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1 Introduction
In addition to a new aperiodic PUSCH feedback mode, one remaining issue is whether to adopt CSI feedback enhancement targeted at improving MU-MIMO performance in Rel-12 [1]. Following enhancements were proposed:
· Enhance aperiodic CSI feedback for MU-MIMO by at least one of the following approaches:
· Enhance IMR for IMR based interference measurement for MU interference with multiple CSI processes e.g. interference measurement interval is configurable by the network
· Support feedback of multiple MU-CQI offsets computed under MU-MIMO hypotheses
· UE reports PMI/RI/CQI assuming eNB transmits either SU-MIMO or MU-MIMO
This contribution discusses the different alternatives on feedback enhancements for  supporting MU-CSI in Release 12.
2 Discussion on MU-CSI
Up to Rel-11, UEs generate and report RI/PMI/CQI under the assumption of SU-MIMO transmission. As a result, in order for an eNB to schedule MU-MIMO transmissions, the eNB needs to recalculate RI/PMI/CQI taking into account the MU-MIMO interference between different UEs based on such SU CSI. Currently, the CSI recalculation for MU-MIMO is totally up to eNB implementation without any specification support. Due to the lack of specification support on MU-CSI and the discrepancy between the assumption made by the UE in generating SU-CSI and the actual MU-MIMO channel status, it is highly likely that a CQI mismatch would occur. In other words, the RI/PMI/CQI which is recalculated at the eNB for use in MU-MIMO transmission would be different from what the UE would prefer in an actual MU-MIMO transmission. The resulting mismatch in what the UE would prefer for MU-MIMO and what is recalculated at the eNB would lead to suboptimal MU-MIMO system performance.
Multiple approaches can be used to enhanced MU-MIMO performance. Such proposals for Release 12 include the following:
· Reuse of multiple CSI processes with or without IMR measurement restriction
· Define MU-CSI reports computed under MU hypothesis

· MU-CQI reports on top of SU-CSI
· MU CSI process dedicated to PMI/RI/CQI reporting in case of MU-MIMO
Reuse of multiple CSI processes
In Rel-11, TM 10 UEs can be configured with multiple NZP CSI-RS resources and multiple interference measurement resources (IMR) which result in multiple CSI processes. With multiple CSI processes, it would be possible to measure for different channel and interference situations. In fact, multiple CSI processes could be used to mimic MU-CSI. The eNB could configure two CSI processes with different rank restrictions, one restricted to rank 1 (or 2) and the other without restriction. With such configuration, the eNB would have additional DL channel information for lower rank to make MCS and precoding decisions for MU-MIMO transmission. For dynamic SU/MU multiplexing, the scheduler should be able to compare the sum rate achieved by SU-MIMO with that by MU-MIMO. The scheduler would make use of the rank restricted CSI to make this decision process. Note that the usage of multiple CSI processes as described above does not require any further specification support.  
While rank restriction on CSI to mimic MU-CSI can be done without further specification support, the difficult part is taking into account the MU-MIMO interference when generating such CSI. IMR introduced in Release 11 is quite flexible in that the network can project any interference on the IMR REs. For example, the network could project MU-MIMO interference on the IMR REs such that the UEs generate CSI while taking into account MU-MIMO interference. However, in the current RAN1 specification, there is no restriction on the time or frequency interval over which interference measurement is taken on. Therefore, it is impossible for the eNB to know which interference projection was taken into account when a UE makes a CSI report. In order to enable more accurate measurement of MU-CQI that reflect both network and UE implementations, modified IMR can be taken into account. For example, if a specific time-frequency window for interference measurement is defined, the network could reflect MU-MIMO interference into the specific time-frequency resource and UE could measure/report MU-CQI in a transparent manner. 
Observation 1:
· Multiple CSI processes with different rank restriction can be reused for MU-MIMO support with minimal or no specification impact
· Modified IMR which has specific time-frequency window for interference measurement could be considered to enable more accurate reporting of MU-CQI

MU-CSI reports computed under MU hypothesis
To further improve MU-CQI considering the receiver behaviour, it was proposed to pre-define a co-channel precoder for each codeword in the codebook [2], [3]. Such precoder can reflect the orthogonal dimension to the selected precoder and capture an average MU-CQI that is likely to be seen in eNB scheduling. An example is given in the below table.
Table 1: pre-define a co-channel precoder for each codeword in Rel-8 codebook
	SU MIMO rank-1 PMI
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Interfering rank-1 PMIs assumed for CQI calculation
	1,2,

3
	2,3,

0
	3,0,

1
	0,1,

2
	5,6,

7
	6,7,

4
	7,4,

5
	4,5,

6
	9,10,

11
	10,11,8
	11,8,

9
	8,9,

10
	13,14,15
	14,15,12
	15,12,13
	12,13,14


Another proposal is for the UE to report two kinds of PMI, one is for SU and the other is for MU in addition to CQI for each case [4], [5]. This could be realized if the relevant PMI definition and the indication whether a CSI process is for MU or SU are specified.
The proposals outlined above all target enhanced feedback when MU-MIMO is implemented in the network. Evaluation results have been discussed since Release 10 to verify such performance benefits. However, if one of these MU-CSI reports under MU hypothesis is agreed, there would be a number of issues that require further discussions and clarifications for specification work to begin. Given the situation to finalize DL MIMO enhancement WI in RAN1#73, it is unclear whether the relevant specification work can be completed within the schedule.

3 Conclusions
In this contribution, the following proposals for MU-CSI are discussed

· Reuse of multiple CSI processes with or without IMR measurement restriction

· Define MU-CSI reports computed under MU hypothesis

Regarding reuse of multiple CSI processes, it observed that
Observation 1:

· Multiple CSI processes with different rank restriction can be reused for MU-MIMO support with minimal or no specification impact
· Modified IMR which has time-frequency window for measurement could be considered to enable more accurate measurement of MU-CQI

Regarding MU-CSI reports computed under MU hypothesis, if one of these MU-CSI reports under MU hypothesis is agreed, there would be a number of issues that require further discussions and clarifications for specification work to begin. Given the situation to finalize DL MIMO enhancement WI in RAN1#73, it is unclear whether the relevant specification work can be completed within the schedule.
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