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10
Physical uplink control channel procedures
If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

-
When the procedures are applied for MCG, the terms ‘secondary cell’, ‘secondary cells’ , ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG respectively.

-
When the procedures are applied for SCG, the terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells belonging to the SCG respectively. The term ‘primary cell’ in this clause refers to the PSCell of the SCG.

If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both primary PUCCH group and secondary PUCCH group
-
When the procedures are applied for the primary PUCCH group, the terms ‘secondary cell’, ‘secondary cells’ , ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the primary PUCCH group respectively.

-
When the procedures are applied for secondary PUCCH group, the terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells (not including the PUCCH-SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively. The term ‘primary cell’ in this clause refers to the PUCCH-SCell of the secondary PUCCH group.

If a UE is configured with a LAA Scell, the UE shall apply the procedures described in this clause assuming frame structure type 1 for the LAA Scell unless stated otherwise. 
A UE is not expected to be configured with PUCCH on a LAA SCell.
10.1
UE procedure for determining physical uplink control channel assignment

If a non-BL/CE UE is configured for a single serving cell and is not configured for simultaneous PUSCH and PUCCH transmissions, then in subframe [image: image1.wmf]n

 uplink control information (UCI) shall be transmitted

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

· on PUSCH if the UE is transmitting PUSCH in subframe [image: image2.wmf]n

 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[image: image3.wmf]n

 UCI shall be transmitted

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

· on PUCCH using format 2 if the UCI consists only of periodic CSI 

· on PUCCH using format 2/2a/2b/3 if the UCI consists of periodic CSI and HARQ-ACK and if the UE is not transmitting PUSCH
· on PUCCH and PUSCH if the UCI consists of HARQ-ACK/HARQ-ACK+SR/positive SR and periodic/aperiodic CSI and if the UE is transmitting PUSCH in subframe n, in which case the HARQ-ACK/HARQ-ACK+SR/positive SR is transmitted on PUCCH using format 1/1a/1b/3 and the periodic/aperiodic CSI transmitted on PUSCH unless the PUSCH transmission corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the contention based random access procedure, in which case periodic/aperiodic CSI is not transmitted  
If the UE is configured with more than one serving cell and is not configured for simultaneous PUSCH and PUCCH transmission, then in subframe [image: image4.wmf]n

 UCI shall be transmitted 

· on PUCCH using format 1/1a/1b/3/4/5 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 [image: image5.wmf]n

 unless the primary cell PUSCH transmission corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the contention based random access procedure, in which case UCI is not transmitted

· on PUSCH of the secondary cell with smallest 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 [image: image6.wmf]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 4/5 if the UCI consists only of HARQ-ACK and/or SR and/or periodic CSI 
· on PUCCH using format 2 if the UCI consists only of periodic CSI corresponding to one serving cell
· 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 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 (other than a LAA SCell) with the smallest SCellIndex if the UCI consists of HARQ-ACK and periodic CSI and if the UE is not transmitting PUSCH on primary cell but is transmitting PUSCH on at least one secondary cell, in which case, the HARQ-ACK is transmitted on PUCCH using format 1a/1b/3 and the periodic CSI is transmitted on PUSCH 

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

For a BL/CE UE, uplink control information (UCI) shall be transmitted in subframe [image: image7.wmf]n


· on PUCCH using PUCCH formats 1, 1a, 2, 2a for FDD and a UE configured with CEModeA if the UE is not transmitting PUSCH in subframe [image: image8.wmf]n

, or if the UE is transmitting PUSCH in subframe [image: image9.wmf]n

and the number of PUCCH repetitions defined for the UCI in [3] is larger than 1, or if the UE is transmitting PUSCH in subframe [image: image10.wmf]n

and the indicated PUSCH repetition number in DCI format 6-0A/6-0B is larger than 1
· on PUCCH using PUCCH formats 1, 1a, 1b, 2, 2a, 2b for TDD and a UE configured with CEModeA if the UE is not transmitting PUSCH in subframe[image: image11.wmf]n

, or if the UE is transmitting PUSCH in subframe [image: image12.wmf]n

and the number of PUCCH repetitions defined for the UCI in [3] is larger than 1, or if the UE is transmitting PUSCH in subframe [image: image13.wmf]n

and the indicated PUSCH repetition number in DCI format 6-0A/6-0B is larger than 1
· on PUCCH formats 1, 1a for a UE configured with CEModeB

· on PUSCH if the UE is transmitting PUSCH in subframe [image: image14.wmf]n

 and the number of PUCCH repetitions defined for the UCI in [3] is equal to 1, and the indicated PUSCH repetition number in DCI format 6-0A/6-0B is equal to 1 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 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 [image: image15.wmf])
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. PUCCH format 4 and PUCCH format 5 can only be transmitted on one antenna port [image: image17.wmf])
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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 and without PUCCH format 4/5 configured, [image: image18.wmf]å
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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 n with M = 1, or for TDD UL/DL configuration 0 and PUCCH format 3, [image: image23.wmf]å
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is the number of transport blocks or the SPS release PDCCH/EPDCCH, if any, received in subframe [image: image25.wmf]k
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, and M is the number of elements in K.
-
For TDD UL/DL configurations 1-6 and PUCCH format 3 and without PUCCH format 4/5 configured, or for TDD with two configured serving cells and PUCCH format 1b with channel selection and M = 2, [image: image28.wmf](

)

(

)

å

å

-

=

Î

÷

÷

÷

ø

ö

ç

ç

ç

è

æ

+

×

-

=

1

0

received

,

ACK

,

DAI

DL

,

DAI

HARQ

4

mod

DL

cells

N

c

K

k

c

k

c

c

c

N

n

U

V

n

 where [image: image29.wmf]DL

c

DAI,

V

 is the [image: image30.wmf]DL

DAI

V

 in serving cell [image: image31.wmf]c

, [image: image32.wmf]c

DAI,

U

 is the [image: image33.wmf]DAI

U

 in serving cell [image: image34.wmf]c

, and [image: image35.wmf]K

c

n

AC

 is the number of HARQ-ACK bits corresponding to the configured DL transmission mode on serving cell [image: image36.wmf]c
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For TDD with two configured serving cells and PUCCH format 1b with channel selection and M = 3 or 4, [image: image50.wmf]HARQ
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For TDD if the UE is configured with more than one serving cell and if at least two serving cells have different UL/DL configurations, or if the UE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one serving cell, or for FDD-TDD and primary cell frame structure 2, then
· For PUCCH format 3 without PUCCH format 4/5 configured, or for two configured serving cells and PUCCH format 1b with channel selection and [image: image54.wmf]2
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 (defined in subclause 10.1.3.2.1 for TDD and subclause 10.1.3A for FDD-TDD), [image: image55.wmf](
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(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, [image: image70.wmf]received
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 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), [image: image83.wmf]HARQ
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Throughout the following subclauses, subframes are numbered in monotonically increasing order; if the last subframe of a radio frame is denoted as [image: image88.wmf]k

, the first subframe of the next radio frame is denoted as [image: image89.wmf]1
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Throughout the following subclauses for a non-BL/CE UE, if the UE is configured with higher layer parameter n1PUCCH-AN-r11 then [image: image90.wmf](1)
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 is given by higher layer parameter n1PUCCH-AN .
10.1.1
PUCCH format information
Using the PUCCH formats defined in subclause 5.4.1 and 5.4.2 in [3], the following combinations of UCI on PUCCH are supported:

· Format 1a for 1-bit HARQ-ACK or in case of FDD or FDD-TDD primary cell frame structure type 1 for 1-bit HARQ-ACK with positive SR.
· Format 1b for 2-bit HARQ-ACK or for 2-bit HARQ-ACK with positive SR.
· Format 1b for up to 4-bit HARQ-ACK with channel selection when the UE is configured with more than one serving cell or, in the case of TDD, when the UE is configured with a single serving cell.
· Format 1 for positive SR.
· Format 2 for a CSI report when not multiplexed with HARQ-ACK.
· Format 2a for a CSI report multiplexed with 1-bit HARQ-ACK for normal cyclic prefix.
· Format 2b for a CSI report multiplexed with 2-bit HARQ-ACK for normal cyclic prefix.
· Format 2 for a CSI report multiplexed with HARQ-ACK for extended cyclic prefix.
· 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 CSI report(s). 
· Format 4 for more than 22 bits of UCI including HARQ-ACK, SR (if any) and periodic CSI report(s) (if any).
· Format 5 for more than 22 bits of UCI including HARQ-ACK, SR (if any) and periodic CSI report(s) (if any). 
· Format 4 for more than one CSI report and SR (if any).
· Format 5 for more than one CSI report and SR (if any).
For a UE configured with PUCCH format 3, not configured with PUCCH format 4/5, and for 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 a non BL/CE 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 or for a UE configured with PUCCH format 4/5 and HARQ-ACK transmission on PUSCH or using PUCCH format 3/4/5:
-
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. 
For a UE configured with PUCCH format 4/5 and with a transmission mode supporting two transport blocks in at least one serving cell, the HARQ-ACK response for a serving cell configured with a transmission mode supporting one transport blockis associated with the first codeword. The UE shall generate a NACK for the second codeword if spatial bundling is not applied, and shall generate the same HARQ-ACK response for the second codeword as that for the first codeword if spatial bundling is applied.
For a BL/CE UE configured with PUCCH format 1b with channel selection according to Tables 10.1.3-5, 10.1.3-6, 10.1.3-7, if neither PDSCH nor MPDCCH indicating downlink SPS release is detected in a subframe for a serving cell, the UE shall generate a single NACK.
The scrambling initialization of PUCCH format 2, 2a, 2b, 3, 4 and 5 is by C-RNTI.
For a non-BL/CE 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 a BL/CE UE, 

· if both pucch-NumRepetitionCE-format1 and pucch-NumRepetitionCE-format2 equal 1, in case of collision among two or more of a periodic CSI report, an HARQ-ACK and a SR in a same subframe without PUSCH, the UE behavior follows that of a non-BL/CE UE.

· if at least one of pucch-NumRepetitionCE-format1 and pucch-NumRepetitionCE-format2 is larger than 1, in case of collision among two or more of a periodic CSI report, an HARQ-ACK, and a SR in a same subframe without PUSCH, the highest priority UCI is transmitted, where the priority of HARQ-ACK is higher than SR and the priority of SR is higher than periodic CSI report.
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 and is not configured with PUCCH format 4/5, 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, 

CSI is dropped. 
For FDD or for FDD-TDD and primary cell frame structure type 1, for a UE configured with PUCCH format 4 or PUCCH format 5, and if the UE has HARQ-ACK/SR and periodic CSI reports to transmit in a subframe,

-
if a PUCCH format 3 is determined to transmit the HARQ-ACK/SR according to subclause 10.1.2.2.3 or 10.1.2.2.4, the UE shall use the determined PUCCH format 3 for transmission of the HARQ-ACK/SR and periodic CSI report(s) if the parameter simultaneousAckNackAndCQI-Format3-r11 provided by higher layers is set TRUE; otherwise, the UE shall drop the periodic CSI report(s) and transmit only HARQ-ACK/SR;
-
if a PUCCH format 4 is determined to transmit the HARQ-ACK/SR according to subclause 10.1.2.2.3 or a PUCCH format 5 is determined to transmit the HARQ-ACK/SR according to 10.1.2.2.4, the UE shall used the determined PUCCH format 4 or PUCCH format 5 for transmission of the HARQ-ACK/SR and periodic CSI report(s) if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layers is set TRUE; otherwise, the UE shall drop the periodic CSI report(s) and transmit only HARQ-ACK/SR;

-
if there is no PUCCH format 3 or 4 determined to transmit the HARQ-ACK/SR according to subclause 10.1.2.2.3 and there is no PUCCH format 3 or 5 determined to transmit the HARQ-ACK/SR according to subclause 10.1.2.2.4 and there are more than one periodic CSI report(s) in the subframe, 

-
if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layers is set TRUE and if the UE is configured with a single PUCCH format 4 resource 
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 is used for transmission of the HARQ-ACK/SR and periodic CSI report(s);
-
if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layers is set TRUE and if the UE is configured with a PUCCH format 5 resource 
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according to higher layer parameter format5-MultiCSI-resourceConfiguration, the PUCCH format 5 resource 
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is used for transmission of the HARQ-ACK/SR and periodic CSI report(s);
-
if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layers is set TRUE and if the UE is configured with two PUCCH format 4 resources 
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 is the code rate given by higher layer parameter maximumPayloadCoderate-r13 according to Table 10.1.1-2;
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otherwise, the UE shall drop the periodic CSI report(s) and transmit only HARQ-ACK/SR;
-
if there is no PUCCH format 3 or 4 determined to transmit the HARQ-ACK/SR according to subclause 10.1.2.2.3 and there is no PUCCH format 3 or 5 determined to transmit the HARQ-ACK/SR according to subclause 10.1.2.2.4 and there are only one periodic CSI report in the subframe,

-
if there is no positive SR and 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, the UE shall drop the CSI and transmit the HARQ-ACK according to subclause 10.1.2.2.3 or 10.1.2.2.4 when UE shall transmit HARQ-ACK only or UE shall drop the CSI and transmit the HARQ-ACK and SR according to the procedure for FDD with PUCCH format 1a/1b when there is positive SR.
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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-r11 provided by higher layers is set TRUE or if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 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 or if the UE is provided by higher layers a parameter simultaneousAckNackAndCQI-Format4-Format5-r13 that is set FALSE. If the UE is configured by higher layers for simultaneous PUCCH and PUSCH transmissions, and if the UE does not determine PUCCH format 4/5 for periodic CSI and HARQ-ACK transmission or if the UE is provided by higher layers a parameter simultaneousAckNackAndCQI-Format4-Format5-r13 that is set FALSE, the HARQ-ACK is transmitted in the PUCCH and the periodic CSI is transmitted in the PUSCH. If the UE is configured by higher layers for simultaneous PUCCH and PUSCH transmissions and if the UE determines PUCCH format 4/5 for periodic CSI and HARQ-ACK transmission and if the UE is provided by higher layers a parameter simultaneousAckNackAndCQI-Format4-Format5-r13 that is set TRUE, the periodic CSI and HARQ-ACK is transmitted in PUCCH format 4/5.
For a BL/CE UE, in case of collision between a UCI and a PUSCH transmission in a same subframe, if the number of PUCCH repetitions defined for the UCI in [3] is larger than 1 or if the indicated PUSCH repetition number in DCI format 6-0A/6-0B is larger than 1, the PUSCH transmission is dropped in that subframe. 
For a BL/CE UE in half-duplex FDD operation, in case of collision between a PUCCH format 2 transmission including half-duplex guard subframe and a PDSCH reception with repetitions, the PUCCH format 2 transmission is dropped.
For a BL/CE UE, in case of collision between at least one physical resource block to be used for transmission of UCI on PUCCH (defined in [3]) and physical resource blocks corresponding to configured PRACH resources for BL/CE UEs or non-BL/CE UEs (defined in [3]) in a same subframe, the PUCCH is dropped in that subframe.
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. 
Table 10.1.1-1: code rate 
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 corresponding to higher layer parameter maximumPayloadCoderate-r13
	Value of maximumPayloadCoderate-r13
	Code rate 
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	0
	0.08

	1
	0.15

	2
	0.25

	3
	0.35

	4
	0.45

	5
	0.60

	6
	0.80

	7
	Reserved


Table 10.1.1-2: Number of PRBs for PUCCCH format 4 
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	2
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	4
	5

	5
	6

	6
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	7
	Reserved


10.1.2
FDD HARQ-ACK feedback procedures

For FDD and for a UE not configured with PUCCH format 4/5 and transmitting HARQ-ACK using PUCCH format 1b with channel selection or PUCCH format 3, the UE shall determine the number of HARQ-ACK bits, [image: image137.wmf]O

,  based on the number of configured serving cells and the downlink transmission modes configured for each serving cell. The UE shall use two HARQ-ACK bits for a serving cell configured with a downlink transmission mode that 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 3/4/5 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
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· for a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe [image: image142.wmf]4
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· for a non-BL/CE UE, and for a PDSCH transmission on the primary cell where there is not a corresponding PDCCH/EPDCCH detected in subframe [image: image150.wmf]4
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· for a PDSCH transmission indicated by the detection of a corresponding EPDCCH in subframe [image: image158.wmf]4
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 , or for an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe [image: image159.wmf]4
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 , the UE shall use 

· if EPDCCH-PRB-set [image: image160.wmf]q

is configured for distributed transmission
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· if EPDCCH-PRB-set [image: image162.wmf]q

is configured for localized transmission
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for antenna port [image: image164.wmf]0
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 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 [image: image166.wmf]q
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 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, [image: image168.wmf](e1)
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is given in subclause 6.8A.1 in [3], [image: image172.wmf]'
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is determined from the antenna port used for localized EPDCCH transmission which is described in subclause 6.8A.5 in [3].  For two antenna port transmission the PUCCH resource for antenna port [image: image173.wmf]1
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 is given by 
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is configured for distributed transmission
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· if EPDCCH-PRB-set [image: image176.wmf]q

is configured for localized transmission
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· for a BL/CE UE, and for a PDSCH on the primary cell where there is not a corresponding MPDCCH detected and subframe 
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 is the last subframe in which the PDSCH is transmitted, the value of 
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· for a PDSCH transmission indicated by the detection of a corresponding MPDCCH, or for an MPDCCH indicating downlink SPS release (defined in subclause 9.2) where subframe 
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 is the last subframe in which the PDSCH is transmitted, the UE shall use 
· if MPDCCH-PRB-set [image: image181.wmf]q

is configured for distributed transmission
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· if EPDCCH-PRB-set [image: image183.wmf]q

is configured for localized transmission
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for antenna port [image: image185.wmf]0
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, where [image: image186.wmf]ECCE,q
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 is the number of the first ECCE (i.e. lowest ECCE index used to construct the MPDCCH) used for transmission of the corresponding DCI assignment in MPDCCH-PRB-set [image: image187.wmf]q
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 is determined from the HARQ-ACK resource offset field in the DCI format of the corresponding MPDCCH as given in Table 10.1.2.1-1, 
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· by the higher layer parameter n1PUCCH-AN-r13, if configured; otherwise:
· by the higher layer parameter n1PUCCH-AN-InfoList-r13 for the corresponding CE level, 
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 is determined from the antenna port used for localized MPDCCH transmission which is described in subclause 6.8A.5 in [3]. When an MPDCCH-PRB-set [image: image195.wmf]p

is 2+4, following procedures is applied. 
· if the detected MPDCCH is located within 2 PRB set, 
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Table 10.1.2.1-1: Mapping of ACK/NACK Resource offset Field 
in DCI format 1A/1B/1D/1/2A/2/2B/2C/2D/6-1A/6-1B to [image: image201.wmf]ARO
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	ACK/NACK Resource offset field 
in DCI format 1A/1B/1D/1/2A/2/2B/2C/2D
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	0

	1
	-1

	2
	-2

	3
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10.1.2.2
FDD HARQ-ACK procedures for more than one configured serving cell

The FDD HARQ-ACK feedback procedures for more than one configured serving cell are either based on a PUCCH format 1b with channel selection HARQ-ACK procedure as described in subclause 10.1.2.2.1 or a PUCCH format 3 HARQ-ACK procedure as described in subclause 10.1.2.2.2 or a PUCCH format 4 HARQ-ACK procedure as described in subclause 10.1.2.2.3 or a PUCCH format 5 HARQ-ACK procedure as described in subclause 10.1.2.2.4.
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HARQ-ACK transmission on two antenna ports [image: image204.wmf]])
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 is supported for PUCCH format 1b with channel selection and FDD with two configured serving cells.
10.1.2.2.1
PUCCH format 1b with channel selection HARQ-ACK procedure

For two configured serving cells and PUCCH format 1b with channel selection, the UE shall transmit [image: image205.wmf])
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, according to Table 10.1.2.2.1-3, Table 10.1.2.2.1-4, Table 10.1.2.2.1-5 in subframe [image: image215.wmf]n

.  HARQ-ACK(j) denotes the ACK/NACK/DTX response for a transport block or SPS release PDCCH/EPDCCH associated with serving cell [image: image216.wmf]c

, where the transport block and serving cell for HARQ-ACK(j) and [image: image217.wmf]A

 PUCCH resources are given by Table 10.1.2.2.1-1. 
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, when the UE is configured with two antenna port transmission for PUCCH format 1b with channel selection.
A UE configured with a transmission mode that supports up to two transport blocks on serving cell, [image: image230.wmf]c
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where [image: image257.wmf]ECCE,q

n

 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 [image: image258.wmf]q

, [image: image259.wmf]ARO

D

 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, [image: image260.wmf](e1)

PUCCH,q

N

 for EPDCCH-PRB-set [image: image261.wmf]q

is configured by the higher layer parameter pucch-ResourceStartOffset-r11 , [image: image262.wmf]q

ECCE

RB

N

,

for EPDCCH-PRB-set [image: image263.wmf]q

is given in subclause 6.8A.1 in [3], [image: image264.wmf]'

n

is determined from the antenna port used for localized EPDCCH transmission which is described in subclause 6.8A.5 in [3].  

For transmission mode that supports up to two transport blocks, the PUCCH resource [image: image265.wmf])

1

(

1

PUCCH,

+

j

n

 is given by

-
 if EPDCCH-PRB-set [image: image266.wmf]q

is configured for distributed transmission
 [image: image267.wmf](e1)

PUCCH,q

ECCE,q

)

1

(

1

j

PUCCH,

1

N

n

n

ARO

+

D

+

+

=

+


-
if EPDCCH-PRB-set [image: image268.wmf]q

is configured for localized transmission
 [image: image269.wmf](e1)

q

PUCCH,

,

,

,

)

1

(

1

j

PUCCH,

'

1

N

n

N

N

n

n

ARO

q

ECCE

RB

q

ECCE

RB

q

ECCE

+

D

+

+

+

×

ú

û

ú

ê

ë

ê

=

+


Table 10.1.2.2.1-2: PUCCH Resource Value for HARQ-ACK Resource for PUCCH

	Value of 'TPC command
 for PUCCH'
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	'00'
	The 1st PUCCH resource value configured by the higher layers

	'01'
	The 2nd PUCCH resource value configured by the higher layers

	'10'
	The 3rd PUCCH resource value configured by the higher layers

	'11'
	The 4th PUCCH resource value configured by the higher layers
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10.1.2.2.2
PUCCH format 3 HARQ-ACK procedure

For PUCCH format 3, the UE shall use PUCCH resource [image: image313.wmf])
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 mapped to antenna port p where

· for a PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH in subframe [image: image317.wmf]4
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· for a PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH detected in subframe [image: image326.wmf]4
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-

n

, the UE shall use PUCCH format 3 and PUCCH resource [image: image336.wmf])

~

,

3

(

PUCCH

p

n

 where the value of [image: image337.wmf])

~

,

3

(

PUCCH

p

n

 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 [image: image338.wmf])
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for antenna port [image: image351.wmf]0
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Table 10.1.2.2.2-1: PUCCH Resource Value for HARQ-ACK Resource for PUCCH

	Value of 'TPC command for PUCCH'
 or 'HARQ-ACK resource offset'
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	The 1st PUCCH resource value configured by the higher layers
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	The 2nd PUCCH resource value configured by the higher layers
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	The 3rd PUCCH resource value configured by the higher layers
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	The 4th PUCCH resource value configured by the higher layers


10.1.2.2.3
PUCCH format 4 HARQ-ACK procedure
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, the UE shall use PUCCH format 1a/1b and PUCCH resource [image: image381.wmf])
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 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 [image: image383.wmf])
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, otherwise, the PUCCH resource value maps to a single PUCCH resource [image: image387.wmf])
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· for a PDSCH transmission on the secondary cell indicated by the detection of a corresponding PDCCH/EPDCCH in subframe [image: image389.wmf]4
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, 
· if the UE is configured with codebooksizeDetermination-r13 = cc, or if the UE is configured with codebooksizeDetermination-r13 = dai and the total number of HARQ-ACK bits 
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 and scheduling request bit 
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 (if any) is more than 22, the UE shall use PUCCH format 4 and PUCCH resource 
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 is determined according to higher layer configuration and Table 10.1.2.2.3-1. 
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 10.1.2.2.3-1. 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. 
· If the UE is configured with codebooksizeDetermination-r13 = dai and if the total number of HARQ-ACK bits 
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 and scheduling request bit 
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 (if any) and periodic CSI bits
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 (if any) is no more than 22, the UE shall use PUCCH format 3 and PUCCH resource
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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
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, otherwise, the PUCCH resource value maps to a single PUCCH resource
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. A UE shall assume that the same HARQ-ACK PUCCH resource value is transmitted in each DCI format of the corresponding secondary cell PDCCH assignments in a given subframe.  
· for a PDSCH transmission only on the primary cell indicated by the detection of a corresponding EPDCCH in subframe [image: image406.wmf]4
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, or for a EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe [image: image407.wmf]4
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 on the primary cell, the UE shall use PUCCH format 1a/1b and PUCCH resource [image: image408.wmf])
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-
if EPDCCH-PRB-set [image: image409.wmf]q

is configured for distributed transmission
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if EPDCCH-PRB-set [image: image411.wmf]q

is configured for localized transmission
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for antenna port [image: image413.wmf]0
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 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 [image: image415.wmf]q
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 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, [image: image417.wmf](e1)
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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 [image: image422.wmf]1
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-
if EPDCCH-PRB-set [image: image425.wmf]q

is configured for localized transmission
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Table 10.1.2.2.3-1: PUCCH Resource Value for HARQ-ACK Resource for PUCCH

	Value of 'TPC command for PUCCH'
 or 'HARQ-ACK resource offset'
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	'00'
	The 1st PUCCH resource value configured by the higher layers

	'01'
	The 2nd PUCCH resource value configured by the higher layers

	'10'
	The 3rd PUCCH resource value configured by the higher layers

	'11'
	The 4th PUCCH resource value configured by the higher layers


10.1.2.2.4
PUCCH format 5 HARQ-ACK procedure

The HARQ-ACK feedback procedure for PUCCH format 5 HARQ-ACK procedure is as described in subclause 10.1.2.2.3, by replacing 
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10.1.2A
FDD-TDD HARQ-ACK feedback procedures for primary cell frame structure type 1

For a UE transmitting HARQ-ACK using PUCCH format 1b with channel selection, the UE shall determine the number of HARQ-ACK bits, [image: image430.wmf]O

 in subframe [image: image431.wmf]n

,  based on the number of configured serving cells with subframe [image: image432.wmf]4
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 configured as a downlink or special subframe according to the DL-reference UL/DL configuration (defined in subclause 10.2) of each serving cell and the downlink transmission modes configured for each serving cell. For a UE not configured with PUCCH format 4/5 and transmitting HARQ-ACK using PUCCH format 3, the UE shall determine the number of HARQ-ACK bits, [image: image433.wmf]O

 in subframe [image: image434.wmf]n

,  based on the number of configured serving cells with subframe [image: image435.wmf]4
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 configured as a downlink or special subframe except a special subframe of configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended downlink CP according to the DL-reference UL/DL configuration (defined in subclause 10.2) of each serving cell 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 shall use PUCCH format 1b with channel selection for transmission of HARQ-ACK when configured with primary cell frame structure type 1 and secondary cell frame structure type 2. 
A UE that supports aggregating more than 2 serving cells with primary cell frame structure type 1 is configured by higher layers to use either PUCCH format 1b with channel selection or PUCCH format 3/4/5 for transmission of HARQ-ACK when configured with more than one serving cell and primary cell frame structure type 1 and at least one secondary cell with frame structure type 2. 

For HARQ-ACK transmission in subframe [image: image436.wmf]n

 with PUCCH format 1b with channel selection, the FDD-TDD HARQ-ACK procedure follows HARQ-ACK procedure described in subclause 10.1.2.1 if subframe [image: image437.wmf]4
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 is an uplink or a special subframe of configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended downlink CP for the secondary cell according to the higher layer parameter subframeAssignment for UE not configured with the higher layer parameter EIMTA-MainConfigServCell-r12, and according to the higher layer parameter eimta-HARQ-ReferenceConfig-r12 for UE configured with the higher layer parameter EIMTA-MainConfigServCell-r12, and HARQ-ACK procedure described in subclause 10.1.2.2.1 otherwise.

The FDD-TDD HARQ-ACK feedback procedure for PUCCH format 3 HARQ-ACK procedure as described in subclause 10.1.2.2.2.

The FDD-TDD HARQ-ACK feedback procedure for PUCCH format 4 HARQ-ACK procedure is as described in subclause 10.1.2.2.3.

The FDD-TDD HARQ-ACK feedback procedure for PUCCH format 5 HARQ-ACK procedure is as described in subclause 10.1.2.2.4.

HARQ-ACK transmission on two antenna ports [image: image438.wmf]])
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 is supported for PUCCH format 3. 

HARQ-ACK transmission on two antenna ports [image: image439.wmf]])
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 is supported for PUCCH format 1b with channel selection and with two configured serving cells.
10.1.3
TDD HARQ-ACK feedback procedures

For TDD and a UE that does not support aggregating more than one serving cell with frame structure type 2, two HARQ-ACK feedback modes are supported by higher layer configuration.

· HARQ-ACK bundling and 

· HARQ-ACK multiplexing 

For TDD and a BL/CE UE, 

-
if the UE is configured with csi-NumRepetitionCE equal to 1 and mPDCCH-NumRepetition equal to 1,

-
the UE may be configured with HARQ-ACK bundling or HARQ-ACK multiplexing;

-
HARQ-ACK multiplexing can be configured only if pucch-NumRepetitionCE-format1 equal 1 and HARQ-ACK multiplexing is performed according to the set of Tables 10.1.3-5/6/7
-
else
-
the UE is not expected to receive more than one PDSCH transmission, or more than one of PDSCH and MPDCCH indicating downlink SPS releases, with transmission ending within subframe(s) [image: image440.wmf]k

n

-

, where [image: image441.wmf]K

k

Î

 and [image: image442.wmf]K

 is defined in Table 10.1.3.1-1 intended for the UE; 
For TDD UL/DL configuration 5 and a UE that does not support aggregating more than one serving cell with frame structure type 2 and the UE is not configured with EIMTA-MainConfigServCell-r12 for the serving cell, only HARQ-ACK bundling is supported. 
A UE that supports aggregating more than one serving cell with frame structure type 2 is configured by higher layers to use either PUCCH format 1b with channel selection or PUCCH format 3/4/5 for transmission of HARQ-ACK when configured with more than one serving cell with frame structure type 2.
A UE that supports aggregating more than one serving cell with frame structure type 2 and is not configured with the parameter EIMTA-MainConfigServCell-r12 for any serving cell is configured by higher layers to use HARQ-ACK bundling, PUCCH format 1b with channel selection according to the set of Tables 10.1.3-2/3/4 or according to the set of Tables 10.1.3-5/6/7, or PUCCH format 3 for transmission of HARQ-ACK when configured with one serving cell with frame structure type 2. 
A UE that is configured with the parameter EIMTA-MainConfigServCell-r12 and configured with 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. A UE that is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one serving cell and configured with more than 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 3/4/5 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 [image: image443.wmf]M

 multiple downlink or special subframes associated with a single UL subframe n, where [image: image444.wmf]M

 is the number of elements in the set [image: image445.wmf]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/MPDCCH) HARQ-ACKs and ACK in response to PDCCH/EPDCCH/MPDCCH 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 [image: image446.wmf]1
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, where [image: image447.wmf]M

 is the number of elements in the set [image: image448.wmf]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 [image: image449.wmf]1

=

M

, 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 [image: image450.wmf]M

 multiple downlink or special subframes associated with a single UL subframe n, where [image: image451.wmf]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[image: image452.wmf]M

 multiple downlink or special subframes associated with a single UL subframe n, where [image: image453.wmf]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 without PUCCH format 4/5 configured and more than 20 HARQ-ACK bits for [image: image454.wmf]M

 multiple downlink or special subframes associated with a single UL subframe n, where [image: image455.wmf]M

 is the number of elements in the set [image: image456.wmf]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 [image: image457.wmf]M

 multiple downlink or special subframes associated with a single UL subframe n, where [image: image458.wmf]M

 is the number of elements in the set [image: image459.wmf]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 without PUCCH format 4/5 configured, a UE shall determine the number of HARQ-ACK bits, [image: image460.wmf]O

, associated with an UL subframe n 
according to [image: image461.wmf]å
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 is the number of configured cells, and [image: image463.wmf]ACK
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is the number of HARQ-bits 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 [image: image464.wmf]])
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 is supported for PUCCH format 1a/1b with TDD HARQ-ACK bundling feedback mode and for PUCCH format 3. 

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 [image: image465.wmf]])
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 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-r12, for TDD HARQ-ACK bundling or TDD HARQ-ACK multiplexing for one configured serving cell and a subframe n with [image: image466.wmf]1
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 is the number of elements in the set [image: image468.wmf]K

 defined in Table 10.1.3.1-1, the UE shall use PUCCH resource [image: image469.wmf])
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 mapped to antenna port p for PUCCH format 1a/1b, where

· If there is PDSCH transmission indicated by the detection of corresponding PDCCH/EPDCCH or there is PDCCH/EPDCCH indicating downlink SPS release within subframe(s) [image: image472.wmf]k
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 depending on the subframe n 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  [image: image476.wmf]m
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such that UE detects a PDCCH/EPDCCH indicating PDSCH transmission or downlink SPS release within subframe(s) [image: image479.wmf]k
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 is the number of the first CCE used for transmission of the corresponding PDCCH in subframe [image: image488.wmf]m
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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 [image: image489.wmf]1
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· For a non-BL/CE UE and if there is only a PDSCH transmission where there is not a corresponding PDCCH/EPDCCH detected within subframe(s) [image: image491.wmf]k
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 is defined in Table 10.1.3.1-1, the UE shall use PUCCH format 1a/1b and PUCCH resource [image: image494.wmf])
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 is determined according to higher layer configuration and Table 9.2-2.  For a UE configured for two antenna port transmission for PUCCH format 1a/1b and HARQ-ACK bundling, a PUCCH resource value in Table 9.2-2 maps to two PUCCH resources with the first PUCCH resource [image: image496.wmf])
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· If there is PDSCH transmission indicated by the detection of corresponding PDCCH/EPDCCH or there is PDCCH/EPDCCH indicating downlink SPS release within subframe(s) [image: image502.wmf]k
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 (defined in Table 10.1.3.1-1) is a set of M elements [image: image505.wmf]{
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 depending on the subframe n 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  [image: image506.wmf]m
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-
if EPDCCH-PRB-set [image: image511.wmf]q

is configured for distributed transmission
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-
if EPDCCH-PRB-set [image: image513.wmf]q

is configured for localized transmission
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for antenna port [image: image515.wmf]0

p

, where [image: image516.wmf]ECCE,q

n

 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 [image: image517.wmf]q

in subframe [image: image518.wmf]m
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 and the corresponding m, [image: image519.wmf](e1)
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in subframe [image: image523.wmf]m
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is given in subclause 6.8A.1 in [3], [image: image524.wmf]'
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is determined from the antenna port used for EPDCCH transmission in subframe [image: image525.wmf]m
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which is described in subclause 6.8A.5 in [3].  If [image: image526.wmf]0

=

m

, [image: image527.wmf]ARO

D

 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 [image: image528.wmf]0
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 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 [image: image530.wmf]1
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 is equal to the number of ECCEs in EPDCCH-PRB-set [image: image532.wmf]q

configured for that UE in subframe[image: image533.wmf]1
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is configured for that UE in subframe [image: image537.wmf]1
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is equal to 0. For extended downlink CP, if subframe [image: image540.wmf]1
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 is a special subframe with special subframe configuration 0 or 4 or 7, [image: image541.wmf]1
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is equal to 0. When two antenna port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for HARQ-ACK bundling for antenna port [image: image542.wmf]1

p

 is given by  
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if EPDCCH-PRB-set [image: image543.wmf]q

is configured for distributed transmission
 [image: image544.wmf](e1)
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if EPDCCH-PRB-set [image: image545.wmf]q

is configured for localized transmission
 [image: image546.wmf](e1)
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· For a BL/CE UE, if there is only a PDSCH transmission within one or more consecutive BL/CE downlink subframe(s) where subframe [image: image547.wmf]k
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, is the last subframe in which the PDSCH is transmitted where [image: image548.wmf]K
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 is defined in Table 10.1.3.1-1 and there is not a corresponding MPDCCH, the UE shall use PUCCH format 1a and PUCCH resource 
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is determined according to higher layer configuration and Table 9.2-2. 
· If there is PDSCH transmission indicated by the detection of corresponding MPDCCH or there is MPDCCH indicating downlink SPS release within subframe(s) [image: image552.wmf]k
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, where [image: image553.wmf]K
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 (defined in Table 10.1.3.1-1) is a set of M elements [image: image555.wmf]{
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 depending on the subframe n and the UL/DL configuration (defined in Table 4.2-2 in [3]) and subframe [image: image556.wmf]m
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 is the last subframe in which the PDSCH or MPDCCH indicating downlink SPS release is transmitted and there is no 
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 is the last subframe in which a PDSCH indicated by the detection of corresponding MPDCCH or MPDCCH indicating downlink SPS release is transmitted, the UE shall use 
-
if MPDCCH-PRB-set [image: image560.wmf]q

is configured for distributed transmission
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if MPDCCH-PRB-set [image: image562.wmf]q

is configured for localized transmission


[image: image563.wmf](

)

(

)

1

q

PUCCH,

1

0

1

,

,

,

,

q

ECCE,

p

1,

PUCCH

'

1

0

m

ARO

m

i

k

n

q

ECCE

q

ECCE

RB

q

ECCE

RB

N

n

N

N

N

n

n

i

+

D

+

+

+

×

ú

û

ú

ê

ë

ê

=

å

-

=

-


for antenna port [image: image564.wmf]0
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, where [image: image565.wmf]ECCE,q

n

 is the number of the first ECCE (i.e. lowest ECCE index used to construct the MPDCCH) used for transmission of the corresponding DCI assignment in MPDCCH-PRB-set [image: image566.wmf]q

, 
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 for MPDCCH-PRB-set [image: image568.wmf]q

 is configured 
· by the higher layer parameter n1PUCCH-AN-r13, if configured; otherwise:
· by the higher layer parameter n1PUCCH-AN-InfoList-r13 for the corresponding CE level, 
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for MPDCCH-PRB-set [image: image570.wmf]q

 is given in subclause 6.8A.1 in [3], [image: image571.wmf]'
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is determined from the antenna port used for the MPDCCH transmission which is described in subclause 6.8A.5 in [3]. If [image: image572.wmf]0
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 is determined from the HARQ-ACK resource offset field in the DCI format of the corresponding MPDCCH as given in Table 10.1.2.1-1. If [image: image574.wmf]0
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 is determined from the HARQ-ACK resource offset field in the DCI format of the corresponding MPDCCH as given in Table 10.1.3.1-2. If subframe [image: image576.wmf]1
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is equal to 0. For extended downlink CP, if subframe [image: image584.wmf]1
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 is a special subframe with special subframe configuration 0 or 4 or 7, [image: image585.wmf]1
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is equal to 0. When an MPDCCH-PRB-set [image: image586.wmf]p

is 2+4, following procedures is applied. 
· if the detected MPDCCH is located within 2 PRB set, 
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· if the detected MPDCCH is located within 4 PRB set, 
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)

0

1,p

PUCCH

n

is the sum between 
[image: image589.wmf],

2

ECCEq

RB

N

and the value obtained by above procedure.
· if the detected MPDCCH is MPDCCH format 5, 
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Table 10.1.3.1-1: Downlink association set [image: image592.wmf]K

: [image: image593.wmf]{

}

011

,,

M

kkk

-

L

 for TDD

	UL/DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6
	-
	4
	-
	-
	6
	-
	4

	1
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	2
	-
	-
	8, 7, 4, 6
	-
	-
	-
	-
	8, 7, 4, 6
	-
	-

	3
	-
	-
	7, 6, 11
	6, 5
	5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 8, 7, 11
	6, 5, 4, 7
	-
	-
	-
	-
	-
	-

	5
	-
	-
	13, 12, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


Table 10.1.3.1-1A: eIMTA downlink association set [image: image594.wmf]A
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	Higher layer parameter 
‘eimta-HARQ-ReferenceConfig-r12’
	Higher layer parameter ‘subframeAssignment’
	Subframe n

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	2
	0
	-
	-
	7,8,4
	-
	-
	-
	-
	7,8,4
	-
	-

	
	1
	-
	-
	8,4
	-
	-
	-
	-
	8,4
	-
	-

	
	6
	-
	-
	6,8,4
	-
	-
	-
	-
	8,6,4
	-
	-

	4
	0
	-
	-
	12,7,11,8
	7,4,5,6
	-
	-
	-
	-
	-
	-

	
	1
	-
	-
	12,8,11
	7,5,6
	-
	-
	-
	-
	-
	-

	
	3
	-
	-
	12,8
	4,7
	-
	-
	-
	-
	-
	-

	
	6
	-
	-
	12,11,8
	4,5,6
	-
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	-
	-
	-
	-

	5
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	12,7,11,13,8,4,9,5
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	-
	-
	-
	-
	-
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	-

	
	2
	-
	-
	13,12,9,11,5
	-
	-
	-
	-
	-
	-
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	-
	-
	-
	-

	
	4
	-
	-
	13,5,4,6,9
	-
	-
	-
	-
	-
	-
	-

	
	6
	-
	-
	13,12,11,6,8,4,9,5
	-
	-
	-
	-
	-
	-
	-


Table 10.1.3.1-2: Mapping of ACK/NACK Resource offset Field in DCI format 1A/1B/1D/1/2A/2/2B/2C/2D/6-1A/6-1B to [image: image596.wmf]ARO
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Table 10.1.3.1-3: Mapping of ACK/NACK Resource offset Field in DCI format 1A/1B/1D/1/2A/2/2B/2C/2D to [image: image601.wmf]ARO
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If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12, for TDD HARQ-ACK multiplexing and sub-frame [image: image607.wmf]n

 with [image: image608.wmf]1
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M

 and one configured serving cell, where [image: image609.wmf]M

 is the number of elements in the set [image: image610.wmf]K

 defined in Table 10.1.3.1-1, denote [image: image611.wmf])
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 as the PUCCH resource derived from sub-frame [image: image612.wmf]i
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-

 and HARQ-ACK(i) as the ACK/NACK/DTX response from sub-frame [image: image613.wmf]i
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, where [image: image614.wmf]i
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(defined in Table 10.1.3.1-1) and [image: image615.wmf]1
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· For a PDSCH transmission indicated by the detection of corresponding PDCCH or a PDCCH indicating downlink SPS release in sub-frame [image: image616.wmf]i
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 where [image: image617.wmf]i
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, the PUCCH resource [image: image618.wmf](1)
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, [image: image622.wmf]CCE,
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 is the number of the first CCE used for transmission of the corresponding PDCCH in subframe [image: image623.wmf]i
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, and [image: image624.wmf](1)
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 is configured by higher layers. 
· For a PDSCH transmission where there is not a corresponding PDCCH/EPDCCH detected in subframe [image: image625.wmf]i
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, the value of [image: image626.wmf])
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 is determined according to higher layer configuration and Table 9.2-2.

· For a non-BL/CE UE and for a PDSCH transmission indicated by the detection of corresponding EPDCCH or a EPDCCH indicating downlink SPS release in sub-frame [image: image627.wmf]i
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 where [image: image628.wmf]i
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, the UE shall use
-
if EPDCCH-PRB-set [image: image629.wmf]q

is configured for distributed transmission
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if EPDCCH-PRB-set [image: image631.wmf]q

is configured for localized transmission
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where [image: image633.wmf]ECCE,q

n

 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 [image: image634.wmf]q

in subframe [image: image635.wmf]i
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, [image: image636.wmf](e1)
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in subframe [image: image640.wmf]i
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is given in subclause 6.8A.1 in [3], [image: image641.wmf]'
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is determined from the antenna port used for EPDCCH transmission in subframe [image: image642.wmf]i
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which is described in subclause 6.8A.5 in [3]. If [image: image643.wmf]0
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 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 [image: image645.wmf]0
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 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 [image: image647.wmf]m

in the table is substituted with [image: image648.wmf]i

. If the UE is configured to monitor EPDCCH in subframe [image: image649.wmf]1
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 is equal to the number of ECCEs in EPDCCH-PRB-set [image: image651.wmf]q

configured for that UE in subframe [image: image652.wmf]1

i

k

n

-
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 is equal to the number of ECCEs computed assuming EPDCCH-PRB-set [image: image655.wmf]q

is configured for that UE in subframe [image: image656.wmf]1
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. For normal downlink CP, if subframe [image: image657.wmf]1
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 is a special subframe with special subframe configuration 0 or 5, [image: image658.wmf]1
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is equal to 0. For extended downlink CP, if subframe [image: image659.wmf]1
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 is a special subframe with special subframe configuration 0 or 4 or 7, [image: image660.wmf]1
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is equal to 0. 
· For a BL/CE UE, for a PDSCH transmission detected in subframe [image: image661.wmf]i
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without a corresponding MPDCCH, the value of [image: image662.wmf])
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 is determined according to higher layer configuration and Table 9.2-2.
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is configured for localized transmission
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For a non-BL/CE UE, if the 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-r12, based on higher layer signalling the UE configured with a single serving cell will perform channel selection either according to the set of Tables 10.1.3-2, 10.1.3-3, and 10.1.3-4 or according to the set of Tables 10.1.3-5, 10.1.3-6, and 10.1.3-7. 

If a UE is configured with two antenna port transmission for PUCCH format 1b with channel selection, and if the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12, then the UE will perform channel selection according to the set of Tables 10.1.3-5, 10.1.3-6, and 10.1.3-7. 
If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12, the UE configured with a single serving cell 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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Table 10.1.3-2: Transmission of HARQ-ACK multiplexing for M = 2
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Table 10.1.3-3: Transmission of HARQ-ACK multiplexing for M = 3
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Table 10.1.3-4: Transmission of HARQ-ACK multiplexing for M = 4
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Table 10.1.3-5: Transmission of HARQ-ACK multiplexing for M = 2
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Table 10.1.3-6: Transmission of HARQ-ACK multiplexing for M = 3
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Table 10.1.3-7: Transmission of HARQ-ACK multiplexing for M = 4
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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-r12 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-HARQ-ReferenceConfig-r12 for the serving cell unless specified otherwise.
For TDD serving cell not configured for PUSCH/PUCCH transmission, “UL/DL configuration” of the serving cell in the rest of this subclause refers to the UL/DL configuration given by the parameter harq-ReferenceConfig-r14 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 or a PUCCH format 4 HARQ-ACK procedure as described in subclause 10.1.3.2.3 or a PUCCH format 5 HARQ-ACK procedure as described in subclause 10.1.3.2.4.
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 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 and is configured with PUCCH format 3 without PUCCH format 4/5 configured, 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.
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10.1.3.2.1
PUCCH format 1b with channel selection HARQ-ACK procedure
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· for a PDSCH transmission indicated by the detection of a corresponding PDCCH/EPDCCH within subframe(s) [image: image1027.wmf]k
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Table 10.1.3.2-1: Transmission of HARQ-ACK multiplexing for A = 2
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Table 10.1.3.2-2: Transmission of HARQ-ACK multiplexing for A = 3
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Table 10.1.3.2-3: Transmission of HARQ-ACK multiplexing for A = 4
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Table 10.1.3.2-5: Transmission of HARQ-ACK multiplexing for M = 3

	Primary Cell
	Secondary Cell
	Resource
	Constellation
	RM Code
 Input Bits

	HARQ-ACK(0), 
HARQ-ACK(1), 
HARQ-ACK(2)
	HARQ-ACK(0), 
HARQ-ACK(1), 
HARQ-ACK(2)
	[image: image1437.wmf])
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	[image: image1438.wmf])
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	ACK, ACK, ACK
	ACK, ACK, ACK
	[image: image1440.wmf])
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(

PUCCH,1

n


	1, 1
	1,1,1,1

	ACK, ACK, NACK/DTX
	ACK, ACK, ACK
	[image: image1441.wmf])
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(

PUCCH,1

n


	0, 0
	1,0,1,1

	ACK, NACK/DTX, any
	ACK, ACK, ACK
	[image: image1442.wmf])
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PUCCH,3

n


	1, 1
	0,1,1,1

	NACK/DTX, any, any
	ACK, ACK, ACK
	[image: image1443.wmf])
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PUCCH,3

n


	0, 1
	0,0,1,1

	ACK, ACK, ACK
	ACK, ACK, NACK/DTX
	[image: image1444.wmf])
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PUCCH,0
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	1, 0
	1,1,1,0

	ACK, ACK, NACK/DTX
	ACK, ACK, NACK/DTX
	[image: image1445.wmf])
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	1, 0
	1,0,1,0

	ACK, NACK/DTX, any
	ACK, ACK, NACK/DTX
	[image: image1446.wmf])
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	0, 1
	0,1,1,0

	NACK/DTX, any, any
	ACK, ACK, NACK/DTX
	[image: image1447.wmf])
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	0, 0
	0,0,1,0

	ACK, ACK, ACK
	ACK, NACK/DTX, any
	[image: image1448.wmf])

1

(

PUCCH,2

n


	1, 1
	1, 1, 0, 1

	ACK, ACK, NACK/DTX
	ACK, NACK/DTX, any
	[image: image1449.wmf])
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	0, 1
	1, 0, 0, 1

	ACK, NACK/DTX, any
	ACK, NACK/DTX, any
	[image: image1450.wmf])
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	1, 0
	0, 1, 0, 1

	NACK/DTX, any, any
	ACK, NACK/DTX, any
	[image: image1451.wmf])
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n


	0, 0
	0, 0, 0, 1

	ACK, ACK, ACK
	NACK/DTX, any, any
	[image: image1452.wmf])
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	1, 0
	1, 1, 0, 0

	ACK, ACK, NACK/DTX
	NACK/DTX, any, any
	[image: image1453.wmf])
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	0, 1
	1, 0, 0, 0

	ACK, NACK/DTX, any
	NACK/DTX, any, any
	[image: image1454.wmf])
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	1, 1
	0, 1, 0, 0

	NACK, any, any
	NACK/DTX, any, any
	[image: image1455.wmf])
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PUCCH,0
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	0, 0
	0, 0, 0, 0

	DTX, any, any
	NACK/DTX, any, any
	No Transmission
	0, 0, 0, 0


Table 10.1.3.2-6: Transmission of HARQ-ACK multiplexing for M = 4

	Primary Cell
	Secondary Cell
	Resource
	Constellation
	RM Code
 Input Bits

	HARQ-ACK(0), 
HARQ-ACK(1), 
HARQ-ACK(2), 
HARQ-ACK(3)
	HARQ-ACK(0), 
HARQ-ACK(1), 
HARQ-ACK(2), 
HARQ-ACK(3)
	[image: image1456.wmf])
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	[image: image1457.wmf])
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	[image: image1458.wmf])
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	ACK, ACK, ACK, NACK/DTX
	ACK, ACK, ACK, NACK/DTX
	[image: image1459.wmf])
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n


	1, 1
	1, 1, 1, 1

	ACK, ACK, NACK/DTX, any
	ACK, ACK, ACK, NACK/DTX
	[image: image1460.wmf])
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	0, 0
	1, 0, 1, 1

	ACK, DTX, DTX, DTX
	ACK, ACK, ACK, NACK/DTX
	[image: image1461.wmf])
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	1, 1
	0, 1, 1, 1

	ACK, ACK, ACK, ACK
	ACK, ACK, ACK, NACK/DTX
	[image: image1462.wmf])
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	1, 1
	0, 1, 1, 1

	NACK/DTX, any, any, any
	ACK, ACK, ACK, NACK/DTX
	[image: image1463.wmf])
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	0, 1
	0, 0, 1, 1

	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	ACK, ACK, ACK, NACK/DTX
	[image: image1464.wmf])
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	0, 1
	0, 0, 1, 1

	ACK, ACK, ACK, NACK/DTX
	ACK, ACK, NACK/DTX, any
	[image: image1465.wmf])

1

(

PUCCH,0
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	1, 0
	1, 1, 1, 0

	ACK, ACK, NACK/DTX, any
	ACK, ACK, NACK/DTX, any
	[image: image1466.wmf])
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	1, 0
	1, 0, 1, 0

	ACK, DTX, DTX, DTX
	ACK, ACK, NACK/DTX, any
	[image: image1467.wmf])
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PUCCH,0
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	0, 1
	0, 1, 1, 0

	ACK, ACK, ACK, ACK
	ACK, ACK, NACK/DTX, any
	[image: image1468.wmf])
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	0, 1
	0, 1, 1, 0

	NACK/DTX, any, any, any
	ACK, ACK, NACK/DTX, any
	[image: image1469.wmf])
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	0, 0
	0, 0, 1, 0

	 (ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	ACK, ACK, NACK/DTX, any
	[image: image1470.wmf])
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	0, 0
	0, 0, 1, 0

	ACK, ACK, ACK, NACK/DTX
	ACK, DTX, DTX, DTX
	[image: image1471.wmf])

1

(

PUCCH,2
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	1, 1
	1, 1, 0, 1

	ACK, ACK, ACK, NACK/DTX
	ACK, ACK, ACK, ACK
	[image: image1472.wmf])
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	1, 1
	1, 1, 0, 1

	ACK, ACK, NACK/DTX, any
	ACK, DTX, DTX, DTX
	[image: image1473.wmf])
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PUCCH,2
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	0, 1
	1, 0, 0, 1

	ACK, ACK, NACK/DTX, any
	ACK, ACK, ACK, ACK
	[image: image1474.wmf])
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PUCCH,2

n


	0, 1
	1, 0, 0, 1

	ACK, DTX, DTX, DTX
	ACK, DTX, DTX, DTX
	[image: image1475.wmf])
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PUCCH,2
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	1, 0
	0, 1, 0, 1

	ACK, DTX, DTX, DTX
	ACK, ACK, ACK, ACK
	[image: image1476.wmf])
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PUCCH,2

n


	1, 0
	0, 1, 0, 1

	ACK, ACK, ACK, ACK
	ACK, DTX, DTX, DTX
	[image: image1477.wmf])
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PUCCH,2
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	1, 0
	0, 1, 0, 1

	ACK, ACK, ACK, ACK
	ACK, ACK, ACK, ACK
	[image: image1478.wmf])

1

(

PUCCH,2
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	1, 0
	0, 1, 0, 1

	NACK/DTX, any, any, any
	ACK, DTX, DTX, DTX
	[image: image1479.wmf])
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PUCCH,2
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	0, 0
	0, 0, 0, 1

	NACK/DTX, any, any, any
	ACK, ACK, ACK, ACK
	[image: image1480.wmf])
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PUCCH,2

n


	0, 0
	0, 0, 0, 1

	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	ACK, DTX, DTX, DTX
	[image: image1481.wmf])

1

(

PUCCH,2

n


	0, 0
	0, 0, 0, 1

	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	ACK, ACK, ACK, ACK
	[image: image1482.wmf])
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PUCCH,2
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	0, 0
	0, 0, 0, 1

	ACK, ACK, ACK, NACK/DTX
	NACK/DTX, any, any, any
	[image: image1483.wmf])
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PUCCH,1

n


	1, 0
	1, 1, 0, 0

	ACK, ACK, ACK, NACK/DTX
	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	[image: image1484.wmf])
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PUCCH,1
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	1, 0
	1, 1, 0, 0

	ACK, ACK, NACK/DTX, any
	NACK/DTX, any, any, any
	[image: image1485.wmf])
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PUCCH,1

n


	0, 1
	1, 0, 0, 0

	ACK, ACK, NACK/DTX, any
	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	[image: image1486.wmf])

1

(

PUCCH,1

n


	0, 1
	1, 0, 0, 0

	ACK, DTX, DTX, DTX
	NACK/DTX, any, any, any
	[image: image1487.wmf])

1

(

PUCCH,0

n


	1, 1
	0, 1, 0, 0

	ACK, DTX, DTX, DTX
	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	[image: image1488.wmf])

1

(

PUCCH,0

n


	1, 1
	0, 1, 0, 0

	ACK, ACK, ACK, ACK
	NACK/DTX, any, any, any
	[image: image1489.wmf])

1

(

PUCCH,0

n


	1, 1
	0, 1, 0, 0

	ACK, ACK, ACK, ACK
	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	[image: image1490.wmf])

1
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PUCCH,0

n


	1, 1
	0, 1, 0, 0

	NACK, any, any, any 
	NACK/DTX, any, any, any
	[image: image1491.wmf])
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PUCCH,0
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	0, 0
	0, 0, 0, 0

	NACK, any, any, any 
	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	[image: image1492.wmf])
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PUCCH,0
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	0, 0
	0, 0, 0, 0

	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	NACK/DTX, any, any, any
	[image: image1493.wmf])

1

(

PUCCH,0

n


	0, 0
	0, 0, 0, 0

	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	[image: image1494.wmf])
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	0, 0
	0, 0, 0, 0

	DTX, any, any, any
	NACK/DTX, any, any, any
	No Transmission
	0, 0, 0, 0

	DTX, any, any, any
	(ACK, NACK/DTX, any, any), except for (ACK, DTX, DTX, DTX)
	No Transmission
	0, 0, 0, 0


10.1.3.2.2
PUCCH format 3 HARQ-ACK procedure

If a UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12, then[image: image1495.wmf]K

K

=

'

 where the set [image: image1496.wmf]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 [image: image1497.wmf]'
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.

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 [image: image1499.wmf]K

 is as defined in Sec 10.2, and [image: image1500.wmf]M

 is the number of elements in the set [image: image1501.wmf]K
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If a UE is configured with more than one serving cell and if at least two cells have different UL/DL configurations, then [image: image1502.wmf]K

in this subclause refers to [image: image1503.wmf]c
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 (as defined in subclause 10.2) , and [image: image1504.wmf]M

 is the number of elements in the set [image: image1505.wmf]K

.

For TDD HARQ-ACK transmission with PUCCH format 3  and sub-frame [image: image1506.wmf]n
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 for transmission of HARQ-ACK in subframe [image: image1512.wmf]n

 for [image: image1513.wmf]p
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 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 [image: image1514.wmf]m
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, where [image: image1515.wmf]K
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, and for a TDD UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in the PDCCH is equal to '1' (defined in Table 7.3-X), or 
-
for a single PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe [image: image1516.wmf]m
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10.1.3.2.3
PUCCH format 4 HARQ-ACK procedure

TDD HARQ-ACK feedback procedures for a UE configured with PUCCH format 4 and codebooksizeDetermination-r13 = cc is described in section 10.1.3.2.3.1.

TDD HARQ-ACK feedback procedures for a UE configured with PUCCH format 4 and codebooksizeDetermination-r13 = dai is described in section 10.1.3.2.3.2.

10.1.3.2.3.1
PUCCH format 4 HARQ-ACK procedure without adaptive codebook
The procedure in this subclause applies to a UE configured with PUCCH format 4 and codebooksizeDetermination-r13 = cc.
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If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell, 
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10.1.3.2.3.2
PUCCH format 4 HARQ-ACK procedure with adaptive codebook
The procedure in this subclause applies to a UE configured with PUCCH format 4 and codebooksizeDetermination-r13 = dai.
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where [image: image2282.wmf]ECCE,q
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.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 both the counter DAI field and the total DAI field in the corresponding DCI format is equal to '1' or for the EPDCCH indicating downlink SPS release for which the value of both the counter DAI field and the total DAI field in the corresponding DCI format is equal to '1'. HARQ-ACK(2) is the ACK/NACK/DTX response for the second transport block of the PDSCH indicated by the detection of a corresponding EPDCCH for which the value of both the counter DAI field and the total DAI field in the corresponding DCI format is equal to '1'.
-
if a PDSCH transmission is indicated by the detection of a corresponding PDCCH/EPDCCH in subframe [image: image2483.wmf]m

k

n

-

, where [image: image2484.wmf]K

k

m

Î

 with either the counter DAI value or the total DAI value in the PDCCH/EPDCCH greater than '1' (defined in Table 7.3.2.1-1) on the primary cell, or 

-
if a PDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) is detected in subframe [image: image2485.wmf]m

k

n

-

, where [image: image2486.wmf]K

k

m

Î

 with either the counter DAI value or the total DAI value in the PDCCH/EPDCCH greater than '1' on the primary cell, or 

-
if a PDSCH transmission is indicated by the detection of a corresponding PDCCH/EPDCCH in subframe 
[image: image2487.wmf]k

n

-

, where 
[image: image2488.wmf]K

k

Î

 on a secondary cell,

-
if the total number of HARQ-ACK bits 
[image: image2489.wmf]ACK

O

 and scheduling request bit 
[image: image2490.wmf]SR

O

(if any) and periodic CSI bits 
[image: image2491.wmf]CSI

P

-

O

 (if any) is more than 22, the UE shall use PUCCH format 4 and PUCCCH resource 
[image: image2492.wmf](

)

4

PUCCH

n

 where the value of 
[image: image2493.wmf](

)

4

PUCCH

n

 is determined according to higher layer configuration and Table 10.1.2.2.3-1. Denote 
[image: image2494.wmf]C

 as the set of configured serving cells for the UE. Denote 
[image: image2495.wmf]smallest

k

 is the smallest value in 
[image: image2496.wmf]c

C

c

K

Î

U

 such that PDCCH/EPDCCH scheduling PDSCH or indicating DL SPS release is detected in subframe 
[image: image2497.wmf]smallest

k

n

-

on serving cell 
[image: image2498.wmf]c

~

and 
[image: image2499.wmf]c

smallest

K

k

~

Î

. The TPC field in a PDCCH/EPDCCH scheduling PDSCH or indicating downlink SPS release in subframe 
[image: image2500.wmf]smallest

k

n

-

 on a serving cell 
[image: image2501.wmf]c

 satisfying 
[image: image2502.wmf]c

smallest

K

k

Î

 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 10.1.2.2.3-1. A UE shall assume that the same HARQ-ACK PUCCH resource value is transmitted on any PDCCH/EPDCCH scheduling PDSCH or indicating downlink SPS release in subframe 
[image: image2503.wmf]smallest

k

n

-

 on any serving cell 
[image: image2504.wmf]c

 satisfying
[image: image2505.wmf]c

smallest

K

k

Î

.
-
if the total number of HARQ-ACK bits 
[image: image2506.wmf]ACK

O

 and scheduling request bit 
[image: image2507.wmf]SR

O

(if any) and periodic CSI bits 
[image: image2508.wmf]CSI

P

-

O

 (if any) is no more than 22, the UE shall use PUCCH format 3 and PUCCH resource 
[image: image2509.wmf](

)

p

n

~

,

3

PUCCH

 where the value of 
[image: image2510.wmf](

)

p

n

~

,

3

PUCCH

 is determined according to higher layer configuration and Table 10.1.2.2.2-1. Denote 
[image: image2511.wmf]C

 as the set of configured serving cells for the UE. Denote 
[image: image2512.wmf]smallest

k

 is the smallest value in 
[image: image2513.wmf]c

C

c

K

Î

U

 such that PDCCH/EPDCCH scheduling PDSCH or indicating DL SPS release is detected in subframe 
[image: image2514.wmf]smallest

k

n

-

on serving cell 
[image: image2515.wmf]c

~

and 
[image: image2516.wmf]c

smallest

K

k

~

Î

. The TPC field in a PDCCH/EPDCCH scheduling PDSCH or indicating downlink SPS release in subframe 
[image: image2517.wmf]smallest

k

n

-

 on a serving cell 
[image: image2518.wmf]c

 satisfying 
[image: image2519.wmf]c

smallest

K

k

Î

 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 any PDCCH/EPDCCH scheduling PDSCH or indicating downlink SPS release in subframe 
[image: image2520.wmf]smallest

k

n

-

 on any serving cell 
[image: image2521.wmf]c

 satisfying
[image: image2522.wmf]c

smallest

K

k

Î

. If a UE is 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 [image: image2523.wmf])

~

,

3

(

PUCCH

0

p

n

 for antenna port [image: image2524.wmf]0

p

 and the second PUCCH resource [image: image2525.wmf])

~

,

3

(

PUCCH

1

p

n

 for antenna port [image: image2526.wmf]1

p

, otherwise, the PUCCH resource value maps to a single PUCCH resource [image: image2527.wmf])

~

,

3

(

PUCCH

0

p

n

 for antenna port [image: image2528.wmf]0

p

.
10.1.3.2.4
PUCCH format 5 HARQ-ACK procedure

TDD HARQ-ACK feedback procedures for a UE configured with PUCCH format 5 and codebooksizeDetermination-r13 = cc is described in section 10.1.3.2.4.1.

TDD HARQ-ACK feedback procedures for a UE configured with PUCCH format 5 and codebooksizeDetermination-r13 = dai is described in section 10.1.3.2.4.2.

10.1.3.2.4.1
PUCCH format 5 HARQ-ACK procedure without adaptive codebook

The HARQ-ACK feedback procedure for PUCCH format 5 HARQ-ACK procedure is as described in subclause 10.1.3.2.3.1, by replacing 
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10.1.3.2.4.2
PUCCH format 5 HARQ-ACK procedure with adaptive codebook
The HARQ-ACK feedback procedure for PUCCH format 5 HARQ-ACK procedure is as described in subclause 10.1.3.2.3.2, by replacing 
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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 3/4/5 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 [image: image2533.wmf]K

is defined in Table 10.1.3A-1, otherwise set [image: image2534.wmf]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-r12 for at least one serving cell and is configured with PUCCH format 3 without PUCCH format 4/5 configured, 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 [image: image2535.wmf]M

multiple downlink and special subframes associated with a single UL subframe n, where [image: image2536.wmf]M

 is as defined in subclause 10.1.3.2.1 for case where the UE is configured with two serving cells with different UL/DL configurations,
-
spatial HARQ-ACK bundling across multiple codewords within a downlink or special subframe is performed for each serving cell by a logical AND operation of all the corresponding individual HARQ-ACKs, and the bundled HARQ-ACK bits for each serving cell is transmitted using PUCCH format 1b with channel selection,
-
otherwise,
-
spatial HARQ-ACK bundling is not performed, and the HARQ-ACK bits are transmitted using PUCCH format 1b with channel selection. 
If a UE is configured to use PUCCH format 3 without PUCCH format 4/5 configured for HARQ-ACK transmission, for the serving cells,

-
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 as defined in subclause 10.1.3.2.2 for the case of UE configured with more than one serving cell and if at least two cells have 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 of the corresponding individual HARQ-ACKs, and PUCCH format 3 is used,
-
otherwise,
-
spatial HARQ-ACK bundling is not performed, and the HARQ-ACK bits are transmitted using PUCCH format 3. 
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UE shall determine the number of HARQ-ACK bits, [image: image2539.wmf]O
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HARQ-ACK transmission on two antenna ports [image: image2545.wmf]])
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 is supported for PUCCH format 3. 

HARQ-ACK transmission on two antenna ports [image: image2546.wmf]])
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 is supported for PUCCH format 1b with channel selection and with two configured serving cells.

The FDD-TDD HARQ-ACK feedback procedure for PUCCH format 1b with channel selection follows the HARQ-ACK procedure described in subclause 10.1.3.2.1 for the case of UE configured with two serving cells with different UL/DL configurations, and for PUCCH format 3/4/5 follows the HARQ-ACK procedure described in subclause 10.1.3.2.2/10.1.3.2.3/10.2.3.2.4 for the case of UE configured with more than one serving cell and if at least two cells have different UL/DL configurations.

Table 10.1.3A-1: Downlink association set [image: image2547.wmf]K
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 for FDD-TDD and serving cell frame structure type 1
	DL-reference UL/DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6, 5
	5, 4
	4
	-
	-
	6, 5
	5, 4
	4

	1
	-
	-
	7, 6
	6, 5, 4
	-
	-
	-
	7, 6
	6, 5, 4
	-

	2
	-
	-
	8, 7, 6, 5, 4
	-
	-
	-
	-
	8, 7, 6, 5, 4
	-
	-

	3
	-
	-
	11, 10, 9, 8, 7, 6
	6, 5
	5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 11, 10, 9, 8, 7
	7, 6, 5, 4
	-
	-
	-
	-
	-
	-

	5
	-
	-
	13, 12, 11, 10, 9, 8, 7, 6, 5, 4
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	8, 7
	7, 6
	6, 5
	-
	-
	7
	7, 6, 5
	-


10.1.4
HARQ-ACK Repetition procedure

For a non-BL/CE UE, HARQ-ACK repetition is enabled or disabled by a UE specific parameter ackNackRepetition configured by higher layers. Once enabled, the UE shall repeat any HARQ-ACK transmission with a repetition factor [image: image2549.wmf]ANRep
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, where [image: image2550.wmf]ANRep

N

 is provided by higher layers and includes the initial HARQ-ACK transmission, until HARQ-ACK repetition is disabled by higher layers. For a PDSCH transmission without a corresponding PDCCH/EPDCCH detected, the UE shall transmit the corresponding HARQ-ACK response [image: image2551.wmf]ANRep
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 configured by higher layers. For a PDSCH transmission with a corresponding PDCCH/EPDCCH detected, 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 [image: image2553.wmf]1
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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 [image: image2556.wmf])
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 maps to two PUCCH resources with the first PUCCH resource [image: image2557.wmf])

~

,

1

(

ANRep

 

PUCCH,

0

p

n

 for antenna port [image: image2558.wmf]0

p

 and the second PUCCH resource [image: image2559.wmf])

~

,

1

(

ANRep

 

PUCCH,

1

p

n

for antenna port [image: image2560.wmf]1

p
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10.1.5
Scheduling Request (SR) procedure

A non-BL/CE UE is configured by higher layers to transmit the SR on one antenna port or two antenna ports. 
For a non-BL/CE UE, the scheduling request shall be transmitted on the PUCCH resource(s) [image: image2563.wmf])
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 mapped to antenna port p as defined in [3], where [image: image2565.wmf])
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 is configured by higher layers unless the SR coincides in time with the transmission of HARQ-ACK using PUCCH Format 3/4/5 in which case the SR is multiplexed with HARQ-ACK according to subclause 5.2.3.1 of [4]. The SR configuration for SR transmission periodicity [image: image2566.wmf]PERIODICITY

SR

and SR subframe offset [image: image2567.wmf]OFFSET,SR

N

 is defined in Table 10.1.5-1 by the parameter sr-ConfigIndex [image: image2568.wmf]SR
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SR transmission instances are the uplink subframes satisfying [image: image2569.wmf](
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For a BL/CE UE, the scheduling request shall be transmitted on the PUCCH resource(s) 
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Table 10.1.5-1: UE-specific SR periodicity and subframe offset configuration
	SR configuration Index
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10.2
Uplink HARQ-ACK timing

For TDD or for FDD-TDD and primary cell frame structure type 2 or for FDD-TDD and primary cell frame structure type 1, 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-HARQ-ReferenceConfig-r12 for the serving cell unless specified otherwise.

For TDD serving cell not configured for PUSCH/PUCCH transmission, “UL/DL configuration” of the serving cell in subclause 10.2 refers to the UL/DL configuration given by the parameter harq-ReferenceConfig-r14 for the serving cell unless specified otherwise
For a non-BL/CE UE, 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 [image: image2589.wmf]n

 corresponding to a PDSCH transmission in subframes [image: image2590.wmf]3
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shall not transmit any other signal/channel in subframes [image: image2596.wmf]n
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-
shall not transmit any HARQ-ACK response repetitions corresponding to any detected PDSCH transmission in subframes [image: image2599.wmf]3
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For TDD and a UE configured with EIMTA-MainConfigServCell-r12 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 FDD-TDD and primary cell frame structure type 1, if a serving cell is a secondary serving cell with frame structure type 2, the DL-reference UL/DL configuration for the 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 the UE is not configured with harqTimingTDD = TRUE and if a serving cell is a secondary cell, or for FDD-TDD and primary cell frame structure type 2 and if the UE is not configured with harqTimingTDD = TRUE 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 the UE is configured with more than one serving cell and if at least two serving cells have different UL/DL configurations and if the UE is configured with harqTimingTDD = TRUE and if a serving cell is a secondary cell, or for FDD-TDD and primary cell frame structure type 2 and if the UE is configured with harqTimingTDD = TRUE and if a serving cell is a secondary cell with frame structure type 2 

-
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 1 or 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;
-
if the UE is not configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell, and then the primary cell UL/DL configuration is the DL-reference UL/DL configuration for the serving cell.
For a UE not configured with PUCCH format 4 or PUCCH format 5, 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 and a non-BL/CE UE not configured with EIMTA-MainConfigServCell-r12 for any serving cell, if the 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) [image: image2601.wmf]k
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 is defined in Table 10.1.3.1-1 intended for the UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK response in UL subframe n. 

For a UE not configured with harqTimingTDD = TRUE, 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 if a UE is configured with EIMTA-MainConfigServCell-r12 for at least one serving cell, or for FDD-TDD and primary cell frame structure type 2 and if a serving cell c is frame structure type 2, then the UE shall upon detection of a PDSCH transmission within subframe(s) [image: image2604.wmf]k
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 intended for the UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK response in UL subframe n, wherein set [image: image2607.wmf]c
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such that subframe n-k corresponds to a DL subframe or a special subframe for serving cell [image: image2609.wmf]c

, where DL subframe or special subframe of serving cell [image: image2610.wmf]c

 is according to the higher layer parameter eimta-HARQ-ReferenceConfig-r12 if the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 for  serving cell [image: image2611.wmf]c
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 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 a UE configured with harqTimingTDD = TRUE, 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 c is frame structure type 2, 
-
if the UE is configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell [image: image2613.wmf]c

, then the UE shall upon detection of a PDSCH transmission within subframe(s) [image: image2614.wmf]k
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 intended for the UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK response in UL subframe n, wherein set [image: image2617.wmf]c
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such that subframe n-k corresponds to a DL subframe or a special subframe for serving cell [image: image2619.wmf]c
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 is 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. 
-
if the UE is not configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell [image: image2621.wmf]c

, then the UE shall upon detection of a PDSCH transmission within subframe(s) [image: image2622.wmf]k
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 intended for the UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK response in UL subframe n, wherein set [image: image2625.wmf]c
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such that subframe n-k corresponds to a DL subframe or a special subframe for serving cell [image: image2627.wmf]c
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 is defined in Table 10.1.3A-1 (where "UL/DL configuration" in Table 10.1.3A-1 refers to the "DL-reference UL/DL configuration") is associated with subframe n.
For a non-BL/CE UE, and for FDD-TDD and primary cell frame structure type 2, if a serving cell [image: image2629.wmf]c

 is frame structure type 1 and a UE is not configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell [image: image2630.wmf]c
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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 n. 
For FDD-TDD and primary cell frame structure type 2, if a serving cell [image: image2636.wmf]c

 is frame structure type 1 and a UE is configured to monitor PDCCH/EPDCCH in another serving cell for scheduling serving cell [image: image2637.wmf]c
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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 subframe n, where "UL/DL configuration" in Table 10.1.3.1-1 refers to the "DL-reference UL/DL configuration" of serving cell [image: image2643.wmf]c
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For TDD, if HARQ-ACK repetition is enabled, upon detection of a PDSCH transmission within subframe(s) [image: image2644.wmf]k
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 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 [image: image2647.wmf]n
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shall not transmit any other signal/channel in UL subframe [image: image2654.wmf]n

, [image: image2655.wmf]1

n

, …,[image: image2656.wmf]1

ANRep

-

N

n

; and
-
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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. 

For FDD, a BL/CE UE shall upon detection of a PDSCH intended for the UE and for which an HARQ-ACK shall be provided, transmit the HARQ-ACK response using the same 
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 derived according to section 10.1.2.1 in subframe(s) n+ki with i =0,1, …, N-1, where

-
subframe n-4 is the last subframe in which the PDSCH is transmitted; and

-
0≤k0<k1<…,kN-1 and the value of
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 is provided by higher layer parameter pucch-NumRepetitionCE-format1 if the PDSCH does not contain a contention resolution, otherwise it is provided by higher layer parameter pucch-NumRepetitionCE Msg4-Level0-r13, pucch-NumRepetitionCE-Msg4-Level1-r13, pucch-NumRepetitionCE-Msg4-Level2-r13 or pucch-NumRepetitionCE-Msg4-Level3-r13 depending on whether the most recent PRACH coverage enhancement level for the UE is 0, 1, 2 or 3, respectively; and

if N>1
-
subframe(s) n+ki with i=0,1,…,N-1 are N consecutive BL/CE UL subframe(s) immediately after subframe n-1, and the set of BL/CE UL subframes are configured by higher layers;

otherwise

-
k0 =0
For TDD, a BL/CE UE shall upon detection of a PDSCH within subframe(s) [image: image2665.wmf]k
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 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 using the same 
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 derived according to section 10.1.3.1 in subframe(s) n+ki with i =0,1, …, N-1, where

-
subframe n-k is the last subframe in which the PDSCH is transmitted; and

-
0≤k0<k1<…,kN-1 and the value of
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 is provided by higher layers parameter pucch-NumRepetitionCE-format1 if the PDSCH does not contain a contention resolution, otherwise it is provided by higher layer parameter pucch-NumRepetitionCE Msg4-Level0-r13, pucch-NumRepetitionCE-Msg4-Level1-r13, pucch-NumRepetitionCE-Msg4-Level2-r13 or pucch-NumRepetitionCE-Msg4-Level3-r13 depending on whether the most recent PRACH coverage enhancement level for the UE is 0, 1, 2 or 3, respectively; and

if N>1
-
subframe(s) n+ki with i=0,1,…,N-1 are N consecutive BL/CE UL subframe(s) immediately after subframe n-1, and the set of BL/CE UL subframes are configured by higher layers;

otherwise

-
k0 =0
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. 
For a BL/CE UE, the uplink timing for the ACK corresponding to a detected MPDCCH indicating downlink SPS release shall be the same as the uplink timing for the HARQ-ACK corresponding to a detected PDSCH, as defined above.
Table 10.2-1: DL-reference UL/DL configuration for serving cell based on pair formed by (primary cell UL/DL configuration, secondary cell UL/DL configuration)

	Set #
	(Primary cell UL/DL configuration, 
Secondary cell UL/DL configuration)
	DL-reference 
UL/DL configuration

	Set 1
	(0,0)
	0

	
	(1,0),(1,1),(1,6)
	1

	
	(2,0),(2,2),(2,1),(2,6)
	2

	
	(3,0),(3,3),(3,6)
	3

	
	(4,0),(4,1),(4,3),(4,4),(4,6)
	4

	
	(5,0),(5,1),(5,2),(5,3),(5,4),(5,5),(5,6)
	5

	
	(6,0),(6,6)
	6

	Set 2
	(0,1),(6,1)
	1

	
	(0,2),(1,2),(6,2)
	2

	
	(0,3),(6,3)
	3

	
	(0,4),(1,4),(3,4),(6,4)
	4

	
	(0,5),(1,5),(2,5),(3,5),(4,5),(6,5)
	5

	
	(0,6)
	6

	Set 3
	(3,1),(1,3)
	4

	
	(3,2),(4,2),(2,3),(2,4)
	5

	Set 4
	(0,1),(0,2),(0,3),(0,4),(0,5),(0,6)
	0

	
	(1,2),(1,4),(1,5)
	1

	
	(2,5)
	2

	
	(3,4),(3,5)
	3

	
	(4,5)
	4

	
	(6,1),(6,2),(6,3),(6,4),(6,5)
	6

	Set 5
	(1,3)
	1

	
	(2,3),(2,4)
	2

	
	(3,1),(3,2)
	3

	
	(4,2)
	4


11
Physical Multicast Channel (PMCH) related procedures

11.1
UE procedure for receiving the PMCH
The UE shall decode the PMCH when configured by higher layers. The UE may assume that an eNB transmission on the PMCH is performed according to subclause 6.5 of [3].
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for the PMCH is configured by higher layers. If the UE is configured by higher layers to decode the PMCH based on QPSK, 16QAM, 64QAM, and 256QAM then the UE shall use[image: image2672.wmf]MCS

I

and Table 7.1.7.1-1A to determine the modulation order ([image: image2673.wmf]m

Q

) and TBS index ([image: image2674.wmf]TBS
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) used in the PMCH.  Else the UE shall use[image: image2675.wmf]MCS
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for the PMCH and Table 7.1.7.1-1 to determine the modulation order ([image: image2676.wmf]m
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) and TBS index ([image: image2677.wmf]TBS
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) used in the PMCH. 
The UE shall then follow the procedure in subclause 7.1.7.2.1 to determine the transport block size, assuming [image: image2678.wmf]PRB

N

is equal to[image: image2679.wmf]DL

RB

N

. The UE shall set the redundancy version to 0 for the PMCH.
11.2
UE procedure for receiving MCCH change notification
If a UE is configured by higher layers to decode PDCCHs with the CRC scrambled by the M-RNTI, the UE shall decode the PDCCH according to the combination defined in Table 11.2-1.

Table 11.2-1: PDCCH configured by M-RNTI
	DCI format
	Search Space

	DCI format 1C
	Common


The 8-bit information for MCCH change notification [11], as signalled on the PDCCH, shall be delivered to higher layers.
12
Assumptions independent of physical channel 
A UE shall not assume that two antenna ports are quasi co-located unless specified otherwise. 
A UE may assume the antenna ports 0 – 3 of a serving cell are quasi co-located (as defined in [3]) with respect to delay spread, Doppler spread, Doppler shift, average gain, and average delay. 
For the purpose of discovery-signal-based measurements, a UE shall not assume any other signals or physical channels are present other than the discovery signal.
If a UE supports discoverySignalsInDeactSCell-r12, and if the UE is configured with discovery-signal-based RRM measurements on a carrier frequency applicable for a secondary cell on the same carrier frequency, and if the secondary cell is deactivated, and if the UE is not configured by higher layers to receive MBMS on the secondary cell, the UE shall, except for discovery-signal transmissions, assume that PSS, SSS, PBCH, CRS, PCFICH, PDSCH, PDCCH, EPDCCH, PHICH, DMRS and CSI-RS may be not transmitted by the secondary cell until the subframe where an activation command is received for the secondary cell. 
For BL/CE UE, if CEModeA or CEModeB is not configured, UE shall assume the following configuration:

-
For a BL/CE UE with the PRACH coverage enhancement level 0/1, UE shall assume CEModeA.

-
For a BL/CE UE with the PRACH coverage enhancement level 2/3, UE shall assume CEModeB.
13
Uplink/Downlink configuration determination procedure for Frame Structure Type 2 
If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

-
When the procedures are applied for MCG, the terms ‘secondary cell’, ‘secondary cells’ , ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG respectively.

-
When the procedures are applied for SCG, the terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells belonging to the SCG respectively. The term ‘primary cell’ in this clause refers to the PSCell of the SCG.
For each serving cell

If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12, 

-
the UE shall set the UL/DL configuration equal to the UL/DL configuration (i.e., the parameter subframeAssignment) indicated by higher layers.

If the UE is configured by higher layers with the parameter EIMTA-MainConfigServCell-r12, then for each radio frame,

-
the UE shall determine eIMTA-UL/DL-configuration as described in subclause 13.1. 
-
the UE shall set the UL/DL configuration for each radio frame equal to the eIMTA-UL/DL-configuration of that radio frame.
13.1
UE procedure for determining eIMTA-uplink/downlink configuration

If a UE is configured by higher layers to decode PDCCHs with the CRC scrambled by the eIMTA-RNTI, the UE shall decode the PDCCH according to the combination defined in Table 13.1-1. 
Table 13.1-1: PDCCH configured by eIMTA-RNTI
	DCI format
	Search Space

	DCI format 1C
	Common


The subframes in which the UE monitors PDCCH with CRC scrambled by eIMTA-RNTI are configured by higher layers.

For each serving cell, 

-
if T= 10,

-
if the UE detects PDCCH with CRC scrambled by eIMTA-RNTI in subframe 0 of a radio frame m or if the UE detects PDCCH with CRC scrambled by eIMTA-RNTI in a subframe other than subframe 0 of a radio frame m-1, 

-
the eIMTA-UL/DL-configuration for radio frame m is given by the UL/DL configuration indication signalled on the PDCCH as described in [4],
-
the UE may assume that the same UL/DL configuration indication is indicated by PDCCH with CRC scrambled by eIMTA-RNTI in subframe 0 of radio frame m and in all the subframes other than subframe 0 of radio frame m-1 in which PDCCH with CRC scrambled by eIMTA-RNTI is monitored, 
-
otherwise
-
the eIMTA-UL/DL-configuration for radio frame m is same as the UL/DL configuration (i.e., the parameter subframeAssignment) indicated by higher layers;
-
if T is a value other than 10, 

-
if the UE detects PDCCH with CRC scrambled by eIMTA-RNTI in a subframe in radio frame mT/10, 
-
the eIMTA-UL/DL-configuration for radio frames {mT/10+1 , mT/10+2,…. (m + 1)T/10} is given by the UL/DL configuration indication signalled on the PDCCH as described [4],
-
the UE may assume that the same UL/DL configuration indication is indicated by PDCCH with CRC scrambled by eIMTA-RNTI in all the subframes of radio frame mT/10 in which PDCCH with CRC scrambled by eIMTA-RNTI is monitored, 
-
otherwise

-
the eIMTA-UL/DL-configuration for radio frames {mT/10+1 , mT/10+2,…. (m +1) T/10} is same as the UL/DL configuration (i.e., the parameter subframeAssignment) indicated by higher layers.
where T denotes the value of parameter eimta-CommandPeriodicity-r12.

For a serving cell [image: image2680.wmf]c

, if subframe i is indicated as uplink subframe or a special subframe by higher layer parameter eimta-HARQ-ReferenceConfig-r12, the UE is not expected to receive a PDCCH with CRC scrambled by eIMTA-RNTI containing an UL/DL configuration for serving cell [image: image2681.wmf]c

 that would indicate subframe i as a downlink subframe.

For a serving cell [image: image2682.wmf]c

, if subframe i is indicated as downlink subframe or a special subframe by higher layer parameter subframeAssignment, the UE is not expected to receive a PDCCH with CRC scrambled by eIMTA-RNTI containing an UL/DL configuration for serving cell [image: image2683.wmf]c

 that would indicate subframe i as an uplink subframe.
For a serving cell [image: image2684.wmf]c

, a UE is not expected to be configured with parameter eimta-HARQ-ReferenceConfig-r12 if a subframe indicated as an uplink subframe by eimta-HARQ-ReferenceConfig-r12 is not indicated as an uplink subframe by the UL-reference UL/DL configuration. 

If UE is not configured with the parameter EIMTA-MainConfigServCell-r12 for any activated serving cell, the UE is not expected to monitor PDCCH with CRC scrambled by eIMTA-RNTI.
If the UE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one serving cell, the UE is not expected to monitor PDCCH with CRC scrambled by eIMTA-RNTI outside of the Active Time defined in [8] in order to determine the configured CSI-RS or CSI-IM REs in subframe 6 for CSI reporting purposes. If the UE doesn’t detect an UL/DL configuration indication for radio frame m, the UE determines the configured CSI-RS and CSI-IM REs in subframe 6 according to the UL/DL configuration indicated by higher layer parameter subframeAssignment for the serving cell.
13A
Subframe configuration for Frame Structure Type 3
If a UE detects PDCCH with DCI CRC scrambled by CC-RNTI in subframe n-1 or subframe n of a LAA Scell, the UE may assume the configuration of occupied OFDM symbols in subframe n of the LAA Scell according to the ‘Subframe configuration for LAA’ field in the detected DCI in subframe n-1 or subframe n. 

The ‘Subframe configuration for LAA’ field indicates the configuration of occupied OFDM symbols (i.e., OFDM symbols used for transmission of downlink physical channels and/or physical signals) in current and/or next subframe according to Table 13A-1. 

If the configuration of occupied OFDM symbols for subframe n is indicated by the Subframe configuration for LAA field in both subframe n-1 and subframe n, the UE may assume that the same configuration of occupied OFDM symbols is indicated in both subframe n-1 and subframe n.

If a UE detects PDCCH with DCI CRC scrambled by CC-RNTI in subframe n, and the UE does not detect PDCCH with DCI CRC scrambled by CC-RNTI in subframe n-1, and if the number of occupied OFDM symbols for subframe n indicated by the Subframe configuration for LAA field in subframe n is less than 14, the UE is not required to receive any other physical channels in subframe n.
If a UE does not detect PDCCH with DCI CRC scrambled by CC-RNTI containing ‘Subframe Configuration for LAA’ field set to other than ‘1110’ and ‘1111’ in subframe n and the UE does not detect PDCCH with DCI CRC scrambled by CC-RNTI containing ‘Subframe Configuration for LAA’ field set to other than ‘1110’ and ‘1111’ in subframe n-1, the UE is not required to use subframe n for updating CSI measurement.
The UE may detect PDCCH with DCI CRC scrambled by CC-RNTI by monitoring the following PDCCH candidates according to DCI Format 1C.

-
one PDCCH candidate at aggregation level L=4 with the CCEs corresponding to the PDCCH candidate given by CCEs numbered 0,1,2,3 
-
one PDCCH candidate at aggregation level L=8 with the CCEs corresponding to the PDCCH candidate given by CCEs numbered 0,1,2,3,4,5,6,7 
If a serving cell is a LAA Scell, and if the higher layer parameter subframeStartPosition for the Scell indicates ‘s07’, and if the UE detects PDCCH/EPDCCH intended for the UE starting in the second slot of a subframe, the UE may assume that OFDM symbols in the first slot of the subframe are not occupied, and all OFDM symbols in the second slot of the subframe are occupied, 

If subframe n is a subframe in which OFDM symbols in the first slot are not occupied, the UE may assume that all the OFDM symbols are occupied in subframe n+1.

Table 13A-1: Subframe configuration for LAA in current and next subframe
	Value of 
‘Subframe configuration for LAA’ field in current subframe
	Configuration of occupied OFDM symbols

(current subframe, next subframe)

	0000
	(-,14)

	0001
	(-,12)

	0010
	(-,11)

	0011
	(-,10)

	0100
	(-,9)

	0101
	(-,6)

	0110
	(-,3)

	0111
	(14,*)

	1000
	(12,-)

	1001
	(11,-)

	1010
	(10,-)

	1011
	(9,-)

	1100
	(6,-)

	1101
	(3,-)

	1110
	reserved

	1111
	reserved

	NOTE:

· (-, Y) means UE may assume the first Y symbols are occupied in next subframe and other symbols in the next subframe are not occupied.


· (X,-) means UE may assume the first X symbols are occupied in current subframe and other symbols in the current subframe are not occupied.


· (X,*) means UE may assume the first X symbols are occupied in current subframe, and at least the first OFDM symbol of the next subframe is not occupied.


If a UE is configured with a LAA SCell for UL transmissions, and the UE detects PDCCH with DCI CRC scrambled by CC-RNTI in subframe n, the UE may be configured with a ‘UL duration’ and ‘UL offset’ for subframe n according to the ‘Uplink configuration for LAA’ field in the detected DCI. The ‘Uplink configuration for LAA’ field indicates the ‘UL duration’ and ‘UL offset’ according to Table 13A-2. 

If the ‘UL configuration for LAA’ field configures an ‘UL offset’ 
[image: image2685.wmf]l

 and an ‘UL duration’
[image: image2686.wmf]d

 for subframe n, the UE is not required to receive any downlink physical channels and/or physical signals in subframe(s) n+l+ i with i = 0, 1, …, d-1.
Table 13A-2: UL configuration for LAA.
	Value of 
‘UL configuration for LAA’ field
	UL offset, 
[image: image2687.wmf]l


(in subframes)
	UL duration,
[image: image2688.wmf]d

 (in subframes)

	00000
	Not configured
	Not configured

	00001
	1
	1

	00010
	1
	2

	00011
	1
	3

	00100
	1
	4

	00101
	1
	5

	00110
	1
	6

	00111
	2
	1

	01000
	2
	2

	01001
	2
	3

	01010
	2
	4

	01011
	2
	5

	01100
	2
	6

	01101
	3
	1

	01110
	3
	2

	01111
	3
	3

	10000
	3
	4

	10001
	3
	5

	10010
	3
	6

	10011
	4
	1

	10100
	4
	2

	10101
	4
	3

	10110
	4
	4

	10111
	4
	5

	11000
	4
	6

	11001
	6
	1

	11010
	6
	2

	11011
	6
	3

	11100
	6
	4

	11101
	6
	5

	11110
	6
	6

	11111
	reserved
	reserved
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