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1. Introduction

The WI of further DL MIMO enhancement [1] was approved in RAN#57. One objective is to evaluate CSI feedback enhancements and identify the most promising solution(s). CSI feedback enhancement candidates include:

· 4-tx PMI feedback codebook enhancements to provide finer spatial domain granularity and support different antenna configurations for macro and small cells, especially cross-polarized antennas, both closely- and widely-spaced, and non-colocated antennas with power imbalance

· a new CSI feedback mode providing sub-band CQI and sub-band PMI 

· finer frequency-domain granularity

· enhanced control of the reported rank and corresponding assumptions for CQI/PMI derivation, to improve support for MU-MIMO.

In this contribution, we provide our views on some of these CSI feedback enhancement solutions.
2. Views on CSI feedback enhancement 
2.1. MU-MIMO Supporting
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].
One applicable method is to configure UE with the SU-specfic feedback behavior to support both SU-MIMO and MU-MIMO operation. In this method, UE will always perform traditional SU PMI/CQI/RI feedback. For example, the eNB will configure multiple CSI processes for UE for different aim. One CSI process will be configured 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 UE. Other CSI processes will be configured to supporting MU operation with the IMRs used to reflect intra-cell interference. On those IMRs the eNB will transmit isotropic signal precoded by selected PMIs, which are assumed as the potential PMIs used by paired UEs. The calculated CSIs for these CSI processes already contain the inter-UE interference and actually MU-CSIs. This is already supported by the definition of IMR agreed in Rel.11.
Additionally, as the enhanced solution, the eNB can configure UE with MU-specific feedback behavior to further support MU-MIMO operation. By this way, UE has the ability to generate MU-specific CSI feedback, which means that the UE will calculate and report its companion PMIs/CQIs (assuming the existence of potential paired UEs) based on, e.g. RI suggested by eNB. One or multiple CSI process can be configured for the UE. For example, one CSI process can be configured to support companion PMI/CQI derivation and reporting, using the IMR with eNB muting. Other CSI processes can be configured to support companion PMI/CQI derivation and reporting, using the IMR with isotropic signal precoded by selected PMIs. 
There should be no doubt that at least SU specific feedback for SU-MIMO operation reusing the CSI process/IMR should be supported. Considering the solutions for supporting MU-MIMO operation, we think compared to SU specific feedback, MU specific feedback has obvious advantages. 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. Meanwhile, the UE calculation complexity and feedback overhead can also be reduced.
The MU-MIMO gain can be deeply explored by configuring both feedback behaviors and/or more CSI process in one feedback behavior. On the other hand, the UE calculation complexity and feedback overhead can be largely increased. To what degree of MU-MIMO gain enhancement, complexity and overhead tolerant should be further studied.
Proposal 1: Give high priority on enhanced PMI/CQI derivation and feedback to improve support of MU-MIMO. Both the SU-specific feedback behavior and MU- specific behavior based on ZP-IMR should be supported at least. The maximum number of configured CSI processes in each feedback behavior should be further evaluated in order to get a good tradeoff among performance gain, UE calculation complexity and feedback overhead.
2.2. PUSCH 3-2 
In Rel. 11, PUSCH 3-2 was evaluated by companies and obvious gain was got. However, in all the evaluation results, PUSCH3-2 is used together with other enhancement solutions, such as dual structure codebook. We think the PUSCH mode 3-2 is necessary to be further justified by evaluating its pure gain based on evaluation assumption in [2]. The initial simulation results are shown below:

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

	PUSCH 3-1
	2.403
	-
	0.023
	-

	PUSCH 3-2
	2.425
	0.91%
	0.029
	26.1%


We can observe that the cell average gain of PUSCH3-2 is marginal. Furthermore, the overhead increase over PUSCH mode 3-1 is quite large, by introducing subband PMI , especially with large system bandwidth. For example, considering a 10MHz, 50RBs, 4Tx system, if Rel.11 subband size is reused, the overhead for CQI/PMI reporting in PUSCH3-2 can be 80bits for rank 1, which is 67% higher than the PUSCH3-1. If some other enhancement solutions are adopted, such as reduced subband size or codebook enhancement, this overhead increase can be more severe. Therefore we propose:
Proposal 2: PUSCH3-2 should not be supported considering marginal performance gain and large overhead.
3. Conclusion

In this contribution, we provide our views on CSI feedback enhancement solutions. We propose: 

Proposal 1: Give high priority on enhanced PMI/CQI derivation and feedback to improve support of MU-MIMO. Both the SU-specific feedback behavior and MU- specific behavior based on ZP-IMR should be supported at least. The maximum number of configured CSI processes in each feedback behavior should be further evaluated in order to get a good tradeoff among performance gain, UE calculation complexity and feedback overhead.
Proposal 2: PUSCH3-2 should not be supported considering marginal performance gain and large overhead.
Reference

[1] RP-121416, Further Downlink MIMO Enhancement for LTE-Advanced 
[2] RP-121608, “Status report for WI Perf. Part: Further Downlink MIMO Enhancement for LTE-Advanced”
  























