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1. Introduction

MU-MIMO is an important feature to improve DL MIMO performance in Rel.10. In RAN1#59 it was agreed that  that “switching between SU- and MU-MIMO transmission is possible without RRC configuration.”  Feedback enhancement for 4Tx MU-MIMO has been rigorously discussed in the previous meetings. Agreements were reached in R1-102583 after RAN1#60bis such that 
· To improve MU-MIMO performance, feedback accuracy for 4Tx in Rel.10 should be enhanced by the framework defined in R1-101683 over Rel.8, provided that a sufficient performance advantage under realistic scenarios is achieved over currently Rel.8 feedback at least for MU-MIMO. 

· Otherwise, Rel.8 feedback is used. 

· Strive to use the same Rel.10 feedback principles for an enhanced 4Tx design and the new 8 Tx antenna design. 

As clearly spelled out, the enhancement targets some improvement in MU-MIMO scenario in Rel.10.

There are several potential aspects for CSI accuracy enhancements which are summarized in the following

· CQI feedback content/granularity, e.g., improved CQI definition for better MU pairing / link adaptation, multiple CQI feedback, CQI frequency granularity;

· PMI feedback content/granularity, e.g., multi-component PMI and multi-rank PMI feedback, for improving MU beamforming granularity and dynamic SU/MU switching, PMI frequency granularity;

· 4Tx codebook enhancements over Rel.8.
In this contribution, we focus on the CQI and PMI feedback content/granularity enhancement for MU-MIMO. The aspect of codebook enhancement is discussed in a companion contribution [9].

2. Enhanced PUSCH CQI/PMI mode

The Rel.8/9 aperiodic PUSCH CQI modes are given in Table 1. 

Table 1 [Table 7.2.1-1 TS36.213]: CQI and PMI Feedback Types for PUSCH reporting Modes

	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI
	Multiple PMI

	
	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)
	
	
	


Rel.8 supports either subband precoding (mode 1-2) or subband CQI report (3-1). Both provides important subband CSI information 

· Subband CQI is important to realize frequency selective scheduling gain, which is important for e.g. highly loaded cell (e.g. 10 users /cell). 
· Subband PMI exploits subband precoding gain which is particular important for an uncorrelated antenn set (e.g. dual-polarized). 

Mode 3-2 was one of the CSI reporting mode discussed in Rel.8, but was later removed due to the Rel.8 timeline. In a companion contribution [10] it is demonstrated that mode 3-2 introduces further performance improvements over modes 3-1 and 1-2 (e.g. XPD channel) by allowing higher accuracy of spatial domain precoding information. In light of the performance improvements and the fact that it is a simple and natural extension of Rel.8 PUSCH mode, mode 3-2 may be considered as a means to improve 4Tx CSI accuracy in Rel.10.
3.  Multi-rank PMI feedback
A multi-rank PMI feedback scheme was proposed in RAN1#59bis, where two PMIs are reported 
· Rank-r PMI (under SU hypothesis)):  for rank-r SU-MIMO transmission. 
· Rank-1/2 PMI (under SU hypothesis): comprising PMI/CQI of a restricted rank (e.g. rank-1/2) for MU-MIMO paring.
3.1. Need of low-rank PMI 

The restricted PMI of a low rank value (rank-1/2) is appended to the regular rank-r PMI to facilitate dynamic SU/MU switching. If full-rank dynamic SU/MU switching up to 8 layers is to be supported, a single transmission mode of up to 8-layers is needed to support dynamic SU-MIMO and MU-MIMO switching on a per subframe basis. The same UE feedback (up to rank-8 PMI/CQI) shall be used in both SU/MU scheduling. Since the UE is agnostic to the actual transmission mode/rank, a natural question is how to schedule a UE in low-rank MU mode (rank 1/2) when the UE reports a high rank PMI/CQI (rank 3-8). One possible solution is to extract the first two columns of the rank 3-8 PMIs for MU-MIMO scheduling. However, such “truncated PMI” are sometimes not the optimal rank-1/2 PMI computed under rank-1/2 hypothesis. Although using the sub-optimal “truncated PMI” is possible it may adversely impact the MU performance. In addition, due to the low-mobility setup (and therefore low rank adaptation) typically seen in MU suitable scenarios, once UE reports a rank-r PMI it may continue to report rank-r PMI for a long period without any rank-1 PMI report.  Hence the benefit of the multi-rank PMI proposal is to allow the UE supplement the optimal low-rank PMI such that sufficient CSI accuracy for rank-1/2 MU pairing is achieved. From this perspective, multi-rank PMI enhances CSI accuracy in addition to facilitating dynamic SU/MU switching
Observation 

· Supplemental rank-1/2 PMI improves the SU/MU dynamic switching flexibility as well as CSI accuracy in terms of rank override at eNB with dynamic SU/MU switching.
There has been some concern regarding the feedback of multi-rank precoders, including the impact on the testing and UE complexity. Such impacts, if any, are limited. 
· UE complexity in PMI computation: First of all, rank adaptation is inherent in implicit feedback where UE needs to calculate preferred PMIs of different ranks. As such, PMI of different ranks are anyway computed at the UE although only one of them is reported in Rel-8. As a consequence the only additional step required in multi-rank feedback is to report  such PMIs. We could not identify major UE complexity increase in terms of PMI computations.
· Testing: Both rank-r and rank-1/2 PMIs are under Rel-8 definition (recommended precoders) and are essentially Rel-8 SU-MIMO PMIs. Testing should follow the exact Rel-8 testing procedure, and we do not see any significantly increased testing efforts.
4. Conclusions

Higher CSI feedback accuracy for MU-MIMO has been discussed in the previous meetings. In this contribution we focused on the CQI/PMI granularity aspects and identified a number of possible aspects for CSI accuracy enhancements. 

· Subband PMI and subband CQI (mode 3-2) on PUSCH 
· Multi-rank PMI feedback: a rank-1 PMI is appended to the rank-r PMI report, in case 
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, to increase PMI accuracy for MU-MIMO beamforming and dynamic SU/MU switching. Note that rank-r and rank-1/2 PMI are parallel PMI reports, both of which can be enhanced by the dual-stage feedback structure [7] to further improve the CSI accuracy. 
For the Rel.10 4Tx MU-MIMO enhancement, we believe that improving the CSI feedback accuracy should be given more priority over codebook enhancement. Hence, it should take precedence if an enhancement needs to be standardized. With limited CSI feedback accuracy, the benefit for codebook enhancement is insignificant in MU-MIMO scenario since the spatial/precoding resolution is limited by inaccurate CSI feedback. 
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