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1. Introduction

In RAN1 #62 meeting, the following way forward on aperiodic PUSCH CQI modes in Rel.10 was agreed [1]:

· Natural extension of Rel.8 aperiodic PUSCH CQI modes are supported in Rel.10
· FFS support of PUSCH mode 3-2 with subband PMI + subband CQI targeting feedback accuracy improvements for MU/SU in Rel.10.

· PUSCH reporting is self-contained where W1 and W2 are always reported in the same subframe.

· For 2/4Tx, W1 (identity matrix) is not reported. 

In this contribution, overhead and performance comparison of PUSCH mode 3-2 and 3-1 are provided. 
2. Performance evaluation

In this section, the PUSCH mode 3-2 is compared with mode 3-1. 
2.1. Overhead comparison 

A comparison of the PMI and CQI feedback overhead for different PUSCH modes are given in Table 1. We assume that the system bandwidth is 10 MHz and the corresponding number of subbands is 9. The overhead for RI is not included in Table 1 for simplicity.
Table 1: Comparison of PMI and CQI Feedback Overhead (Rank 1, Rank 2)
	Mode
	codewords
	2antenna ports
	4antenna ports
	8 antenna ports

	3-1
	1
	24
	26
	30

	
	2
	45
	48
	52

	3-2
	1
	40
	58
	62

	
	2
	53
	80
	84


Form table 1, we can find that the overhead of PUSCH mode 3-2 is significantly increased comparing with mode 3-1. Taking 4 antenna ports as an example, the overhead of PUSCH mode 3-2 is as much as about 2.2 and 1.7 times as that of mode 3-1 for rank1 and rank2, respectively. Other antenna ports are similar to 4 antenna ports. Furthermore, mode 3-2 which needs feedback subband PMI makes UE computation quantity in PMI selection more enormous.
· PUSCH mode 3-2 requires more feedback overhead and computation quantity than mode 3-1.
2.2. Performance comparison
Performances of these two modes are given for both SU and MU-MIMO via system level simulation with 4 transmitting and 2 receiving antennas. For SU-MIMO, rank adaptation with up to 2 layers for one UE is implemented. For MU-MIMO, single layer transmission is assumed and maximum 2 UEs are co-scheduled on the same time/frequency resource. CQI used in UE pairing and MCS selection is calculated according to the algorithm presented in [2]. Zero-forcing based MU-MIMO at the eNB side and MMSE receiver at UE sides are adopted. For each subband, a subband CQI reporting is assumed. Other simulation parameters and assumptions are listed in the appendix. 
In RAN1 #61bis meeting, it was agreed to take 4-tx widely-spaced cross-polarized antenna configuration into account for the MU-MIMO feedback enhancement evaluation [3], so in this section we also provide system simulation results on the performance of SU and MU-MIMO in widely spaced dual cross-polarized configuration with 4λ antenna spacing.
Table 2: Performance of SU and MU-MIMO under DP antenna configuration (XX->+, 0.5λ antenna spacing)
	Mode
	Cell average SE (bits/s/Hz)
	Gain
	5% Cell edge SE (bits/s/Hz)
	Gain

	3-1  SU
	1.952
	0%
	0.055
	0%

	3-2  SU
	1.967
	1%
	0.056
	2%

	3-1  MU
	1.988
	0%
	0.062
	0%

	3-2  MU
	2.077
	4%
	0.064
	3%


Table 3: Performance of SU and MU-MIMO under ULA antenna configuration (||||->||, 0.5λ antenna spacing)

	Mode
	Cell average SE (bits/s/Hz)
	Gain
	5% Cell edge SE (bits/s/Hz)
	Gain

	3-1  SU
	2.062
	0%
	0.077
	0%

	3-2  SU
	2.064
	0%
	0.079
	3%

	3-1  MU
	2.796
	0%
	0.098
	0%

	3-2  MU
	2.803
	0%
	0.099
	1%


Table 4: Performance of SU and MU-MIMO under DP antenna configuration (X__X->+, 4λ antenna spacing)

	Mode
	Cell average SE (bits/s/Hz)
	Gain
	5% Cell edge SE (bits/s/Hz)
	Gain

	3-1  SU
	1.796
	0%
	0.049
	0%

	3-2  SU
	1.835
	2%
	0.051
	4%

	3-1  MU
	1.739
	0%
	0.052
	0%

	3-2  MU
	1.846
	6%
	0.056
	7%


Table 2-Table 4 give the simulation results of SU and MU-MIMO for PUSCH mode 3-1 and 3-2 under different configurations and settings. From Table 2 and Table 3, it can be seen that under both ULA and DP antenna configuration with 0.5λ antenna spacing, mode 3-2 provides negligible performance gains for both SU and MU-MIMO comparing with mode 3-1. In widely spaced dual cross-polarized configuration with 4λ antenna spacing, PUSCH mode 3-2 has at most 4% and 7% gains relative to mode 3-1 for SU and MU-MIMO, respectively.
· PUSCH mode 3-2 has no significant performance gain comparing with mode 3-1 for both SU and MU-MIMO 
3. Conclusions 
In this contribution, we discuss and compare the overhead and performance between PUSCH mode 3-2 and mode 3-1 for 4 Tx antennas. Some observations are provided below: 
· PUSCH mode 3-2 requires more feedback overhead and computation quantity than mode 3-1.
· PUSCH mode 3-2 has no significant performance gain comparing with mode 3-1 for both SU and MU-MIMO 
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5. Appendix
Table 5: System level simulation assumptions
	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Inter-site distance
	500m

	Load
	10 UE per sector

	Bandwidth
	10MHz

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers, I=128.1 for 2GHz

	Channel model
	SCM urban macro low spread for 3GPP case 1

	UE speeds of interest
	3km/h

	Antenna polarization
	4 Tx at eNodeB with 0.5 lambda spacing
Cross-polarized: +/- 45 degrees
2Rx at UE with 0.5 lambda spacing

Cross-polarized: +90/0 degrees

	
	4 Tx at eNodeB with 0.5 lambda spacing
Co-polarized: Vertically polarized antennas
2Rx at UE with 0.5 lambda spacing

Co-polarized: Vertically polarized antennas

	
	4 Tx at eNodeB with 4 lambda spacing
Cross-polarized: +/- 45 degrees
2Rx at UE with 0.5 lambda spacing

Cross-polarized: +90/0 degrees

	
	ideal antenna calibration
3D antenna pattern

	Scheduler
	Proportional Fair

	Receiver
	MMSE

	Feedback modes
	PUSCH Mode 3-1 : wideband PMI, subband CQI

PUSCH Mode 3-2 : subband PMI, subband CQI 

	Precoding granularity
	6RBs for subband PMI

	Feedback period
	10ms

	Channel estimation
	Ideal

	Overhead
	3 OSs DL control/ 2 CRS ports/ 12 REs DM-RS per PRB


