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7.2.1
Aperiodic CQI/PMI/RI Reporting using PUSCH
A UE shall perform aperiodic CQI, PMI and RI reporting using the PUSCH in subframe n+k , upon receiving either:

· a DCI format 0, or

· a Random Access Response Grant,

if the respective CQI request field is set to 1 and is not reserved.

For FDD k=4, and for TDD UL/DL configuration 1-6, k is given in Table 8-2. For TDD UL/DL configuration 0, if the MSB of the UL index is set to 1 and LSB of the UL index is set to 0, k is given in Table 8-2; or if MSB of the UL index is set to 0 and LSB of the UL index is set to 1, k is equal to 7; or if both MSB and LSB of the UL index is set to 1, k is given in Table 8-2.
The minimum reporting interval for aperiodic reporting of CQI and PMI and RI is 1 subframe. The subband size for CQI shall be the same for transmitter-receiver configurations with and without precoding.
When aperiodic CQI/PMI/RI report with no transport block associated as defined in section 8.6.2 and positive SR is transmitted in the same subframe, the UE shall transmit SR, and, if applicable, ACK/NAK, on PUCCH resources as described in Section 10.1
A UE is semi-statically configured by higher layers to feed back CQI and PMI and corresponding RI on the same PUSCH using one of the following reporting modes given in Table 7.2.1-1 and described below.

Table 7.2.1-1: CQI and PMI Feedback Types for PUSCH reporting Modes

	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI
	Multiple PMI

	PUSCH CQI                 Feedback Type
	
	
	
	

	
	Wideband
	
	
	Mode 1-2

	
	(wideband CQI)
	
	
	

	
	
	
	
	

	
	UE Selected
	Mode 2-0
	
	Mode 2-2

	
	(subband CQI)
	
	
	

	
	
	
	
	

	
	Higher Layer-configured
	Mode 3-0
	Mode 3-1
	

	
	(subband CQI)
	
	
	


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

1. Single-antenna port; port 0

: Modes 2-0, 3-0

2. Transmit diversity




: Modes 2-0, 3-0
3. Open-loop spatial multiplexing
: Modes 2-0, 3-0
4. Closed-loop spatial multiplexing
: Modes 1-2, 2-2, 3-1 
5. Multi-user MIMO




: Mode 3-1
6. Closed-loop Rank=1 precoding
: Modes 1-2, 2-2, 3-1

7. Single-antenna port ; port 5

: Modes 2-0, 3-0
The aperiodic CQI reporting mode is given by the parameter cqi-ReportingModeAperiodic which is configured by higher-layer signalling.  
For 
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, PUSCH reporting modes are not supported.

RI is only reported for transmission modes 3 and 4.

A RI report on an aperiodic reporting mode is valid only for CQI/PMI report on that aperiodic reporting mode

· Wideband feedback

· Mode 1-2 description:
· For each subband a preferred precoding matrix is selected from the codebook subset assuming transmission only in the subband

· A UE shall report one wideband CQI value per codeword which is calculated assuming the use of the corresponding selected precoding matrix in each subband and transmission on set S subbands.

· The UE shall report the selected precoding matrix indicator for each set S subband.
· Subband size is given by Table 7.2.1-3. 
· For transmission mode 4 the reported PMI and CQI values are calculated conditioned on the reported RI. For other transmission modes they are reported conditioned on rank 1.
· Higher Layer-configured subband feedback 

· Mode 3-0 description:

· A UE shall report a wideband CQI value which is calculated assuming transmission on set S subbands

· The UE shall also report one subband CQI value for each set S subband. The subband CQI value is calculated assuming transmission only in the subband

· Both the wideband and subband CQI represent channel quality for the first codeword, even when RI>1.
· For transmission mode 3 the reported CQI values are calculated conditioned on the reported RI. For other transmission modes they are reported conditioned on rank 1.
· Mode 3-1 description:

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

· A UE shall report one subband CQI value per codeword for each set S subband which are calculated assuming the use of the single precoding matrix in all subbands

· A UE shall report a wideband CQI value per codeword which is calculated assuming the use of the single precoding matrix in all subbands and transmission on set S subbands

· The UE shall report the single selected precoding matrix indicator 
· For transmission mode 4 the reported PMI and CQI values are calculated conditioned on the reported RI. For other transmission modes they are reported conditioned on rank 1.
· Subband CQI value for each codeword are encoded differentially with respect to their respective wideband CQI using 2-bits as defined by

· Subband differential CQI offset level = subband CQI index – wideband CQI index. The mapping from the 2-bit subband differential CQI value to the offset level is shown in Table 7.2.1-2.

Table 7.2.1-2:  Mapping subband differential CQI value to offset level

	Subband differential CQI value
	Offset level

	0
	0

	1
	1

	2
	(2

	3
	(-2


· Supported subband size (k) is given in Table 7.2.1-3.

Table 7.2.1-3: Subband Size (k) vs. System Bandwidth

	System Bandwidth
	Subband Size
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	(k)

	6 - 7
	NA

	8 - 10
	4

	11 - 26
	4

	27 - 63
	6

	64 - 110
	8


· UE-selected subband feedback

· Mode 2-0 description:

· The UE shall select a set of M preferred subbands of size k (where k and M are given in Table 7.2.1-5 for each system bandwidth range) within the set of subbands S. 

· The UE shall also report one CQI value reflecting transmission only over the M selected subbands determined in the previous step. The CQI represents channel quality across all layers irrespective of computed or reported RI. 

· Additionally, the UE shall also report one wideband CQI value. 
· For transmission mode 3 the reported CQI values are calculated conditioned on the reported RI. For other transmission modes they are reported conditioned on rank 1.
· Mode 2-2 description:
· The UE shall perform joint selection of the set of M preferred subbands of size k within the set of subbands S and a preferred single precoding matrix selected from the codebook subset that is preferred to be used for transmission over the M selected subbands.

· The UE shall report one CQI value per codeword reflecting transmission only over the selected M preferred subbands and using the same selected single precoding matrix in each of the M subbands.  

· The UE shall also report the selected single precoding matrix indicator preferred for the M selected subbands.

· A single precoding matrix is selected from the codebook subset assuming transmission on set S subbands
· A UE shall report a wideband CQI value per codeword which is calculated assuming the use of the single precoding matrix in all subbands and transmission on set S subbands
· A UE shall also report the selected single precoding matrix indicator for all set S subbands. 
· For transmission mode 4 the reported PMI and CQI values are calculated conditioned on the reported RI. For other transmission modes they are reported conditioned on rank 1.
· For all UE-selected subband feedback modes the UE shall report the positions of the M selected subbands using a combinatorial index r defined as

· 
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· where the set 
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 is the extended binomial coefficient, resulting in unique label 
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· The CQI value for the M selected subbands for each codeword is encoded differentially using 2-bits relative to its respective wideband CQI as defined by

· Differential CQI offset level = M selected subbands CQI index – wideband CQI index

· The mapping from the 2-bit differential CQI value to the offset level is shown in Table 7.2.1-4.

Table 7.2.1-4:  Mapping  differential CQI value to offset level

	Differential CQI value
	Offset level

	0
	(1

	1
	2

	2
	3

	3
	(4


· Supported subband size k and M values include those shown in Table 7.2.1-5. In Table 7.2.1-5 the k and M values are a function of system bandwidth.

· The number of bits to denote the position of the M selected subbands is 
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Table 7.2.1-5: Subband Size (k) and Number of Subbands (M) in S vs. Downlink System Bandwidth

	System Bandwidth
	Subband Size k (RBs)
	M
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	6 – 7
	NA
	NA

	8 – 10
	2
	1

	11 – 26 
	2
	3

	27 – 63 
	3
	5

	64 – 110 
	4
	6


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.  
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.
· There are a total of N subbands for a system bandwidth given by
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 then one of the subbands is of size
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· A bandwidth part j is frequency-consecutive and consists of 
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subbands where J bandwidth parts span S or 
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· Each bandwidth part j is scanned in sequential order according to increasing frequency as defined by the equation 
[image: image23.wmf])
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 is a counter that a UE increments after each subband report transmission for the bandwidth part.

· For UE selected subband feedback a single subband out of 
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 subbands of a bandwidth part is selected along with a corresponding L-bit label where
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The CQI and PMI payload sizes of each PUCCH reporting mode are given in Table 7.2.2-3.

Four CQI/PMI and RI reporting types with distinct periods and offsets are supported for each PUCCH reporting mode as given in Table 7.2.2-3: 

· Type 1 report supports CQI feedback for the UE selected sub-bands 

· Type 2 report supports wideband CQI and PMI feedback.

· Type 3 report supports RI feedback

· Type 4 report supports wideband CQI

In the case where RI and wideband CQI/PMI reporting are configured, RI and wideband CQI/PMI are not reported in the same subframe (reporting instance):

· The reporting instances for wideband CQI/PMI are subframes satisfying 
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 is the system frame number, and 
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 = {0,1,…, 19} is the slot index within the frame, and NOFFSET,CQI is the corresponding wideband CQI/PMI reporting offset (in subframes) and NP is the wideband CQI/PMI period (in subframes).

· The reporting interval of the RI reporting is an integer multiple MRI of wideband CQI/PMI period NP (in subframes). 

· The parameter MRI is selected from the set {1, 2, 4, 8, 16, 32, OFF}.

· In case MRI is not OFF, the reporting instances for RI are subframes satisfying 
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 is the system frame number, and 
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n

 = {0,1,…, 19} is the slot index within the frame, NOFFSET,CQI is the corresponding wideband CQI/PMI reporting offset (in subframes) and NOFFSET,RI is the corresponding relative RI offset to the wideband CQI/PMI reporting offset (in subframes).

· The reporting offset for RI NOFFSET,RI takes values from the set {0, −1, …, −(NP−1)}.

· In case of collision of RI and wideband CQI/PMI the wideband CQI/PMI is dropped.

· The periodicity NP and offset NOFFSET,CQI for wideband CQI/PMI reporting are determined based on the parameter cqi-pmi-ConfigurationIndex given in Table 7.2.2-1A for FDD and table 7.2.2-1C for TDD. The periodicity MRI, and offset NOFFSET,RI  for RI reporting are determined based on the parameter ri-ConfigurationIndex given in Table 7.2.2-1B. Both cqi-pmi-ConfigurationIndex and ri-ConfigurationIndex are configured by higher-layer signalling.

In the case where RI and both wideband CQI/PMI and subband CQI reporting are configured:

· The reporting instances for wideband CQI/PMI and subband CQI are subframes satisfying 
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 is the system frame number, and 
[image: image35.wmf]s

n

 = {0,1,…, 19} is the slot index within the frame, NOFFSET,CQI is the corresponding wideband CQI/PMI reporting offset (in subframes) , and NP is the period of CQI/PMI reporting instance (in subframes). 

· The wideband CQI/PMI report has period H*NP, and is reported on the subframes satisfying  
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 is the system frame number, and 
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n

 = {0,1,…, 19} is the slot index within the frame. .The integer H is defined as H=J*K+1, where J is the number of bandwidth parts.

· Between every two consecutive wideband CQI/PMI reports, the remaining J*K reporting instances are used in sequence for subband CQI reports on K full cycles of bandwidth parts. 

· The reporting interval of RI is MRI  times the wideband CQI/PMI period, and RI is reported on the same PUCCH cyclic shift resource as both the wideband CQI/PMI and subband CQI reports.

· The parameter MRI is selected from the set {1, 2, 4, 8, 16, 32, OFF}.

· In case MRI is not OFF, the reporting instances for RI are subframes satisfying 
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 is the system frame number, and 
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n

 = {0,1,…, 19} is the slot index within the frame, NOFFSET,CQI  is the corresponding wideband CQI/PMI reporting offset (in subframes) and NOFFSET,RI is the corresponding relative RI offset to the wideband CQI/PMI reporting offset (in subframes).

· In case of collision between RI and wideband CQI/PMI or subband CQI, the wideband CQI/PMI or subband CQI is dropped.

· The parameter K is selected from the set {1, 2, 3, 4}, and the parameter NOFFSET,RI is selected from the set {0, -1, …,-( NP -1), - NP }.

· The periodicity NP and offset NOFFSET,CQI  for CQI reporting are determined based on the parameter cqi-pmi-ConfigurationIndex given in Table 7.2.2-1A for FDD and table 7.2.2-1C for TDD. The periodicity MRI, and offset NOFFSET,RI  for RI reporting are determined based on the parameter  ri-ConfigurationIndex given in Table 7.2.2-1B. Both cqi-pmi-ConfigurationIndex and ri-ConfigurationIndex are configured by higher-layer signalling.
In case of collision between CQI/PMI/RI and ACK/NACK in a same subframe, CQI/PMI/RI is dropped if the parameter simultaneousAckNackAndCQI provided by higher layers is set FALSE. CQI/PMI/RI is multiplexed with ACK/NAK otherwise. 

The following PUCCH formats are used:

· Format 2 as defined in section 5.4.2 in [3] when CQI/PMI or RI report is not multiplexed with ACK/NAK 
· Format 2a/2b as defined in section 5.4.2 in [3] when CQI/PMI or RI report is multiplexed with ACK/NAK for normal CP
· Format 2 as defined in section 5.4.2 in [3] when CQI/PMI or RI report is multiplexed with ACK/NAK for extended CP
The CQI/PMI or RI report shall be transmitted on the PUCCH resource 
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 is UE specific and configured by higher layers.

In case of collision between CQI/PMI/RI and positive SR in a same subframe, CQI/PMI/RI is dropped.
Table 7.2.2-1A: Mapping of cqi-pmi-ConfigurationIndex to NP and NOFFSET,CQI for FDD.

	cqi-pmi-ConfigurationIndex = ICQI/PMI
	Value of NP
	Value of NOFFSET,CQI

	0 ( ICQI/PMI ( 1
	2
	ICQI/PMI

	2 ( ICQI/PMI ( 6
	5
	ICQI/PMI – 2

	7 ( ICQI/PMI ( 16
	10
	ICQI/PMI – 7

	17 ( ICQI/PMI ( 36
	20
	ICQI/PMI – 17

	37 ( ICQI/PMI ( 76
	40
	ICQI/PMI – 37

	77 ( ICQI/PMI ( 156
	80
	ICQI/PMI – 77

	157 ( ICQI/PMI ( 316
	160
	ICQI/PMI – 157

	ICQI/PMI = 317
	OFF
	n/a

	318 ( ICQI/PMI ( 511
	Reserved


Table 7.2.2-1B: Mapping of ri-ConfigurationIndex to MRI and NOFFSET,RI.

	ri-ConfigurationIndex = IRI
	Value of MRI
	Value of NOFFSET,RI

	0 ( IRI  ( 160
	1
	−IRI

	161 ( IRI  ( 321
	2
	− (IRI  – 161)

	322 ( IRI  ( 482
	4
	− (IRI  – 322)

	483 ( IRI  ( 643
	8
	− (IRI  – 483)

	644 ( IRI  ( 804
	16
	− (IRI  – 644)

	805 ( IRI  ( 965
	32
	− (IRI  – 805)

	IRI  = 966
	OFF
	n/a

	967 ( IRI  ( 1023
	Reserved


Table 7.2.2-1C: Mapping of CQI/PMI Configuration Index to NP and NOFFSET,CQI for TDD.
	CQI/PMI Periodicity and Offset Configuration Index ICQI/PMI
	Value of NP
	Value of NOFFSET,CQI

	ICQI/PMI = 0
	1 
	ICQI/PMI

	1 ( ICQI/PMI ( 5
	5
	ICQI/PMI – 1

	6 ( ICQI/PMI ( 15
	10
	ICQI/PMI – 6

	16 ( ICQI/PMI ( 35
	20
	ICQI/PMI – 16

	36 ( ICQI/PMI ( 75
	40
	ICQI/PMI – 36

	76 ( ICQI/PMI ( 155
	80
	ICQI/PMI – 76

	156 ( ICQI/PMI ( 315
	160
	ICQI/PMI – 156

	ICQI/PMI = 316
	OFF
	n/a

	317 ( ICQI/PMI ( 511
	Reserved


For TDD periodic CQI/PMI reporting, the following periodicity values apply depending on the TDD UL/DL configuration [3]:
· The reporting period of NP = 1 is only applicable to TDD UL/DL configurations 0, 1, 3, 4, and 6, where all UL subframes in a radio frame are used for CQI/PMI reporting.

· The reporting period of NP = 5 is only applicable to TDD UL/DL configurations 0, 1, 2, and 6.
· The reporting periods of NP = {10, 20, 40, 80, 160} are applicable to all TDD UL/DL configurations.
For 
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, Mode 2-0 and Mode 2-1 are not supported.

A RI report in a periodic reporting mode is valid only for CQI/PMI report on that periodic reporting mode.

· Wideband feedback

· Mode 1-0 description:

· In the subframe where RI is reported (only for transmission mode 3):

· A UE shall determine a RI assuming transmission on set S subbands.

· The UE shall report a type 3 report consisting of one RI.

· In the subframe where CQI is reported:

· A UE shall report a type 4 report consisting of one wideband CQI value which is calculated assuming transmission on set S subbands. 

· For transmission mode 3 the CQI is calculated conditioned on the last reported periodic RI. For other transmission modes it is calculated conditioned on transmission rank 1

· Mode 1-1 description:
· In the subframe where RI is reported (only for transmission mode 4):

· A UE shall determine a RI assuming transmission on set S subbands.
· The UE shall report a type 3 report consisting of one RI
· In the subframe where CQI/PMI is reported:
· A single precoding matrix is selected from the codebook subset assuming transmission on set S subbands.
· A UE shall report a type 2 report on each respective successive reporting opportunity consisting of 

· A single wideband CQI value which is calculated assuming the use of a single precoding matrix in all subbands and transmission on set S subbands.
· The selected single precoding matrix indicator (wideband PMI)

· When RI>1, a 3-bit wideband spatial differential CQI, which is shown in Table 7.2-2. 
· For transmission mode 4 the PMI and CQI are calculated conditioned on the last reported RI. For other transmission modes they are calculated conditioned on transmission rank 1.
· UE Selected subband feedback
· Mode 2-0 description:
· In the subframe where RI is reported (only for transmission mode 3):

· A UE shall determine a RI assuming transmission on set S subbands.

· The UE shall report a type 3 report consisting of one RI.

· In the subframe where wideband CQI is reported:

· The UE shall report a type 4 report on each respective successive reporting opportunity consisting of one wideband CQI value.
· For transmission mode 3 the CQI is calculated conditioned on the last reported RI. For other transmission modes it is calculated conditioned on transmission rank 1. 
· In the subframe where CQI for the selected subbands is reported:

· The UE shall select the preferred subband within the set of 
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 subbands in each of the J bandwidth parts where J is given in Table 7.2.2-2. 

· The UE shall report a type 1 report consisting of one CQI value reflecting transmission only over the selected subband of a bandwidth part determined in the previous step along with the corresponding preferred subband L-bit label. A type 1 report for each bandwidth part will in turn be reported in respective successive reporting opportunities. The CQI represents channel quality across all layers irrespective of the computed or reported RI. 
· For transmission mode 3 the preferred subband selection and CQI values are calculated conditioned on the last reported RI. For other transmission modes they are calculated conditioned on transmission rank 1.
· Mode 2-1 description:
· In the subframe where RI is reported (only for transmission mode 4):
· A UE shall determine a RI assuming transmission on set S subbands.
· The UE shall report a type 3 report consisting of one RI.
· In the subframe where wideband CQI/PMI is reported:
· A single precoding matrix is selected from the codebook subset assuming transmission on set S subbands.

· A UE shall report a type 2 report on each respective successive reporting opportunity consisting of:

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

· The selected single precoding matrix indicator (wideband PMI).

· When RI>1, and additional 3-bit wideband spatial differential CQI which is shown in Table 7.2-2. 
· For transmission mode 4 the PMI and CQI values are calculated conditioned on the last reported RI. For other transmission modes they are calculated conditioned on transmission rank 1.
· In the subframe where CQI for the selected subbands is reported:
· The UE shall select the preferred subband within the set of Nj subbands in each of the J bandwidth parts where J is given in Table 7.2.2-2.
· The UE shall report a type 1 report per bandwidth part on each respective successive reporting opportunity consisting of:

· CQI value for codeword 0 reflecting transmission only over the selected subband of a bandwidth part determined in the previous step along with the corresponding preferred subband L-bit label.

· When RI>1, an additional 3-bit subband spatial differential CQI value for codeword 1 offset level
· Codeword 1 offset level = subband CQI index for codeword 0 – subband CQI index for codeword 1.
· Assuming the use of the most recently reported single precoding matrix in all subbands and transmission on set S subbands. 
· The mapping from the 3-bit subband spatial differential CQI value to the offset level is shown in Table 7.2-2. 
· For transmission mode 4 the subband selection and CQI values are calculated conditioned on the last reported wideband PMI and RI. For other transmission modes they are calculated conditioned on the last reported PMI and transmission rank 1.
Table 7.2.2-2: Subband Size (k) and Bandwidth Parts (J) vs. Downlink System Bandwidth
	System Bandwidth 
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	Subband Size k (RBs)
	Bandwidth Parts (J)

	
	
	

	6 – 7
	NA
	NA

	8 – 10
	4
	1

	11 – 26
	4
	2

	27 – 63
	6
	3

	64 – 110
	8
	4


A UE with a scheduled PUSCH allocation in the same subframe as its CQI report shall use the same PUCCH-based reporting format when reporting CQI on the PUSCH with the following exceptions:

· If an aperiodic report is requested for that subframe, the procedure for aperiodic CQI/PMI/RI reporting using PUSCH is followed.
If parameter ttiBundling provided by higher layers is set to TRUE, then the UE shall drop the periodic CQI report and shall not multiplex periodic CQI/PMI and/or rank indicator in the PUSCH transmission.

Table 7.2.2-3: PUCCH Report Type Payload size per Reporting Mode
	PUCCH Report Type
	Reported
	Mode State 
	PUCCH Reporting Modes

	
	
	
	Mode 1-1
	Mode 2-1
	Mode 1-0
	Mode 2-0

	
	
	
	(bits/BP)
	(bits/BP)
	(bits/BP)
	(bits/BP)

	1
	Sub-band

CQI
	RI = 1
	NA
	4+L
	NA
	4+L

	
	
	RI > 1
	NA
	7+L
	NA
	4+L

	2
	Wideband CQI/PMI
	2 TX Antennas RI = 1
	6
	6
	NA
	NA

	
	
	4 TX Antennas RI = 1
	8
	8
	NA
	NA

	
	
	2 TX Antennas RI > 1
	8
	8
	NA
	NA

	
	
	4 TX Antennas RI > 1
	11
	11
	NA
	NA

	3
	RI
	2-layer spatial multiplexing
	1
	1
	1
	1

	
	
	4-layer spatial multiplexing
	2
	2
	2
	2

	4
	Wideband CQI
	RI = 1
	NA
	NA
	4
	4
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