame structure type 1 is configured by higher layers to
use either PUCCH format 1b with channel selection or PUCCH format 3 for transmission of HARQ-ACK when
configured with more than one serving cell with frame structure type 1.

The FDD HARQ-ACK feedback procedure for one configured serving cell is given in subclause 10.1.2.1 and
procedures for more than one configured serving cell are given in subclause 10.1.2.2.

10.1.21 FDD HARQ-ACK procedure for one configured serving cell

HARQ-ACK transmission on two antenna ports (p €[pg,p;]) is supported for PUCCH format 1a/1b.

For FDD and one configured serving cell, the UE shall use PUCCH resource nl(,lL’f?CH for transmission of HARQ-ACK

in subframe n for p mapped to antenna port p for PUCCH format 1a/1b [3], where

- for a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n—4 , or for a
PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—4 , the UE shall use
nl(,lU‘Né“C)H =g + N }(,BCCH for antenna port p,,, where nccg is the number of the first CCE (i.e. lowest CCE
index used to construct the PDCCH) used for transmission of the corresponding DCI assignment and N ](,IL}CCH
is configured by higher layers. For two antenna port transmission the PUCCH resource for antenna port p, is

. Lp) _ (1)
given by npjcey = ecg 1+ Npyeen -
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resource nl()ll’fé():ﬁ for antenna port p, otherwise, the PUCCH resource value maps to a single PUCCH
resource nf,ll%C)H for antenna port py).

- for a PDSCH transmission on the secondary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n—4, the UE shall use PUCCH format 3 and PUCCH resource nl(f[}‘é)CH

where the value of nl(,ifz)cﬂ is determined according to higher layer configuration and Table 10.1.2.2.2-1.

The TPC field in the DCI format of the corresponding PDCCH/EPDCCH shall be used to determine the
PUCCH resource values from one of the four resource values configured by higher layers, with the mapping
defined in Table 10.1.2.2.2-1. For a UE configured for two antenna port transmission for PUCCH format 3, a
PUCCH resource value in Table 10.1.2.2.2-1 maps to two PUCCH resources with the first PUCCH resource
n%]éoc)ﬂ for antenna port p( and the second PUCCH resource nl%lc]lc)ﬁ for antenna port pq, otherwise, the

PUCCH resource value maps to a single PUCCH resource nl%goc)}{ for antenna port p. A UE shall assume

that the same HARQ-ACK PUCCH resource value is transmitted in each DCI format of the corresponding
secondary cell PDCCH assignments in a given subframe.

- for a PDSCH transmission only on the primary cell indicated by the detection of a corresponding EPDCCH in
subframe n—4, or for a EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe

n—4 on the primary cell, the UE shall use PUCCH format 1a/1b and PUCCH resource nl(,lU’?CH given by

- if EPDCCH-PRB-set ¢ is configured for distributed transmission

(Lpy)  _ (el)
Npgecn = Mecceg Ao+ N PUCCH,q

- if EPDCCH-PRB-set ¢ is configured for localized transmission

~ n

Wpy _ | MeccEq | arECCEG L (el)

Mpyccn = {NECCE” Npg 7 +10'FA ro + Nppeeng
RB

for antenna port p,, where npccp, is the number of the first ECCE (i.e. lowest ECCE index used to
construct the EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢,
A ,zo 1s determined from the HARQ-ACK resource offset field in the DCI format of the corresponding

EPDCCH as given in Table 10.1.2.1-1, N ffi}écﬂ’q for EPDCCH-PRB-set ¢ is configured by the higher layer

parameter pucch-ResourceStartOffset-ri1, N fg “£:4 for EPDCCH-PRB-set g is given in subclause 6.8A.1 in

[3], n'is determined from the antenna port used for localized EPDCCH transmission which is described in
subclause 6.8A.5 in [3]. When two antenna port transmission is configured for PUCCH format 1a/1b, the

PUCCH resource for antenna port p, is given by.
- if EPDCCH-PRB-set ¢ is configured for distributed transmission

(Lp)  _ (el)
Npicen = Meccegq T I+A o+ N PUCCH,q

- if EPDCCH-PRB-set ¢ is configured for localized transmission

_ n

sy _| MEcceg ECCE g | )

Mpyccn = {NECCE"I “Npg " +1+0'+A o + Nipyeeng
RB
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Tables 10.1.3-5/6/7, or PUCCH format 3 for transmission of HARQ-ACK when configured with one serving cell with
frame structure type 2.

A UE that is configured with the parameter EIMTA-MainConfigServCell-ri2 for at least one serving cell is configured
by higher layers to use PUCCH format 1b with channel selection according to the set of Tables 10.1.3-5/6/7, or PUCCH
format 3 for transmission of HARQ-ACK.

PUCCH format 1b with channel selection according to the set of Tables 10.1.3-2/3/4 or according to the set of Tables
10.1.3-5/6/7 is not supported for TDD UL/DL configuration 5.

TDD HARQ-ACK bundling is performed per codeword across M multiple downlink or special subframes associated
with a single UL subframe n, where M is the number of elements in the set K defined in Table 10.1.3.1-1, by a
logical AND operation of all the individual PDSCH transmission (with and without corresponding PDCCH/EPDCCH)
HARQ-ACKSs and ACK in response to PDCCH/EPDCCH indicating downlink SPS release. For one configured serving
cell the bundled 1 or 2 HARQ-ACK bits are transmitted using PUCCH format 1a or PUCCH format 1b, respectively.

For TDD HARQ-ACK multiplexing and a subframe » with M >1, where M is the number of elements in the set K
defined in Table 10.1.3.1-1, spatial HARQ-ACK bundling across multiple codewords within a downlink or special
subframe is performed by a logical AND operation of all the corresponding individual HARQ-ACKs. PUCCH format
1b with channel selection is used in case of one configured serving cell. For TDD HARQ-ACK multiplexing and a
subframe n with M =1, spatial HARQ-ACK bundling across multiple codewords within a downlink or special
subframe is not performed, 1 or 2 HARQ-ACK bits are transmitted using PUCCH format 1a or PUCCH format 1b,
respectively for one configured serving cell.

In the case of TDD and more than one configured serving cell with PUCCH format 1b with channel selection and more
than 4 HARQ-ACK bits for M multiple downlink or special subframes associated with a single UL subframe n, where
M is defined in subclause 10.1.3.2.1, and for the configured serving cells, spatial HARQ-ACK bundling across
multiple codewords within a downlink or special subframe for all configured cells is performed and the bundled
HARQ-ACK bits for each configured serving cell is transmitted using PUCCH format 1b with channel selection. For
TDD and more than one configured serving cell with PUCCH format 1b with channel selection and up to 4 HARQ-
ACK bits for M multiple downlink or special subframes associated with a single UL subframe n, where M is defined
in subclause 10.1.3.2.1, and for the configured serving cells, spatial HARQ-ACK bundling is not performed and the
HARQ-ACK bits are transmitted using PUCCH format 1b with channel selection.

In the case of TDD and more than one configured serving cell with PUCCH format 3 and more than 20 HARQ-ACK
bits for M multiple downlink or special subframes associated with a single UL subframe »n, where M is the number
of elements in the set K defined in subclause 10.1.3.2.2 and for the configured serving cells, spatial HARQ-ACK
bundling across multiple codewords within a downlink or special subframe is performed for each serving cell by a
logical AND operation of all of the corresponding individual HARQ-ACKSs and PUCCH format 3 is used. For TDD and
more than one configured serving cell with PUCCH format 3 and up to 20 HARQ-ACK bits for M multiple downlink
or special subframes associated with a single UL subframe n, where M is the number of elements in the set K
defined in subclause 10.1.3.2.2 and for the configured serving cells, spatial HARQ-ACK bundling is not performed and
the HARQ-ACK bits are transmitted using PUCCH format 3.

For TDD with PUCCH format 3, a UE shall determine the number of HARQ-ACK bits, 0, associated with an UL
subframe n

N DL

cells

accordingto O = ZOCACK where N2% s the number of configured cells, and OCACK is the number of HARQ-bits

cells
c=1
for the c-th serving cell defined in subclause 7.3.

TDD HARQ-ACK feedback procedures for one configured serving cell are given in subclause 10.1.3.1 and procedures
for more than one configured serving cell are given in subclause 10.1.3.2.

10.1.3.1 TDD HARQ-ACK procedure for one configured serving cell

HARQ-ACK transmission on two antenna ports (p €[pg,p;]) is supported for PUCCH format 1a/1b with TDD
HARQ-ACK bundling feedback mode and for PUCCH format 3.
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A UE that supports aggregating more than one serving cell with frame structure type 2 can be configured by higher
layers for HARQ-ACK transmission on two antenna ports (p €[pg,p;]) for PUCCH format 1b with channel

selection.

The TDD HARQ-ACK procedure for a UE configured with PUCCH format 3 is as described in subclause 10.1.3.2.2
when the UE receives PDSCH and/or SPS release PDCCH/EPDCCH only on the primary cell.

If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-ri2, for TDD HARQ-ACK
bundling or TDD HARQ-ACK multiplexing for one configured serving cell and a subframe n with M =1 where M

is the number of elements in the set K defined in Table 10.1.3.1-1, the UE shall use PUCCH resource nl()ll}?CH for
transmission of HARQ-ACK in subframe n for p mapped to antenna port p for PUCCH format 1a/1b, where

- Ifthere is PDSCH transmission indicated by the detection of corresponding PDCCH/EPDCCH or there is
PDCCH/EPDCCH indicating downlink SPS release within subframe(s) n—k, where k€ K and K (defined

in Table 10.1.3.1-1) is a set of M elements {ko,k1 ,---kal} depending on the subframe » and the UL/DL
configuration (defined in Table 4.2-2 in [3]), and if PDCCH indicating PDSCH transmission or downlink SPS
release is detected in subframe n—k,, , where k,, is the smallest value in set K such that UE detects a

PDCCH/EPDCCH indicating PDSCH transmission or downlink SPS release within subframe(s) n—k and
k € K , the UE first selectsa ¢ value out of {0, 1, 2, 3} which makes N, <#nccg < N4 and shall use

Aty = (M =m=1)-N, +m-N,

(1 1 :
os1 Thccp + Npycey for antenna port pg, where NiUecn is

configured by higher layers, N, = max{O, |_[NRD]£“ '(NSIEB -c—4)]/36 J} ,and nccg is the number of the first

CCE used for transmission of the corresponding PDCCH in subframe 7 —k,, and the corresponding m. When
two antenna port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for HARQ-ACK
bundling for antenna port p, is given by nl(,ll}}ééH =M -m-1)-N_+m-N_,, +n.+1+ N1(>3CCH )

- Ifthere is only a PDSCH transmission where there is not a corresponding PDCCH/EPDCCH detected within
subframe(s) n—k ,where k€ Kand K is defined in Table 10.1.3.1-1, the UE shall use PUCCH format 1a/1b

and PUCCH resource nl()lU%j)CH with the value of néb?CH is determined according to higher layer

configuration and Table 9.2-2. For a UE configured for two antenna port transmission for PUCCH format
1a/1b and HARQ-ACK bundling, a PUCCH resource value in Table 9.2-2 maps to two PUCCH resources with
the first PUCCH resource n](,ll}'é"éH for antenna port p( and the second PUCCH resource n](,ll’J%%H for antenna

port pq, otherwise, the PUCCH resource value maps to a single PUCCH resource nl()lU’é’C)H for antenna port

Po-

- Ifthere is PDSCH transmission indicated by the detection of corresponding PDCCH/EPDCCH or there is
PDCCH/EPDCCH indicating downlink SPS release within subframe(s) n—k, where k€ K and K (defined
in Table 10.1.3.1-1) is a set of M elements {kg,k;,--k,,_;} depending on the subframe » and the UL/DL

configuration (defined in Table 4.2-2 in [3]), and if EPDCCH indicating PDSCH transmission or downlink SPS
release is detected in subframe n—k,, , where k,, is the smallest value in set K such that UE detects a

PDCCH/EPDCCH indicating PDSCH transmission or downlink SPS release within subframe(s) n—k and
k € K , the UE shall use

- if EPDCCH-PRB-set ¢ is configured for distributed transmission
(1.50) 'S (e1)
P — el
Npieen = Mrccpg + ZN ECCE.gn—k, T Aro + N PUCCH,q
i1=0
- if EPDCCH-PRB-set 7 is configured for localized transmission

~ n m—1

.5 _ | MEccEq ECCE.q ' =)

Npyccn = NECCE Npg "+ 2 Niccp gpor, T HA 1zo + Noyecng
RB i1=0
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"l(Jll)JCCH,i =M —i-1)-N,+i-Ngy +nccg; + NI(JBCCH , where c is selected from {0, 1, 2, 3} such that

N.<nccg;i <Neyr, Ne= maX{O, \_[Nll{)l% ~(NS%B -c—4)]/36 J} , Nccg,; 18 the number of the first CCE used

for transmission of the corresponding PDCCH in subframe n—k;,and N, }(,BCCH is configured by higher

layers.

- For a PDSCH transmission where there is not a corresponding PDCCH/EPDCCH detected in subframe n—k;,

the value of ngI)JCCHi is determined according to higher layer configuration and Table 9.2-2.

- For a PDSCH transmission indicated by the detection of corresponding EPDCCH or a EPDCCH indicating
downlink SPS release in sub-frame n—k; where k; € K, the UE shall use

- if EPDCCH-PRB-set ¢ is configured for distributed transmission

i—1

Q)] _ (el)
Mpyceni = Meccpq T ZN ECCE gk, T Ao+ N PUCCH,q
i1=0

- if EPDCCH-PRB-set ¢ is configured for localized transmission

-1

n 1

) | PEccEgq ECCEq ) =)

Mpycen,i = N ECCEg Npg "+ 2 Nicepgnr, T HA ro + Noyccng
RB i=0

where 7pccp, is the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH) used

for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢ in subframe n—k,, N ;‘{}():CH’Q

for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-ResourceStartOffset-ri1 ,

N Ifg £4 for EPDCCH-PRB-set g in subframe 7 — k, is given in subclause 6.8A.1 in [3], n'is determined
from the antenna port used for EPDCCH transmission in subframe 5 — k, which is described in subclause
6.8A.5in[3].If i=0, A, isdetermined from the HARQ-ACK resource offset field in the DCI format of
the corresponding EPDCCH as given in Table 10.1.2.1-1. If i >0, A ,,, is determined from the HARQ-

ACK resource offset field in the DCI format of the corresponding EPDCCH as given in Table 10.1.3.1-2, where
the variable m in the table is substituted with i. If the UE is configured to monitor EPDCCH in subframe

n—k,, N ECCE gk, is equal to the number of ECCEs in EPDCCH-PRB-set g configured for that UE in

subframe 7 -k, . If the UE is not configured to monitor EPDCCH in subframe n—k, ., Npccp. gk, 18 equal
to the number of ECCEs computed assuming EPDCCH-PRB-set ¢ is configured for that UE in subframe

n —k;, - For normal downlink CP, if subframe n —k,, is a special subframe with special subframe configuration
Oor5, N ECCE,gn—k, is equal to 0. For extended downlink CP, if subframe n —k,, is a special subframe with
special subframe configuration 0 or 4 or 7, N ECCE gk, is equal to 0.

If a UE is configured with the higher layer parameter EIMTA-MainConfigServCell-ri2, then K'= K where the set K is

defined in Table 10.1.3.1-1 (where “UL/DL configuration” in the table refers to the higher layer parameter
subfirameAsssignment), and M'is the number of elements in set K'.

If a UE is configured with the higher layer parameter EIMTA-MainConfigServCell-ri2, then the set K for the rest of
this subclause is as defined in Sec 10.2, and A is the number of elements for subframe » in the set K

If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-ri2, for TDD HARQ-ACK

multiplexing and sub-frame 7, denote nlgll}CCH,iO as the PUCCH resource derived from sub-frame »n —k,and HARQ-

ACK(i0) as the ACK/NACK/DTX response from sub-framen —k,, where k; € K,and 0<i<M —1.

- i0 corresponding to each subframe 5 —k,,Vi,0<i< M —1 is determined as follows
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Set b=0;
for i=0,1,...M -1
if the value of £; is the same as the value of an element £/, inset K',
i0 corresponding to subframe n—k,=b;

b=b+1
end if
end for
for i=0,1,...M —1
if the value of k, is same as the value of an element k3 inset K*, where k7 e K* (defined in
Table 10.1.3.1-1A)

i0 corresponding to subframe n—k,=b;

b=b+1
end if
end for

- For a PDSCH transmission indicated by the detection of corresponding PDCCH or a PDCCH indicating
downlink SPS release in sub-frame n—k,,

1
- if the value of ki is same as the value of an element k' inset K', the PUCCH resource n}(,II}CCH ;o 1is given

by nyceno =(M'-i2=1)-N_+i2-N &

ent Thcce; + Nopjeen s

A A A
- otherwise, if the value of ki is same as the value of an element ks inset K A, where ki e K (defined in

Table 10.1.3.1-1A), the UE shall set, the PUCCH resource n%ccmo is given by
n;II}CCH,iO = (MA —-i3-1)-N_+i3-N,

KI\ .
ent Thcce; + Nodeen s

4
M. s the number of elements in the set K~ defined in Table 10.1.3.1-1A , ¢ isselected from {0, 1,

N, = max{o,L[Nl?g (NRB.c—4)]/36 J}

where

< . .
2, 3} such that Ne <nccgi <New , , "'CCEi s the number of the

_ Ky ()
first CCE used for transmission of the corresponding PDCCH in subframe n—k, , and Nedeen , Neucen , are

configured by higher layers.
- For a PDSCH transmission where there is not a corresponding PDCCH/EPDCCH detected in subframe n=k; ,

the value of nl(’ll}CCH,iO is determined according to higher layer configuration and Table 9.2-2.

- For a PDSCH transmission indicated by the detection of corresponding EPDCCH or a EPDCCH indicating

k, eK

downlink SPS release in sub-frame "~ k; where , the UE shall use

- if EPDCCH-PRB-set 7 is configured for distributed transmission
i4-1 i5-1

1) _ ' ' ' (el)
Mpicenio = Meceeg T 20N ECCE gk, T N ECCE. gkt T Airo + Nivceng
i1=0 i=0
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- if EPDCCH-PRB-set 7 is configured for localized transmission
i5-1

n i4-1

(1) _ ECCE.q | A7ECCEq z ' Z ' ' ' (el)

Mpycenio = \‘ NECCE Ny +Q N ECCE g0k, + Q2 N ECCE gk +n'+ Ao+ N PUCCH,q
RB i1=0 i1=0

where
- ifthe value of %; is same as the value of an index &'; , where k',ekK' ,then j4=j2and i5=0;

. . . . A A A
- otherwise, if the value of k; is same as the value of an index ki3, where k€K , then 4= M'and
i5=13;

, and where Mgcceq s the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH) used for

1
transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢ in subframe 72 — ki, N lg?j()jCH,q for

EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-ResourceStartOffset-ri1, N ,fg B for

EPDCCH-PRB-set ¢ in subframe " —k; is given in subclause 6.8A.1 in [3], 7'is determined from the antenna port
used for EPDCCH transmission in subframe 7 —k; which is described in subclause 6.8A.5 in [3].

A

" kO is determined as follows

- 1fi4=0 and i5=0 , A' zo is determined from the HARQ-ACK resource offset field in the DCI format
of the corresponding EPDCCH as given in Table 10.1.2.1-1.

- If 0<id<M'and i5=0, A',,, is determined from the HARQ-ACK resource offset field in the DCI

format of the corresponding EPDCCH as given in Table 10.1.3.1-2, where the variable A ,,  in the table is

ARO

substituted with A' the variable 77 in the table is substituted with i4, the variable N in the table is

ARO
substituted with N'and the variable k, in the table is substituted with k',

- Ifid=M'and i5#0, A',,, isdetermined from the HARQ-ACK resource offset field in the DCI format
of the corresponding EPDCCH as given in Table 10.1.3.1-3,

. (] . .
For a given subframe u N'pec, g 18 determined as follows

If the UE is configured to monitor EPDCCH in subframe #, N'gccp,, is equal to the number of ECCEs
in EPDCCH-PRB-set ¢ configured for that UE in subframe ¥.

- Ifthe UE is not configured to monitor EPDCCH in subframe ¥, N' ECCEqu 18 €qual to the number of

ECCEs computed assuming EPDCCH-PRB-set 7 is configured for that UE in subframe “ .

- For normal downlink CP, if subframe ¥ is a special subframe with special subframe configuration 0 or 5,
N'ECCE’W is equal to 0.

- For extended downlink CP, if subframe ¥ is a special subframe with special subframe configuration 0 or 4
or7, N'ECCE’W is equal to 0.

If a UE is not configured with two antenna port transmission for PUCCH format 1b with channel selection, and if the
UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-ri2, based on higher layer signalling
the UE configured with a single serving cell will perform channel selection either according to the set of Tables 10.1.3-
2, 10.1.3-3, and 10.1.3-4 or according to the set of Tables 10.1.3-5, 10.1.3-6, and 10.1.3-7.

If a UE is configured with two antenna port transmission for PUCCH format 1b with channel selection, and if the UE is
not configured with the higher layer parameter EIMTA-MainConfigServCell-r12, then the UE will perform channel
selection according to the set of Tables 10.1.3-5, 10.1.3-6, and 10.1.3-7.
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10.1.3.2 TDD HARQ-ACK procedure for more than one configured serving cell

If a UE configured with EIMTA-MainConfigServCell-ri2 for a serving cell, “UL/DL configuration” of the serving cell
in the rest of this subclause refers to the UL/DL configuration given by the parameter eimta-HarqReferenceConfig-ri2
for the serving cell unless specified otherwise.

The TDD HARQ-ACK feedback procedures for more than one configured serving cell are either based on a PUCCH
format 1b with channel selection HARQ-ACK procedure as described in subclause 10.1.3.2.1 or a PUCCH format 3
HARQ-ACK procedure as described in subclause 10.1.3.2.2.

HARQ-ACK transmission on two antenna ports (p €[pg,p;]) is supported for PUCCH format 3 and TDD with more
than one configured serving cell.

If a UE is configured with more than one serving cell and the TDD UL/DL configurations of all serving cells are the
same, TDD UL/DL configuration 5 with PUCCH format 3 is only supported for up to two configured serving cells.

If a UE is configured with two serving cells and the TDD UL/DL configuration of the two serving cells is the same,
TDD UL/DL configuration 5 with PUCCH format 1b with channel selection for two configured serving cells is not
supported. If a UE is configured with two serving cells and if the TDD UL/DL configuration of the two serving cells are
not the same and if the DL-reference UL/DL configuration (as defined in subclause 10.2) of at least one serving cell is
TDD UL/DL Configuration 5, PUCCH format 1b with channel selection is not supported.

If a UE is configured with the parameter EIMTA-MainConfigServCell-ri2 for at least one serving cell, the UE is not
expected to be configured with more than two serving cells having UL/DL Configuration 5 as a DL-reference UL/DL
configuration.

HARQ-ACK transmission on two antenna ports (p €[pg,p;]) is supported for PUCCH format 1b with channel
selection and TDD with two configured serving cells.

10.1.3.2.1 PUCCH format 1b with channel selection HARQ-ACK procedure

If a UE is configured with the higher layer parameter EIMTA-MainConfigServCell-ri2, then K'= K where the set K
is defined in Table 10.1.3.1-1 (where "UL/DL configuration" in the table refers to the higher layer parameter
subframeAssignment), and M is the number of elements in set X'.

If a UE is configured with two serving cells with the same UL/DL configurations, then in the rest of this subcaluse, K

is as defined in Sec 10.2 and M is the number of elements for subframe # in the set K ,and M srimary = M -

If a UE is configured with two serving cells with different UL/DL configurations,

, where

- then the UE shall determine M for a subframe 7 in this subclause as M = max(M primary » M sec ondary )

is the number of elements for subframe » in the set K defined in Table 10.1.3.1-1 for the primary

M primary
cell TDD UL/DL configuration , and

- M., denotesthe number of elements for subframe # in the set K for the secondary serving cell (as

defined in subclause 10.2)

- if M. piwr <M, then the UE shall, for the secondary serving cell, set HARQ-ACK(j) to DTX forj =
Msec ondary to M - 1 :

- if M ., <M, then the UE shall, for the primary cell, set HARQ-ACK(j) to DTX forj= M . .. to
M -1

If the UE is configured with two serving cells with different UL/DL configurations, then in the rest of this subclause,
K =K_ where K _is defined in subclause 10.2.

For TDD HARQ-ACK multiplexing with PUCCH format 1b with channel selection and two configured serving cells
and a subframe n with M =1, a UE shall determine the number of HARQ-ACK bits, 0, based on the number of
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configured serving cells and the downlink transmission modes configured for each serving cell. The UE shall use two
HARQ-ACK bits for a serving cell configured with a downlink transmission mode that supports up to two transport
blocks; and one HARQ-ACK bit otherwise.

For TDD HARQ-ACK multiplexing with PUCCH format 1b with channel selection and two configured serving cells
(

and a subframe n with M < 2, the UE shall transmit 5(0)»(1) on PUCCH resource npll}’Z)CH for p mapped to antenna
port p using PUCCH format 1b where

(1,p) _ ()
= Mpyccn = "pUccH

where 0< j<4-1 and 4 €{2,3,4}, according to Tables 10.1.3.2-1, 10.1.3.2-2, and 10.1.3.2-3 in subframe #
using PUCCH format 1b.

for antenna port p,,, where n](,%CCH selected from 4 PUCCH resources, nI(,lL)JCCH ;

- n}()ll’%éH for antenna port p, , where nl(,lUi'éH selected from 4 PUCCH resources, n}()IUIZ‘():H/ configured by

higher layers where 0< j< 4—1 and 4 € {2,3,4}, according to Tables 10.1.3.2-1, 10.1.3.2-2, and 10.1.3.2-3 by
replacing ng[}CCH with nf,ll’fééH and replacing n}(,IL)JCCHJ. with ”1(}(}]2:1()71{,5 in subframe n, when the UE is
configured with two antenna port transmission for PUCCH format 1b with channel selection,
and for a subframe n with M =1, HARQ-ACK()) denotes the ACK/NACK/DTX response for a transport block or SPS
release PDCCH/EPDCCH associated with serving cell, where the transport block and serving cell for HARQ-ACK())
and 4 PUCCH resources are given by Table 10.1.2.2.1-1. For a subframe n with M =2, HARQ-ACK(j) denotes the
ACK/NACK/DTX response for a PDSCH transmission or SPS release PDCCH/EPDCCH within subframe(s) given by
set K on each serving cell, where the subframes on each serving cell for HARQ-ACK(j) and 4 PUCCH resources
are given by Table 10.1.3.2-4.
If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-ri2, the UE shall determine
the 4 PUCCH resources, nl(,BCCH’ ; associated with HARQ-ACK(j) where 0< j< 4-1 in Table 10.1.2.2.1-1 for

M =1 and Table 10.1.3.2-4 for M =2, according to

- for a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe 71—k, , where
k, € K on the primary cell, or for a PDCCH indicating downlink SPS release (defined in subclause 9.2) in

subframe n—k, , where k, € K on the primary cell, the PUCCH resource is

1) _ 1) .
Mpucen,; = (Mprimmy —-m-— l)~ N.+m-N_, +nccg,, + Npgeen » Where ¢ s selected from {0, 1, 2, 3}

N, =max{0,| [NEL-(NF®.c—4)]/36 |} where N is

determined from the primary cell, and for a subframe n with M =1 and a transmission mode that supports up
to two transport blocks on the serving cell where the corresponding PDSCH transmission occurs, the PUCCH
—m—l)~NU +m- N, + e +1+ Nieen

c+l

such that N, <neep,, <N,

c+l>

M <ol (1 —
resource Mpyccy, jo1 18 gven by Mpyecy jur = M i,

where 7, is the number of the first CCE used for transmission of the corresponding DCI assignment and

N l()l[}CCH is configured by higher layers.

- for a PDSCH transmission on the primary cell where there is not a corresponding PDCCH/EPDCCH detected
within subframe(s) n—k, where k € K, the value of n](,II}CCH’ ; is determined according to higher layer

configuration and Table 9.2-2.

- For a PDSCH transmission indicated by the detection of corresponding EPDCCH or a EPDCCH indicating
downlink SPS release in sub-frame 7 —k, wherek, € K on the primary cell, the PUCCH resource
nl(,II}CCH’ j is given by

- if EPDCCH-PRB-set ¢ is configured for distributed transmission

m—1

(1) _ (el)
Mptcen,j = Mecceq T Z N ECCE.gn—k, T Aro + N PUCCH,q
i1=0
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- if EPDCCH-PRB-set 7 is configured for localized transmission

n i m—1

0 _ | Mecceq | asECCEg z ' ()

Ppicen,j = NECCE Ny + NECCE,q,n—k“ +n'+A po + NPUCCH,q
RB i1=0

where 7pecp is the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH) used

for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢ in subframe n—k, , N l()eUléCH, q

for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-ResourceStartOffset-ri1 ,

N Ifg 64 for EPDCCH-PRB-set ¢ in subframe 7 -k, is given in subclause 6.8A.1 in [3], n'is determined
from the antenna port used for EPDCCH transmission in subframe 7 — k, which is described in subclause
6.8A.5in[3].If m=0, A, isdetermined from the HARQ-ACK resource offset field in the DCI format of
the corresponding EPDCCH as given in Table 10.1.2.1-1.If m >0, A ,,, is determined from the HARQ-

ACK resource offset field in the DCI format of the corresponding EPDCCH as given in Table 10.1.3.1-2. If the
UE is configured to monitor EPDCCH in subframe n—k,, N ECCE gk, is equal to the number of ECCEs in

EPDCCH-PRB-set g configured for that UE in subframe n —k,, . If the UE is not configured to monitor
EPDCCH in subframe n—k,, Nyeep gk, 18 equal to the number of ECCEs computed assuming EPDCCH-

PRB-set ¢ is configured for that UE in subframe n —k,, . For normal downlink CP, if subframe n -k, isa
special subframe with special subframe configuration 0 or 5, N ECCE g n—k, is equal to 0. For extended downlink

CP, if subframe n -k, is a special subframe with special subframe configuration 0 or 4 or 7, N FCCE gk, is
equal to 0. For a subframe n with M =1 and a transmission mode that supports up to two transport blocks on
the serving cell where the corresponding PDSCH transmission occurs, the PUCCH resource I’l}(,BCCH’ i1 18

given by

- if EPDCCH-PRB-set ¢ is configured for distributed transmission

m—1
Lp)  _ (el)
Npicen = Meccpq T 1+ ) N ECCE.gn—k, T Aot N PUCCH,q
i1=0

- if EPDCCH-PRB-set 7is configured for localized transmission

~ n m—1

Lp)  _ ECCEq |, ATECCEq ' (el)

Rpyccn = N ECCEg Npg 41+ Niccrgnr, T8 4zo + Noyceng
RB i1=0

- for a PDSCH transmission indicated by the detection of a corresponding PDCCH/EPDCCH within subframe(s)

n—k,where k€ K on the secondary cell, the value of nI(’ll}CCH e and the value of nI(’II}CCH il for a

subframe n with M =2 or for a subframe » with M =1 and a transmission mode on the secondary cell that
supports up to two transport blocks is determined according to higher layer configuration and Table 10.1.2.2.1-
2. The TPC field in the DCI format of the corresponding PDCCH/EPDCCH shall be used to determine the
PUCCH resource values from one of the four resource values configured by higher layers, with the mapping
defined in Table 10.1.2.2.1-2. For a UE configured for a transmission mode on the secondary cell that supports
up to two transport blocks and a subframe n with M =1, or for a subframe n with M =2, a PUCCH resource

value in Table 10.1.2.2.1-2 maps to two PUCCH resources (I’lI(,l[)JCCH’ i I’lI(,ll)JCCH’ j .1) > otherwise, the PUCCH

resource value maps to a single PUCCH resource nl(,l[)JCCH’ ;- A UE shall assume that the same HARQ-ACK

PUCCH resource value is transmitted in the TPC field on all PDCCH/EPDCCH assignments on the secondary
cell within subframe(s) n—k, where ke K .

Table 10.1.3.2-1: Transmission of HARQ-ACK multiplexing for A = 2
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- for a PDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n—k ,where k, € K with the DAI value in the PDCCH equal to '1' (defined in Table 7.3-X)

m?

or a PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n —k,,, where
km € K with the DAI value in the PDCCH equal to '1', the PUCCH resource

) _ 1) .
Ppuccr,) = (Mp”.mary —-m-— l)~ N,+m-N_, +nccg,, + Npyeey Where ¢ is selected from {0, 1, 2, 3}

c+l>?

N, =max{0.[ [NEY - (NF®-c—4)]/36 |} . where ncy,, is the

number of the first CCE used for transmission of the corresponding PDCCH in subframe n—#k, and

such that N, <ngep,, <N,

NiJcey is configured by higher layers.
- for a PDSCH transmission on the primary cell indicated by the detection of a corresponding EPDCCH in
subframe n—k, , where k, € K with the DAI value in the EPDCCH equal to '1' (defined in Table 7.3-X)

or an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe 7 —k, , where

k,,, € K with the DAI value in the EPDCCH equal to '1', the PUCCH resource is given by

- IfEPDCCH-PRB-set q is configured for distributed transmission

m-1

(0] _ (el)
Mpicen, = Pecceq ZNECCE,q,n—k“ +A po + NPUCCH,q
i=0

- IfEPDCCH-PRB-set ¢ is configured for localized transmission

n m—1

) _ | MeccEq ECCE.g (el)

Mpycen, = LNECCE,(, J Ny + ZNECCE,q,Mc,l +1'+A po + NPUCCH,q
RB i1=0

where n ECCEq is the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH)

used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢ in subframe n—-fk ,

N l(fl}éCH) o for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-ResourceStartOffset-

r1l, Ny for EBDCCH-PRB-set ¢ in subframe 5 —k is given in subclause 6.8A.1 in [3], 7'is
determined from the antenna port used for EPDCCH transmission in subframe » — &, which is described in
subclause 6.8A.5in [3].If m =0, A, is determined from the HARQ-ACK resource offset field in the
DCI format of the corresponding EPDCCH as given in Table 10.1.2.1-1.If m >0, A, is determined
from the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as given in
Table 10.1.3.1-2. If the UE is configured to monitor EPDCCH in subframe n -k, Npccp. gk, 1sequalto

the number of ECCEs in EPDCCH-PRB-set g configured for that UE in subframe n — k. If the UE is not

configured to monitor EPDCCH in subframe n—k,,, N pcex. gnk, 1sequal to the number of ECCEs
computed assuming EPDCCH-PRB-set ¢ is configured for that UE in subframe 5 — k,, . For normal downlink

CP, if subframe n—k,, is a special subframe with special subframe configuration 0 or 5, N . gk, 18

equal to 0. For extended downlink CP, if subframe n—k,, is a special subframe with special subframe

configuration 0 or 4 or 7, NECCE,WH(_1 is equal to 0.

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell, and
if there is a PDSCH transmission on the primary cell without a corresponding PDCCH/EPDCCH detected within
the subframe(s) n—k, where ke K,

- the value of nf,BCCH,O is determined according to higher layer configuration and Table 9.2-2.
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- for a PDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH in
subframe 5 —k, , where k, € K with the DAI value in the PDCCH equal to '1' (defined in Table 7.3-X) or

a PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n —k, , where k, € K
with the DAI value in the PDCCH equal to '1',

- if the value of £, is same as the value of an element %', where k', e K', the PUCCH resource

n](,l[}CCH’l is given by ng&CCH,I =(M'-i2-1)-N_+i2-N,

c+l

(1) .
+ Necg; + Npyeen s

- otherwise, if the value of k, is same as the value of an element k[/; inset K*, where k[g‘ e K“(defined
in Table 10.1.3.1-1A), the PUCCH resource Mjy)ccy; is given by
nl(’lL)TCCH,l =(M" —i3-1)-N_+i3-N,

KA .
e+t Thecp; Npieen's

where M , is the number of elements in the set K defined in Table 10.1.3.1-1A , where ¢ is selected

from {0, 1,2, 3} suchthat N, <ngep; <N, N, = max{o, \_[Nl‘fé (N2 .c-4)]/36 J}

c+l >
where N, I?BL is determined from the primary cell, nccg; is the number of the first CCE used for
transmission of the corresponding PDCCH in subframe n —k, , and N II’(L?CCH , N I(,BCCH , are configured by

higher layers .

- for a PDSCH transmission on the primary cell indicated by the detection of a corresponding EPDCCH in
subframen — k, , where k, € K with the DAI value in the EPDCCH equal to 'l" (defined in Table 7.3-X) or

an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n -k, , where
k, € K with the DAI value in the EPDCCH equal to '1', the PUCCH resource is given by

- IfEPDCCH-PRB-set ¢ is configured for distributed transmission

i4-1 iS-1

(€3] _ i ’ ’ (el)
Mpucers = Pecceg T 2N ECCE -k, +Q N ECCE g -k +Aro + Npvecng
i1=0 i=0

- If EPDCCH-PRB-set ¢ is configured for localized transmission

14-1 i5-1

n 1

)] _ ECCE,q ECCE g ' ’ ' ’ (el)

Rpycch,) = —NECCE# Ny + E NECCE’%H;l + E NECCE"I’HIA1 +n'+ Ay, +NPUCCH,q
RB i1=0 i1=0

where

- if the value of k, is same as the value of an index ks where k',ekK', then j4=i2and i5=0;

- otherwise, if the value of £, is same as the value of an index £, where k7 e K*,then i4 = M'and
i5=1i3;
,and where Mpecg, is the number of the first ECCE (i.e. lowest ECCE index used to construct the

EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢ in subframe
n—k,, N 1(:{}()2CH, q for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-

ResourceStartOffset-ri1, N 1€BC £4 for EPDCCH-PRB-set g in subframe 7 —k, is given in subclause
6.8A.1in [3], n'is determined from the antenna port used for EPDCCH transmission in subframe
'

4 are determined

. . . . . ' ]
n —k,, which is described in subclause 6.8A.5in [3]. A' 0 N'pccr i, 5 N ECCE gk

as described in section 10.1.3.1.
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-  HARQ-ACK(0) is the ACK/NACK/DTX response for the PDSCH transmission without a corresponding
PDCCH/EPDCCH. For 1< j<M -1, if a PDSCH transmission with a corresponding PDCCH/EPDCCH

and DAI value in the PDCCH/EPDCCH equal to ' j' or a PDCCH/EPDCCH indicating downlink SPS release
and with DAI value in the PDCCH/EPDCCH equal to ' ;' is received, HARQ-ACK(j) is the corresponding
ACK/NACK/DTX response; otherwise HARQ-ACK(j) shall be set to DTX.

- Otherwise,

- Ifthe UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary
cell, for a PDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH in

subframe n—k, , where k,, € K and for TDD UL/DL configuration of the primary cell belonging to
{1,2,3,4,6} the DAI value in the PDCCH equal to either '1' or "2' or a PDCCH indicating downlink SPS
release (defined in subclause 9.2) in subframe 7 —k,, , where k, € K and for TDD UL/DL configuration
of the primary cell belonging to {1,2,3,4,6} the DAI value in the PDCCH equal to either '1' or '2', the
PUCCH resource n[(,BCCHJ =M —m-— 1)- N, +m-N,

] .
et Thecp + Nopycen» where ¢ s

primary
selected from {0, 1,2, 3} such that N, <ngeg,, <N,

c+l>
DL RB .
N, = max{ 0, I_ [Neg (N -c—4)]/36 J } , where 7, is the number of the first CCE used for

transmission of the corresponding PDCCH in subframe n—k, , N ](,BCCH is configured by higher layers

and for TDD UL/DL configuration of the primary cell belonging to {1,2,3,4,6}, i =0 for the corresponding
PDCCH with the DAI value equal to '1'and i =1 for the corresponding PDCCH with the DAI value equal
to '2', and for the primary cell with TDD UL/DL configuration 0 i =0 for the corresponding PDCCH.

- Ifthe UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,
for a PDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n—fk, , where ke K and for TDD UL/DL configuration of the primary cell belonging to

{1,2,3,4,6} the DAI value in the PDCCH equal to either 'l' or 2' or a PDCCH indicating downlink SPS
release (defined in subclause 9.2) in subframe n—k, , where k, e K and for TDD UL/DL configuration

of the primary cell belonging to {1,2,3,4,6} the DAI value in the PDCCH equal to either '1' or '2',

- ifthe value of fk  is same as the value of an element £',, where k', e K', the PUCCH resource

ng{}CCH,i is given by niyccy, = (M'—i2-1)-N,_+i2- N,

(03} .
et Thccem  Npycen s

- otherwise, if the value of &, is same as the value of an element ki inset K*, where k} e K*(defined
in Table 10.1.3.1-1A), the PUCCH resource n}(,lL)JCCH’i is given by
nf’BCCH,i =(M" —i3-1)-N_+i3-N,

l(A .
e+t Thecpm T Npjeens

where M, is the number of elements in the set K* , where ¢ is selected from {0, 1, 2, 3} such that
N, = max{ 0, L[NEBL -(Ns}zB -c—4)]/36 J } where NE,; is determined

from the primary cell, ., is the number of the first CCE used for transmission of the corresponding

N, < Recp.m < N

c+l>

PDCCH in subframe n -k, ,and N, I]f[j*CCH , N f,BCCH , are configured by higher layers. Here, for TDD

UL/DL configuration of the primary cell belonging to {1,2,3,4,6}, i =0 for the corresponding PDCCH
with the DAI value equal to '1'and i =1 for the corresponding PDCCH with the DAI value equal to '2', and
for the primary cell with TDD UL/DL configuration 0 i = 0 for the corresponding PDCCH.

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary
cell for a PDSCH transmission on the primary cell indicated by the detection of a corresponding EPDCCH in
subframe n—k, , where k, € K and for TDD UL/DL configuration of the primary cell belonging to
{1,2,3,4,6} the DAI value in the EPDCCH equal to either 'l'or '2' or an EPDCCH indicating downlink SPS

release (defined in subclause 9.2) in subframe 7 —k,, , where km € K and for TDD UL/DL configuration
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of the primary cell belonging to {1,2,3,4,6}the DAI value in the EPDCCH equal to either '1' or '2', the
PUCCH resource is given by

- IfEPDCCH-PRB-set ¢ is configured for distributed transmission

m—1

(1) _ (el)
Mpieen = Mecceq T N ECCE.gn—k, T Ao+ N PUCCH,q
i1=0

- IfEPDCCH-PRB-set ¢ is configured for localized transmission

n m—1

1) _ ECCE,q . ECCE g z ' (el)

nPUCCH,i - NECCE’q NRB + NECCE,q,n—k,-] +n +AARO + NPUCCH,q
RB il=0

where Rpecg, is the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH)
used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢ in subframe n—fk ,

N l(fUl)CCHWq for EPDCCH-PRB-set g is configured by the higher layer parameter pucch-ResourceStartOffset-
ril, N }fBC “£:4 for EPDCCH-PRB-set g in subframe 7 -k, is given in subclause 6.8A.1in [3], n'is

determined from the antenna port used for EPDCCH transmission in subframe »n — k, which is described in
subclause 6.8A.5in [3].If m =0, A ,,, is determined from the HARQ-ACK resource offset field in the
DCI format of the corresponding EPDCCH as given in Table 10.1.2.1-1. If m >0, A .,

from the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as given in
Table 10.1.3.1-2. If the UE is configured to monitor EPDCCH in subframe n—k,, N FCCE gk, is equal to

the number of ECCEs in EPDCCH-PRB-set ¢ configured for that UE in subframe »n — ;. If the UE is not

is determined

configured to monitor EPDCCH in subframen —k,;, N pccp. gk, 1s equal to the number of ECCEs
computed assuming EPDCCH-PRB-set ¢ is configured for that UE in subframe # —k;,, . For normal

downlink CP, if subframe n —k,, is a special subframe with special subframe configuration 0 or 5,
Necer, gk, 18 equal to 0. For extended downlink CP, if subframe 7 —k;, is a special subframe with special
subframe configuration 0 or 4 or 7, NV FCCE gk, is equal to 0. Here, for TDD UL/DL configuration of the

primary cell belonging to {1,2,3,4,6} i =0 for the corresponding EPDCCH with the DAI value equal to 'l'
and i =1 for the corresponding EPDCCH with the DAI value equal to '2', and for the primary cell with
TDD UL/DL configuration 0 i = 0 for the corresponding EPDCCH.

- Ifthe UE is configured with the higher layer parameter EIMTA-MainConfigServCell-ri12 on the primary cell
for a PDSCH transmission on the primary cell indicated by the detection of a corresponding EPDCCH in

subframe n—k, , where k, € K and for TDD UL/DL configuration of the primary cell belonging to
{1,2,3,4,6} the DAI value in the EPDCCH equal to either 'l' or 2' or an EPDCCH indicating downlink SPS
release (defined in subclause 9.2) in subframe # — km , where km € K and for TDD UL/DL configuration
of the primary cell belonging to {1,2,3,4,6}the DAI value in the EPDCCH equal to either '1' or '2', the
PUCCH resource is given by

- IfEPDCCH-PRB-set g is configured for distributed transmission

i4-1 i5-1

1) _ (el)
Mpicen; = Mecerg T 2N ECCE g, T N ECCE gkl T A 4ro T Nouceng
i=0 i=0

- IfEPDCCH-PRB-set g is configured for localized transmission

j4—1 i5-1

n 1

1 _ ECCEq | A7ECCE.q Z Z ' (e1)

Mpuceni = NECCEq Ny + 2N ECCE.q.n—k, + 2N ECCE q.n—k! 't AARO +N PUCCH,q
RB i1=0 i1=0

3GPP
Samsung Ex. 1006



Release 12 184 3GPP TS 36.213 V12.3.0 (2014-09)

where

- if the value of k, is same as the value of an index ks where k,eK', then j4=i2;

- otherwise, if the value of k, is same as the value of an index kl.’; , where kl.gl e K4, then i4=i3;

,and where Mpccp, is the number of the first ECCE (i.e. lowest ECCE index used to construct the

EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢ in subframe

n-— km , N l(’?}()ZCH, q for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-

ResourceStartOffset-ril, N fg %4 for EPDCCH-PRB-set g in subframe 7 — km is given in subclause

6.8A.1 in [3], n'is determined from the antenna port used for EPDCCH transmission in subframe

n—k, which is described in subclause 6.8A.5in [3].. A' 1 Npeer g, ’ N, CEgn it 7 determined
as described in section 10.1.3.1. Here, for TDD UL/DL configuration of the primary cell belonging to
{1,2,3,4,6} i =0 for the corresponding EPDCCH with the DAI value equal to 'l' and i =1 for the

corresponding EPDCCH with the DAI value equal to 2', and for the primary cell with TDD UL/DL
configuration 0 i = O for the corresponding EPDCCH.

- For 0<j<M -1 and TDD UL/DL configuration of the primary cell belonging to {1,2,3,4,6}, if a PDSCH

transmission with a corresponding PDCCH/EPDCCH and DAI value in the PDCCH/EPDCCH equal to
'j +1"or a PDCCH/EPDCCH indicating downlink SPS release and with DAI value in the PDCCH/EPDCCH

equal to ' j +1'is received, HARQ-ACK()) is the corresponding ACK/NACK/DTX response; otherwise
HARQ-ACK(j) shall be set to DTX. For 0 < j < M —1 and the primary cell with TDD UL/DL configuration

0, if a PDSCH transmission with a corresponding PDCCH/EPDCCH or a PDCCH/EPDCCH indicating
downlink SPS release is received, HARQ-ACK(0) is the corresponding ACK/NACK/DTX response;
otherwise HARQ-ACK(j) shall be set to DTX.

For Secondary cell:
- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-ri2 on the primary cell,

for a PDSCH transmission on the secondary cell indicated by the detection of a corresponding PDCCH on the
primary cell in subframe #—Kk,, , where k, € K with the DAI value in the PDCCH equal to either '1' or '2',

the PUCCH resources nl()BCCH’i = (M -m-— 1)- N, +m-N_, + Recpm Nl(,lJCCH ,where c¢ is

primary

selected from {0, 1,2, 3} such that N, <n... . <N.,, N, = max{ 0, \_[Ng‘ (NP .c—4)]/36 J } ,

where N, RDEE is determined from the primary cell, n.,, is the number of the first CCE used for transmission

of the corresponding PDCCH in subframe n—k,, N\)ccy is configured by higher layers, i =2 for the

corresponding PDCCH with the DAI value equal to '1' and i =3 for the corresponding PDCCH with the DAI
value equal to 2'.

- Ifthe UE is configured with the higher layer parameter EIMTA-MainConfigServCell-ri2 on the primary cell, for
a PDSCH transmission on the secondary cell indicated by the detection of a corresponding PDCCH on the

primary cell in subframe 72—k, , where k, € K with the DAI value in the PDCCH equal to either '1' or '2',

- ifthe value of f, is same as the value of an element %', , where k', e K', the PUCCH resource ”}(vlt}ccm

is given by nl(,BCCHJ. =(M'-i2-1)-N_+i2-N

c+l

(1 .
+ Mg + Noveen s

- otherwise, if the value of k _ is same as the value of an element klg‘ inset K4, where klg‘ e K (defined in
Table 10.1.3.1-1A, where "UL/DL configuration" in the table refers to the higher layer parameter

subframeAssignment), the PUCCH resource nl(,BCCH,i is given by

o) oagd . K, .
Npycen, = (M*=i3-1)-N_+i3-N,_, +Neeg,, + Nodeen s
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where A, is the number of elements in the set K defined in Table 10.1.3.1-1A , where ¢ is selected from

N, =max{0,| [NEE-(N®® .c—4)]/36 |} where NE-

is determined from the primary cell, n, , is the number of the first CCE used for transmission of the

{0, 1,2, 3} such that N, < Recp.m < N

c+l>

corresponding PDCCH in subframe n -k, ,and N, Ilf[j‘CCH , N f,BCCH , are configured by higher layers. Here,
i =2 for the corresponding PDCCH with the DAI value equal to '1' and i =3 for the corresponding PDCCH
the DAI value in the PDCCH equal to either '1' or 2.

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-ri2 on the primary cell,
for a PDSCH transmission on the secondary cell indicated by the detection of a corresponding EPDCCH on the
primary cell in subframe 7 —k,, , where k, € K with the DAI value in the PDCCH equal to either '1' or '2',
the PUCCH resources are given by

- IfEPDCCH-PRB-set ¢ is configured for distributed transmission

m—1

] _ (el)
Mptecni = Mecceq T ZN ECCE.gn—k, T Aot N PUCCH,q
i1=0

- If EPDCCH-PRB-set g is configured for localized transmission

-1

n m

m _ | Mecciq | arECCEq ) ()

Ppuccn,i = ECCEq Ny + z \,NECCE,q,n—k“ +n'+A po + NPUCCH,q
NRB i1=0

where Rpecp i the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH) used

for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢ in subframe n—k,, N ff{}éCH q

for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-ResourceStartOffset-ri 1 ,

N fg %4 for EPDCCH-PRB-set g in subframe n —k,, is given in subclause 6.8A.1 in [3], 7n'is determined from

the antenna port used for EPDCCH transmission in subframe n —k, which is described in subclause 6.8A.5 in
[3]1.1f m=0, A, isdetermined from the HARQ-ACK resource offset field in the DCI format of the
corresponding EPDCCH as given in Table 10.1.2.1-1. If m >0, A, is determined from the HARQ-ACK

resource offset field in the DCI format of the corresponding EPDCCH as given in Table 10.1.3.1-2. If the UE is
configured to monitor EPDCCH in subframe n—k,, N ECCE gk, is equal to the number of ECCEs in

EPDCCH-PRB-set g configured for that UE in subframe 5 —k;, . If the UE is not configured to monitor
EPDCCH in subframen —k,, , N e, gk, 18 equal to the number of ECCEs computed assuming EPDCCH-
PRB-set g is configured for that UE in subframe n — k,, . For normal downlink CP, if subframe »n -k, isa
special subframe with special subframe configuration 0 or 5, N ECCE gk, is equal to 0. For extended
downlink CP, if subframe n —f, is a special subframe with special subframe configuration 0 or 4 or 7,
Necer, gk, 15 equal to 0. Here, i =2 for the corresponding EPDCCH with the DAI value equal to 'l' and

i =3 for the corresponding EPDCCH with the DAI value equal to '2'.

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell, for
a PDSCH transmission on the secondary cell indicated by the detection of a corresponding EPDCCH on the

primary cell in subframe 7 —k,, , where k, € K with the DAI value in the PDCCH equal to either '1' or '2',
the PUCCH resources are given by

- If EPDCCH-PRB-set g is configured for distributed transmission

i4-1 i5-1

1) _ ’ ' ' (el)
Mpuceni = Meceeg T 2N ECCE gk, + Q2 N ECCE qn—k! +Alro + Npvecng
i=0 i=0
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- IfEPDCCH-PRB-set g is configured for localized transmission

j4-1 i5-1

n 1

(1) _ ECCEq | aA7ECCEq Z ' Z ' ' ' (el)

Mpyceni = { AECCEg Nig "+ 2 N pecgni T 22N pcceguig T T Aliro + Nevceng
RB i1=0 i1=0

where

- ifthe value of f  is same as the value of an index k', where k', e K', then i4=i2;
- otherwise, if the value of &, issame as the value of an index &}, where ke K*,then i4=i3;

and where Nccrg is the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH)

used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢ in subframe 7 —k

m?

N l(;ijlg:CH, o, for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-ResourceStartOffset-r11

., N fBC “E4 for EPDCCH-PRB-set qin subframe n—k, is given in subclause 6.8A.1in [3], n'is determined

from the antenna port used for EPDCCH transmission in subframe # — k, which is described in subclause

6.8A.5in[3]. A", ]\f'ECCE,qJH(,i1 ’ ]\['ECCE’WH{I_A1 are determined as described in subclause 10.1.3.1. For

extended downlink CP, if subframe n -k, is a special subframe with special subframe configuration 0 or 4 or

7, N

ECCE ,q,n—k;
i =3 for the corresponding EPDCCH with the DAI value equal to '2'.

is equal to 0. Here, i =2 for the corresponding EPDCCH with the DAI value equal to '1' and

- for a PDSCH transmission indicated by the detection of a corresponding PDCCH/EPDCCH within the
subframe(s) n—k, where k € K on the secondary cell, the value of n](,BCCH,Z and nl(>II}CCH,3 is determined

according to higher layer configuration and Table 10.1.2.2.1-2. The TPC field in the DCI format of the
corresponding PDCCH/EPDCCH shall be used to determine the PUCCH resource values from one of the four
resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.1-2. A UE shall assume
that the same HARQ-ACK PUCCH resource value is transmitted in the TPC field on all PDCCH/EPDCCH
assignments on the secondary cell within subframe(s) n—k, where k€K .

- For 0<j<M -1, ifaPDSCH transmission with a corresponding PDCCH/EPDCCH and DAI value in the
PDCCH/EPDCCH equal to ' j + 1" is received, HARQ-ACK(j) is the corresponding ACK/NACK/DTX response;
otherwise HARQ-ACK()) shall be set to DTX.

A UE shall perform channel selection according to the Tables 10.1.3.2-5, and 10.1.3.2-6 and transmit p(0),5(1) on

PUCCH resource n](,ll’fz)CH for p mapped to antenna port p using PUCCH format 1b according to subclause 5.4.1 in
[3] where

”;)lt}%c)ﬂ = nf’BCCH in sub-frame 7 for p mapped to antenna port p, where "any" in Tables 10.1.3.2-5, and

10.1.3.2-6 represents any response of ACK, NACK, or DTX. The value of 5(0),5(1) and the PUCCH resource

nI(,BCCH are generated by channel selection according to Tables 10.1.3.2-5, and 10.1.3.2-6 for M =3, and 4

respectively.

(L,7y) (1,7) (L,py)

- MNpjccy for antenna port p, where Rpiccy selected from PUCCH resources, 7pccyy;configured by higher

1z

layers where 0<i<3 according Tables 10.1.3.2-5, and 10.1.3.2-6 for M = 3, and 4 respectively by replacing
”gl)JCCH with nl()lU'ééH and replacing nl(’llleCH,i with ”191}%%1-1,[: where "any" in Tables 10.1.3.2-5, and 10.1.3.2-

6 represents any response of ACK, NACK, or DTX, when the UE is configured with two antenna port
transmission for PUCCH format 1b with channel selection.
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(ACK, NACK/DTX, any, any), :
ACK, ACK, NACK/DTX, any except for (ACK, DTX, DTX, | n%ccp 0, 1 1,0,0,0
DTX) ’
ACK, DTX, DTX, DTX NACK/DTX, any, any, any | n%ccro 1,1 0,1,0,0
(ACK, NACK/DTX, any, any), |
ACK, DTX, DTX, DTX except for (ACK, DTX, DTX, nf,[)JCCHO 1,1 0,1,0,0
DTX) )
ACK, ACK, ACK, ACK NACK/DTX, any, any, any ”%’II)JCCH 0 1,1 0,1,0,0
(ACK, NACK/DTX, any, any), |
ACK, ACK, ACK, ACK except for (ACK, DTX, DTX, n%,[)JCCHO 1,1 0,1,0,0
DTX) |
NACK, any, any, any NACK/DTX, any, any, any | nbcciro 0,0 0,0,0,0
(ACK, NACK/DTX, any, any), |
NACK, any, any, any except for (ACK, DTX, DTX, n%,[)JCCH 0 0,0 0,0,0,0
DTX) ’
(ACK, NACK/DTX, any, any), .
except for (ACK, DTX, DTX, NACK/DTX, any, any, any | n%ccro 0,0 0,0,0,0
DTX) ’
(ACK, NACK/DTX, any, any), (ACK, NACK/DTX, any, any), |
except for (ACK, DTX, DTX, except for (ACK, DTX, DTX, n%,[)JCCH 0 0,0 0,0,0,0
DTX) DTX) )
DTX, any, any, any NACK/DTX, any, any, any No Transm ss on 0,0,0,0
(ACK, NACK/DTX, any, any),
DTX, any, any, any except for (ACK, DTX, DTX, No Transm ss on 0,0,0,0
DTX)
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10.1.3.2.2 PUCCH format 3 HARQ-ACK procedure

If a UE is configured with the higher layer parameter EIMTA-MainConfigServCell-ri2, then K'= K where the set K
is defined in Table 10.1.3.1-1 (where "UL/DL configuration" in the table refers to the higher layer parameter
subframeAssignment), and M is the number of elements in set K'.

If a UE is configured with one serving cell, or if a UE is configured with more than one serving cells and the UL/DL
configuration of all serving cells is same, then in the rest of this subclause K is as defined in Sec 10.2, and M is the
number of elements in the set XK .

If a UE is configured with more than one serving cell and if at least two cells have different UL/DL configurations, then
K in this subclause refers to K (as defined in subclause 10.2) ,and M is the number of elements in the set K .

For TDD HARQ-ACK transmission with PUCCH format 3 and sub-frame » with M >1 and more than one
configured serving cell, where M is the number of elements in the set K , the UE shall use PUCCH resource n%’C’)CH
or n](,ll}‘?CH for transmission of HARQ-ACK in subframe #n for p mapped to antenna port p where

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-ri12 on the primary cell,
for a single PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH
in subframe n—k, , where ke K, and fora TDD UL/DL configuration of the primary cell belonging to

{1,2,3,4,5,6} the DAI value in the PDCCH is equal to '1' (defined in Table 7.3-X), or for a PDCCH indicating
downlink SPS release (defined in subclause 9.2) in subframe » -k, , where ke K, and fora TDD UL/DL

configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in the PDCCH is equal to '1', the UE
shall use PUCCH format 1a/1b and PUCCH resource nl()lU’é)CH with

nit, =(M -m—1)-N,+m-N,,, + Necg NV ey for antenna port p,, where N$D oy is

configured by higher layers, ¢ is selected from {0, 1, 2, 3} such that N, <n .., <N,

c+l?

N, = maX{O, \_[NRDIIg -(NSIEB -c—4)]/36 J } ,and Rceg ,, is the number of the first CCE used for transmission
of the corresponding PDCCH in subframe n -k, where k e K. When two antenna port transmission is

configured for PUCCH format 1a/1b, the PUCCH resource for antenna port p, is given by

Lp)  _ (Lpy)
Hpiicen = Mpicen +1

- Ifthe UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell, for
a single PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n —k,, where ke K, and for a TDD UL/DL configuration of the primary cell belonging to

{1,2,3,4,5,6} the DAI value in the PDCCH is equal to '1' (defined in Table 7.3-X), or for a PDCCH indicating
downlink SPS release (defined in subclause 9.2) in subframe » -k, , where ke K, and for a TDD UL/DL

configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in the PDCCH is equal to '1', the UE
shall use PUCCH format 1a/1b and

- ifthe value of k, is same as the value of an element %', where k', e K', the PUCCH resource nf,b?cﬁ is

givenby nPty =(M'—-i2—1)- N, +i2-N,

(1) .
ent Thccem + Npycen s

- otherwise, if the value of &, is same as the value of an element £/ inset K*, where ke K*(defined in

Table 10.1.3.1-1A, where "UL/DL configuration" in the table refers to the higher layer parameter
subframeAssignment), the PUCCH resource nl()ll}}é)CH is given by

Lp) _ A . . K .
Npieen =M 7 =i3-1)-N_+i3-N_, + e m + Npjeen 5

where A, is the number of elements in the set K defined in Table 10.1.3.1-1A , where ¢ 1is selected from

N, =max{0,[ [NEL - (NF® .c—4)]/36 |} where N

is determined from the primary cell, .., is the number of the first CCE used for transmission of the

{0, 1,2,3} such that N, <ngcg,, <N,

c+l?
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corresponding PDCCH in subframe n -k, ,and N II)E‘CCH . NiUccn » are configured by higher layers. When

two antenna port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antenna port p,

L 15 15
is given by n](,l’f:‘éH = nl()ﬁ'é’gH +1

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,
for a single PDSCH transmission only on the primary cell indicated by the detection of a corresponding
EPDCCH in subframe n—fk, , where ke K, and fora TDD UL/DL configuration of the primary cell

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

a TDD UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in the EPDCCH is
equal to '1', the UE shall use PUCCH format 1a/1b and PUCCH resource nf)llfé)CH given by

- IfEPDCCH-PRB-set ¢ is configured for distributed transmission

m—1

Lp)y _ (el)
Npicen = Pecceq T N ECCE gk, T Aot N PUCCH,q
i=0

- If EPDCCH-PRB-set ¢ is configured for localized transmission

~ n m—1

(Lp) _ ECCE,q . ECCE q 2 ' (el)

nPUCCH - NECCE,q NRB + NECCE,q,n—k,I +n +AARO + NPUCCH,q
RB i1=0

where Mgccgq is the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH) used

for transmission of the corresponding DCI assignment in EPDCCH-PRB-set g in subframe »n—%, , N I(,e[}éCH’q

for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-ResourceStartOffset-r11 ,

N IfBCCE “/ for EPDCCH-PRB-set g in subframe 7 —fk is given in subclause 6.8A.1 in [3], n'is determined
from the antenna port used for EPDCCH transmission in subframe n —k  which is described in subclause
6.8A.5in[3].1f m=0, A, isdetermined from the HARQ-ACK resource offset field in the DCI format of
the corresponding EPDCCH as given in Table 10.1.2.1-1.If m >0, A, is determined from the HARQ-

ACK resource offset field in the DCI format of the corresponding EPDCCH as given in Table 10.1.3.1-2. If the
UE is configured to monitor EPDCCH in subframe n—k,, N ECCE gk, is equal to the number of ECCEs in

EPDCCH-PRB-set ¢ configured for that UE in subframe 7 —fk;, . If the UE is not configured to monitor
EPDCCH in subframen —k,,, N BCCE gk, is equal to the number of ECCEs computed assuming EPDCCH-

PRB-set g is configured for that UE in subframe 7 —fk,, . For normal downlink CP, if subframe n—fk, isa
special subframe with special subframe configuration 0 or 5, NV ECCE gk, is equal to 0. For extended downlink

CP, if subframe n—k,, is a special subframe with special subframe configuration 0 or 4 or 7, N ey gk, 18
equal to 0. When two antenna port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for

Lo Lp LB
antenna port p; is given by nI(,l’fééH = nl(,l}f:"()jﬂ +1.

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell, for
a single PDSCH transmission only on the primary cell indicated by the detection of a corresponding EPDCCH in
subframe 5 -k, , where k, e K, and for a TDD UL/DL configuration of the primary cell belonging to

{1,2,3,4,5,6} the DAI value in the EPDCCH is equal to '1' (defined in Table 7.3-X), or for a PDCCH indicating
downlink SPS release (defined in subclause 9.2) in subframe » -k, , where k, e K, and for a TDD UL/DL

configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in the EPDCCH is equal to 'l', the UE
shall use PUCCH format 1a/1b and PUCCH resource nl(’lU;(;)CH given by

- if EPDCCH-PRB-set 7is configured for distributed transmission

3GPP
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i4-1 i5-1

Lp)  _ Z ' Z ’ ’ (e1)
Mpjcen = Mecerg 2N ECCE -k, + 2N ECCE gk’ + Ao + Nouecng
i1=0 i1=0

- if EPDCCH-PRB-set 7is configured for localized transmission

i4-1 i5-1

- n t

Lp) _ ECCEq | AsECCEq Z ' Z ' ' ’ (el)

Mpucen = NECCEq NRB + N ECCE ,q,n—k}, + N ECCE ,q,n—k;! tht AARO +N PUCCH,q
RB i1=0 i1=0

where

- if the value of k, is same as the value of an index k', where k',eK', then 4 =i2;

- otherwise, if the value of £, is same as the value of an index kig‘, where klg‘ e K4, then i4=1i3;

and where n ECCEq is the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH)
used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢ in subframe 7 — km ,
N I(,?})CCH’q for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-ResourceStartOffset-r11

, N fg %4 for EPDCCH-PRB-set ginsubframe n—k,, is given in subclause 6.8A.1 in [3], n'is determined

from the antenna port used for EPDCCH transmission in subframe 5 — k, which is described in subclause

6.8A5In[3]. Ao, N'eccrgnur, N'ECCEq 4+ are determined as described in section 10.1.3.1. When
> KE i, g N—Kj|

two antenna port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antenna port p,
is given by n](,ll’fééH = n}(,lUIé’C)H +1.

- for a single 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, the UE shall use PUCCH format 1a/1b and

PUCCH resource nl(,ll’f?CH with the value of nl(,lU’?CH is determined according to higher layer configuration and

Table 9.2-2. For a UE configured for two antenna port transmission for PUCCH format 1a/1b, a PUCCH

resource value in Table 9.2-2 maps to two PUCCH resources with the first PUCCH resource nl(,ll%C)H for

antenna port p( and the second PUCCH resource nl(,ll}%éH for antenna port pi, otherwise, the PUCCH

. Lp
resource value maps to a single PUCCH resource n](,(}’é’éH for antenna port py).

- for M >1 and a PDSCH transmission only on the primary cell where there is not a corresponding PDCCH
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 in subframe 5 —k, , where ke K with the DAI
value in the PDCCH equal to 'l' (defined in Table 7.3-X) or a PDCCH indicating downlink SPS release (defined
in subclause 9.2) in subframe n —k, , where ke K with the DAI value in the PDCCH equal to 'l', the UE

shall transmit (0) ,b (1) in subframe 7n using PUCCH format 1b on PUCCH resource nl(,lleCH selected from

A PUCCH resources n](,II}CCH’i where 0<i< A4-1, according to Table 10.1.3.2-1 and Table 10.1.3.2-2 for

A=2 and A =3, respectively. For a UE configured with a transmission mode that supports up to two
transport blocks on the primary cell, A = 3; otherwise, 4 =2.

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-ri12 on the primary

cell, the PUCCH resource nl(,IU)CCH , 1s determined according to higher layer configuration and Table 9.2-2.

a . .
The PUCCH resource Mpicen,y 1S determined as
nl(,BCCH,] =(M-m-1)-N,+m-N_, +n.y, + Nl()lJCCH , where Ny is configured by higher

layers, c is selected from {0, 1, 2, 3} such that N, <n..,, <N,

c+1?
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N, = max{O, \_[NRD]% -(NS%B -c—4)]/36 J} sand Mecg , 18 the number of the first CCE used for

transmission of the corresponding PDCCH in subframe n—k,, where k e K.

- Ifthe UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,

the PUCCH resource ”Q&ccgo is determined according to higher layer configuration and Table 9.2-2. The

PUCCH resource n\) ., is determined as

- ifthe value of k  is same as the value of an element k', where k', € K', the PUCCH resource

1 fe ol Q)] _ . : (1) .
”1(>1}cc1{,1 is given by npyeey; =(M'=i2=1)- N, +i2-N ., +ncep,, + Npgeen's

- otherwise, if the value of k is same as the value of an element kl.g inset K*, where kl.‘; e K*(defined
in Table 10.1.3.1-1A, where "UL/DL configuration" in the table refers to the higher layer parameter
subframeAssignment), the PUCCH resource HE,BCCH’I is given by

Q)] _ A4 . - K .
Npyccn = (M"=i3-1)-N_+i3-N_, + Necgm t Nopteen s

where M, is the number of elements in the set K" defined in Table 10.1.3.1-1A , where ¢ is selected
from {0, 1, 2,3} such that N, <neey, < N..» N, =max{0.[ [N2 - (N*-c—4)1/36 |}, neep, is
the number of the first CCE used for transmission of the corresponding PDCCH in subframe n -k, , and

N, }I,(lj*CCH . N{Uccn » are configured by higher layers.

- For a UE configured with a transmission mode that supports up to two transport blocks on the primary cell,

the PUCCH resource n{).cy, isdetermined as nl) .., = nbocen, + 1 -HARQ-ACK(0) is the

ACK/NACK/DTX response for the PDSCH without a corresponding PDCCH detected. HARQ-ACK(1) is the
ACK/NACK/DTX response for the first transport block of the PDSCH indicated by the detection of a
corresponding PDCCH for which the value of the DAI field in the corresponding DCI format is equal to '1' or
for the PDCCH indicating downlink SPS release for which the value of the DAI field in the corresponding
DCI format is equal to '1'. HARQ-ACK(2) is the ACK/NACK/DTX response for the second transport block of
the PDSCH indicated by the detection of a corresponding PDCCH for which the value of the DAL field in the
corresponding DCI format is equal to 'I'.

- for M >1 and a PDSCH transmission only on the primary cell where there is not a corresponding 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 EPDCCH in subframe 5k, , where ke K with the DAI

value in the EPDCCH equal to '1' (defined in Table 7.3-X) or a EPDCCH indicating downlink SPS release
(defined in subclause 9.2) in subframe 5 -k, , where ke K with the DAI value in the EPDCCH equal to 'l',

the UE shall transmit b(0),b(1) in subframe 7 using PUCCH format 1b on PUCCH resource 7).

selected from A4 PUCCH resources nl(,lL)ICCHJ. where 0 <i< A—1, according to Table 10.1.3.2-1 and Table

10.1.3.2-2 for A =2 and A =3, respectively. For a UE configured with a transmission mode that supports up
to two transport blocks on the primary cell, 4 = 3; otherwise, A =2.

- Ifthe UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary
cell, the PUCCH resource nl%cca,o is determined according to higher layer configuration and Table 9.2-2.

The PUCCH resource n}(,'l}CCH . is determined as

- IfEPDCCH-PRB-set ¢ is configured for distributed transmission

m=1

Q)] _ (el)
Mpiecn,1 = Mecceq T ZN sect.gnt, T Duro T Novecng
i=0

- If EPDCCH-PRB-set g is configured for localized transmission
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n m—1

) _ ECCEq | ATECCEq ' (el)

Npuccn, = [ NECCE Niy + QN ECCE.qn—k, T 1 +A o + N, PUCCH,q
RB i1=0

where Hgccpg is the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH)

used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢ in subframe n -k,
N ff{}éCHﬂ for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-ResourceStartOffset-
rll, N I‘fgCE I for EPDCCH-PRB-set g in subframe 5 —k, is given in subclause 6.8A.1 in [3], n'is

determined from the antenna port used for EPDCCH transmission in subframe » — & which is described in
subclause 6.8A.5in [3]. If m =0, A, isdetermined from the HARQ-ACK resource offset field in the

DCI format of the corresponding EPDCCH as given in Table 10.1.2.1-1.If m >0, A ., is determined
from the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as given in
Table 10.1.3.1-2. If the UE is configured to monitor EPDCCH in subframe n -k, , N ECCE gk, is equal

to the number of ECCEs in EPDCCH-PRB-set g configured for that UE in subframe n—fk;, . If the UE is
not configured to monitor EPDCCH in subframen —k,,, N pecp. gk, 1s equal to the number of ECCEs
computed assuming EPDCCH-PRB-set g is configured for that UE in subframe n — k,, . For normal
downlink CP, if subframe n—£k, is a special subframe with special subframe configuration 0 or 5,

N ECCE gk, is equal to 0. For extended downlink CP, if subframe n —k;, is a special subframe with special

subframe configuration 0 or 4 or 7, Ny gk, 15 equal to 0.

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,
the PUCCH resource n](,II}CCH’O is determined according to higher layer configuration and Table 9.2-2. The

(1) . .
PUCCH resource Mpicciy 1 determined as

- IfEPDCCH-PRB-set is configured for distributed transmission

i4-1 i5-1

(€)) _ i ' i (el)
Mpuceni = Meceeg T 2N ECCE gk, +2 N ECCE gtk T Alyro + Npyceng
i=0 i=0

- IfEPDCCH-PRB-set ?is configured for localized transmission

i4-1 i5-1

n 1

[€)] _ ECCE,q . ECCE q ! ! [ ' (el)

Mpuceni = NECCEq NRB + Z ECCE ,q,n—k}, + ZN ECCE q,n—ki! +tRY AARO +N PUCCH,q
RB i1=0 i1=0

where

] ] ' . .
- if the value of kn is same as the value of an index K , where Knek , then i4= 12;

. k . . ki kieK! i4=i3.
- otherwise, if the value of " is same as the value of an index "3, where "3 , then ;
and where Npccp, is the number of the first ECCE (i.e. lowest ECCE index used to construct the

EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢ in subframe

n—k,, N l(’i}éCH, o for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-

ResourceStartOffset-rl1, N ch £ for EPDCCH-PRB-set g in subframe 71— k,, is given in subclause

6.8A.11in [3], n'is determined from the antenna port used for EPDCCH transmission in subframe

. . . . . ' ' ' .
n —k, which is described in subclause 6.8A.5in [3]. A 4RO, N ECCE.qn-k', | N ECCE gkt AT determined

as described in section 10.1.3.1.
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- For a UE configured with a transmission mode that supports up to two transport blocks on the primary cell,

the PUCCH resource nff&CCH , is determined as nf)BCCH , = nSL)JCCH , +1.HARQ-ACK(0) is the

ACK/NACK/DTX response for the PDSCH without a corresponding EPDCCH detected. HARQ-ACK(1) is
the ACK/NACK/DTX response for the first transport block of the PDSCH indicated by the detection of a
corresponding EPDCCH for which the value of the DAI field in the corresponding DCI format is equal to '1'
or for the EPDCCH indicating downlink SPS release for which the value of the DAI field in the
corresponding DCI format is equal to '1'. HARQ-ACK(2) is the ACK/NACK/DTX response for the second
transport block of the PDSCH indicated by the detection of a corresponding EPDCCH for which the value of
the DAL field in the corresponding DCI format is equal to 'l'.

- for M >1 and a PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH in subframe n-—k, , where k e K with the DAI value in the PDCCH greater than '1' (defined in Table

7.3-X) or a PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n —k , where
k,eK with the DAI value in the PDCCH greater than '1', the UE shall use PUCCH format 3 and PUCCH

3.5 3.5) . . . . .
resource n}()U’p E:H where the value of ”}()t}!c))CH is determined according to higher layer configuration and Table

10.1.2.2.2-1 and the TPC field in a PDCCH assignment with DAI value greater than '1' shall be used to
determine the PUCCH resource value from one of the four PUCCH resource values configured by higher layers,
with the mapping defined in Table 10.1.2.2.2-1. A UE shall assume that the same HARQ-ACK PUCCH resource
value is transmitted on all PDCCH assignments used to determine the PUCCH resource values within the
subframe(s) n—k, where ke K.

- for M >1 and a PDSCH transmission only on the primary cell indicated by the detection of a corresponding
EPDCCH in subframe n—fk,, where k, e K with the DAI value in the EPDCCH greater than '1' (defined in

Table 7.3-X) or an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k, ,
where k e K with the DAI value in the EPDCCH greater than '1', the UE shall use PUCCH format 3 and

PUCCH resource n%?m where the value of nl%g)CH is determined according to higher layer configuration

and Table 10.1.2.2.2-1 and the HARQ-ACK resource offset field in the DCI format of the corresponding
EPDCCH assignment with DAI value greater than '1' shall be used to determine the PUCCH resource value from
one of the four PUCCH resource values configured by higher layers, with the mapping defined in Table
10.1.2.2.2-1. A UE shall assume that the same HARQ-ACK PUCCH resource value is transmitted on all
EPDCCH assignments used to determine the PUCCH resource values within the subframe(s) #— k&, where

kek.

- Ifthe UL/DL configurations of all serving cells are the same, for a PDSCH transmission on the secondary cell
indicated by the detection of a corresponding PDCCH/EPDCCH within subframe(s) n—k , where k € K, the

UE shall use PUCCH format 3 and PUCCH resource ”I%lg)CH where the value of ”I%?CH is determined

according to higher layer configuration and Table 10.1.2.2.2-1 and the TPC field in the corresponding
PDCCH/EPDCCH shall be used to determine the PUCCH resource value from one of the four resource values
configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. For TDD UL/DL configurations 1-
6, if a PDCCH corresponding to a PDSCH on the primary cell within subframe(s) n—k , where k€ K, ora
PDCCH indicating downlink SPS release (defined in subclause 9.2) within subframe(s) n—k, where k€ K , is
detected, the TPC field in the PDCCH with the DAI value greater than '1' shall be used to determine the PUCCH
resource value from one of the four resource values configured by higher layers, with the mapping defined in
Table 10.1.2.2.2-1. A UE shall assume that the same HARQ-ACK PUCCH resource value is transmitted on all
PDCCH assignments in the primary cell and in each secondary cell that are used to determined the PUCCH
resource value within the subframe(s) n—k, where k € K. For TDD UL/DL configurations 1-6, if an
EPDCCH corresponding to a PDSCH on the primary cell within subframe(s) n—k, where k€ K, or an
EPDCCH indicating downlink SPS release (defined in subclause 9.2) within subframe(s) n—k, where ke K,
is detected, the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH assignment
with the DAI value greater than '1' shall be used to determine the PUCCH resource value from one of the four
resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. A UE shall assume
that the same HARQ-ACK PUCCH resource value is transmitted on all EPDCCH assignments in the primary
cell and in each secondary cell that are used to determined the PUCCH resource value within the subframe(s)
n—k,where keKk .
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- If the UL/DL configurations of at least two serving cells are different, for a PDSCH transmission on the
secondary cell indicated by the detection of a corresponding PDCCH/EPDCCH within subframe(s) »n—k , where

k € K , the UE shall use PUCCH format 3 and PUCCH resource nl%lz)cﬂ where the value of nl%’zéH is

determined according to higher layer configuration and Table 10.1.2.2.2-1 and the TPC field in the
corresponding PDCCH/EPDCCH shall be used to determine the PUCCH resource value from one of the four
resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. For a UL/DL
configuration of the primary cell belonging to {1,2,3,4,5,6} as defined in subclause 10.2, if a PDCCH
corresponding to a PDSCH on the primary cell within subframe(s) n—k , where k € K, or a PDCCH indicating
downlink SPS release (defined in subclause 9.2) within subframe(s) n—k , where & € K, is detected, the TPC
field in the PDCCH with the DAI value greater than '1' shall be used to determine the PUCCH resource value
from one of the four resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-
1. A UE shall assume that the same HARQ-ACK PUCCH resource value is transmitted on all PDCCH
assignments in the primary cell and in each secondary cell that are used to determined the PUCCH resource
value within the subframe(s) n—k, where k € K . For a UL/DL configuration of the primary cell belonging to
{1,2,3,4,5,6} as defined in subclause 10.2, if an EPDCCH corresponding to a PDSCH on the primary cell within
subframe(s) n—k, where k € K, or an EPDCCH indicating downlink SPS release (defined in subclause 9.2)
within subframe(s) n—k, where k € K, is detected, the HARQ-ACK resource offset field in the DCI format of
the corresponding EPDCCH assignment with the DAI value greater than '1' shall be used to determine the
PUCCH resource value from one of the four resource values configured by higher layers, with the mapping
defined in Table 10.1.2.2.2-1. A UE shall assume that the same HARQ-ACK PUCCH resource value is
transmitted on all EPDCCH assignments in the primary cell and in each secondary cell that are used to
determined the PUCCH resource value within the subframe(s) n—k, where ke K .

- For PUCCH format 3 and PUCCH resource nl%?CH and a UE configured for two antenna port transmission, a

PUCCH resource value in Table 10.1.2.2.2-1 maps to two PUCCH resources with the first PUCCH resource

nl%él’C)H for antenna port p, and the second PUCCH resource n}%@C)H for antenna port pq, otherwise, the

PUCCH resource value maps to a single PUCCH resource n]%g“c)H for antenna port py.

10.1.3A FDD-TDD HARQ-ACK feedback procedures for primary cell frame
structure type 2

A UE is configured by higher layers to use either PUCCH format 1b with channel selection or PUCCH format 3 for
transmission of HARQ-ACK.

For a serving cell, if the serving cell is frame structure type 1, and a UE is not configured to monitor PDCCH/EPDCCH

in another serving cell for scheduling the serving cell, set K is defined in Table 10.1.3A-1, otherwise set K is defined
in Table 10.1.3.1-1.

PUCCH format 1b with channel selection is not supported if a UE is configured with more than two serving cells, or if
the DL-reference UL/DL configuration 5 (as defined in subclause 10.2) is defined for any serving cell, or if the DL-
reference UL/DL configuration of a serving cell with frame structure type 1 belongs to {2, 3, 4} and the UE is not
configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell.

If a UE is configured with the parameter EIMTA-MainConfigServCell-ri2 for at least one serving cell, the UE is not
expected to be configured with more than two serving cells having DL-reference UL/DL configuration 5.

If a UE is configured to use PUCCH format 1b with channel selection for HARQ-ACK transmission, for the serving
cells,

- if more than 4 HARQ-ACK bits for M multiple downlink and special subframes associated with a single UL
subframe n, where M is as defined in subclause 10.1.3.2.1 for case where the UE is configured with two
serving cells with different UL/DL configurations,

- spatial HARQ-ACK bundling across multiple codewords within a downlink or special subframe is performed
for each serving cell by a logical AND operation of all the corresponding individual HARQ-ACKs, and the
bundled HARQ-ACK bits for each serving cell is transmitted using PUCCH format 1b with channel
selection,

- otherwise,
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or for a PDCCH/EPDCCH indicating downlink SPS release, the UE shall first transmit the corresponding HARQ-
ACK response once using PUCCH resource derived from the corresponding PDCCH CCE index or EPDCCH
ECCE index (as described in subclauses 10.1.2 and 10.1.3), and repeat the transmission of the corresponding

HARQ-ACK response NV ANRep 1 times always using PUCCH resource n}%]z)CH ANRep » Where nl(,lU’?CH ANRep 1S
configured by higher layers.

HARQ-ACK repetition is only applicable for UEs configured with one serving cell for FDD and TDD. For TDD,
HARQ-ACK repetition is only applicable for HARQ-ACK bundling.

HARQ-ACK repetition can be enabled with PUCCH format 1a/1b on two antenna ports. For a UE configured for
two antenna port transmission for HARQ-ACK repetition with PUCCH format 1a/1b, a PUCCH resource value

nl(,lU%)CH ANRep Maps to two PUCCH resources with the first PUCCH resource nl(,lU[é’C)H ANRep fOT antenna port p,

and the second PUCCH resource nl(’lUlééH ANRep fOr antenna port py, otherwise, the PUCCH resource value maps to

a single PUCCH resource nl(,IU’é)C)H ANRep fOT antenna port pg.
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10.2  Uplink HARQ-ACK timing

For TDD or for FDD-TDD and primary cell frame structure type 2, if a UE configured with EIMTA-
MainConfigServCell-ri2 for a serving cell, “UL/DL configuration” of the serving cell in subclause 10.2 refers to the
UL/DL configuration given by the parameter eimta-HarqReferenceConfig-ri2 for the serving cell unless specified
otherwise.

For FDD or for FDD-TDD and primary cell frame structure type 1, the UE shall upon detection of a PDSCH
transmission in subframe n-4 intended for the UE and for which an HARQ-ACK shall be provided, transmit the HARQ-
ACK response in subframe n. [f HARQ-ACK repetition is enabled, upon detection of a PDSCH transmission in
subframe -4 intended for the UE and for which HARQ-ACK response shall be provided, and if the UE is not repeating
the transmission of any HARQ-ACK in subframe 7 corresponding to a PDSCH transmission in subframes

n—=Nygep =35 - » n—5, the UE:

- shall transmit only the HARQ-ACK response (corresponding to the detected PDSCH transmission in subframe
n—4)on PUCCH in subframes n, n+1, ..., n + Ny = 13

- shall not transmit any other signal in subframes n, n+1,..., n+ N ke — 13 and

- shall not transmit any HARQ-ACK response repetitions corresponding to any detected PDSCH transmission in
subframes n-3, ..., n+ N g =3

For TDD and a UE configured with EIMTA-MainConfigServCell-ri2 for at least one 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, the DL-reference UL/DL configuration for a serving cell is
the UL/DL configuration of the serving cell

For TDD, if the UE is configured with more than one serving cell and if at least two serving cells have different UL/DL
configurations and if a serving cell is a primary cell, then the primary cell UL/DL configuration is the DL-reference
UL/DL configuration for the serving cell.

For FDD-TDD and primary cell frame structure type 2, if a serving cell is a primary cell or if a serving cell is a
secondary cell with frame structure type 1, then the primary cell UL/DL configuration is the DL-reference UL/DL
configuration for the serving cell.

For TDD and if the UE is configured with more than one serving cell and if at least two serving cells have different
UL/DL configurations and if a serving cell is a secondary cell, or for FDD-TDD and primary cell frame structure type 2
and if a serving cell is a secondary cell with frame structure type 2

- if the pair formed by (primary cell UL/DL configuration, serving cell UL/DL configuration ) belongs to Set 1 in
Table 10.2-1 or

- if the UE is not configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell,
and if the pair formed by (primary cell UL/DL configuration, serving cell UL/DL configuration ) belongs to Set
2 or Set 3 in Table 10.2-1 or

- if the UE is configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell, and
if the pair formed by (primary cell UL/DL configuration, serving cell UL/DL configuration) belongs to Set 4 or
Set 5 in Table 10.2-1

then the DL-reference UL/DL configuration for the serving cell is defined in the corresponding Set in Table 10.2-1.

For TDD and if a UE is configured with more than one serving cell and if at least two serving cells have different
UL/DL configurations or for FDD-TDD and primary cell frame structure type 2, if the DL-reference UL/DL
configuration for at least one serving cell is TDD UL/DL Configuration 5, then the UE is not expected to be configured
with more than two serving cells.

For TDD, if a UE is configured with one serving cell, or the UE is configured with more than one serving cell and the
UL/DL configurations of all serving cells is same, then the UE shall upon detection of a PDSCH transmission 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 #.
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For TDD and if a UE is configured with more than one serving cell and if at least two serving cells have different
UL/DL configurations, or for FDD-TDD and primary cell frame structure type 2 and if a serving cell ¢ is frame
structure type 2, then the UE shall upon detection of a PDSCH transmission 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 € K such that subframe n-k corresponds to a
DL 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 7.

For FDD-TDD and primary cell frame structure type 2, if a serving cell ¢ is frame structure type 1, then the UE shall
upon detection of a PDSCH transmission within subframe(s) n—k for serving cell ¢, where k € K., K_ = K and

K is defined in Table 10.1.3A-1 intended for the UE and for which HARQ-ACK response shall be provided, transmit
the HARQ-ACK response in subframe .

For TDD, if HARQ-ACK repetition is enabled, upon detection of a PDSCH transmission 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, and if the UE is not repeating the transmission of any HARQ-ACK in subframe » corresponding to a
PDSCH transmission in a downlink or special subframe earlier than subframe n—k, the UE:

- shall transmit only the HARQ-ACK response (corresponding to the detected PDSCH transmission in
subframe n — &k ) on PUCCH in UL subframe # and the next N ANRep — 1 UL subframes denoted as 7,

>IN pNRep 1 ?

- shall not transmit any other signal in UL subframe n, n,,...,n N e =1 and
ep

- shall not transmit any HARQ-ACK response repetitions corresponding to any detected PDSCH transmission in
subframes 7, — k , where k € K;, K.is the set defined in Table 10.1.3.1-1 corresponding to UL subframe

n,, and ISiSNANRep—l.

For TDD, HARQ-ACK bundling, if the UE detects that at least one downlink assignment has been missed as described
in subclause 7.3, the UE shall not transmit HARQ-ACK on PUCCH if HARQ-ACK is the only UCI present in a given
subframe.

The uplink timing for the ACK corresponding to a detected PDCCH/EPDCCH indicating downlink SPS release shall be
the same as the uplink timing for the HARQ-ACK corresponding to a detected PDSCH, as defined above.
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For a serving cell c, if subframe i is indicated as uplink subframe or a special subframe by higher layer parameter eimza-
HarqReferenceConfig-ri2, the UE is not expected to receive a PDCCH with CRC scrambled by eIMTA-RNTI
containing an UL/DL configuration for serving cell ¢ that would indicate subframe i as a downlink subframe.

For a serving cell ¢, if subframe i is indicated as downlink subframe or a special subframe by higher layer parameter
subframeAssignment, the UE is not expected to receive a PDCCH with CRC scrambled by eIMTA-RNTI containing an
UL/DL configuration for serving cell ¢ that would indicate subframe i as an uplink subframe.

For a serving cell ¢, a UE is not expected to be configured with parameter eimta-HarqReferenceConfig-ri2 if a
subframe indicated as an uplink subframe by eimta-HarqReferenceConfig-ri2 is not indicated as an uplink subframe by
the UL-reference UL/DL configuration.

If UE is not configured with the parameter EIMTA-MainConfigServCell-ri12 for any activated serving cell, the UE is not
expected to monitor PDCCH with CRC scrambled by eIMTA-RNTIL.
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