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7.3
UE procedure for reporting ACK/NACK

For FDD, when both ACK/NACK and SR are transmitted in the same sub-frame a UE shall transmit the ACK/NACK on its assigned ACK/NACK PUCCH resource for a negative SR transmission and transmit the ACK/NACK on its assigned SR PUCCH resource for a positive SR transmission.
For TDD ACK/NACK bundling, when both bundled ACK/NACK and SR are transmitted in the same sub-frame a UE shall transmit the bundled ACK/NACK on its assigned ACK/NACK PUCCH resource for a negative SR transmission and transmit the bundled ACK/NACK on its assigned SR PUCCH resource for a positive SR transmission.

For TDD ACK/NACK multiplexing, when both ACK/NACK and SR are transmitted in the same sub-frame, a UE shall transmit the multiple ACK/NACK response according to section 10.1 for a negative SR transmission, and transmit two bits (b1 b2) representing a bundled NACK or the number of bundled ACK responses on the SR resource for a positive SR transmission. The mapping between (b1 b2) to QPSK symbols is performed according to Table 7.3-1, where ACKi denotes a bundled ACK response from i individual ACK responses.

Table 7.3-1: QPSK mapping representing a bundled NACK or the number of bundled ACK responses
	(b1 b2)
	QPSK Symbol
	Notation

	00
	1
	NACK

	01
	-j
	ACK3/ACK6/ACK9

	10
	j
	ACK2/ACK5/ACK8

	11
	-1
	ACK1/ACK4/ACK7


For TDD ACK/NACK bundling, when both bundled ACK/NACK and CQI are configured to be transmitted in the same sub-frame on PUCCH, a UE shall use PUCCH format 2a or 2b for the transmission of bundled ACK/NACK and CQI.

For TDD ACK/NAK multiplexing, when both ACK/NACK and CQI are configured to be transmitted in the same sub-frame on PUCCH, a UE shall transmit CQI and two bits (b1, b2) representing a bundled NACK or the number of bundled ACK responses. In normal CP, the two bits (b1 b2) are mapping to a QPSK symbol according to Table 7.3-1 and UE shall use PUCCH format 2b for the transmission of CQI and (b1 b2). In extended CP, CQI and (b1 b2) are jointly coded and transmitted on the CQI resource with PUCCH format 2.

When only an ACK/NACK or only a SR is transmitted a UE shall use PUCCH Format 1a or 1b for the ACK/NACK resource and PUCCH Format 1 for the SR resource as defined in section 5.4.1 in [3].  

10
Physical uplink control channel procedures

10.1
UE procedure for determining physical uplink control channel assignment

Uplink control information (UCI) in subframe 
[image: image1.wmf]n

 shall be transmitted

· on PUCCH using format 1/1a/1b or 2/2a/2b if the UE is not transmitting on PUSCH in subframe 
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· on PUSCH if the UE is transmitting on PUSCH in subframe 
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Throughout this section, subframes are numbered in monotonically increasing order; if the last subframe of a radio frame is denoted 
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, the first subframe of the next radio frame is denoted 
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The following combinations of uplink control information on PUCCH are supported:

· HARQ-ACK using PUCCH format 1a or 1b

· HARQ-ACK multiplexing using PUCCH format 1b with channel selection
· Scheduling request (SR) using PUCCH format 1

· HARQ-ACK and SR using PUCCH format 1a or 1b

· CQI using PUCCH format 2

· CQI and HARQ-ACK using PUCCH format

-
2a or 2b for normal cyclic prefix

-
2 for extended cyclic prefix

For TDD, two ACK/NACK feedback modes are supported by higher layer configuration.

· ACK/NACK bundling using PUCCH format 1a or 1b, which is the default mode 

· ACK/NACK multiplexing using PUCCH format 1b with channel selection

TDD ACK/NACK bundling is performed per codeword across multiple DL subframes associated with a single UL subframe, by a logical AND operation of all the corresponding individual (dynamically and semi-persistently scheduled) PDSCH transmission ACK/NACKs. The bundled 1 or 2 ACK/NACK bits are transmitted using PUCCH format 1a and PUCCH format 1b, respectively.

For TDD ACK/NACK multiplexing, spatial ACK/NACK bundling across multiple codewords within a DL subframe is performed by a logical AND operation of all the corresponding individual ACK/NACKs.    
For FDD, the UE shall use PUCCH resource 
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 for transmission of HARQ-ACK in subframe 
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, where

· for a dynamically scheduled PDSCH indicated by the detection of a corresponding PDCCH with DCI format 1A/1/2 in subframe 
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, where 
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 is the number of the first CCE used for transmission of the corresponding DCI assignment and 
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 is configured by higher layers.

· for a semi-persistently scheduled PDSCH transmission and where there is not a corresponding DCI detected in subframe 
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, the value of 
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 is configured by higher layers.

For TDD ACK/NACK bundling, the UE shall use PUCCH resource 
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 for transmission of HARQ-ACK in subframe 
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, where

· for dynamically scheduled PDSCH indicated by the detection of corresponding PDCCH(s) with DCI format 1A/1/2 within subframe(s) 
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 (defined in Table 10.1-1) is a set of M elements 
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 depending on the subframe n and the UL-DL configuration (defined in Table 4.2-2 in [3]), 
[image: image20.wmf])

1

(

PUCCH

n

 is given by a function of the first CCE index used for transmission of the corresponding DCI format 1A/1/2 in subframe 
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 is the smallest value in set 
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such that UE detects a DCI format 1A/1/2 in subframe 
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· for a semi-persistently scheduled PDSCH transmission and where there is not a corresponding DCI detected within subframe(s) 
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 is defined in Table 10.1-1, the value of 
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 is configured by higher layers.

Table 10.1-1: Downlink association set index 
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 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, 6, 4
	-
	-
	-
	-
	8, 7, 6, 4
	-
	-

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

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

	5
	-
	-
	TBD
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


For TDD ACK/NACK multiplexing and sub-frame 
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 as the dynamic or persistent ACK/NACK channel index derived from sub-frame  
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 as the 1-bit ACK/NACK response from sub-frame 
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 represents an ACK response, while the value of 
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 represents a NACK response or a DTX response in sub-frame 
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. UE shall transmit a QPSK symbol 
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 on a selected ACK/NACK channel 
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 using PUCCH format 1b, according to Table 10.1-2 and 10.1-4 for 
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Table 10.1-2: Transmission of ACK/NAK multiplexing for M = 2

	b1 b2
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In Table 10.1-2, for the case of 
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, UE shall transmit a QPSK symbol 
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 on a selected ACK/NACK channel 
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in sub-frame 
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 using PUCCH format 1b, according to Table 10.1-3, where DTX means UE shall not transmit any ACK/NAK response.

Table 10.1-3: Transmission of ACK/NAK multiplexing for M = 2, where 
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	b1b2: (NACK/DTX, NACK/DTX)
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Table 10.1-4: Transmission of ACK/NAK multiplexing for M = 3

	b1 b2 b3
	(
[image: image63.wmf])

1

(

ACK

-

M

PUCCH,

n

,
[image: image64.wmf]ACK

M

Q

-

)

	111
	(
[image: image65.wmf])

1

(

PUCCH,3

n

, -1)

	110 
	(
[image: image66.wmf])

1

(

PUCCH,2

n

, -1)

	101
	(
[image: image67.wmf])

1

(

PUCCH,3

n

, -j)

	100 
	(
[image: image68.wmf])

1

(

PUCCH,1

n

, -j) 

	011
	(
[image: image69.wmf])

1

(

PUCCH,3

n

,  j)

	010
	(
[image: image70.wmf])

1

(

PUCCH,2

n

, 1)

	001
	(
[image: image71.wmf])

1

(

PUCCH,3

n

, 1)

	000
	DTX or (
[image: image72.wmf])

1

(

PUCCH,2

n

, j) or (
[image: image73.wmf])

1

(

PUCCH,1

n

,j) or (
[image: image74.wmf])

1

(

PUCCH,3

n

, -j)


In Table 10.1-4, for the case of 
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, UE shall transmit a QPSK symbol 
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 on a selected ACK/NACK channel 
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 using PUCCH format 1b, according to Table 10.1-5, where DTX means UE shall not transmit any ACK/NAK response.

Table 10.1-5: Transmission of ACK/NAK multiplexing for M = 3, where 
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	b1b2 b3: (NACK/DTX, NACK/DTX, NACK/DTX)
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	(DTX, DTX, NACK) or (NACK, DTX, NACK)
	(
[image: image86.wmf])

1

(

PUCCH,3

n

, -j)

	(DTX, NACK, DTX) or (DTX, NACK, NACK) 
	(
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	(NACK, DTX, DTX) or (NACK, NACK, DTX) or (NACK, NACK, NACK)
	(
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10.2
Uplink ACK/NACK timing

For FDD, the UE shall upon detection of a PDSCH transmission in subframe n-4 intended for the UE and for which an ACK/NACK shall be provided, transmit the ACK/NACK response in subframe n.

For TDD, the UE shall upon detection of a PDSCH transmission within subframe(s) 
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 and 
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 is defined in Table 10.1-1 intended for the UE and for which ACK/NACK response shall be provided, transmit the ACK/NACK response in UL subframe n.

For TDD, the UE shall upon detection of a PDSCH transmission in subframe n intended for the UE and for which an ACK/NACK shall be provided, transmit the ACK/NACK response in UL subframe n+k, where k depends on the subframe n according to Table 10.2-1 for the UL-DL configurations defined in Table 4.2-2 in [3].
Table 10.2-1: Uplink ACK/NACK timing index k for TDD

	Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	4
	6
	-
	-
	-
	4
	6
	-
	-
	-

	1
	7
	6
	-
	-
	4
	7
	6
	-
	-
	4

	2
	7
	6
	-
	4
	8
	7
	6
	-
	4
	8

	3
	4
	11
	-
	-
	-
	7
	6
	6
	5
	5

	4
	12
	11
	-
	-
	8
	7
	7
	6
	5
	4

	5
	12
	11
	-
	9
	8
	7
	6
	5
	4
	13

	6
	7
	7
	-
	-
	-
	7
	7
	-
	-
	5


.
For TDD, the use of a single ACK/NACK response for providing HARQ feedback for multiple PDSCH transmissions is supported by performing logical AND of all the corresponding individual (dynamically and semi-persistently scheduled) PDSCH transmission ACK/NACKs. Downlink Assignment Index (DAI) denotes the minimum number of dynamic downlink assignment(s) transmitted to the corresponding UE within all the subframe(s)
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, and it can be updated from subframe to subframe. If the value of DAI in subframe 
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