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1 Introduction

For PUSCH CSI mode, it is agreed [1] that natural extension of Rel.8 aperiodic PUSCH CQI/PMI modes are supported in Rel.10. Some further clarifications were also included:

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

· FFS support of PUSCH mode 3-2 with subband PMI + subband CQI targeting feedback accuracy improvements for MU/SU in Rel.10.

· FFS whether Mode 2-2 is finally supported depending on agreements / details of Mode 3-2

i.e. mode 2-2 and/or mode 3-2 may finally be supported.
One remaining issue is to compare PUSCH 3-2 vs. PUSCH 2-2. In this contribution, we perform SLS evaluation comparing performance of different PUSCH modes in 4Tx and 8Tx and provide our view on incorporating additional mode.
Another issue is whether we should do MU enhancement on PUSCH 3-1 as proposed in [3].  In this contribution, we also discuss this MU-CQI enhancement and give our views on this topic.
2 Further Aspect on CSI reporting mode on PUSCH

2.1 Considerations on PUSCH Reporting Mode 3-2
Mode 3-2 was one of the CSI reporting modes discussed in Rel.8, but was later removed due to the Rel.8 timeline and the large overhead.  It has been proposed that this mode shall be re-introduced in LTE-A, to enable UE with the ability to report subband precoder selection. One of the disadvantages of this mode is the reporting overhead, and we give two alternative subsampling methods below to reduce the overhead.  In tables 1 and 2, we show two alternatives of 8Tx codebook sampling for PUSCH mode 3-2.  For both alternatives, subsampling is not done to rank1 codebook because rank1 feedback consumes less number of bits with only one CQI comparing with the two codeword case in higher ranks.  Alternative 1 has 1 bit reduction for each subband. The maximum number of bits for each subband PMI is 3. 
Subsampling for PUSCH (Alternative I) :1bit reduction for Rank2,3,4, No subsampling for Rank1

	Alternative  I
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Table 1 Subsampled codebook for Rank1-4 on PUSCH mode 3-2 Alternative  I

Alternative 2 has 2 bit reduction for each subband for rank2-3.  The maximum number of bits for each subband PMI is 2.  

Subsampling for PUSCH (Alternative  II) :2bit reduction for rank2,3.  1bit reduction for rank 4, No subsampling for Rank1
	Alternative  II
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Table 2  Subsampled codebook for Rank1-4 on PUSCH mode 3-2 Alternative  II
For 4Tx, it is hard to do subsampling because the codebook has less redundant codewords and there is no wideband and subband division of the codebook. It was proposed in [2] for Mode 3-2: 4 bits PMI for N adjacent subbands and CQI(s) for each subband to reduce overhead. The granularity of 4Tx codebook is not as high as 8Tx codebook. The subband variation is expected to be less for 4Tx codeword under correlated channel which is a suitable scenario for MU-MIMO.  Therefore, feeding back a full 4-bit PMI for each subband seems little wasteful.
2.2 Considerations on PUSCH Reporting Mode 2-2

Another approach to improve MU-MIMO performance is through mode 2-2 enhancement. There could be two possible alternatives:
Alt I：
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Figure 1  Mode 2-2 enhancement Alt I
For this alternative, PMI2 and CQI(s) for each non-consecutive M preferred subbands will be fed back as well as wideband PMI1, PMI2 and CQI(s). Alternative I can be viewed as a simplified form of Mode 3-2 , with only CQI/PMI for each Best M subband. Note from the simulation result shown in section 4 we observed that this scheme has the advantage of being able to achieve similar performance but with fewer overhead (40% overhead saving in 10Mhz when compared with Mode 3-2).

Alt II
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                                                                  Figure 2  Mode 2-2 enhancement Alt II
For this alternative, PMI2 and CQI(s) for consecutive M preferred subbands shall be fed back, as well as the wideband PMI1, PMI2 and CQI(s). A combinatorial index r indicating the M subbands shall be adopted instead of a start subband index. 
3 Performance evaluation on PUSCH reporting

In this section, we show the performance comparison of different PUCCH reporting design through link & system level simulations. 
· 8Tx PUSCH Mode 3-2 Non-subsampling/Subsampling  Alt I/ and II （LLS result）

[image: image43.emf]-5 0 5 10 15 20 25

0

1

2

3

4

5

6

7

snr(dB）

Average Ue NormalThroughput (b/s/Hz)

PUSCH Subsampling

 

 

Non-subsampling codebook

Sub-sampled codebook Alt I

Sub-sampled codebook Alt II


Figure 3 8x2 SU-MIMO Performance under 3GPP Case1 15(, XPOL, 0.5(
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Figure 4 8x4 SU-MIMO Performance under 3GPP Case1 15(, XPOL, 4(
· 8Tx  PUSCH Mode  3-2 Non-subsampling/Subsampling Alt I/ and II & 2-2 enhancement  Alt I/ and II  （SLS result）
	
	Cell average
	Cell edge

	Mode 3-2
	3.8158
	0.1310

	Mode 3-2 Subsampling-I
	3.7459
	0.1281

	Mode 3-2 Subsampling-II
	3.7465
	0.1283

	Mode 2-2
	3.8042
	0.1375

	Mode 2-2 enhancement-I
	3.9192
	0.1379

	Mode 2-2 enhancement- II
	3.5457
	0.1165


Table 3 8x2 SU/MU-MIMO performance under 3GPP Case1 15(, XPOL, 0.5(
	
	Cell average
	Cell edge

	Mode 3-2
	4.4928
	0.1494

	Mode 3-2 Subsampling-I
	4.4133
	0.1463

	Mode 3-2 Subsampling-II
	4.4170
	0.1454

	Mode 2-2
	4.4661
	0.1520

	Mode 2-2 enhancement-I
	4.5345
	0.1544

	Mode 2-2 enhancement- II
	4.2021
	0.1391


Table 4 8x4 SU/MU-MIMO performance under 3GPP Case1 15(, XPOL, 4(
· 4Tx PUSCH 3-2&2-2 System level Simulation result（SLS result）

	
	Cell average
	Cell edge

	Mode 3-2
	3.0373
	0.0861

	Mode 3-2 Multi-Subbands PMI
	3.0348
	0.0880

	Mode 2-2
	3.0284
	0.0896

	Mode 2-2 enhancement-I
	3.1934
	0.0923

	Mode 2-2 enhancement- II
	2.7466
	0.0728


Table 5 4x2 SU/MU MIMO performance under 3GPP Case1 15(, XPOL, 0.5(
	
	Cell average
	Cell edge

	Mode 3-2
	3.9595
	0.1171

	Mode 3-2 Multi-Subbands PMI
	3.9387
	0.1160

	Mode 2-2
	3.8981
	0.1148

	Mode 2-2 enhancement-I
	3.8743
	0.1172

	Mode 2-2 enhancement- II
	3.6418
	0.1040


Table 6 4x4 SU/MU-MIMO performance under 3GPP Case1 15(, XPOL, 4(
Observations:

· For 8Tx PUSCH 3-2, codebook with subsampling on subband PMI2 (1-bit or 2-bit reduction) performs similarly comparing with the codebook without subsampling
· For 4Tx PUSCH 3-2, Multi-Subbands PMI with subband CQI performs similarly comparing with subband PMI and Subband CQI

· Mode 2-2 enhancement-I outperforms original mode 2-2 and mode 3-2 in most of the cases.  Note that 2-2 has finer granularity of the subband definition.
· Significant performance gap is observed between Mode 2-2 enhancement-I and Mode 2-2 enhancement-II
4 MU-CQI on PUSCH 3-1
A CQI/PMI enhancement scheme on PUSCH 3-1 was proposed in [3].  
·   If RI>1 , 

· a wideband PMI (W) calculated assuming restricted rank=1;
· per subband CQI targeting MU-MIMO operation;
· If RI=1 
-   per subband CQI targeting MU-MIMO operation;
· MU-MIMO CQI is computed assuming the interfering PMIs are orthogonal to the SU-MIMO rank 1 PMI according to the table in [3].
· As a baseline, uniform power allocation among the 4 layers
Here are our views regarding this proposal:

1. Regarding restricted rank PMI feedback when RI>1, it is questionable on how likely a higher rank UE would be co-scheduled with another UE to do MU transmission.  In terms of system throughput, there is no clear advantage for higher rank UEs to do MU transmission since the total number of layers in one transmission may not increase comparing with doing a high rank SU transmission.  Simulation in [4] shows that there is very small gain with restricted rank feedback.
2. Regarding MU-MIMO CQI computation based on orthogonal interfering PMIs assumptions, there is an issue with possibly having different pairing strategy at eNB.  Since MU pairing is an implementation issue at eNB, there is chance that the actual MU pairing strategy doesn’t match with the assumption.  In that case, there can be even potential performance loss.

3. Regarding uniform power allocation among the 4 layers, it is not reasonable to assume this power allocation as MU-MIMO transmission mostly happens with total 2 layers for 4Tx cases based on the Rel-10 decision of having only two orthogonal DMRS. In this case, this power allocation scheme is more likely to scale down the SINR to the SINR corresponding to the lowest CQI in some cases which makes the CQI feedback useless.
Given that only slight gain is observed in our evaluation on MU-CQI done in [4], we prefer not to do this enhancement with the current 4Tx codebook in Rel-10.  We should consider codebook enhancement, MU-CQI enhancement and better DMRS support altogether to give better gain for MU-MIMO.
5 Conclusion
In this contribution, we provided our views on aperiodic PMI/CQI/RI reporting of a double codebook structure on the PUSCH in Rel-10. Based on the discussion and simulation result, we have the following proposals:
Proposal 1: PUSCH 3-2 can be used as straightforward enhancement to Rel-8 feedback but subsampling should be introduced to reduce the overhead.  Subsampling can be done according to Table 2 for 8Tx. i.e.2 bits for rank 2-4 per subband.
Proposal 2: For PUSCH mode 3-2, 4 bits PMI feedback per 2 adjacent subbands should be considered for 4Tx.
Proposal 3: For PUSCH mode 2-2, enhancement and subsampling should be considered according to figure 1. i.e. feeding back all M-subband CQIs and PMIs.
Proposal 4: MU-CQI enhancement should be considered together with codebook enhancement and DMRS enhancement to give better gain for MU-MIMO in future releases.
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Appendix
Table A1: System level simulation assumptions
	Parameter
	Assumption

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 sectors per site with wraparound

	Number of users per cell
	10

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Inter-site distance
	500m

	Operating bandwidth (BW)
	10 MHz

	Penetration loss 
	20dB

	Distance-dependent path loss
	L=128.1  + 37.6log10(.R), R in km

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Inter-eNodeB: 0.5  Inter-cell: 1.0

	UE Speed
	3km/h

	Channel model
	3GPP Case1 3D – Urban Macro 

	Antenna spacing at (eNB,UE)
	((/2 or 4(,N/A) for 8x2, ((/2,N/A) for 4x2

	Antenna polarization for DP configurations
	+/-45(at eNB,  90/0(at UE

	CQI/PMI/RI reporting interval
	5ms for CQI/PMI, 20ms for RI

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Proportional Fair

	Receiver
	MMSE-IRC

	HARQ Scheme
	Chase Combining

	Channel estimation

	Non-ideal

	MU Precoding algorithm
	Zero forcing
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