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7.2.2
Periodic CQI/PMI/RI Reporting using PUCCH

A UE is semi-statically configured by higher layers to periodically feed back different CQI, PMI, and RI on the PUCCH using the reporting modes given in Table 7.2.2-1 and described below.   
Table 7.2.2-1: CQI and PMI Feedback Types for PUCCH reporting Modes

	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI

	PUCCH CQI                 Feedback Type
	
	
	

	
	Wideband
	Mode 1-0
	Mode 1-1

	
	(wideband CQI)
	
	

	
	
	
	

	
	UE Selected
	Mode 2-0
	Mode 2-1

	
	(subband CQI)
	
	


For each of the transmission modes defined in Section 7.1, the following reporting modes are supported on PUCCH:

1. Single-antenna port, port 0

: Modes 1-0, 2-0

2. Transmit diversity




: Modes 1-0, 2-0
3. Open-loop spatial multiplexing
: Modes 1-0, 2-0
4. Closed-loop spatial multiplexing
: Modes 1-1, 2-1

5. Multi-user MIMO




: Modes 1-1, 2-1
6. Closed-loop Rank=1, precoding
: Modes 1-1, 2-1
7. Single-antenna port, port 5

: Modes 1-0, 2-0
The periodic CQI reporting mode is given by the parameter cqi-ReportingModePeriodic which is configured by higher-layer signalling.  
When periodic CQI/PMI/RI falls in measurement gap, the periodic CQI/PMI/RI is dropped.
For the UE-selected subband CQI, a CQI report in a certain subframe describes the channel quality in a particular part or in particular parts of the bandwidth described subsequently as bandwidth part (BP) or parts. The subbands shall be indexed in the order of increasing frequency and non-increasing sizes starting at the lowest frequency. The bandwidth parts shall also be indexed in the order of increasing frequency and non-increasing sizes starting at the lowest frequency.
8.2
UE sounding procedure

The following Sounding Reference Symbol (SRS) parameters are UE specific semi-statically configurable by higher layers:

· Transmission comb

· Starting physical resource block assignment

· Duration of SRS transmission: single or indefinite (until disabled)

· SRS configuration index ISRS for SRS periodicity and SRS subframe offset 

· SRS bandwidth
· Frequency hopping bandwidth

· Cyclic shift

The cell specific SRS transmission bandwidths are configured by higher layers. The allowable values are given in Section 5.5.3.2 of [3].  

The cell specific SRS transmission sub-frames are configured by higher layers. The allowable values are given in Section 5.5.3.3 of [3].

When antenna selection is enabled for a UE that supports transmit antenna selection, the index 
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when frequency hopping is enabled (i.e., 
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where values BSRS, bhop, Nb, and nSRS are given in Section 5.5.3.2 of [3], and 
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 value), except when a single SRS transmission is configured for the UE. 

For TDD, when one SC-FDMA symbol exists in UpPTS, it can be used for SRS transmission. When two SC-FDMA symbols exist in UpPTS, both can be used for SRS transmission and both can be assigned to the same UE.
A UE shall not transmit SRS whenever SRS and PUCCH format 2/2a/2b transmissions happen to coincide in the same subframe. 

A UE shall not transmit SRS whenever SRS and ACK/NACK and/or positive SR transmissions happen to coincide in the same subframe unless the parameter Simultaneous-AN-and-SRS is TRUE.
A UE shall not transmit SRS whenever SRS falls in measurement gap.
In UpPTS, whenever SRS transmission instance overlaps with the PRACH region for preamble format 4, the UE shall avoid the overlap by reducing the SRS transmission bandwidth to a maximum value given by Table 5.5.3.2-1 through Table 5.5.3.2.-4 in [3] using the current cell specific SRS bandwidth configuration.
The parameter Simultaneous-AN-and-SRS provided by higher layers determines if a UE is configured to support the transmission of ACK/NACK on PUCCH and SRS in one subframe. If it is configured to support the transmission of ACK/NACK on PUCCH and SRS in one subframe, then in the cell specific SRS subframes UE shall transmit ACK/NACK and SR using the shortened PUCCH format as defined in Section 5.4.1 of [3], where the ACK/NACK or the SR symbol corresponding to the SRS location is punctured. This shortened PUCCH format shall be used in a cell specific SRS subframe even if the UE does not transmit SRS in that subframe. The cell specific SRS subframes are defined in Section 5.5.3.3 of [3]. Otherwise, the UE shall use the normal PUCCH format 1/1a/1b as defined in Section 5.4.1 of [3] for the transmission of ACK/NACK and SR.

10
Physical uplink control channel procedures

10.1
UE procedure for determining physical uplink control channel assignment

Uplink control information (UCI) in subframe 
[image: image10.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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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
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

The scrambling initialization of PUCCH format 2, 2a and 2b is by C-RNTI.
The parameter Simultaneous-AN-and-CQI provided by higher layers determine if a UE can transmit a combination of CQI and HARQ-ACK on PUCCH in the same subframe.

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 
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 multiple DL subframes associated with a single UL subframe n, where 
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 is the number of elements in the set 
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 defined in Table 10.1-1, 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 and a subframe n with
[image: image18.wmf]1
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 is the number of elements in the set 
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 defined in Table 10.1-1, 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 TDD ACK/NACK multiplexing and a subframe n with 
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, spatial ACK/NACK bundling across multiple codewords within a DL subframe is not performed.

For FDD, the UE shall use PUCCH resource 
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 for transmission of HARQ-ACK in subframe 
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· for a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe 
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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 PDSCH transmission and where there is not a corresponding PDCCH detected in subframe 
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, the value of 
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 is determined according to higher layer configuration and Table 9.2-2.

For TDD ACK/NACK bundling or TDD ACK/NACK multiplexing and a subframe n with 
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 is the number of elements in the set 
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 defined in Table 10.1-1, the UE shall use PUCCH resource 
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· for a PDSCH transmission indicated by the detection of corresponding PDCCH(s) 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]), the UE first selects a 
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 is the number of the first CCE used for transmission of the corresponding PDCCH in subframe 
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 is the smallest value in set 
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such that UE detects a PDCCH in subframe 
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· for a PDSCH transmission where there is not a corresponding PDCCH detected within subframe(s) 
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 is defined in Table 10.1-1, the value of 
[image: image52.wmf])

1

(

PUCCH

n

 is determined according to higher layer configuration and Table 9.2-2.

Table 10.1-1: Downlink association set index 
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For TDD ACK/NACK multiplexing and sub-frame 
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 defined in Table 10.1-1, denote 
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 as the ACK/NACK resource derived from sub-frame  
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 and HARQ-ACK(i) as the ACK/NACK/DTX response from sub-frame 
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· For a PDSCH transmission in sub-frame 
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 is the number of the first CCE used for transmission of the corresponding PDCCH in subframe 
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· For a PDSCH transmission where there is not a corresponding PDCCH detected in subframe 
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The UE shall transmit 
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 using PUCCH format 1b according to section 5.4.1 in [3]. The value of 
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[image: image80.wmf])

1

(

),

0

(

b

b

 are mapped to “N/A,” then the UE shall not transmit ACK/NACK response in sub-frame 
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Table 10.1-2: Transmission of ACK/NACK multiplexing for M = 2

	HARQ-ACK(0), HARQ-ACK(1)
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	ACK, ACK
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	1, 1

	ACK, NACK/DTX
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	NACK/DTX, ACK
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	NACK/DTX, NACK
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	NACK, DTX
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Table 10.1-3: Transmission of ACK/NACK multiplexing for M = 3

	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2)
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	ACK, ACK, ACK
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	ACK, ACK, NACK/DTX
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	ACK, NACK/DTX, ACK
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	NACK/DTX, ACK, NACK/DTX
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	NACK, NACK/DTX, NACK/DTX
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Table 10.1-4: Transmission of ACK/NACK multiplexing for M = 4

	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
	
[image: image101.wmf])

1

(

PUCCH

n


	
[image: image102.wmf])

1

(

),

0

(

b

b



	ACK, ACK, ACK, ACK
	
[image: image103.wmf](1)

PUCCH,1

n


	1, 1

	ACK, ACK, ACK, NACK/DTX
	
[image: image104.wmf](1)

PUCCH,1

n


	1, 0

	NACK/DTX,NACK/DTX,NACK,DTX
	
[image: image105.wmf](1)

PUCCH,2

n


	1, 1

	ACK, ACK, NACK/DTX, ACK
	
[image: image106.wmf](1)

PUCCH,1

n


	1, 0

	NACK, DTX, DTX, DTX
	
[image: image107.wmf](1)

PUCCH,0

n


	1, 0

	ACK, ACK, NACK/DTX, NACK/DTX
	
[image: image108.wmf](1)

PUCCH,1

n


	1, 0

	ACK, NACK/DTX, ACK, ACK
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ACK/NACK repetition is enabled or disabled by a UE specific parameter ackNackRepetition configured by higher layers. Once enabled, the UE shall repeat any ACK/NACK transmission with a repetition factor 
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 is provided by higher layers and includs the initial ACK/NACK transmission, until ACK/NACK repetition is disabled by higher layers. For an initial semi-persistently scheduled PDSCH transmission without a corresponding DCI format detected, the UE shall transmit the corresponding ACK/NACK response 
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 times using PUCCH resource 
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configured by higher layers. For a dynamically scheduled PDSCH transmission, the UE shall first transmit the corresponding ACK/NACK response once using PUCCH resource derived from the corresponding PDCCH CCE index (as described in Section 10.1), and repeat the transmission of the corresponding ACK/NACK response 
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  times always using PUCCH resource 
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is configured by higher layers.
A UE shall not transmit any repeated ACK/NACK response which fall in measurment gap.
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