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1
Introduction
At RAN1#72bis several agreements regarding the enhanced aperiodic reporting mode PUSCH 3-2 were made.  In this contribution we address remaining details of CSI feedback for both periodic and aperiodic reporting. 

2
Remaining details of PUSCH mode 3-2
At the last meeting, a working assumption was made to support PUSCH 3-2 in conjunction with TM4 and TM6.  Indeed, there is benefit in supporting this operation because TM4 and TM6 benefit from subband-level precoding in the same way as DM-RS based transmission modes.  The most important difference between both scenarios lies in the need of informing the UE of the subband-level precoder information in TM4 and TM6.  For DM-RS based TMs such signaling is not needed as precoding information anyway remains transparent to the UE. 
Nonetheless, no signaling changes are necessary to support a simple form of subband-level precoding in TM4 and TM6, wherein the UE assumes that the network uses the same set of precoders that has last been reported by the UE.  The signaling of such operation is supported already (i.e., the “PMI confirmation for precoding” flag in [1]).  Thus, no further changes to the specification are needed. 
In summary, we support the use of PUSCH 3-2 in conjunction with TM4 and TM6, in line with the behavior implied by the above paragraph.  We propose to confirm the corresponding working assumption from the last meeting to finalize this issue. 

Proposal 1: 

· Confirm the working assumption of supporting PUSCH 3-2 in conjunction with TM4 and TM6. 

3
Remaining details of periodic feedback reporting

It was agreed at the last meeting to support CSI feedback based on PUCCH reporting modes 1-1 and 2-1 using the enhanced codebook.  This can be accomplished in a fairly straightforward fashion by building upon the reporting types of 8Tx feedback reporting, which likewise utilize a dual codebook structure.  However, the issue of codebook subsampling needs to be addressed for several of the reporting types in order to meet the 11bit payload constraint. 
3.1
Support of PUCCH mode 1-1, submode 1
In this reporting mode, the first PMI is reported together with the RI as a Type 5 report.  For the 8Tx case, codebook subsampling is performed despite the fact that the aggregated payload remains below the total of 11bits.  In Rel-10 discussions, the subsampling was motivated by achieving higher transmission reliability.  Second PMI and CQI are reported as a Type 2b report, similar to the way that reporting is performed for non-dual codebooks.  No codebook subsampling is needed for this case. 
For the enhanced 4Tx codebook, it needs to be decided whether codebook subsampling should be performed for the Type 5 (RI, first PMI) report.  In our view it is beneficial to avoid codebook subsampling as much as possible and to only perform it to the extent that it removes redundant precoders that results from the dual codebook structure.  The existence of redundant precoders results from the concept of beam groups wherein multiple subband-level PMIs are fed back assuming a single wideband precoder.  However, this is not relevant for PUCCH 1-1 where both first and second PMI are reported on a wideband basis.  For example, in our codebook proposal [2], every second entry of the W1 codebook could be removed to avoid overlap between adjacent beam groups. 
Based on the above paragraph, it seems realistic in many codebook proposals to achieve a 3bit payload for the first PMI.  For 4Tx CSI reporting, this would lead to a maximum payload of 4bits for 2-layer spatial multiplexing and 5bits for 4-layer spatial multiplexing.  These payloads are aligned with the payloads used for 8Tx feedback reporting. 
Table 1: Proposed payload for PUCCH 1-1, submode 1, feedback reporting.

	Reporting Type
	1st PMI
	RI
	Total payload

	Type 5
	2-layer spatial multiplexing
	3bit
	1bit
	4bit

	
	4-layer spatial multiplexing
	3bit
	2bit
	5bit


3.2
Support of PUCCH mode 1-1, submode 2
In this reporting mode, the first PMI, second PMI, and CQI are reported together as a Type 2c report.  In our view, it again would be desirable to avoid subsampling to the maximum extent.  In fact, for rank-1 subsampling is not needed as the combined payload of 3+3 bits for the enhanced codebook can still be supported (again, assuming removal of redundant precoders as outlined in Section 3.1).  Likewise, for ranks 3 and 4, if the Rel-8 codebook is reused, no subsampling is necessary. 
For rank-2, codebook subsampling appears inevitable.  Clearly, the details of the subsampling will depend on the final details of the codebook design.  Taking our codebook proposal [2] as an example the payload could be reduced to 3bits for W1 and 1bit for W2 which is aligned with the 8Tx design.  The 1bit payload for W2 would only perform co-phasing. 
Table 2: Proposed payload for PUCCH 1-1, submode 2, feedback reporting.
	Reporting Type
	1st PMI
	2nd PMI
	CQI
	Total

	Type 2c
	RI=1
	3bit
	3bit
	4bit
	10bit

	
	RI=2
	3bit
	1bit
	7bit
	11bit

	
	3≤RI≤4
	n/a
	4bit
	7bit
	11bit


3.3
Support of PUCCH mode 2-1
In this reporting mode, codebook subsampling is only needed for reporting type 1a, which includes subband 2nd PMI information, subband CQI information, and the subband label.  As shown in Table 3, codebook subsampling is needed only for the RI=2 case, assuming that the Rel-8 codebook is reused for ranks 3 and 4.  The subsampling for this case may be performed by either using a 1bit W2 similar to the subsampling for PUCCH 1-1, submode 2 or by using a 2bit W2 that allows for some additional beam selection. 
If the Rel-8 codebook is reused for ranks 3 and 4, no subsampling is needed for the Type 1a report as there is only a single PMI which can be reported in line with the existing Rel-8 reporting procedures.  Furthermore, in this case, only PTI=0 would be supported for ranks 3 and 4. 
Table 3: Proposed payload for PUCCH 2-1 feedback reporting.
	Reporting Type
	2nd PMI
	CQI
	SB label
	Total

	Type 1a
	RI=1
	3bit
	4bit
	2bit
	9bit

	
	RI=2
	1 or 2bit
	7bit
	2bit
	10 or11bit

	
	3≤RI≤4
	n/a
	7bit
	2bit
	9bit


4
Conclusion
In summary, we make the following proposals: 

Remaining details of PUSCH mode 3-2

· Confirm the working assumption of supporting PUSCH 3-2 in conjunction with TM4 and TM6. 
Remaining details of periodic feedback reporting

· Adopt codebook subsampling in line with the payload tables shown in Tables 1-3. 
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