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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.

In RAN1#62bis meeting, many companies presented their opinions according to above agreed way forward [2]-[5], and finally formed two ways forwards [6] [7]. The main difference between them is the size of subband PMI feedback in 8Tx. In [7], it was suggested to use subband codebook subsampling with 2 bits for rank 1-4 per subband (0 bit for rank 5-8). On the contrary, re-using Rel.10 8Tx codebook without subsampling was proposed in [6].
In this contribution, overhead and performance comparison of 8Tx codebook with and without subsampling using PUSCH mode 3-2 feedback are provided. The simulation results show that with appropriate subsampling of 8tx codebook, performance loss for both SU and MU-MIMO is marginal while reducing the feedback overhead.

2. Subsampling of 8Tx codebooks for PUSCH mode 3-2
For PUSCH mode 3-2, only subband codebook subsampling needs to be adopted since reducing the payload of wideband PMI reporting yields no significant reduction in the total feedback overhead. In this section, we introduce some different subband codebook subsampling schemes in Table 1-4 with 2-bit payload for rank 1-4 according the agreed 8Tx codebook in [8]. 
Table 1: W2 subsampled codebook for rank 1
	Subsampling scheme
	W2 subsampled codebook

	scheme 1
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	scheme 2
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	scheme 3
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	scheme 4
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Table 2: W2 subsampled codebook for rank 2
	Subsampling scheme
	W2 subsampled codebook

	scheme 1
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	scheme 2
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	scheme 3
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	scheme 4
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Table 3: W2 subsampled codebook for rank 3
	Subsampling scheme
	W2 subsampled codebook

	scheme 1
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	scheme 2
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	scheme 3
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	scheme 4
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	scheme 5
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Table 4: W2 subsampled codebook for rank 4
	Subsampling scheme
	W2 subsampled codebook

	scheme 1
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	scheme 2
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	scheme 3
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3. Performance evaluation

3.1. Overhead comparison 
Comparisons of the PMI and CQI feedback overhead of PUSCH mode 3-2 for 8Tx codebook with and without subsampling are given in Table 5. We assume that the system bandwidth is 10 MHz and the corresponding number of subbands is 9.
Table 5: Comparison of PMI and CQI feedback overhead (rank 1-4)
	
	Rank
	8 antenna ports
	Saving

	without subsampling
	1
	65
	0%

	
	2
	87
	0%

	
	3
	85
	0%

	
	4
	76
	0%

	with subsampling
	1
	47
	27.7%

	
	2
	69
	20.7%

	
	3
	67
	21.2%

	
	4
	67
	11.8%


From Table 5, we can find that with codebook subsampling, PUSCH mode 3-2 can save about 20% feedback overhead. Furthermore, codebook subsampling can reduce computational complexity of PMI selection.
3.2. Performance comparison 
In this section, performance comparisons of the mentioned subsampling schemes above are provided for SU transmission and MU-MIMO via link and system level simulation.
The main parameters for link level simulation are given in appendix, Table A1. Both closely spaced dual-polarized (DP) and co-polarized ULA are considered. Figure 1~ 8 show SU performance under DP and ULA configuration, respectively.
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   Figure 1: SU performance for rank 1 (DP, 0.5λ)
     Figure 2: SU performance for rank 1 (ULA, 0.5λ)
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Figure 3: SU performance for rank 2 (DP, 0.5λ)
Figure 4: SU performance for rank 2 (ULA, 0.5λ)
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Figure 5: SU performance for rank 3 (DP, 0.5λ)
 Figure 6: SU performance for rank 3 (ULA, 0.5λ)
[image: image23.emf]10 15 20 25 30 35

0

2

4

6

8

10

SNR dB

Throughput bit/s/Hz

 

 

original

scheme 1

scheme 2

scheme 3

 [image: image24.emf]10 15 20 25 30 35

1

2

3

4

5

6

7

8

SNR dB

Throughput bit/s/Hz

 

 

original

scheme 1

scheme 2

scheme 3


Figure 7: SU performance for rank 4 (DP, 0.5λ)
    Figure 8: SU performance for rank4 (ULA, 0.5λ)

From Figure 1-4, we can find that the subsampling schemes have almost same performance as the original codebook under both DP and ULA configurations for rank 1 and rank 2. In Figure 5 and 6, codebook subsampling scheme 1 or scheme 5 of rank 3 has little performance loss compared to the original codebook under both DP and ULA configurations. For rank 4, scheme 1 or scheme 3 provides identical performance to original codebook under both antenna configurations in Figure 7 and Figure 8. 
MU-MIMO performances of 8Tx codebook with and without subsampling are given via system level simulation. Single layer transmission is assumed and maximum 2 UEs are co-scheduled on the same time/frequency resource. Scheme1 for rank1 codebook subsampling is used. Zero-forcing based MU-MIMO at the eNB side and MMSE receiver at UE sides are adopted. Other simulation parameters and assumptions are listed in the appendix, Table A2.
Table 6: Performance of MU-MIMO under DP antenna configuration (XXXX ->++)
	Schemes
	Cell average SE
 (bits/s/Hz)
	Loss
	5% Cell edge SE 
(bits/s/Hz)
	Loss

	original codebook
	3.6279
	0%
	0.1404
	0%

	subsampling codebook
	3.5663
	1.7%
	0.1378
	1.9%


Table 7: Performance of SU and MU-MIMO under ULA antenna configuration (||||||||->||||)
	Schemes
	Cell average SE
 (bits/s/Hz)
	Loss
	5% Cell edge SE 
(bits/s/Hz)
	Loss

	original codebook
	4.1154
	0%
	0.1869
	0%

	subsampling codebook
	4.0608
	1.3%
	0.1811
	3.1%


From above MU-MIMO simulation results, we find that the subsampling codebook results in about 1% ~ 3% performance loss while reducing the feedback overhead by about 20%.
4. Conclusions

In this contribution, we discuss the methods of subsampling 8Tx codebooks to reduce the overhead in PUSCH mode3-2. By comparing the overhead and performance of 8Tx codebook with and without subsampling, some observations are provided below: 
· With codebook subsampling, PUSCH mode 3-2 can save about 20% feedback overhead.
· With appropriate codebook subsampling, the performance degradation is marginal for both SU-MIMO and MU-MIMO.
Therefore, we suggest using subband codebook subsampling with 2 bits for rank 1-4 per subband.
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Appendix
Table A1: Link level simulation assumptions

	Parameter
	Assumption

	Carrier frequency
	2.0GHz

	System bandwidth
	10MHz

	UE distribution
	1 UE per cell, uniformly distributed within
[image: image25.wmf][60,60]

-
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, changed per 400 subframes

	Data transmission BW
	6PRB

	Channel model
	Urban macro with high spread (15° angular spread)

	UE speed
	3km/h

	Antenna polarization
	8 Tx at eNodeB with 0.5λ spacing, cross-polarized: +/- 45 degrees
4Rx at UE with 0.5λ spacing, cross-polarized: +90/0 degrees

	
	8 Tx at eNodeB with 0.5λ spacing, co-polarized: Vertically polarized antennas
4Rx at UE with 0.5λ spacing, co-polarized: Vertically polarized antennas


	
	Ideal antenna calibration, fixed UE antenna orientation

	Link adaptation
	With and without rank adaptation, AMC, HARQ with maximum 3 re-transmissions

	Receiver
	MMSE based on DM RS of serving cell

	Periodicity of CSI RS
	10ms

	Channel estimation
	2-D MMSE on CSI RS and DM RS

	RI/PMI/CQI feedback delay
	5ms

	Precoding granularity
	6PRB


Table A2: 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 high spread for 3GPP case 1

	UE speeds
	3km/h

	Scheduler
	Proportional Fair

	Antenna polarization
	8 Tx at eNodeB with 0.5λ spacing, cross-polarized: +/- 45 degrees
4Rx at UE with 0.5λ spacing, cross-polarized: +90/0 degrees

	
	8 Tx at eNodeB with 0.5λ spacing, co-polarized: Vertically polarized antennas
4Rx at UE with 0.5λ spacing, co-polarized: Vertically polarized antennas

	
	Ideal antenna calibration, fixed UE antenna orientation

	Receiver
	MMSE

	Feedback modes
	PUSCH Mode 3-2 : subband PMI, subband CQI

	Precoding granularity
	6PRB for subband PMI, All bandwidth for wideband PMI

	Feedback delay
	5ms

	Channel estimation
	Ideal

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