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1 Introduction

In RAN1 #72bis the following working assumption for details of CSI feedback modes has been agreed for further downlink MIMO enhancement in Rel-12 [1].  

· A new aperiodic PUSCH feedback mode is supported in Rel.12 with following feedback:
· A wideband CQI: 4 bits

· Per subband differential CQI with respect to wideband CQI as PUSCH 3-1 : 2 bits

· A wideband PMI based on W1 codebook

· 2 Tx: 0 bit

· 4 Tx: 

· 0/0 bits for rank 1-2 respectively if Rel 8 codebook is configured to the UE

· FFS for rank 3-4 

· FFS if Rel 12 dual codebook is configured to the UE

· 8 Tx: 4/4/2/2/2/2/2/0 bits for rank 1-8 respectively

· Per subband PMI(s) based on W2 codebook

· 2Tx: 2/1 bits for rank 1 – 2 based on Rel 8 2Tx codebook

· 4Tx: 

· 4/4  bits for rank 1-2 respectively if Rel 8 codebook is configured to the UE

· FFS for  rank 3-4 

· FFS for rank 1-4 if Rel 12 dual codebook is configured to the UE

· 8Tx:  0/0/0/0 bits for rank 5 – 8 respectively

· FFS until RAN1#73 for rank 1-4 with codebook sub-sampling
· Subband Size

· Working assumption that the CQI and PMI subband sizes are the same

· Revisit if a problem emerges when finalising the feedback report sizes

· Study further until RAN1#73 whether there is a benefit from allowing different CQI and PMI subband sizes
· Working assumption that the existing CQI and PMI subband sizes are used

· Study further until RAN1#73 whether there is a benefit from RRC-configurable subband sizes
· Additional information in the CSI reports is FFS

· For example CSI feedback enhancements targeted at improving MU performance

· Confirm working assumption of using Rel 10 W=W1W2 codebook structure for 4 antenna feedback for DMRS based TMs

· The new aperiodic PUSCH feedback mode 3-2 can be only configured for DMRS-based transmission mode 8,9, and 10 when PMI/RI reporting is configured;

· Working assumption that the aperiodic PUSCH feedback mode 3-2 can be configured for TM4,6 when the Rel-8 codebook is used
· Revisit at RAN1#73 if a problem is found with TM4,6, or if no gain is found. 
· A new Rel-12 codebook is not applicable to TM4,6
· Assuming a new 4Tx codebook is introduced, it should be supported for all aperiodic reporting modes that are valid for TMs 8,9,10 when PMI/RI reporting is configured and periodic feedback modes 2-1 and 1-1 
· Assuming a new 4Tx codebook is introduced, RRC configuration per CSI process determines whether the UE uses the Rel-8 4Tx codebook or the Rel-12 dual codebook.  

Additional information, e.g. CSI feedback enhancement for MU transmission, is for further study. In this contribution, we provide our views regarding MU CQI/PMI for the new feedback mode in Rel 12.  
2 MU CQI Design
The Rel.8 CQI reporting does not consider multi-user interference or assist the eNB with the MU pairing decisions. It is primarily suited to SU-MIMO. MU specific CQI information would be beneficial for MU-MIMO. Two feasible methods of MU specific CQI/PMI have been suggested to give useful gain: 
Method 1:

Two kinds of CQIs/PMIs are reported simultaneously, one targeting SU-MIMO and the other restricted to rank 1. The rank 1 CQI/PMI feedback is suitable for MU-MIMO with a given MU transmission/interference assumption (which can be FFS) and assists the eNB to perform SU/MU switching.  The rank-1 CQI/PMI will provide more accurate CSI than deriving the low-rank CQI/PMI from the high-rank CSI, even though the Rel 8 4Tx codebook has a good nested property [1]. 
Method 2:

Alternatively UEs can report the best-companion PMI for their serving cell which is able to maximize the SINR at the receiver and provide null space information of the serving cell. The UEs also report a corresponding delta-CQI for better estimation of MU gain obtained when pairing decisions are made at the eNB [2]. The delta-CQI indicates the MCS penalty associated with pairing another user using the reported best-companion PMI.
3 Evaluation of MU CQI design

In the following simulations, additional subband MU CQI feedback on top of traditional PMI/CQI feedback based on the above method 1 is evaluated along with codebook proposal I in [3-4] and new PUSCH mode 3-2 [5], and compared with traditional SU CQI feedback as shown in table 1.

Table 1 4Tx Performance Enhancement in Scenario A

	MIMO Mode
	Feedback Mode
	Codebook
	Average Cell SE (bps/Hz/cell)
	50%ile user SE (bps/Hz/user)
	5%ile user SE (bps/Hz/user)
	Jain Index

	SU/MU-MIMO
	PUSCH 3-1
	Rel. 10 4Tx codebook
	2.64 (Baseline)
	0.20
	0.045 (Baseline)
	0.63

	
	PUSCH 3-2
	Codebook I + SU CQI
	2.82 (7%)
	0.20
	0.047 (4%)
	0.60

	
	
	Codebook I + MU CQI
	2.92 (11%)
	0.21
	0.046 (2%)
	0.61


Compression techniques for MU CQI and/or PMI can be considered, for example whether the MU CQI is subband or wideband, and whether differential feedback is used. From table 1, when additional MU CQI is implemented together with enhanced codebook design and PUSCH feedback scheme 3-2, the system performance can be improved up to 11% gains at average cell SE over the baseline. On top of PUSCH 3-2 plus enhanced codebook, MU CQI can provide additional 4% gain. Therefore the following proposal is suggested:

Proposal: MU-CQI should be supported on top of SU CQI/PMI feedback in the new feedback mode 3-2. 
4 Conclusions
In this contribution, we evaluate the benefits of MU-CQI/PMI which can provide benefits beyond codebook enhancement and new feedback mode 3-2. Therefore the following proposal is suggested for LTE R12 WI on further downlink MIMO enhancement:
Proposal: MU-CQI should be supported on top of SU CQI/PMI feedback in the new feedback mode 3-2. 
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6 Appendix
System simulation assumptions
	Parameter
	Values used for evaluation

	Performance metrics
	· Cell average spectrum efficiency, 5%ile and 50%ile user spectrum efficiency

· Jain Index 

	Deployment scenarios
	Scenario A

	Traffic modeling
	Full-buffer model

	Outdoor-indoor ratio
	20% outdoor/80% indoor UE distribution

	Number of UEs per sector
	10 UE per macro cell with uniform distribution

	System bandwidth
	10 MHz 

	Transmission mode
	TM10 with single CSI process

	Network synchronization
	Synchronized

	Antenna configuration
	For eNB: 4Tx with 2 columns, cross-polarized on each column, closely-spaced ( X X

For UE: 2Rx cross-polarized ( +

	Feedback scheme (e.g. CQI/PMI/RI)
	5ms feedback period and 5ms delay between feedback and transmission
PUSCH 3-1, PUSCH 3-2

	MIMO mode
	SU/MU-MIMO: dynamic rank 1 or 2 selection in SU-MIMO, rank 1 per UE in MU-MIMO, and dynamic switching between SU-MIMO and MU-MIMO

	Maximal number of co-scheduled UE
	2

	Channel estimation
	non-ideal modeling of channel estimation on CSI-RS, orthogonal DM-RS

	SU/MU switching
	Dynamic UE selection with non-ideal modeling of orthogonal DMRS

	Feedback error
	0.1% bit error rate

	Receiver type
	MMSE-IRC receiver at the UE 

	Control channel and reference signal overhead
	Fixed 0.3063

	Link adaptation
	Non-ideal, with outer-loop control 













































































