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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;-y =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 /py;c =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-r12 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 /py;y =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 /py;cy =1, as defined in subclause 9.1.2, assigned to a UE in

subframe 7 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 7, 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 ( /,,.s ), 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.

- Ifthe UE is not capable of supporting 64QAM in PUSCH or has been configured by higher layers to transmit
only QPSK and 16QAM, Q, is first read from Table 8.6.1-1. The modulation order is set to Q,, = min(4,0, ).
- 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 Nppp <3 applies in this case if the UE does not indicate
support by higher layers to operate without it.

For29 < I,,.5 <31 the modulation order (Q,, ) is determined as follows:

- if DCI format 0 is used and Iyes =29 0T, if DCI format 4 is used and only 1 TB is enabled and Iyes =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, Nppy <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 7.2.1-1Band 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< 7, .. < 28. If there is no PDCCH/EPDCCH with

MCS —

< 28, the modulation order shall be determined from

DCI format 0/4 for the same transport block using 0< 7. <

- 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, 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, Nprp <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<7,,.. <28. If there is no initial PDCCH/EPDCCH with an uplink DCI format for the same

MCS

transport block using 0</,,.. <28, the transport block size 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,

- 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 /y;.s =0 and Nppp >1 or the combination

of Iyycg =28 and Nppp =1 is signalled, otherwise the transport block is enabled.
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8.7 UE transmit antenna selection

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

e  Dbe 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  Dbe 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 Nccp ) 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 ,iL) are given by

L {(Yk +m')m0d LNCCEJ( /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 ngy 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 W _1. MD 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, 8 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 cin subframe # 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 7+ kpy;cp , where

- kpyicy 1s always 4 for FDD.

- kpgycy 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.

- kppycp is 4 for FDD-TDD and serving cell ¢ frame structure type land 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 cin subframe n, the UE shall determine the corresponding PHICH resource of serving cell ¢ in
subframe 1+ kpy;cy , Where kpycy 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-MainConfigServCeli-r12 for
at least one serving cell , or for FDD-TDD and serving cell ¢ frame structure type 2, for PUSCH transmissions
scheduled from serving cell ¢ in subframe #, the UE shall determine the corresponding PHICH resource of
serving cell ¢ in subframe 7+ kpy;cpy , Where kpyycp is 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
¢ in subframe 1+ kpy;cy , Where

kpgcy 1s always 4 for FDD and where kpy;cp is given in table 9.1.2-1 for TDD.

kppicy 1s 4 for FDD-TDD and secondary cell ¢ frame structure type 1.

kppicy 1s 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
¢ in another serving cell c¢l, the UE configured with multiple TAGs shall determine the corresponding PHICH
resource on the serving cell ¢l in subframe n+ kpy;y; , Where

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

kppicy 1s 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

pk (L)
L-M¢

( . ]
LY, + % +b)m0d\_NECCE,p,k/LJ P
| J

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 =10

ney is the carrier indicator field value,
m=01,..M" -1,

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;“ is the number of EPDCCH candidates to monitor at aggregation

level L in EPDCCH-PRB-set p for the serving cell indicated by 7.y .

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?CCH value (where ng?CCH 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 Yp. . is defined by

Vi = (AP Y pe

)modD

where ¥ | =np g #£0, 4, =39827, 4 =39829, D=65537 and k =|n /2|, n, is the slot number within a

radio frame. The RNTI value used for 7,y 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,

N, ]?é =N ]?é‘ 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 [1{); =N I?é of the serving cell indicated by 7.

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

Npt>25 ,or

o 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 13]3“ >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 ngppocy <104 (ngppecy defined in subclause 6.8A.1 in [3]), or

o 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 (#gppecy 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,

o 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 ]fé’ is the number of PRB-pairs constituting EPDCCH-PRB-set p .
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9.1.4.1 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 [ ppccpsan in the first slot in a subframe is
determined from the higher layer parameter,
- otherwise
0 the starting OFDM symbol for EPDCCH given by index ZEPDCCHSW in the first slot in a subframe is
given by the CFI value in the subframe of the given serving cell when NR& >10,and [ EPDCCHStart

is given by the CFI value+1 in the subframe of the given serving cell when NJ§ <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-r11 (defined in subclause 9.1.4.3) as follows

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

O ['popccrsian 18 given by the higher layer parameter pdsch-Start-ri1
- otherwise
O ['popccrsias 18 given by the CFI value in subframe k of the given serving cell when N o >10, and

' cppccusias 1S €1ven by the CFI value+1 in subframe £ of the given serving cell when foé <10

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

— s Al
O pccnsar = M2, ' popccpsian )2
— otherwise
o = ZEPDCCHSmn :

EPDCCHStart

9.14.2 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 gc/-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-r11 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-ConfigZPIld-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 CCSI,O 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

Xp
resourceBlockAssignment-r11 indicating a combinatorial index 7 corresponding to the PRB index {kl_ }fi o -

Npf -1 [ AJPE . .
(1<k, <N2¥, k <k, )and given by equation , _ z Nis =k, , where NI?; is the number of PRB pairs
i=0 N;(; —i
associated with the downlink bandwidth, N lfg is the number of PRB-pairs constituting EPDCCH-PRB-set p , and is

(*) sy

X
configured by the higher layer parameter numberPRBPairs-rl 1, and < > =1ly) is the extended binomial
y
0

x<y

NPE
coefficient, resulting in unique label » € 0,...,[ ff j -1

P
RB
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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 » 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 #, 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 7 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 SCellIndex 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 SCelllndex 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,m]-

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,
N -1 ,
NHARQ = Z Nreeeived where N2G s the number of configured cells and N’ is the number of transport
c=0
blocks or the SPS release PDCCH/EPDCCH, if any, received in subframe 7 —4 in serving cell c.

For TDD and a UE not configured with the parameter EIMTA-MainConfigServCell-r12 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 » with
Negie1
M = 1, or for TDD UL/DL configuration 0 and PUCCH format 3, ny ARQ = Z Z N/l;ecceived , where
=0 keK

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

n—k inservingcell ¢, 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,

N2
DL ACK received DL : DL . :
NHARQ = Z ((VDAI, ¢« ~Upal c)m0d4)' niCK ZN’“ c where VDALC isthe V},; inservingcell c,
c=0 keK

K

Upar. isthe Up,, inservingcell ¢, 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?CK =1 and N lfzcwm 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 ,fcccwm is the number of transport blocks
received or the SPS release PDCCH/EPDCCH received in subframe 7 —k in serving cell ¢, where ke K

and M is the number of elements in K. VD[LL]‘C =0 if no transport block or SPS release PDCCH/EPDCCH is

detected in subframe(s) #—k inservingcell ¢, where ke K.

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

cell within subframes 7 — k ,where k e K ;otherwise Myarg = 4.
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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-ri2 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),
NEE 1

cells ™
DL ACK received DL 3 bL . :
nHARQ = E ((VDAI,c ~Upay, C)mod4). niCK E N where VDALC isthe Vp,; inservingcell c,
c=0 keK

K

Upar. isthe Up,, inservingeell ¢,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[ is the number of PDCCH/EPDCCH or PDSCH without a corresponding

k,c

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 ke K and K = K, (defined in subclause 7.3.2.2 for TDD and

subclause 7.3.4 for FDD-TDD). VD[LLL . =0 if no transport block or SPS release PDCCH/EPDCCH is detected
in subframe(s) n—k inservingcell c,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 VDELLL . =Up 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), 75z = 2 if UE receives PDSCH or

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

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

MyarQ

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

Throughout the following subclauses, if the UE is configured with higher layer parameter n/ PUCCH-AN-r11 then
Nl()IU)CCH is given by n/ PUCCH-AN-r11, else Nl(,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 la 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 NACKs 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-RNTI.

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-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.

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-ACKs, 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,

CSl is dropped.
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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-ri 1 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.

10.1.2.1 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};c)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
”}(vlﬁ%c)}[ =Neep TN, }(,{J)CCH for antenna port p,, where nccp 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 I(,{}CCH
is configured by higher layers. For two antenna port transmission the PUCCH resource for antenna port p, is

. p) _ QY]
given by Mpicen = Nece 1+ Npyeen -
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resource nl(,lU‘ééH for antenna port p;, otherwise, the PUCCH resource value maps to a single PUCCH

(1,79)
resource Hp(ccy 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(,%é)CH

where the value of nl%’z)CH 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

nﬁjg"c),_' for antenna port p( and the second PUCCH resource ”SJQC)H for antenna port p;, otherwise, the

,%’ZOC)H 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.

PUCCH resource value maps to a single PUCCH resource 7

- 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(,lL’J‘?CH given by

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

(Lpo)  _ (el)
Mpjcen = Mecceg Ao+ N PUCCH,q

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

_ n

(Lpy) ECCE,q . ECCE,q ' (el)

Npyccn = [Ngccg,q Ny +n'+A g + NPUCCH,q
RB

for antenna port p,, where Mgccg , 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 4zo 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 l(’eUléCH,q for ELDCCH-PRB-set ¢ is configured by the higher layer

parameter pucch-ResourceStartOffset-ri1, N 1€3C £4 for EPDCCH-PRB-set q 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
(L,py)

— (el)
Npicen = Pecceg T 1+ A g0 + NPUCCH,q

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

_ n

Lp)  _ ECCEq ECCE q ' (el)

Npicen = {NECCE"’ J Nyg " +1+0'+A po + Npyeeng
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-r12 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 n 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-ACKs and PUCCH format 3 is used. For TDD and
more than one configured serving cell with PUCCH format 3 and up to 20 HARQ-ACK 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

NDL

cells

accordingto O = ZOCACK where NP2 is the number of configured cells, and OfCK 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’fé)c“ 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,~~-kM71} 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—4 and

k € K , the UE first selects a ¢ value out of {0, 1, 2, 3} which makes N, <nccg <N, and shall use

n i =(M -m—1)-N_+m-N

(1) 1 .
st THecp + Npyeen for antenna port p, where Nl(’l}CCH is

configured by higher layers, N, = max{O, L[N%“ -(NS%B -c—4)]/36 J} ,and necp 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(,lU"&):H =M-m-1)-N.+m-N_, +n.+1+ NI(,IJCCH .

c+l

- If'there 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(,llfé)CH with the value of n,(,ll}?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
la/1b and HARQ-ACK bundling, a PUCCH resource value in Table 9.2-2 maps to two PUCCH resources with

the first PUCCH resource nl(,lU'é”C)H for antenna port p( and the second PUCCH resource nl(,]U‘ééH for antenna
port p;, otherwise, the PUCCH resource value maps to a single PUCCH resource nl(,lt}@c)ﬂ 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 {ko,k1,~--kM71} 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

m>

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

m—1
(Lpy)  _ (el)
Mpieen = Meeceq N ECCE.qun-k, T Aot N PUCCH,q
i=0

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

m-1

~ n -

Lpo _ | MeccEq | arECCEq , (el)

Npycen = \‘ N ECCE.g J Ny + ZN ECCEqn-k, T 1 +A jro + N, PUCCH,(q
RB i=0
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ngl)}CCHJ =M ~i-1)-N,+i-N.yy +nccg; + Nl(’BCCH ,where c is selected from {0, 1, 2, 3} such that
Ne<neegi <Neyp, Ne= max{O, L[NI%I; ~(NSI§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 1(>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 nf,ll)JCCH, ; 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

il

Q)] _ (el)
Npuceni = Mecceg ZNECCE,q,n—k,, Aot NPUCCH,q
i1=0

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

n il

) _ ECCEq ECCE q ' (e)

Mpuccn,i = { N ECCEq J N, RB + Z N, ECCE,q.n—k; +n +AAR0 +N PUCCH,q
RB i1=0

where npecp, 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 I(,EUIECH, q
for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-ResourceStartOffset-ri1 ,

N fg E4 for EPDCCH-PRB-set g in subframe n — k,is given in subclause 6.8A.1 in [3], 7'is determined
from the antenna port used for EPDCCH transmission in subframe n — k, which is described in subclause
6.8A.5in[3].1f i=0, A ,, is determined from the HARQ-ACK resource offset field in the DCI format of
the corresponding EPDCCH as given in Table 10.1.2.1-1. 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 . If the UE is configured to monitor EPDCCH in subframe

n—ky, NECCEJ],M{’I is equal to the number of ECCEs in EPDCCH-PRB-set ¢ configured for that UE in

subframe 7 —k;, . If the UE is not configured to monitor EPDCCH in subframe n -k, , NECCE,IM_,( | Is 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

0or5, Npeeg, 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, Nz g gk, 18 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
subframeAsssignment), 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 7 in the set K

If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12, for TDD HARQ-ACK

multiplexing and sub-frame ’?, denote ng{}ccmo as the PUCCH resource derived from sub-frame 5 —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 n—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 £, is same as the value of an element k3 inset K*, where k73 eK” (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
_ i the value of Xi is same as the value of an element X2 in set K ', the PUCCH resource nE’BCCH ;0 18 given

by n;’]l}CCH,iO =(M'-i2-1)-N_+i2-N

(1) .
ent T hcee; + Noyeen s

A
ke

4 4
- otherwise, if the value of ki is same as the value of an element ks inset K , where K (defined in

Table 10.1.3.1-1A), the UE shall set, the PUCCH resource nl(’II}CCH,iO is given by
nt =(M"*-i3-1)-N,+i3-N,

KA .
PUCCH,i0 ent Fhccr; ¥ Nodeen's

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

N, = max{O, L[N}Q}% (NRB.c—4))/36 J}

where
< P < o
2, 3} such that Ne <necgi < Nest , , "CCEi s the number of the

KA
n—k, N PUCCH
b

N
i, and PUCCH , are

first CCE used for transmission of the corresponding PDCCH in subframe
configured by higher layers.

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

the value of n:’ll.)ICCH,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

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

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

1 _ ' ' ! (el)
Mpycenio = nECCE,q + ZN ECCE q,n—k, + ZN ECCE q.n—ki1 + AARO +N, PUCCH,q
i1=0 i1=0
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- if EPDCCH-PRB-set 7 is configured for localized transmission
i4-1 i5-1

n

(@)) _ ECCEq |, ECCE q ’ ' ' ’ (el)

Mpycenio = NECCEg Nis + NECCE,q,n,k‘rl + § NECCE!q!mM +n'+ Ao + NPUCCH,q
RB i1=0 i1=0

where
- ifthe value of &; is same as the value of an index X' , 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 k[}, where ki3 €K ,then i4 = M'and
i5=1i3;

,and where "’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 72— ki, N [(’eUIéCH)q for
EPDCCH-PRB-set 4 is configured by the higher layer parameter pucch-ResourceStartOffset-ri1, N fBC B for
EPDCCH-PRB-set ¢ in subframe 7 —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' 1z, is determined as follows

If i4=0 and i5=0, A’ ro 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.
- If 0<i4<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 10.1.3.1-2, where the variable A ,, in the table is

ARO
substituted with A' ;. -, the variable M iy the table is substituted with £ 4, the variable N in the table is
substituted with N'and the variable k,in the table is substituted with £', .

- Ifi4=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 10.1.3.1-3,

. (] . .
For a given subframe u N BCCE,qu 18 determined as follows

- Ifthe UE is configured to monitor EPDCCH in subframe %, N' BCCE g 18 €qual to the number of ECCEs
in EPDCCH-PRB-set 7 configured for that UE in subframe %.

- Ifthe UE is not configured to monitor EPDCCH in subframe %, N' BCCE g 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,

1 .
N'ece.gu is equal to 0.

- For extended downlink CP, if subframe ¥ is a special subframe with special subframe configuration 0 or 4
or7, N'secp g 15 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-ri2, 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-r12 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.

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

If a UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12, thenK'= 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 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 =M.

primary
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 7 in the set K defined in Table 10.1.3.1-1 for the primary

- M primary
cell TDD UL/DL configuration , and

< M oniary denotes the number of elements for subframe 7 in the set K, for the secondary serving cell (as

defined in subclause 10.2)

- it M < M , then the UE shall, for the secondary serving cell, set HARQ-ACK(j) to DTX for j =

secondary
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 p(0)s(1) on PUCCH resource nl()ll}lz?)CH for p mapped to antenna
port p using PUCCH format 1b where

- nl(’lU?CH = n{,%CCH for antenna port p,,, where ng[)JCCH selected from 4 PUCCH resources, nl(’IIBCCH, ;

where 0< j< A-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.

nl(,]U’é‘éH for antenna port p, , where nl(,lUgéH selected from 4 PUCCH resources, nl(,lU@éH ,configured by

higher layers where 0< j< A-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

. . L5 . . 5 . .
replacing ngl)JCCH with nl(,['fééH and replacing nl(,l[jccﬁ ; with nl(,'UIQC)H ; insubframe 7, 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(y)
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-r12, the UE shall determine
the 4 PUCCH resources, nl(,l[)JCCH’ j 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

m?

1) — (1) .
Mpucch,j = (Mp”.mwy -m- 1)- NC +m- NC+1 +hcep, T NPUCCH , where ¢ is selected from {0, 1, 2, 3}

N, =max{0,| [N2 (N .c—4)]/36 |} where N2 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—=1)N_+m-N_, +nce, +1+ Nyeen

c+l

such that N, < Necpm < N

c+l>

(1) e ol (1) — _
resource Mpeci, 41 18 gVen bY Mpyecn ji = \M primary

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

N, I(,BCCH 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 nl(’lL)JCCH‘ ; 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(’lL)JCCH, ;s given by
- if EPDCCH-PRB-set g is configured for distributed transmission

m—1
Q)] _ (el)
Npucen,j = Mecceq T ZN ECCEqn-k, T Ao+ N PUCCH,q

i1=0
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- if EPDCCH-PRB-set 7 is configured for localized transmission

n m-1

(1) _ ECCEq | aATECCEq ' (el)

Npiecn,j = NECCE Ny + 2N ECCE gk, T +A ro + N PUCCH,q
RB i=0

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

for transmission of the corresponding DCT assignment in EPEDCCH-PRB-set g in subframe n—k,, N lgeL}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 7k, is given in subclause 6.8A.1 in [3], n'is determined
from the antenna port used for EPDCCH transmission in subframe 1 — k,, which is described in subclause
6.8A.5in[3].1f 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 7 —k,;, N gzecp, gk, is equal to the number of ECCEs in

EPDCCH-PRB-set g configured for that UE in subframe n —f;, . If the UE is not configured to monitor
EPDCCH in subframe n—Fk,, N, ECCE gk, is 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 gn—k, is equal to 0. For extended downlink

CP, if subframe 5 —k;, is a special subframe with special subframe configuration 0 or 4 or 7, NECCE’LI’H‘,’1 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 nl(,ll)JCCH’ a1 18

given by
- if EPDCCH-PRB-set g is configured for distributed transmission

m—1
Lp)  _ (el)
Mpjicen = Mecceg 1+ ZN ECCE gk, T Aot N PUCCH,q

i1=0

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

~ n m=1
a.p)  _ | MEccEq ECCE, (el
Mpjcen = \‘NECCE"’ J Npg I +1+ ZNECCE,q,n—k,l +1'HA jro + Npyceng
RB i1=0
- for a PDSCH transmission indicated by the detection of a corresponding PDCCH/EPDCCH within subframe(s)
n—k,where ke K onthe secondary cell, the value of n;’ll}CCH, ;- and the value of nl(’lI?ICCH, j1 fora

subframe n with M =2 or for a subframe n 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 (nl(’II}CCH, i nl(’II}CCH, j .1) , otherwise, the PUCCH

resource value maps to a single PUCCH resource nI(,II}CCH" j - 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 71—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 » — km , where

k,,, € K with the DAI value in the PDCCH equal to '1', the PUCCH resource

nl(:U)CCH,l = (Mp”.mary -m- 1)' Nc +m- N¢-+1 +hccg, NI(’:J)CCH where c¢ is selected from {0, 1, 2, 3}
N, =max{0,| [N2(N* .c=4)]/36 |} . where ngey,, is the

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

such that N, <ngeg, <N,

c+l?

N 1(>BCCH 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)

m>

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 g is configured for distributed transmission

m—1
(1) _ (el)
Mpieent = Mecceg T z N ECCE gty T Ao+ N PUCCH,q
i1=0

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

n . . m—=1

6 _ ECCE,q ECCE.q (el)

Npucen,1 = \‘NECCE,,I J “Npg + ZNECCE,q,n—k” 1A o + NPUCCH,q
RB i1=0

where Rpcep, 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 I(,Cl}éCH, q for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-ResourceStartOffset-

rll, N ,fBC £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 7 — 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 10.1.2.1-1.1f 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 zccp, gnk, isequal to

i

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

is determined

configured to monitor EPDCCH in subframe n—k;,, Npgecp, gnt, 1s equal to the number of ECCEs

i

computed assuming EPDCCH-PRB-set g 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 ECCE. gk, 1S
equal to 0. For extended downlink CP, if subframe n —k;, is a special subframe with special subframe

configuration 0 or 4 or 7, NECCEWH(I is equal to 0.

- Ifthe 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 n](,l[}CCH)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 n—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 'l',

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

272

nl(,ll}CCqu is given by nl(,IL}CCHJ =(M'-i2-1)-N,+i2-N,

c+l

(1) .
+hcer; T Noveen 3

i

- otherwise, if the value of k, is same as the value of an element k? inset K*, where ke K*(defined
in Table 10.1.3.1-1A), the PUCCH resource nl()lleCH,l is given by
nf,BCCHJ =(M"-i3-1)-N,+i3-N,

KA .
et Thcep; + N, PUCCH >

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, < ey, < Ny, N, =max{0,| [NE:-(N* -c—4)]/36 |}

c+l >
where N 1?]; is determined from the primary cell, nccp; is the number of the first CCE used for
transmission of the corresponding PDCCH in subframe » —k;, , and N, IL(L'}‘CCH , N f,IJCCH , 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 'l', the PUCCH resource is given by

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

i4-1 i5-1

(1) _ ' ’ ' (el)
Mpucen,i = Pecceq T ZN ECCE gk, + ZN BCCE gk + Ao TN PUCCH,q
i=0 i=0

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

n ' i4-1 i5-1

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

Mpycen, = NECCE Npg 1+ NECCE’,],,,_,C;1 + NECCE,q,n_k;; +n'+ Ao + Npyceng
RB i1=0 i=0

where

- if the value of k, is same as the value of an index k' where k',ekK', then i4=i2and i5=0;

- otherwise, if the value of , is same as the value of an index klg’, where klf;‘ e K4, then i4= M'and
i5=i3;

,and 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 f,ﬂéCH, a for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-

ResourceStartOffset-ri1, N fg “E4 for EPDCCH-PRB-set qin subframe 5 —fk, is given in subclause

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

n—k, which is described in subclause 6.8A.5in [3]. A' 1 N'pecp g, ’ N ECCE.qn

1 are determined
il

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 ' j'is received, HARQ-ACK(j) is the corresponding
ACK/NACK/DTX response; otherwise HARQ-ACK(j) shall be set to DTX.

- Otherwise,

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 PDCCH in
subframe n—k,, , 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 PDCCH equal to either '1' or '2' or a PDCCH indicating downlink SPS
release (defined in subclause 9.2) in subframe 7 — km ,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

m— 1)~ N,+m-N_, +ncg,, + NQcc» where ¢ is

(1) —
PUCCH resource Mpjecr; =\M primary —

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

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

transmission of the corresponding PDCCH in subframe 7 —K, , N l(’llJ)CCH 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.

If the 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 PDCCH 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' or a PDCCH indicating downlink SPS
release (defined in subclause 9.2) in subframe 5 —fk, , 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/,
- if'the value of k  is same as the value of an element k', where k', e K", the PUCCH resource

(1) e ol () _ : : (1) .
Npiecn; 18 givenby nppeey, = (M'—i2—1)- N +i2-N_, +nceg,, + Npgeen s

- otherwise, if the value of £ is same as the value of an element kl.’; inset K, where kl/; e K*(defined
in Table 10.1.3.1-1A), the PUCCH resource nl(,lL)TCCH,i is given by

0) A : Ky .
Mpueen; = (M7 =i3=1)-N_ +i3- N, +ncep, + Npdeen's

where A, is the number of elements in the set K1 , where ¢ is selected from {0, 1, 2, 3} such that
N, <nger <Noyy. N, =max{0,| [N2 (N .c—4)]/36 |} where NDY is determined
from the primary cell, n,, isthe number of the first CCE used for transmission of the corresponding

PDCCH in subframe n -k, ,and N, ;(L?CCH . N{Uccy » 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-ri2 on the primary
cell for a PDSCH transmission on the primary cell indicated by the detection of a corresponding EPDCCH in

subframe 7 — km ,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)
Mpucen; = Mecceq T ZNECCE,q,n—kl, Ao + NPUCCH,q
i1=0

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

n - m-l
m _ | MEccE, ECCE, (el
Mpycen,i = { E(;(;E?q J “Ngg '+ ZN ECCEqn-ky T n'+A po + N, PUCCH,q
Nig i1=0
where 7lgecg 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 f,ﬂéCH, a for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-ResourceStartOffset-
r11, Ny for EPDCCH-PRB-set g in subframe n —k, 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].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 10.1.2.1-1.1f 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, , Ngecp, gk, isequalto

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

is determined

configured to monitor EPDCCH in subframen —k,,, N, ECCE gk, is equal to the number of ECCEs
computed assuming EPDCCH-PRB-set g is configured for that UE in subframe » — k. For normal
downlink CP, if subframe 5 —k,, is a special subframe with special subframe configuration 0 or 5,

N ECCE, g1k, 18 €qual to 0. For extended downlink CP, if subframe 7k, is a special subframe with special
subframe configuration 0 or 4 or 7, NV ECCE 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 '1'
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.

- If'the 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 EPDCCH in

subframe 71—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 72 — 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 '1' or 2, the
PUCCH resource is given by

- IfEPDCCH-PRB-set ¢ is configured for distributed transmission
o i4-1 i5-1 o
€
Mpucen,i = Mecceq T z N ECCE qun—k), + ZN ECCE.q.n—k{! +A iro + Npucarg
i1=0 i1=0
- IfEPDCCH-PRB-set ¢ is configured for localized transmission

n i4-1 i5-1

1 _ ECCEq |, A7ECCE.q z Z ' (eD)

Mpuceni = |\ NECCEg Neg "+ 2N ECCE q.n-k), + NECCE,q,nJr,f 1% A upo + Npveeng
RB i1=0 i=0
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where

- if the value of k, is same as the value of an index K., where k,eK', then i4=i2;
- otherwise, if the value of k, is same as the value of an index k‘.’;, where kl/; e K4, then i4=1i3;

,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—k,, N I(,eulécﬂ’q for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-

ResourceStartOffset-rll, N ch “£:4 for EPDCCH-PRB-set gin subframe n—k,, is given in subclause
6.8A.11n [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' o Nypccp g, N are determined

ECCE q.n—ki{
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 '1'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}, ifa 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(j) 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-r12 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',
1) —
the PUCCH resources Hpccp,; = (M —-m- l)- N.+m-N,

c+l

N, =max{0,| [N -(N* .c—4)]/36 |},

(1) :
primary + nCCE,m + NPUCCH ’ where ¢ is

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

c+l
where N, ,?BL is determined from the primary cell, 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, i =2 for the

m?

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

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

- if the value of k, is same as the value of an element k', , where k', e K', the PUCCH resource nl(’lL)TCCH ;

is given by n:’ll,)TCCH,i =(M'-i2-1)-N, +i2-N_, +nccg,, + ngij)cca >

- otherwise, if the value of f, is same as the value of an element k1 inset K 4, where ki € 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 n](,BCCH,i is given by

neen, =(M*=i3-1)-N, +i3-N

Ky .
c+l + nCCE,m + NPUCCH s
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where M, is the number of elements in the set K* defined in Table 10.1.3.1-1A , where c¢ is selected from
N, =max{0,| [N2(N* .c=4)]/36 |} where N2t

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, < Aecpm <N

c+l>

corresponding PDCCH in subframe n—k,, ,and NV, lI’(UACCH , N I(JBCCH , 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°.

- Ifthe UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-ri12 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 #—Kk,, , 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
(0] _ (el)
Mpuccni = Mecceq T Z N ECCE gk, T Ao+ N PUCCH,q
i1=0

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

n m=1

) _ ECCEq |, A7ECCE.q ! (el)

Npycen,i = \‘NECCE’Z’ J NRB + ZNECCE,q,n—k” +n +AAR0 + NPUCCH,q
RB i1=0

where #lgecp, 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 I(,eL}éCH’q
for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-ResourceStartOffset-ri1 ,

N IEBC £ for EPDCCH-PRB-set g in subframe n —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]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

i1’

EPDCCH-PRB-set ¢ configured for that UE in subframe n —k;, . If the UE is not configured to monitor
EPDCCH in subframen — k,

il

NECCE’q,ﬂ_k“ is equal to the number of ECCEs computed assuming EPDCCH-
PRB-set g is configured for that UE in subframe  — 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 —k, is a special subframe with special subframe configuration 0 or 4 or 7,

N ECCE gk, is equal to 0. Here, i =2 for the corresponding EPDCCH with the DAI value equal to '1' and

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

- Ifthe 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 #—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
i4-1 i5-1

(1) _ Z ' Z ' ' (el)
Mpuceni = Mecceq T N ECCE q,n—k), + 2N ECCE q.n-ki + AARO +N PUCCH,q
i1=0 i1=0
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- If EPDCCH-PRB-set ¢ is configured for localized transmission

i5-1

n i4-1

(1) _ ECCEq | A7ECCEq Z ’ Z ’ ' ’ (el)

Mpyccn, = NECCEg NRB + NECCE’q’,,,k;l + NEC(,'E,q,n—k[f +tn+ AARO + NPUCCII,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 i4=i2;
- otherwise, if the value of k, is same as the value of an index k;j, where ke K, then j4=i3;

and where NEccrg 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 EPEDCCH-PRB-set g in subframe n—k,,,
N I(,eljéc“,q for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-ResourceStartOffset-ri 1

, 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

68A5In[3]. Ao N'occpgoi, N .+ are determined as described in subclause 10.1.3.1. For

(
ECCE.,q.n

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}%ccmz and nl(’ll}CCHJ 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 ke K.

- For 0< j<M -1, if a PDSCH 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(j) shall be set to DTX.

A UE shall perform channel selection according to the Tables 10.1.3.2-5, and 10.1.3.2-6 and transmit 5(0),h(1) on

PUCCH resource ngl)?cni for p mapped to antenna port p using PUCCH format 1b according to subclause 5.4.1 in
[3] where

nl(,lU%)C)H = nl(,IGCCH in sub-frame # 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),h(1) and the PUCCH resource
nl(,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.

n}(,IU‘ééH for antenna port p, , where nl(,'U[ééH selected from PUCCH resources, nl(,lU"E‘éHJ configured by higher

layers where 0 <j<3 according Tables 10.1.3.2-5, and 10.1.3.2-6 for M = 3, and 4 respectively by replacing
ng[)}CCH with nl()lU[é%H and replacing nl(,lleCH’[ with ”SO%C)H,[’ 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.

3GPP

IPR2022-00464
Apple EX1006 Page 186



IPR2022-00464
Apple EX1006 Page 187



IPR2022-00464
Apple EX1006 Page 188



Release 12 189 3GPP TS 36.213 V12.3.0 (2014-09)
(ACK, NACK/DTX, any, any), :
ACK, ACK, NACK/DTX, any except for (ACK, DTX, DTX, | nbUccu s 0, 1 1,0,0,0
DTX) :
ACK, DTX, DTX, DTX NACK/DTX, any, any, any | n&0ccro 1,1 0,1,0,0
(ACK, NACK/DTX, any, any), |
ACK, DTX, DTX, DTX except for (ACK, DTX, DTX, | n\ccro 1,1 0,1,0,0
DTX) ’
ACK, ACK, ACK, ACK NACK/DTX, any, any, any | n&0ccro 1,1 0,1,0,0
(ACK, NACK/DTX, any, any), 1
ACK, ACK, ACK, ACK except for (ACK, DTX, DTX, | nccno 1,1 0,1,0,0
DTX) :
NACK, any, any, any NACK/DTX, any, any, any ”f)ll}CCHo 0,0 0,0,0,0
(ACK, NACK/DTX, any, any), |
NACK, any, any, any except for (ACK, DTX, DTX, | n%0ccro 0,0 0,0,0,0
DTX) ’
(ACK, NACK/DTX, any, any), |
except for (ACK, DTX, DTX, NACK/DTX, any, any, any | n&0ccro 0,0 0,0,0,0
DTX) :
(ACK, NACK/DTX, any, any), | (ACK, NACK/DTX, any, any), 1
except for (ACK, DTX, DTX, except for (ACK, DTX, DTX, | n\ccro 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
subfirameAssignment), 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 K .

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 »n with M >1 and more than one

configured serving cell, where A is the number of elements in the set K , the UE shall use PUCCH resource nl(,%(”}m

or nl(,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-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 k, e 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 'l' (defined in Table 7.3-X), or for a PDCCH indicating
downlink SPS release (defined in subclause 9.2) in subframe 5 — k,» where k,ekK, 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 PUCCH resource n;’lU}é)CH with

(Lpy) (1) 1 .
Moy =M —m—=1)-N, +m-N_, +nccg,, + Nyjeey forantenna port p, where Nijecy is

configured by higher layers, c is selected from {0, 1, 2, 3} such that N, <n., <N,

c+l?
N, = max{O, L[N 1%]3“ ~(NS%B -c—4)]/36 J} ,and Heep o is the number of the first CCE used for transmission
of the corresponding PDCCH in subframe 7 -k, where k,eK. When two antenna port transmission is

configured for PUCCH format 1a/1b, the PUCCH resource for antenna port p, is given by

@p) o (Lpy)
Mpicen = Mpicen +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 PDCCH in
subframe n—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 PDCCH is equal to 'l' (defined in Table 7.3-X), or for a PDCCH indicating
downlink SPS release (defined in subclause 9.2) in subframe 5 —k, , where k, e 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
- if the value of f, is same as the value of an element k', where £', e K', the PUCCH resource nl(’lU;C)CH is

. L.y . . 1 .
given by nl(’Ulé)CH =(M'-i2-1)-N_+i2-N_, + Necpm T N[(’U)CCH >

- otherwise, if the value of k, is same as the value of an element k3 inset K 4, where k) € 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(,IU]?CH is given by

WP _apA . Ky .
Npieen =(M 7 =i3=1)-N_+i3- N, +nceg,, + Npgeen s

where M , is the number of elements in the set K defined in Table 10.1.3.1-1A , where c¢ is selected from
N, =max{0,| [NE-(N* .c—4)]/36 |} where N2t

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, <neg,, <N

c+l?
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corresponding PDCCH in subframe n—k, ,and N, ;(UACCH , N ,(,IJCCH , 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 7 15
is given by nI(,IU’ééH = nl(,l}[é"C)H +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 5 — k,» where k, ek, 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 5 — k, where k,ekK, 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 n}(,lU’é)CH given by

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

m-1

Lp)  _ (el)
Mpicen = Mecceq T ZN ECCEgntk, T Ao+, PUCCH,q
i=0

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

~ n s

a5 _| Mecceq | prECCEq z ' (el

Npyccn = [NECCE,q Ny + NECCE,q,n—k“ +1'+A o + NPUCCH,q
RB i1=0

where Mpccgq 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—f%,,, N I(fijlécﬂ)q

for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-ResourceStartOffset-r11 ,

NfgCE’q for EPDCCH-PRB-set ¢ in subframe 7 —k, is given in subclause 6.8A.1 in [3], 7'is determined
from the antenna port used for EPDCCH transmission in subframe 5 — 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 g configured for that UE in subframe n —k,, . If the UE is not configured to monitor
EPDCCH in subframen —k,,, Ngeep. 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, Ny 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, Ny, .
equal to 0. When two antenna port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for

o P W
antenna port p,; is given by nl(’lU%%H = nI(,[’fé’C)H +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 EPDCCH in
subframe n—k,, where k, e 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 n -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', the UE

shall use PUCCH format 1a/1b and PUCCH resource nE’lU?é)CH given by

- if EPDCCH-PRB-set 7is configured for distributed transmission
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i4-1 i5-1
(15 ' e
Mpicen = Mcceq T 2 FCCE.qun-k!, +2N, sk gnit T Naro T Novceng
1=0 i1=0

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

i4-1 i5-1

n ,

ap) - _| MEcckq | arEccEg | , LAY (el)

Mpiccn = N ECCEq Ny 2 AN EccE g -k, 2 ,N ECCE qn—k +n'+ Ao+ N PUCCHq
RB i1=0 i1=0

where

- if the value of k, is same as the value of an index ks where k',eK', then i4=i2;

- otherwise, if the value of % is same as the value of an index k1, where ke K*,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 7 — km s
N g{}écp{ q for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-ResourceStartOffset-ri1

, N,fgCE’q for EPDCCH-PRB-set g in subframe #n—Kk,, 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]. A' ) N scce gni 1 4+ are determined as described in section 10.1.3.1. When

1

ECCE ,q,n—kj
two antenna port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antenna port p,
is given by nl(,UISéH = ”SU@%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(,lUﬁC)CH with the value of nl(,lU’Z)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 nf(,ll’fééﬂ for antenna port p, otherwise, the PUCCH

resource value maps to a single PUCCH resource nl(,UCCH 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 » -k, , where ke 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, e K with the DAI value in the PDCCH equal to 'l', the UE

shall transmit b(O),b(l) in subframe n using PUCCH format 1b on PUCCH resource nI<’1U)CCH selected from

A PUCCH resources n}(,BCCHJ where 0<i< 4—1, according to Table 10.1.3.2-1 and Table 10.1.3.2-2 for

A=2 and A =23, respectively. For a UE configured with a transmission mode that supports up to two
transport blocks on the primary cell, 4 = 3; otherwise, 4=2.

- If'the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary

cell, the PUCCH resource n{) ., is determined according to higher layer configuration and Table 9.2-2.

The PUCCH resource nﬁ,BCCH , is determined as
nPUCCH1 M-m-1)-N.+m-N_, + Recpm + N](,lU)CCH, where N}(,}J)CCH is configured by higher

layers, c is selected from {0, 1, 2, 3} such that N, < Neepn <N,

c+l?
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N, = max{O, L[N% A(NRB.c—4))/36 J} ,and Agcp,, is the number of the first CCE used for

transmission of the corresponding PDCCH in subframe n—k, where k, e K.

- If'the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,

the PUCCH resource n() ., is determined according to higher layer configuration and Table 9.2-2. The

PUCCH resource n{).,, is determined as

- if'the value of f  is same as the value of an element £',,, where k',eK', the PUCCH resource

”’SL}CCHJ is given by nl(>lL)lCCH,l =(M'-i2-1)-N_+i2-N , +nccg,, + NIEII}CCH )

- otherwise, if the value of k, is same as the value of an element ki inset K*, where & 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 nf,BCCH,] is given by

(1) _ A : : K, .
Ppyceny = (M~ —i3-1)-N_,+i3-N_, + Aecgm T Noveen s

where M 4 is the number of elements in the set K“ defined in Table 10.1.3.1-1A , where c¢ is selected
from {0, 1,2,3} such that N, <neep, < N,.s N, =max| 0, [N2E - (N2 -c=4)]/36 |}, negy, is

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

m?’

N, II’(I?CCH , N l(’BCCH , 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 nfyccy, is determined as ny)cy, = np)ecy, +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 'l'. 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 DAI field in the
corresponding DCI format is equal to '1".

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 7 — k,» where k,eK 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 k,eK with the DAI value in the EPDCCH equal to '1',

the UE shall transmit b(O),b(l) in subframe » using PUCCH format 1b on PUCCH resource ”SJCCH
selected from A PUCCH resources n](,ll)JCCH’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, 4 =3; otherwise, 4 =2.

- If'the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary
cell, the PUCCH resource nl(’ll}CCH,() is determined according to higher layer configuration and Table 9.2-2.

O] : 3
The PUCCH resource npjecy, is determined as
- IfEPDCCH-PRB-set ¢ is configured for distributed transmission
m-1
1) — (el)
Mpucen,i = Mecceq T Z N ECCE.qnky T A iro + Npuceng
i1=0

- IfEPDCCH-PRB-set ¢ is configured for localized transmission
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n m—1

0 _ | MeccEq | prECCEg , ()

Npucen,1 = [NECCE# J Ny + NECCE,q,n—kA, +1'HA o + NPUCCH‘q
RB i1=0

where Mgccpq 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—f%, ,

N l(,cl}écH‘q for EPDCCH-PRB-set g is configured by the higher layer parameter pucch-ResourceStartOffset-
rll, NIEBCCE"I for EPDCCH-PRB-set ¢ in subframe 7 —f, 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, , NECCEWH‘l is equal

to the number of ECCEs in EPDCCH-PRB-set ¢ configured for that UE in subframe n —k,, . If the UE is

not configured to monitor EPDCCH in subframen —k,,, N pccp, 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 0 or 5,
Neees, -k, 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, N FCCE gk, is equal to 0.

- Ifthe UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,
the PUCCH resource nI(,‘I}CCH’O is determined according to higher layer configuration and Table 9.2-2. The

PUCCH resource n{).,, is determined as

- IfEPDCCH-PRB-set is configured for distributed transmission
i4-1 i5-1

(1) _ ' ' ! (el)
Mpuceni = Mecceq T Z Niccrgni, t ZN rccegn it T Naro T Nevceng
i1=0 i1=0

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

n i4-1 i5-1

(1) _ ECCE,q | A7ECCE.q Z ’ Z ' ' ’ (el)

Meuceni = | rECCE Neg "+ 2N peer gui, ¥ 22N bk guoig + 11T Blro + Neveeng
RB i1=0 i1=0

where

1 ] 1 . .
- if the value of k. is same as the value of an index K , where kneK , then i4= ’2;

o k. . kA kie k! i4 =3
- otherwise, if the value of " is same as the value of an index "3, where "3 ,then 17 =13,

and where Npccp g 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 [(,eulécﬂ o for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-

ResourceStartOffset-ril, N fg £ for EPDCCH-PRB-set gin subframe 1 —k,, is given in subclause
6.8A.11n [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 N'gccp oo, ’ N'ECCE’{]WM are 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 nf,BCCH,Z is determined as nl(,BCCH,z = ”f)lljccu,l +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 DAL 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 DALI field in the corresponding DCI format is equal to '1".

- for M >1 and a PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH in subframe 5 — k,» where k,eK 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 , -k, , where
k,eK with the DAI value in the PDCCH greater than '1', the UE shall use PUCCH format 3 and PUCCH
resource nl(,SU‘Z)CH where the value of nl(’?j[z)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 'l' 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—k,, 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 » -k, ,
where ke K with the DAI value in the EPDCCH greater than 'l', the UE shall use PUCCH format 3 and

PUCCH resource nfU?CH 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) n—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’ll%gél_[ where the value of nﬁj’é)cﬂ 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 'l' 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 'l' 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.
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- Ifthe 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%g)CH where the value of nl%(’z)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 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 € 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 'l' 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 n,%’g)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
n]%g"c)H for antenna port p, and the second PUCCH resource n,%’é%H for antenna port p1, otherwise, the

PUCCH resource value maps to a single PUCCH resource nl%g‘gH 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-ACKSs, 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 N ANRep —1 times always using PUCCH resource nl(,lU?CH ANRep » Where nI(,IU’é)CH ANRep 18

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 n](,IU’g’éH ANRep fOT antenna port p,

and the second PUCCH resource nl(,lU’z‘éH ANRep fOr antenna port py, otherwise, the PUCCH resource value maps to

a single PUCCH resource n:,b‘é“c)]_, ANRep fOT antenna port p.
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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-r12 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-HargReferenceConfig-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. If HARQ-ACK repetition is enabled, upon detection of a PDSCH transmission in
subframe n-4 intended for the UE and for which HARQ-ACK response shall be provided, and if the UE is not repeating
the transmission of any HARQ-ACK in subframe n corresponding to a PDSCH transmission in subframes

n=Nyrey =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+1, ..., n+ N ey — 13

- shall not transmit any other signal in subframes n, n+1, ..., n+ N ey — 15 and

- shall not transmit any HARQ-ACK response repetitions corresponding to any detected PDSCH transmission in
subframes n-3, ..., n+ N ey =5+

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 7.
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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 n.

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 7.

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 » -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 77 and the next N , 1 UL subframes denoted as 7,

ANRej

LN ;
’ NANch’l’

- shall not transmit any other signal in UL subframe 7, n,,...,n Ny =1 and
ep

- shall not transmit any HARQ-ACK response repetitions corresponding to any detected PDSCH transmission in
subframes 7, — k,where ke K, K,is the set defined in Table 10.1.3.1-1 corresponding to UL subframe

n,, and ISZSNANRep—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 eimta-
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 c, if subframe 7 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-HargReferenceConfig-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 E/IMTA-MainConfigServCell-r12 for any activated serving cell, the UE is not
expected to monitor PDCCH with CRC scrambled by eIMTA-RNTI.
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