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1. Introduction

In RAN1#61, the following guidelines were agreed in regard of the Rel.10 CSI feedback [1]:

· Aperiodic PUSCH: 

· Natural extension of CQI modes from Rel-8/9 within R1-101683 framework 

· The report in aperiodic PUSCH is self-contained in the same subframe

· One report can contain both W1 and W2 

· In case one of W1/W2 is fixed, one report can contain W1 only or W2 only

· Regardless of which, the precoder W is derived from W1 and W2

· The same report contains RI and CQI

· Periodic PUCCH
· Natural extension of CQI modes from Rel-8/9 within R1-101683 framework

· W_1/W_2 reporting procedure 

· CSI Mode 1: W1 and W2 are signaled in separate subframes

· W2 could be wideband or subband

· CSI Mode 2:  W is determined by a single report confined to a single subframe, e.g.

· one of W1/W2 could be fixed and hence does not need to be signaled 

· W1/W2 is not fixed but still does not necessarily need to be signaled

· But the precoder W is still derived from W1 and W2

· W2 could be wideband (i.e., subband size could be the system bandwidth)

· FFS: RI and CQI reporting details

From the company views discussed in previous meetings, it seems that the following Rel-10 design objectives are generally shared among companies:   

· The two-component CB should optimize performance in sub-band SU/MU precoding (i.e., frequency selective SU/MU), but it should be equally efficient when used for wideband precoding. 

· Both components can be reported together as in CSI Mode 2 (e.g., for wideband precoding) or separately as in CSI Mode 1 (e.g., for sub-band operation), just like the single-component Rel-8 codebook that can be used for both wideband and subband operation. Also, the two-component CB can be used in both periodic reporting based on Rel-8 PUCCH and aperiodic reporting via PUSCH.

In this contribution, we discuss how the Rel-8 feedback mode can be extended and modified to support both CSI modes, based on our two-component feedback proposal for 4-Tx [3] codebook and 8-Tx [4] codebook. 
2. Two-component Feedback Proposal

Our proposal for 4-Tx is summarized as:

· W=W1*W2

· W1 (3 bits): 4x4 diagonal matrices
· W2 (4 bits): 4xR matrices with R being the preferred rank RI

· Sub-band precoder is obtained from W1 and W2

· Wideband precoder is obtained from W1 and W2 selected from a fixed subset of codebook-2 (2 bits): combined 3+2=5 bits

Our proposal for 8-Tx is summarized as:

· W=W1*W2

· W1 (4 bits): 8x8 diagonal matrices
· W2 (4 bits): 8xR matrices with R being the preferred rank RI

· Sub-band precoder is obtained from W1 and W2

· Wideband precoder is obtained from W1 and W2 selected from a fixed subset of codebook-2 (2 bits): combined 4+2=6 bits
3. Periodic Reporting Using PUCCH 

3.1. CSI Mode 2 

Rel-8 PUCCH-based CQI/PMI/RI feedback type is shown below, as well as the payload size. The potential change to Rel-8 is highlighted in red, with the following notes:

1. We noticed the main difference is that the “single PMI” in Rel-8 (for either wideband or UE-selected subband feedback) becomes the combination of an index for W1 and an index for W2. But when they are always combined together in this CSI Mode 1, it can be easily treated as a combined index.  The combined codebook Wwb may be a codebook subset of index pairs of (W1, W2). Conceptually, there is no difference from Rel-8, except for the number of bits required.
2. For 4-Tx, a combined index of W1 and W2 requires 5 bits, as opposed to 4 bit in Rel-8 [2].
3. For 8-Tx, a combined index of W1 and W2 requires 6 bits [3].
For 4-Tx, an increase of 1 bit overhead in PUCCH is reasonable in our view (i.e., from 11 to 12). For 8-Tx support, up to 13 bit of payload for mode 1-1 and mode 2-1 can be expected.

	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI[1]

	PUCCH CQI                 Feedback Type
	
	
	

	
	Wideband
	Mode 1-0
	Mode 1-1

	
	(wideband CQI)
	
	

	
	
	
	

	
	UE Selected
	Mode 2-0
	Mode 2-1

	
	(subband CQI)
	
	


	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[2]
	8 (5+4=9)
	8(5+4=9)
	NA
	NA

	
	
	2 TX Antennas RI > 1
	8
	8
	NA
	NA

	
	
	4 TX Antennas RI > 1[2]
	11(5+4+3=12)
	11(5+4+3=12)
	NA
	NA

	
	
	8 TX Antennas RI = 1[3]
	6+4=10
	6+4=10
	NA
	NA

	
	
	8 TX Antennas RI > 1[3]
	6+4+3=13
	6+4+3=13
	NA
	NA

	
	
	2-layer spatial multiplexing
	1
	1
	1
	1

	3
	RI
	4-layer spatial multiplexing
	2
	2
	2
	2

	
	
	8-layer spatial multiplexing
	3
	3
	3
	3

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


Proposal:

· CSI Mode 2 should be supported in a similar way as in Rel-8 “single PMI” with a combined precoder index for W1 and W2. However, the PUCCH payload should not be limited to 11 bits as in Rel-8 to accommodate possibly slightly increased number of bits in combined W1+W2 report for enhanced 4 Tx feedback and also for support of increased number of antennas in 8Tx.
3.2. CSI Mode 1 

In this mode, W1 and W2 can be reported separately, possibly multiplexed together in a similar way as RI and CQI/PMI are currently multiplexed. This will be a new mode since Rel-8 PUCCH only supports a single PMI. We can envision two different ways of doing it:

· Extending mode 1-1 in PUCCH:

· In addition to the wideband combined index of W1+W2, and wideband CQI, UE reports in separate PUCCHs the following:

· For each subband, preferred W2 (4 bits) plus CQI of that subband (4+3 bits in case of 2 CW)
· Extending mode 2-1 in PUCCH:

· In rel-8, for each subband within each bandwidth part, UE reports CQI for up to 2 CW (4+3 bits) and the corresponding preferred subband L-bit label (max 2 bits). In addition, in the same report (i.e., PUCCH), add W2 corresponding to the subband (i.e., additional 4 bit to make it 7+L+4, with a max 13 bits when L=2)
Proposal:

· CSI Mode 1 could be considered to add to PUCCH modes 1-1 and 2-1 to support subband W2 feedback with associated CQI.
4. Aperiodic Reporting Using PUSCH 

Based on the Rel-8, multiple PMI modes are defined as mode 1-2 and 2-2. We can report W1 and W2 in the same report based on similar practice in Rel-8 with minor modification as highlighted below: 

· Extending mode 1-2 

· A preferred W1 for transmission on set S subbands (3 bits for 4Tx and 4 bits for 8 Tx).

· A preferred W2 for each subband (4bits), instead of subband W in Rel-8 (but same overhead of 4 bits)

· A wideband CQI for each codeword (e.g., 4+3 bits for two CW) assuming the preferred W1 and the W2 for each subband is applied on a set of subbands

· Extending mode 2-2 

· Combined index of W1 and W2 for wideband (5 bit for 4-Tx and 6 bit for 8-Tx)

· Wideband CQI for each CW assuming a single combined W1+W2 

· W2 only for a set of UE-preferred subbands (4 bits). Corresponding W1 is obtained from the wideband combined index.
· 2 bit differential CQI for each CW for UE-preferred subbands

· FFS:  Subband specific CQIs along with W2 for each of the subbands in the set of UE-preferred subbands.
	
	
	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)
	
	
	


Proposal:

· Subband W2 report with associated CQI for the subband or a set of UE-preferred subbands can be supported in a similar way as in Rel-8 mode 1-2 and mode 2-2 with minor modification (i.e, only W2, instead of W1+W2, is needed for subband). 
5. Conclusions

We discussed how the Rel-8 feedback mode can be extended and modified to support both CSI modes, based on our two-component feedback proposal for 4-Tx [3] codebook and 8-Tx [4] codebook. In particular:

PUCCH

· CSI Mode 2 should be supported in a similar way as in Rel-8 “single PMI” with a combined precoder index for W1 and W2. However, the PUCCH payload should not be limited to 11 bits as in Rel-8 to accommodate possibly slightly increased number of bits in combined W1+W2 report.

· CSI Mode 1 could be considered to extend modes 1-1 and 2-1 to support subband W2 feedback with associated CQI.
PUSCH
· Subband W2 report with associated CQI for the subband or a set of UE-preferred subbands can be supported in a similar way as in Rel-8 modes 1-2 and mode 2-2 with minor modification (i.e, only W2, instead of W1+W2, is needed for subband). 
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