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1. Introduction

The WI of further DL MIMO enhancement [1] was approved in RAN#57. In RAN1#72, different CSI feedback enhancement schemes were proposed and below working assumptions were achieved [2]:

Working Assumptions:

· A new aperiodic PUSCH feedback mode is supported in Rel.12 with following feedback

· CQI and rank feedback bit size as in PUSCH Mode 3-1 in Rel 10

· A wideband PMI 

· 2 Tx: 0 bit

· 4 Tx: FFS with the consideration of codebook enhancement in Rel. 12 not excluding 0 bit wideband PMI

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

· Per subband PMI(s)
· 2Tx: 2/1 bits for rank 1 – 2

· 4Tx: FFS with the consideration of codebook enhancement in Rel.12

· 8Tx: 4/4/4/3/0/0/0/0 bits  for rank 1 – 8 respectively

· Use Rel 10 W=W1W2 codebook structure for 4 antenna feedback for DMRS based TMs

· The following are for further study and evaluation:

· Subband size

· Detailed W1 and W2 structures, e.g. W1 corresponds to a long term and/or wideband channel properties and W2 corresponds to  a short-term and narrowband channel

· Additional information in the CSI reports for this new feedback mode

· For example CSI feedback enhancements targeted at improving MU performance 

(Note that the current Rel-10 4tx codebook has W=W1W2 structure). 

In this contribution, we give our evaluation on the CSI feedback enhancements targeting at improving MU performance. 
2. CSI feedback enhancements for MU-MIMO
MU-MIMO is expected to increase the spectral efficiency since more than one UE can share the time-frequency resource when scheduled. CSI feedback support of MU-operation could be a crucial factor for MU-MIMO gain exploration. In Rel. 10 and earlier releases, only SU-specific CSI can be reported by the UE, so it is difficult to fully exploit the MU-MIMO gain. In Rel. 11, some new features such as CSI process and IMR are defined to support flexible CoMP hypothesis and interference hypothesis respectively. We think it is valuable to reuse these new concepts to support MU-MIMO, which is already agreed as the evaluation assumption in [2].

Scheme1: Single CSI process supporting MU-MIMO 

In this scheme, single CSI process will be configured for the UE to support SU operation with the IMR, on which the eNB will mute the data transmission and the inter-cell interference will be measured by the UE. SU-PMI/CQI included in single CSI process will be reported from the UE. The eNB will make the MU-CQI prediction according the feedback information from different UEs.

Scheme2: Multiple CSI processes with SU feedback behavior supporting MU-MIMO 

In this scheme, besides the single CSI process in scheme 1, UE will be additionally configured with other CSI processes with IMRs, on which the eNB will transmit isotropic signal precoded by selected PMIs. These PMIs are assumed as the potential PMIs used by paired UEs. The calculated CQIs for these CSI processes already contain the inter-UE interference and actually MU-CQIs. This is already supported by the definition of IMR agreed in Rel.11. This scheme can be considered a transparent scheme to improve the MU-MIMO performance. 

Scheme3: Multiple CSI processes with MU feedback behavior supporting MU-MIMO 

In this scheme, besides the single CSI process in scheme1, UE will be additionally configured with other CSI processes to support best companion PMI/CQI derivation and reporting, using the IMR with eNB muting. By this way, UE has the ability to generate MU-specific CSI feedback to support MU-MIMO.

3. Evaluation Results
Simulations of these schemes have been done to evaluate the performance. In scheme2, 1 additional CSI process is configured to UEs in the cell, in which UEs report the CQIs measured based on configured precoded MU-interference. And in scheme 3, also 1 additional CSI process is configured to transmit the UE selected MU-PMI and correspondingly calculated MU-CQI. eNodeB gives the reported MU-PMI highest priority when implementing the MU-pairing algorithm, and if there are not other UEs in the cell using the reported MU-PMI, the scheduling will fallback to the one as in scheme 1.

The initial evaluation results are shown below:

Table 1. Simulation results of different MU-MIMO realization schemes

	
	Cell average throughput (bps/Hz)
	Gain
	Cell edge UE throughput (bps/Hz)
	Gain

	Scheme 1(baseline)
	1.878
	-
	0.0385
	-

	Scheme 2
	1.906
	1.49%
	0.0392
	1.71%

	Scheme 3
	1.929
	2.7%
	0.0413
	7.2%


Observations: Compared to scheme 2, scheme 3 has obvious performance gain for both cell average throughput and cell edge UE throughput. In the latter solution, the reported MU-CQI is calculated according to UE preferred PMI instead of eNB suggested PMI, which can reduce number of attempts for UE paring and increase the eNB scheduling accuracy. 

Proposal: Support scheme3 (Multiple CSI processes with MU feedback behavior supporting MU-MIMO) considering obvious performance gain.
4. Conclusion
In this contribution, we give our evaluation on the CSI feedback enhancements targeting at improving MU performance. We propose: 

Proposal: Support scheme3 (Multiple CSI processes with MU feedback behavior supporting MU-MIMO) considering obvious performance gain.
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Appendix

Table 2. System level simulation assumptions

	Parameter
	Assumption

	Deployment Model 
	Scenario A

	UE distribution
	100% outdoor

	System Bandwidth
	10MHz, 50 RBs

	Traffic Model
	Full Buffer

	Antenna Configuration
	eNodeB: 4-Tx, 0. 5 lambda interval, X-Polarized

UE: 2-Rx, 0.5 lambda interval, X-Polarized

	Receiver Type
	MMSE-IRC, DM-RS based covariance matrix estimation, Wishart Model

	MU-MIMO Scheme
	Max-2 rank-1 UEs being paired to avoid quasi-orthogonal DM-RS

	Channel Estimation
	Imperfect for both CSI-RS and DMRS based estimation

	Feedback Modes
	Enhancement schemes: PUSCH mode 3-2, subband PMI + subband CQI, 6 RBs in each subband;

	Feedback Impairments
	Reporting period: 5 ms for PMI/CQI.   

Delay: 5 ms

	Codebook
	W=W1W2, in which W1 is a identity matrix and W2 is the Rel.8 4 Tx codebook.

	Scheduler Type
	Proportional fair

	HARQ Scheme
	Chase Combining 

	Maximum number of retransmissions
	3




