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1. Introduction
The agreement on the principle of multi-granularity feedback was made in RAN1 #60[1]. Furthermore, in RAN1 #60bis the following WF on feedback design was agreed [2]:

· A precoder W for a subband is a function of two matrices W1 and W2, i.e. where W1 ( C1 and W2 ( C2. The codebooks C1 and C2 are codebooks one and two, respectively.
· W1 targets wideband/long-term channel properties

· W2 targets frequency-selective/short-term time channel properties

· For PUCCH, the feedback corresponding to W1 and W2 can be sent in different or the same subframe (unless it turns out that the payload is too large to ever send W1 and W2 in the same subframe on PUCCH).

· Periodic and aperiodic reports are independent

· For PUSCH: FFS

· FFS whether feedback corresponding to W1 and/or W2 may be switched off

In order to support dual-codebook operation in LTE Rel-10, the reporting modes defined for single codebook based feedback should be extended. The control signaling for dual-codebook based feedback is considered in [3-5]. In RAN1 #61bis, three WFs on CSI Feedback for Rel-10 DL-MIMO were presented [6-8]. Even though no further agreement was reached, the candidates for feedback signaling design have been narrowed down to two CSI Modes:
· CSI Mode 1: W1 and W2 are signaled in separate subframes
· CSI Mode 2:  W is determined by a single report confined to a single sub-frame
Based on the two CSI Modes, the possible extensions for both periodic and aperiodic CQI/PMI/RI reporting modes are discussed in this contribution
2. Periodic CQI/PMI/RI reporting using PUCCH 
In LTE Rel-8 and Rel-9, four PUCCH report types are supported. Based on the combinations of report types, four PUCCH reporting modes can be used in periodic reporting. The PUCCH report type payload size for each reporting mode is shown in Table 1. 

Table 1. 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 or RI>1
	NA
	NA
	4
	4


Depending on the configurations of PUCCH CQI feedback type and transmission mode as well as PMI/RI reporting indication for TM8, a UE is semi-statically and implicitly configured by higher layer to periodically feedback the required information with certain PUCCH reporting mode. The CQI and PMI feedback types for PUCCH reporting modes are shown in Table 2. 
Table 2. 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)
	
	


2.1. PUCCH reporting modes for CSI Mode1
As only single-level codebook is used in Rel-8/9, the extensions of existing PUCCH report type and PUCCH reporting mode are inevitable. Due to the restricted capacity of PUCCH frequency–selective PMI feedback is not considered in newly introduced PUCCH reporting mode. The legacy PUCCH report type 2 can be re-used for short-term and wideband PMI reporting (W2). In addition, a new report type, PUCCH report type 5, is defined for long-term wideband PMI reporting (W1). Based on the report types defined for short-term and long-term PMI reporting, two PUCCH reporting modes can be configured for Rel-10 UE:
· PUCCH reporting mode 1-2
· Report type 2: wideband CQI/W2
· Report type 3: RI

· Report type 5: W1
· PUCCH reporting mode 2-2

· Report type 1: sub-band CQI
· Report type 2: wideband CQI/W2
· Report type 3: RI

· Report type 5: W1
The period and offset for each reporting type are configured individually. Furthermore, the priority for each report type should be determined in the specification. As a simple example we can sort the priorities as: type3>type5>type2>type1.  In case of collision, the report with lower priority is dropped. The payload sizes of PUCCH reporting mode 1-2 and 2-2 are shown in Table 3. Only the enhancement for the case with 8Tx is considered in the example.
Table 3. PUCCH Report Type Payload size per Reporting Mode – CSI Mode1 (Example1)                                                  (for newly defined PUCCH reporting modes only)
	PUCCH Report Type
	Reported
	Mode State 
	PUCCH Reporting Modes

	
	
	
	Mode 1-2
	Mode 2-2
	Legacy Rel-8/9 reporting modes

	
	
	
	(bits/BP)
	(bits/BP)
	

	1
	Sub-band
CQI
	2 or 4Tx
	RI = 1
	NA
	4+L
	

	
	
	
	RI > 1
	NA
	7+L
	

	
	
	8Tx
	RI = 1
	NA
	L
CQI-0(RI,W1,W2)
	

	
	
	
	1<RI ≤RT
	NA
	L
CQI-0(RI,W1,W2)
△CQI-1(RI,W1,W2)
	

	
	
	
	RI >RT
	NA
	L
CQI-0(RI,I,W2)
△CQI-1(RI,I,W2)
	

	2
	Wideband CQI/PMI
(short-term report)
	2 TX Antennas RI = 1
	6
	6
	

	
	
	4 TX Antennas RI = 1
	8
	8
	

	
	
	2 TX Antennas RI > 1
	8
	8
	

	
	
	4 TX Antennas RI > 1
	11
	11
	

	
	
	8 TX Antennas RI = 1
	W2

CQI-0(RI,W1,W2)
	W2

CQI-0(RI,W1,W2)
	

	
	
	8 TX Antennas 1<RI ≤RT
	W2

CQI-0(RI,W1,W2)
△CQI-1(RI,W1,W2)
	W2

CQI-0(RI,W1,W2)
△CQI-1(RI,W1,W2)
	

	
	
	8 TX Antennas RI >RT
	W2

CQI-0(RI,I,W2)
△CQI-1(RI,I,W2)
	W2

CQI-0(RI,I,W2)
△CQI-1(RI,I,W2)
	

	3
	RI
	2-layer spatial multiplexing
	1
	1
	

	
	
	4-layer spatial multiplexing
	2
	2
	

	
	
	8-layer spatial multiplexing
	3
	3
	

	4
	Wideband CQI
	RI = 1 or RI>1
	NA
	NA
	

	5
	Long-term/wideband Report
	8 TX Antennas RI≤RT
	W1
	W1
	

	
	
	8 TX Antennas RI>RT
	NA or W1(Rx)
	NA or W1(Rx)
	


If 1≤RI ≤RT, the CQI for each codeword is calculated conditioned on the last reported RI, W1 and W2. If RI >RT, the CQI may be calculated assuming the use of a default W1. In the example shown above, W1 is replaced by an identity matrix for the cases with rank larger than RT. The actual value of RT still relies on the conclusion of codebook structure. In case RI>RT, type 5 report can be switched off, or it can be calculated conditioned on a fixed RX which is smaller than RT.
Alternatively, CQI for each codeword can also be included in report type 5. Thus the CQI/PMI report for lower rank is always available at eNB side. Such definition of type 5 may be beneficial for SU/MU switching and AMC accuracy when the reported RI is overridden by eNB. The example with CQI included in report type 5 is shown in Table 4. Also, if RI>RT the CQI in report type 5 can be calculated conditioned on the assumptions of rank=Rx as well as W2=W2X, where W2X may be a subset of the columns of the last reported W2 or a fixed precoder.
Table 4. PUCCH Report Type Payload size per Reporting Mode – CSI Mode1 (Example 2)                                                  (for newly defined PUCCH reporting modes only)
	PUCCH Report Type
	Reported
	Mode State 
	PUCCH Reporting Modes

	
	
	
	Mode 1-2
	Mode 2-2
	Legacy Rel-8/9 reporting modes

	
	
	
	(bits/BP)
	(bits/BP)
	

	1
	Sub-band
CQI
	2 or 4Tx
	RI = 1
	NA
	4+L
	

	
	
	
	RI > 1
	NA
	7+L
	

	
	
	8Tx
	RI = 1
	NA
	L
CQI-0(RI,W1,W2)
	

	
	
	
	1<RI ≤RT
	NA
	L
CQI-0(RI,W1,W2)
△CQI-1(RI,W1,W2)
	

	
	
	
	RI >RT
	NA
	L
CQI-0(RI,I,W2)
△CQI-1(RI,I,W2)
	

	2
	Wideband CQI/PMI
(short-term report)
	2 TX Antennas RI = 1
	6
	6
	

	
	
	4 TX Antennas RI = 1
	8
	8
	

	
	
	2 TX Antennas RI > 1
	8
	8
	

	
	
	4 TX Antennas RI > 1
	11
	11
	

	
	
	8 TX Antennas RI = 1
	W2

CQI-0(RI,W1,W2)
	W2

CQI-0(RI,W1,W2)
	

	
	
	8 TX Antennas 1<RI ≤RT
	W2

CQI-0(RI,W1,W2)

△CQI-1(RI,W1,W2)
	W2

CQI-0(RI,W1,W2)

△CQI-1(RI,W1,W2)
	

	
	
	8 TX Antennas RI >RT
	W2

CQI-0(RI,I,W2)

△CQI-1(RI,I,W2)
	W2

CQI-0(RI,I,W2)

△CQI-1(RI,I,W2)
	

	3
	RI
	2-layer spatial multiplexing
	1
	1
	

	
	
	4-layer spatial multiplexing
	2
	2
	

	
	
	8-layer spatial multiplexing
	3
	3
	

	4
	Wideband CQI
	RI = 1 or RI>1
	NA
	NA
	

	5
	Long-term/wideband Report
	8 TX Antennas RI=1
	W1

CQI-0(RI,W1,W2)
	W1

CQI-0(RI,W1,W2)
	

	
	
	8 TX Antennas 1<RI≤RT
	W1

CQI-0(RI,W1,W2)

△CQI-1(RI,W1,W2)
	W1

CQI-0(RI,W1,W2)

△CQI-1(RI,W1,W2)
	

	
	
	8 TX Antennas RI>RT
	W1(Rx)
CQI-0(RIx,W1,W2x)

△CQI-2(RIX,W1,W2X)
	W1(Rx)
CQI-0(RIx,W1,W2x)

△CQI-2(RIX,W1,W2X)
	


2.2. PUCCH reporting modes for CSI Mode2

In CSI Mode2, the precoder is determined by a single report confined to a single sub-frame. The type 2 report can be extended for Rel-10 UE to report wideband CQI/W1/W2. Therefore the total number of report type in each reporting mode does not need to be increased. The same mechanism of report type period/offset and priority configuration can still be re-used. Considering the restricted payload size, down sampling of W1 and/or W2 is required. Two possible extensions based on PUCCH reporting mode 1-1 and 2-1 are listed as follow:
· PUCCH reporting mode 1-2’
· Report type 2: wideband CQI/W1/W2
· Report type 3: RI

· PUCCH reporting mode 2-2’
· Report type 1: sub-band CQI

· Report type 2: wideband CQI/W1/W2
· Report type 3: RI

Table 5 shows an example of payload size for each of the reporting mode in CSI Mode2. Also, only the enhancement for 8Tx is considered in the example.
Table 5. PUCCH Report Type Payload size per Reporting Mode – CSI Mode2                                                   (for newly defined PUCCH reporting modes only)
	PUCCH Report Type
	Reported
	Mode State 
	PUCCH Reporting Modes

	
	
	
	Mode 1-2
	Mode 2-2
	Legacy Rel-8/9 reporting modes

	
	
	
	(bits/BP)
	(bits/BP)
	

	1
	Sub-band
CQI
	2 or 4Tx
	RI = 1
	NA
	4+L
	

	
	
	
	RI > 1
	NA
	7+L
	

	
	
	8Tx
	RI = 1
	NA
	L
CQI-0(RI,W1,W2)
	

	
	
	
	1<RI ≤RT
	NA
	L
CQI-0(RI,W1,W2)
△CQI-1(RI,W1,W2)
	

	
	
	
	RI >RT
	NA
	L
CQI-0(RI,I,W2)
△CQI-1(RI,I,W2)
	

	2
	Wideband CQI/PMI
(short-term report)
	2 TX Antennas RI = 1
	6
	6
	

	
	
	4 TX Antennas RI = 1
	8
	8
	

	
	
	2 TX Antennas RI > 1
	8
	8
	

	
	
	4 TX Antennas RI > 1
	11
	11
	

	
	
	8 TX Antennas RI = 1
	W2

CQI-0(RI,W1,W2)
	W2

CQI-0(RI,W1,W2)
	

	
	
	8 TX Antennas 1<RI ≤RT
	W2

CQI-0(RI,W1,W2)

△CQI-1(RI,W1,W2)
	W2

CQI-0(RI,W1,W2)

△CQI-1(RI,W1,W2)
	

	
	
	8 TX Antennas RI >RT
	W2

CQI-0(RI,I,W2)

△CQI-1(RI,I,W2)
	W2

CQI-0(RI,I,W2)

△CQI-1(RI,I,W2)
	

	3
	RI
	2-layer spatial multiplexing
	1
	1
	

	
	
	4-layer spatial multiplexing
	2
	2
	

	
	
	8-layer spatial multiplexing
	3
	3
	

	4
	Wideband CQI
	RI = 1 or RI>1
	NA
	NA
	


3. Aperiodic CQI/PMI/RI reporting using PUSCH 
In LTE Rel-8/9, 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 Table6.

Table 6. 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)
	
	
	


To support multi-granularity feedback in Rel-10, at least one of the following PUSCH reporting modes should be configured:
· PUSCH reporting mode 1-3
· Wideband PMI (W1)

· Frequency-selective PMI (W2) for each sub-band

· RI

· Wideband CQI for each codeword: if 1<RI≤RT, CQIWB(RI,W1,W2); otherwise, CQIWB(RI,I,W2)
· PUSCH reporting mode 2-3

· Wideband PMI (W1)
· PMI for the set of M preferred sub-bands

· RI

· Wideband CQI for each codeword: if 1<RI≤RT, CQIWB(RI,W1,W2); otherwise, CQIWB(RI,I,W2)

· CQI for each codeword over the selected M sub-bands: if 1<RI≤RT, CQIM(RI,W1,W2); otherwise, CQIM(RI,I,W2)

· PUSCH reporting mode 3-3
· Wideband PMI (W1)
· Frequency-selective PMI for each sub-band (W2)

· RI
· Wideband CQI: if 1<RI≤RT, CQIWB(RI,W1,W2); otherwise, CQIWB(RI,I,W2)

· CQI for each sub-band: if 1<RI≤RT, CQISB(RI,W1,W2); otherwise, CQISB(RI,I,W2)
Similar to PUCCH based reporting, in case RI>RT the wideband CQI for each codeword in aperiodic reporting may also be reported conditioned on the assumptions of rank=Rx as well as W2=W2X.
4. Conclusion
The CQI/PMI/RI reporting mechanism for dual-codebook operation is discussed in this contribution. Based on the discussion, we propose

·  For periodic reporting using PUCCH and CSI Mode1
· W1,wideband CQI/W2 and RI are reported with distinct periods, offsets as well as priorities

· In case of collision, the report with lower priority is dropped 

· For periodic reporting using PUCCH and CSI Mode2

· Wideband CQI/W1/W2 and RI are reported with distinct periods, offsets as well as priorities

· In case of collision, the report with lower priority is dropped 

· For aperiodic reporting using PUSCH

· Multi-granularity feedback with wideband, UE selected and higher layer configured CQI reports can be considered in Rel-10
Again, details on codebook subset selection need to be studied further.
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