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1. Introduction
At RAN #57 meeting, the WI of further enhanced DL MIMO was approved, and one of the objectives is to evaluate CSI feedback enhancements and identify the most promising solutions, including the CSI feedback enhancement with finer frequency domain granularity and a new CSI feedback mode providing both subband CQI and subband PMI.
In this contribution, we give analysis of the necessity to introduce PUSCH mode 3-2 and finer subband granularity, and give the initial simulation results of the feedback enhancement.
2. PUSCH feedback enhancement
In Rel-8 the 4 Tx codebook and corresponding feedback is optimized for uniform linear arrays and SU-MIMO, and in Rel-10, the CSI feedback has been enhanced with dual codebook structure aiming at increasing CSI feedback accuracy without too much feedback incensement.
Now for Rel-12, heterogeneous networks including RRH are more important to be optimized, In light of the performance of MU MIMO and CoMP, accuracy of CSI feedbacks are highly sensitive than in SU MIMO case, Therefore, improving CSI accuracy is necessary and can achieve more throughput gains. 
PUSCH feedback mode 3-2 has been discussed in Rel-10, which means enhanced CQI/PMI/RI feedback including both subband CQI and subband PMI.
3. Feedback Granularity

For a system with 10 MHz bandwidth, the subband size is 6 RBs. The granularity of subband is an area where there might be room for improvement since the subband sizes for CQI and PMI would directly affect the performance, and worthwhile to study for new scenarios with low power nodes where channel conditions may be different. Furthermore, finer feedback granularity appears to be beneficial for coping with time misalignment between transmission antennas as pointed out in [2] .
4. Simulation results

We give our initial evaluation results here the performance of SU-MIMO, details of the simulation assumptions are given in the Appendix. The results are shown in table 1 and table 2.
Table 1 performance of different subband granularity with PUSCH mode 3-1 feedback
	CQI Feedback
Granularity
	Average Cell (bps)
	gain
	Cell edge (bps)
	gain

	6 PRBs
	22.16
	0%
	0.462
	0%

	3 PRBs
	23.69
	6.9%
	0.468
	1.3%


Table 2 performance of PUSCH mode 3-2
	PUSCH mode with different subband granularity
	Average Cell (bps)
	gain
	Cell edge (bps)
	gain

	Mode 3-1 6PRBs
	22.16
	0%
	0.462
	0%

	Mode 3-2 6PRBs
	22.51
	1.58%
	0.472
	2.16%

	Mode 3-1 3PRBs
	23.69
	0%
	0.468
	0%

	Mode 3-2 3PRBs
	24.27
	2.45%
	0.483
	3.21%


From the simulation results, we could get the following observations:
· For PUSCH feedback mode 3-1, the subband size only affect CQI feedback, 6.9% and 1.3% gain could be achieved for cell center and cell edge with finer subband granularity of 3 PRBs compared with granularity of 6PRBs. 
· Because both subband CQI and subband PMI are feedback for PUSCH feedback mode 3-2, the performance is better than PUSCH feedback mode 3-1, by using 6 PRBs subband size, 1.58% and 2.16% could be achieved for cell center and cell edge, and by using 3 PRBs subband size, 2.45% and 3.21% gain could be achieved for cell center and cell edge.
And the following proposals are given:
· The definition of the exact finer subband size needs FFS.
· PUSCH mode 3-2 needs to be introduced to improve the throughput gains.
5. Conclusion
From our analysis and initial evaluation results, we give the following proposals:
· The definition of the exact finer subband size needs FFS.
· PUSCH mode 3-2 needs to be introduced to improve the throughput gains.
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Appendix
System simulation assumptions
	Parameter
	Value

	Channel models
	IMTA Channel models

	
	20% users are located outdoor in scenario A 

	Central Frequency
	2GHz

	Antenna configuration
	4 Tx at eNodeB with 0.5 lambda spacing

Cross-polarized: ( 45 degrees 

	
	2 Rx at UE with 0.5 lambda spacing

Cross-polarized 

	
	ideal antenna calibration

3D antenna pattern, with 15 degrees down-tilt

	UE Speed
	3 km/h

	System Bandwidth
	50RBs

	Scheduler
	Exhaust greedy PF

	Number of UEs per cell
	10 

	MIMO scheme
	Maximum rank 2 for SU-MIMO

Rank adaptation, and up to two for one UE

	Channel estimation
	Non-ideal with CSI-RS DM-RS and IMR

	Receiver
	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 10 transmissions

	Sub-band CQI feedback
	according to CQI Table in LTE R10

	CQI feedback delay
	5ms

	CQI feedback periodicity
	5ms

	Granularity of PMI and CQI feedback
	PUSCH Mode 3-1: Wideband PMI, subband CQI

PUSCH Mode 3-2: Subband PMI, subband CQI


