

Oct 11-15, 2010

Source:
Motorola
Title:
Rel-10 CSI Reporting Modes on PUCCH  
Agenda Item:
6.3.2.2
Document for:
Discussion/Decision
1. Introduction
In RAN1#62, the following guidelines were agreed in regard of the Rel.10 periodic CSI feedback modes based on PUCCH and captured in [1]

 REF _Ref273622195 \r \h 
[2]:
· Extension of Rel.8 PUCCH Mode 1-1 with 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

· 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 signaled 

· Extension of Rel.8 PUCCH Mode 1-1 with W determined from a single sub-frame report conditioned upon the latest RI report in a previous sub-frame

· 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
In this contribution, we discuss further details on how the Rel-8 feedback modes 1-1 and 2-1 can be extended in Rel-10. The key issues discussed are: 

i) 8Tx dual-codebook structure with W1 and W2 feedback and related sub-sampling
ii) Addition of MU-CQI reports and subband reporting to improve MU performance and scheduling flexibility.

Further definitions of MU-CQI are described in another contribution [4].
2. PUCCH Reporting Modes
2.1. PUCCH 1-1 (Extension 1: Joint RI and W1 encoding)
	8Tx PUCCH 1-1 (Extension 1)
	Report 1
	Report 2

	
	RI+W1

	Wideband W2

Wideband CQI

	Option 1: Similar to Release-8
	8 Rx: 16+16+4+4+2+2+2+1 = 47 (6 bits)

4 Rx: 16+16+4+4 = 40 (6 bits)

2 Rx: 16+16 = 32(5bits)
	W2 (4 bits) + CQI (4 bits for RI=1 and 7 bits for RI=2)  

	Option 2: Supporting MU-CQI
	Same as above
	If RI=1: W2 (4 bits) + Rank 1 SU-CQI (4 bits) + Rank 1 differential MU-CQI (3 bits)

If RI=2: W2 (1 bit) + Rank 2 SU-CQI (7 bits) + Rank 1 differential MU-CQI (3 bits)

If RI>2: W2 (<=4 bits) + SU-CQI (7 bits)


Table 1 –PUCCH 1-1 for 8Tx with Joint Encoding of RI and W1
Option 1 is a straightforward extension of Release-8, but with joint encoding of rank and W1 for report 1. 
On the other hand, Option 2 provides additional support for MU-CQI report as defined in [3]. In this case, low geometry UEs that report rank 1 can benefit from a 4-bit rank-1 W2 and an additional differential MU-CQI report. If UE feeds back rank 2, the W2 codebook is then sub-sampled to indicate only co-phasing information using 1 bit (for example, 
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in the codebook specified in [1] 6.3.4.2.3-4). This will make room for MU-CQI that may be defined as a differential report to either the highest of the two SU-CQIs or the mean of the two SU-CQIs. If a UE reports RI>2, MU operation is much less likely, and MU-CQI is not included in this case. Further sub-sampling of W2 may be supported to improve PUCCH reception performance. Since MU-CQI is always smaller than SU-CQI, further reduction to 2 bits as differential MU-CQI may also be possible (note that 3 bits can be supported without losing any accuracy).
Due to joint encoding of RI+W1, this particular extension to PUCCH 1-1 allows supporting additional feedback for MU. So, our preference is to support Option 2 in this case. 

A similar extension for 4Tx is shown in the following table.
	4 Tx PUCCH 1-1 (Extension 1)
	Report 1
	Report 2

	
	RI

(W1 Identity)


	Wideband W2

Wideband CQI

	Option 1:  Release-8 PUCCH Mode 1-1
	4 Rx: 3 bits
2 Rx: 2 bits
	W2 (4 bits) + CQI (4 bits for RI=1 and 7 bits for RI=2)  

	Option 2: Supporting MU-CQI
	Same as above
	If RI=1: W2 (4 bits) + Rank 1 SU-CQI (4 bits) + Rank 1 differential MU-CQI (3 bits)

If RI>1: W2 (<=4 bits) + SU-CQI (7 bits)


Table 2 - PUCCH 1-1 extension for 4Tx with MU-CQI
2.2. PUCCH 1-1 (Extension 2: Separate RI reporting)
The encoding for 8Tx case is given below. The corresponding extension is not needed for 4Tx.
	Report 1
	Report 2

	R1


	Wideband W1+W2

Wideband CQI

	8Rx: (3 bits)

4Rx: (2 bits)

2Rx: (1 bit)


	If RI=1,  3(W1)+4(W2)+4(CQI1)

If RI=2,  3(W1)+1(W2)+4(CQI1)+3(diff.CQI2)

If RI=3 or 4, 2(W1) + <=2(sub-sampled W2)+ 4(CQI1)+3(diff.CQI2)

If RI > 4, 2(W1)+ 4(CQI1)+3(diff.CQI2)


Table 3 –PUCCH 1-1 for 8Tx with W1 and W2 reported together.
Clearly, in this case more sub-sampling is needed to support both W1 and W2 together. A recommended sub-sampling table is included below based on codebooks defined in [1].
	RI
	Codebook Sub-selection
	No. bits

	1
	Index 1 → [0,2,4,6,8,10,12,14]

Index 2 → [0-15]
	7

	2
	Index 1 → [0-7]

Index 2 → [0,1] 
	4

	3
	Index 1 → [0-3]

Index 2 → [0,1,2,3]
	4

	4
	Index 1 → [0-3]

Index 2 → [0,1,4,5]
	4

	5-8
	Index 1 → [0-3]

Index 2 → [0]
	3


Note that, codebook sub-selection may also be indicated for a PUCCH mode by higher-layer signaling similar to codebook subset restriction, except in this case it can be used to take advantage of optimized codebooks for the smaller sizes supported by PUCCH. This will allow the eNB additional flexibility to adapt the subset codebooks.
2.3. PUCCH 2-1 Extension

The PUCCH 2-1 extension is summarized in the table below. For 4 Tx, the Release-8 mode may be used.
	Report 1
	Report 2
	Report 3

	R1, PTI


	PTI=0 → W1

PTI=1 → Wideband W2, Wideband CQI
	PTI=0 → Wideband W2, Wideband CQI

PTI=1 → Subband W2, Subband CQI

	8Rx: (4 bits)

4Rx: (3 bits)

2Rx: (2 bits)


	PTI=0

W1 (4 bits)

PTI=1

If RI=1: W2 (4 bits) + Rank 1 SU-CQI (4 bits) + Rank 1 differential MU-CQI (3 bits)

If RI=2: W2 (1 bit) + Rank 2 SU-CQI (7 bits) + Rank 1 differential MU-CQI (3 bits)

If RI>2: W2 (<=4 bits) + SU-CQI (7 bits)

	PTI=0

If RI=1: W2 (4 bits) + Rank 1 SU-CQI (4 bits) + Rank 1 differential MU-CQI (3 bits)

If RI=2: W2 (1 bit) + Rank 2 SU-CQI (7 bits) + Rank 1 differential MU-CQI (3 bits)

If RI>2: W2 (<=4 bits) + SU-CQI (7 bits)
PTI = 1

If RI=1: W2 (4 bits) + Rank 1 SU-CQI (4 bits) + Subband Selection Indicator (2 bits)

If RI=2: W2 (2 bits) + Rank 2 SU-CQI (7 bits) + Subband Selection Indicator (2 bits)  

If RI>2: W2 (2 bits) + SU-CQI (7 bits) + Subband Selection Indicator (2 bits)


Table 4 – PUCCH 2-1 for 8Tx 
For PUCCH 2-1 with UE selected subband feedback, an additional parameter PTI is introduced in the last meeting, which is reported by the UE. If PTI =1, with report 2, similar encoding of wideband W2 and CQI feedback as in PUCCH 1-1 is used, supporting additional wideband MU-CQI report for lower ranks. 
Similar report is generated for PTI=0 in report 3 as in PTI=1 in report 2. For PTI=1 with report 3, subband selection indicator based on bandwidth parts is preferred here as opposed to predetermined cycling. Our main concern is that supporting MU with subband feedback may degrade SU performance for this mode. One possibility is to support it with an additional PUCCH mode/configuration or enable such report based on PUSCH 3-2. 
As defined in the current specification, report 1 is sent at lowest periodicity followed by that of report 2 and report 3. So the reports could look like: 

RI, PTI=0|WB-W2|WB-W2|WB-W2|W1|WB-W2|WB-W2|WB-W2|W1|WB-W2|………….|RI, PTI=1|
There could be couple of concerns with the current definitions. Whenever W1 needs to be updated, very frequent updates of wideband W2 are sent and multiple reports of W1 are sent as well before rank and PTI can be updated again. A clarification can be made to report W1 (and optionally WB-W2 as well) only once in between RI updates.  Additional reports could be just dropped as depicted below (XX and YY are dropped reports for W1 and WB-W2). 

RI, PTI=0|XX|XX|XX|W1|WB-W2|XX|XX|YY|XX|………….|RI, PTI=1|

In addition, if eNB configures high value of Mr, W1 can only be updated very infrequently, which may degrade the performance of the final precoder W. So if UE decides to update W1, it can only do so with a periodicity of HNcMr, corresponding to rank update (H,Nc,Mr as defined in [2]). This may be an issue since rate of variation of rank (which mainly depends on geometry/SNR) and spatial direction W1 may not be aligned.  Some solutions may be to include separate/lower periodicity for update of PTI with the same offset.  
3. Conclusions
In this contribution, we discussed additional details of PUCCH modes 1-1, 2-1 extended to Release-10 based on the framework agreed last meeting. The key details developed are related to 

i) The 8Tx dual-codebook structure with W1 and W2 feedback and related sub-sampling

ii) Addition of MU-CQI reports and subband reporting to improve MU performance and scheduling flexibility.

We propose that additional wideband rank 1 MU-CQI reports be included periodic PUCCH modes as well.
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