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1. Introduction
Towards the finalization of the CSI feedback issues for Rel-10, the way forward for further discussion of the remaining parts of PUCCH reporting modes was proposed in RAN1#62 meeting and the agreed version [1] is shown as follows.
· Note that for 2 and 4 Tx:

· W1 is the identity matrix and is therefore not explicitly signaled

· W2 uses the Rel. 8 codebook

· UE-specific codebook subset restriction following the Rel. 8 principle is supported in Rel. 10

· Further down-selection of the proposed three PUCCH CSI reporting modes is not precluded in the Rel. 10 timeframe
· Only the following three mode are supported:
· Extension of Rel. 8 PUCCH Mode 1-1

· CSI Mode 1 : RI and W1 signaled in the same subframe

· Codebook sub-sampling may be performed depending on the final codebook design (to ensure that the total payload is sufficiently small)

· W is determined from 2-subframe report conditioned upon the latest RI report

· Reporting format

· Report 1: RI and W1, jointly encoded 

· Report 2: wideband CQI and wideband W2 

· If W2 codebook C2 is of size 1, wideband W2 is not signaled
· CSI Mode 2 : W determined from a single subframe report conditioned upon the latest RI report in a previous subframe

· For each rank, a subset of codebook C1 and/or subset of codebook C2 are used to ensure a total payload size (W1 and W2 and CQI(s)) of at most 11 bits

· For each rank, the subset of C1 and subset of C2 are fixed and hence not configurable

· For each rank, the subset of C1 and the subset of C2 are designed either separately or jointly

· For example: different subsets of possible co-phasing are used for different groups of beam angles
· Extension of Rel. 8 PUCCH Mode 2-1

· W is determined from 3-subframe report conditioned upon the latest RI report

· Reporting format

· Report 1: RI and 1-bit precoder type indication (PTI)

· Report 2: 

· PTI = 0: W1 will be reported 

· PTI = 1: wideband CQI and wideband W2 will be reported 

· Report 3: 

· PTI = 0: wideband CQI and wideband W2 will be reported 

· PTI = 1: subband CQI, subband W2, 

· Transmission of subband selection indicator versus predefined cycling is FFS

· For 2 and 4 Tx, PTI is assumed to be set to 1 and is not signalled

In RAN1#62bis, the ways forward for the down-selection between the two extensions of Rel-8 PUCCH mode 1-1 [2] and for further details about PUCCH mode 2-1 [3] motivate the discussion continue.
In this contribution, we would like to express our suggestions for the remaining details of PUCCH reporting modes including:
1. Down-selection between the two extensions of Rel-8 PUCCH mode 1-1
2. Further details about extension of Rel-8 PUCCH mode 2-1
2. Possible PUCCH reporting modes in Rel-10

The periodic reporting of PMI/CQI/RI in LTE Rel-8 is supported on PUCCH [10]. However, the PUCCH capacity is quite limited and its payload size of only up to 11 bits per subframe can be supported and this limitation will not be changed in Rel-10. The CQI feedback types supported on PUCCH include wideband CQI and UE selected subband CQI. Due to the limited payload, in Rel-8 only single wideband PMI modes are supported whereas subband PMI is not supported. The supported reporting modes related to CQI and PMI include 1) Mode 1-1: wideband CQI + single PMI, and 2) Mode 2-1: UE selected subband CQI + single PMI.
Table 1: CQI and PMI Feedback Types for PUCCH Reporting Modes in Rel-8
	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI

	PUCCH CQI                 Feedback Type
	
	
	

	
	Wideband
	Mode 1-0
	Mode 1-1

	
	(wideband CQI)
	
	(extended in Rel-10)

	
	
	
	

	
	UE Selected
	Mode 2-0
	Mode 2-1

	
	(subband CQI)
	
	(extended in Rel-10)


In Rel-10, three extended reporting modes on PUCCH were proposed in [1] extending Rel-8 mode 1-1 and mode 2-1 given in above table. We name the three possible PUCCH reporting modes [1] in Rel-10 as follows.
· eMode 1-1-1: RI and W1 are encoded jointly and signaled in the same subframe, i.e., wideband W1 and wideband W2 are signaled in the different subframes. The example scenario can be illustrated as follows. 
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· eMode 1-1-2: W determined from a single subframe report conditioned upon the latest RI report in a previous subframe, i.e., wideband W1, wideband W2 and wideband CQI are jointly encoded and signaled in the same subframes. The example scenario can be illustrated as follows.
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· eMode 2-1: Extension of Rel. 8 PUCCH Mode 2-1. In this extension, one-bit precoder type indicator (PTI) and subband W2 are introduced. PTI is used for indicating the reporting of wideband W1 (PTI=0) or the reporting of subband CQI/W2 (PTI=1). The example scenario can be illustrated as follows.
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3. Discussion on PUCCH reporting modes in Rel-10
3.1. Extension of Rel-8 PUCCH reporting mode 1-1 (eMode 1-1-1 and eMode 1-1-2)
We discuss two extended modes via the following viewpoints.
1. Performance: Mode 1-1-1 can fit the 11-bit limitation of the PUCCH payload without subsampling for overhead reduction. Hence, it would not suffer from performance degradation caused by the subsampling. On the contrary, eMode 1-1-2 requires codebook subsampling to accommodate the signaling overhead in the same subframe [4] [11], which will degrade the performance especially for the important ranks.
2. Feedback error probability [4]: The larger overhead size in the same subframe would result in the higher the feedback error probability especially when it exceeds some value. This fact was shown in [6]

 REF _Ref273021663 \r \h 
 \* MERGEFORMAT [7]. Hence, the larger overhead size of report 2 (wideband CQI/W1/W2) in eMode 1-1-2 would encounter higher feedback error probability.
3. RI feedback reliability [11]: RI should be robustly protected since PMI selection is conditioned on RI selection. The report 1(RI/wideband W1) in eMode 1-1-1 causes more severe RI feedback reliability problem due to the joint encoding with wideband W1. However, the subsampling of W1 codebook can help the maintenance of RI reliability [8][11].
4. Error propagation: Since W1 and W2 are reported separately in eMode 1-1-1, the risk for error propagation seems to a problem. However, the evaluations in [6]

 REF _Ref273021663 \r \h 
 \* MERGEFORMAT [7] show that it not an issue for eMode 1-1-1.
Weighing up the discussion related to eMode 1-1-1 and eMode 1-1-2, we hereby provide our proposal below.
Proposal for extension of PUCCH reporting mode 1-1:
· If the down-selection must be made, we prefer to keep eMode 1-1-1 and rule out eMode 1-1-2. Moreover, Codebook subsampling for W1 should be applied for the maintenance of RI feedback reliability.
3.2. Extension of Rel-8 PUCCH reporting mode 2-1 (eMode 2-1)
We investigate the pros and cons for eMode 2-1 from various perspectives below. 
1. More specification/testing effort: Compared with Rel-8 PUCCH reporting mode 2-1, eMode 2-1 requires more specification effort and the following testing complexity due to the introduction of subband W2 causing the exceeding of the maximum payload size in packet 3[4] [9] [11] and PTI signaling.
2. Codebook subsampling: The raw overhead in packet 3 (subband CQI/W2) will exceed the payload size limitation [5]. Codebook subsampling is required for overhead reduction. Subsampling proposal for reducing subband W2 overhead can be found in [5].
3. Risk of error propagation: The error propagation will be caused by wrongly detected W1 and results in the unexpected system behavior. The introduction of RRC-configured certain maximum period was proposed in [8] for reducing the risk of error propagation.
4. RI feedback reliability: In eMode 2-1, RI is feedback along with one-bit PTI, which can still maintain robust RI feedback delivery.
Moreover, we investigate the two options for subband CQI/W2 reporting, subband selection indicator and predefined cycling, below:
1. Complexity: The scheme for indicating subband selection will make the signaling more complicated especially in the multiuser environment due to the handling of various UE configurations at eNB [12].
2. Performance: In the relative evaluation [12] for the two options, although predefined subband cycling scheme encounter slight performance degradation compared with subband selection indicator scheme in the single user environment, it provides almost the same performance as subband selection indicator scheme in the multiuser environment.
Weighing up the above pros and cons of eMode 2-1 and complexity and performance of subband selection indicator and predefined cycling, we hereby provide the following proposal.
Proposal for extension of PUCCH reporting mode 2-1 (eMode 2-1) 
· We consider eMode 2-1 should be supported in Rel-10 and our preference for subband CQI/W2 reporting is the predefined cycling. 
4. Conclusions

In this contribution, we make some investigations for the possible PUCCH reporting modes in Rel-10 and provide our suggestions listed below for the remaining details.
1. For extensions of Rel-8 PUCCH mode 1-1
· If the down-selection must be made, we prefer to keep eMode 1-1-1 and rule out eMode 1-1-2. Moreover, Codebook subsampling for W1 should be applied for the maintenance of RI feedback reliability.
2. For extension of Rel-8 PUCCH mode 2-1
· We consider eMode 2-1 should be supported in Rel-10 and our preference for subband CQI/W2 reporting is the predefined cycling.
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