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1. Introduction

At the previous RAN1 #61bis meeting in Dresden, the following way forward regarding feedback for 4 Tx antennas in Rel. 10 was proposed [1].
· To improve MU-MIMO performance, the feedback accuracy for 4Tx in Rel.10 is enhanced over Rel.8 by the framework defined in R1-101683, R1-103332 and R1-103419
Based on discussion regarding this way forward, the agreed conclusion at the RAN1 #61bis meeting is given below. 
· It is noted that the cosigning companies of this way forward have agreed that there are significant gains for enhanced feedback schemes that are based on the cited WFs
· It is noted that the cited WFs are already agreed including the case of 4 Tx and the focus will be on making the way forward more concrete for 4 Tx
· It is noted that 4 Tx is the priority
So far, several possible enhancements on four Tx feedback based on a double codebook structure have been proposed [3-10]. In this contribution, we present system level evaluation results on some of the related proposals based on the agreed evaluation assumptions [2].
2. Performance Evaluation
In this section, we provide the system level performance evaluation based on the following feedback frameworks for 4Tx including

· Rel. 8 codebook

· W1W2 framework and W1 is the tall block-diagonal matrix [3,4], and W1 is from the 3-bit codebook proposed by Ericsson
· W1W2 framework and W1 is the block-diagonal matrix as design 2 proposed by Nokia [10]

· W1W2 framework and W1 is the square matrix [5,6], i.e., adaptive codebook, proposed by Huawei
· W2W1 framework [7,8,9], and W2 from the 2-bit and 3-bit codebooks proposed by Samsung
In addition, two feedback modes based on the PUSCH are assumed in the evaluation.
· Mode 3-1 (extension from Mode 3-1 in Rel. 8): Wideband W1 / W2 and subband CQI

· Mode 3-2 (enhancement of Mode 3-1 in Rel. 8): Wideband W1, subband W2 and subband CQI

Furthermore, detailed simulation assumptions are provided in the Appendix of the contribution.

2.1. Comparison of PMI Feedback overhead
A comparison of the PMI feedback overhead (number of bits) for different schemes is given in Table 1. We assume that the system bandwidth is 10 MHz and the corresponding number of subbands, N, is 9.
Table 1 – Comparison of PMI Feedback Overhead (Rank 1, Rank 2)

	
	Mode 3-1
	Mode 3-2

	
	W1
	W2
	W1 + W2
	W1
	W2
	W1 + W2

	Rel. 8
	4, 4
	0, 0
	4, 4
	0, 0
	36, 36
	36, 36

	Ericsson
	3, 3
	2, 1
	5, 4
	3, 3
	18, 9
	21, 12

	Nokia
	2, 2
	4, 3
	6, 5
	2, 2
	36, 27
	38, 29

	Huawei
	6, 6
	4, 4
	10, 10
	6, 6
	36, 36
	42, 42

	Samsung (2-bit W2)
	4, 4 
	2, 2
	6, 6
	4, 4 
	18, 18
	22, 22

	Samsung (3-bit W2)
	4, 4
	3, 3
	7, 7
	4, 4
	27, 27
	31, 31


2.2. Performance comparison for uniform linear array (ULA) configuration

In this section, we provide the comparisons of codebooks in case of SU-MIMO and SU/MU dynamic switching for ULA with 0.5-lambda antenna separation with both low and high angular spread, and with both feedback Mode 3-1 and Mode 3-2 in Tables 2 - 5. It is noted that the violation of full power utilization is allowed in the evaluation.    
Table 2 – Low angular spread, feedback Mode 3-1

	Average/cell-edge throughput (Mbps)
	SU-MIMO
	SU/MU switching

	Rel-8
	21.45 (0.0%) / 0.704 (0.0%)
	29.66 (0.0%) / 0.898(0.0%) 

	Ericsson
	21.77 (1.5%) / 0.717 (1.8%)
	29.58 (-0.3%) / 0.891 (-0.8%)

	Nokia
	21.92 (2.2%) / 0.723 (2.7%)
	32.51 (9.6%) / 0.950 (5.8%)

	Huawei
	22.14 (3.2%) / 0.735 (4.3%) 
	33.91 (14.3%) / 0.952 (6.0%) 

	Samsung (2-bits W2)
	21.49 (0.2%) / 0.719 (2.2%) 
	33.78 (13.9%) / 0.935 (4.1%) 

	Samsung (3-bits W2)
	21.53 (0.4%) / 0.708 (0.6%) 
	33.80 (13.9%) / 0.931 (3.7%) 


Table 3 – Low angular spread, feedback Mode 3-2

	Average/cell-edge throughput (Mbps)
	SU-MIMO
	SU/MU switching

	Rel-8
	21.86 (0.0%) / 0.758 (0.0%) 
	29.76 (0.0%) / 0.912 (0.0%) 

	Ericsson
	22.12 (1.2%) / 0.763 (0.6%)
	29.57 (-0.6%) / 0.889 (-2.5%)

	Nokia
	22.23 (1.7%) / 0.770 (1.6%)
	32.74 (10.0%) / 0.945 (3.6%)

	Huawei
	22.13 (1.2%) / 0.781 (3.1%) 
	34.21 (14.9%) / 0.986 (8.1%) 

	Samsung (2-bits W2)
	21.77 (-0.5%) / 0.765 (0.9%) 
	34.10 (14.6%) / 0.984 (7.8%) 

	Samsung (3-bits W2)
	21.70 (-0.8%) / 0.732 (-3.5%) 
	34.16 (14.8%) / 0.959 (5.1%) 


Table 4 – High angular spread, feedback Mode 3-1

	Average/cell-edge throughput (Mbps)
	SU-MIMO
	SU/MU switching

	Rel-8
	22.49 (0.0%) / 0.695 (0.0%) 
	25.17 (0.0%) / 0.791 (0.0%) 

	Ericsson
	22.59 (0.4%) / 0.704 (1.3%) 
	25.06 (-0.4%) / 0.832 (5.2%) 

	Nokia
	22.77 (1.2%) / 0.711 (2.3%)
	25.54 (1.5%) / 0.798 (0.9%)

	Huawei
	22.92 (1.9%) / 0.760 (9.2%) 
	27.59 (9.6%) / 0.899 (13.7%) 

	Samsung (2-bits W2)
	22.66 (0.7%) / 0.709 (1.9%) 
	25.82 (2.6%) / 0.808 (2.2%) 

	Samsung (3-bits W2)
	22.60 (0.5%) / 0.705 (1.4%) 
	25.73 (2.2%) / 0.834 (5.5%) 


Table 5 – High angular spread, feedback Mode 3-2

	Average/cell-edge throughput (Mbps)
	SU-MIMO
	SU/MU switching

	Rel-8
	22.57 (0.0%) / 0.714 (0.0%) 
	25.07 (0.0%) / 0.820 (0.0%) 

	Ericsson
	22.67 (0.4%) / 0.716 (0.3%) 
	24.89 (-0.7%) / 0.816 (-0.5%) 

	Nokia
	22.85 (1.2%) / 0.727 (1.8%)
	25.18 (0.4%) / 0.813 (-0.8%)

	Huawei
	22.81 (1.1%) / 0.790 (10.6%) 
	27.31 (9.0%) / 0.870 (6.2%) 

	Samsung (2-bits W2)
	22.59 (0.1%) / 0.712 (-0.4%) 
	25.69 (2.5%) / 0.818 (-0.2%) 

	Samsung (3-bits W2)
	22.63 (0.3%) / 0.727 (1.8%) 
	25.68 (2.4%) / 0.835 (1.9%) 


Observations from results in ULA:
· All proposed double codebooks do not suffer in terms of SU-MIMO performance compared to that for the Rel. 8 codebook (if the limitation of the maximum transmission power per eNode B antenna is not considered).
· For SU/MU switching, W2W1 and W1W2  both provide gain (up to 14%) over that for the Rel. 8 codebook with a low angular spread. 

· With a high angular spread, the gain of the double codebook is not so significant.
· Compared to wideband W2 feedback, subband W2 feedback provides a negligible additional performance gain although the feedback overhead is significantly increased.
2.3. Performance Comparison for Cross-Polarized Antenna (CPA) Configuration
In Tables 6-9, we present a performance comparison for a CPA with a 0.5-lambda antenna separation with low and high angular spreads at the eNode B, and with feedback Modes 3-1 and 3-2. It is noted that the violation of full power utilization is allowed in the evaluation.
Table 6 – Low Angular Spread and Feedback Mode 3-1

	Average/Cell-Edge Throughput (Mbps)
	SU-MIMO
	SU/MU Switching

	Rel. 8
	23.04 (0.0%) / 0.574 (0.0%)
	23.49 (0.0%) / 0.609 (0.0%)

	Ericsson
	23.42 (1.6%) / 0.599 (4.4%)
	25.19 (7.2%) / 0.643 (5.6%)

	Nokia
	23.49 (2.0%) / 0.611 (6.5%)
	25.48 (8.5%) / 0.640 (5.1%)

	Huawei
	23.63 (2.6%) / 0.632 (10.2%)
	25.16 (7.1%) / 0.667 (9.6%) 

	Samsung (2-bit W2)
	23.30 (1.1%) / 0.605 (5.5%) 
	24.53 (4.4%) / 0.633 (4.0%) 

	Samsung (3-bit W2)
	23.44 (1.7%) / 0.622 (8.4%) 
	24.85 (5.8%) / 0.651 (6.9%) 


Table 7 – Low Angular Spread and Feedback Mode 3-2

	Average/Cell-Edge Throughput (Mbps)
	SU-MIMO
	SU/MU switching

	Rel. 8
	23.32 (0.0%) / 0.601 (0.0%) 
	23.82 (0.0%) / 0.637(0.0%) 

	Ericsson
	23.59 (1.2%) / 0.636 (5.8%)
	25.44 (4.1%) / 0.663 (4.1%)

	Nokia
	23.76 (1.9%) / 0.644 (7.2%)
	25.71(7.9%) / 0.685 (7.5%)

	Huawei
	23.84 (2.2%) / 0.667 (11.0%) 
	25.50 (7.0%) / 0.705 (10.7%) 

	Samsung (2-bit W2)
	23.47 (0.7%) / 0.609 (1.3%) 
	24.61 (3.3%) / 0.647 (1.6%) 

	Samsung (3-bit  W2)
	23.65 (1.4%) / 0.638 (6.1%) 
	25.31 (6.3%) / 0.680 (6.7%) 


Table 8 – High Angular Spread and Feedback Mode 3-1

	Average/Cell-Edge Throughput (Mbps)
	SU-MIMO
	SU/MU Switching

	Rel. 8
	22.88 (0.0%) / 0.570 (0.0%) 
	22.52 (0.0%) / 0.570 (0.0%) 

	Ericsson
	23.16 (1.2%) / 0.588 (3.1%) 
	23.27 (3.3%) / 0.608 (6.6%) 

	Nokia
	23.22 (1.5%) / 0.596 (4.6%)
	23.63 (4.9%) / 0.607 (6.5%)

	Huawei
	23.40 (2.3%) / 0.651 (14.2%) 
	23.75 (5.5%) / 0.662 (16.1%) 

	Samsung (2-bit W2)
	23.15 (1.2%) / 0.574 (0.7%) 
	23.04 (2.3%) / 0.599 (5.1%) 

	Samsung (3-bit W2)
	23.23 (1.6%) / 0.594 (4.2%) 
	23.27 (3.3%) / 0.611 (7.2%) 


Table 9 – High Angular Spread and Feedback Mode 3-2

	Average/Cell-Edge Throughput (Mbps)
	SU-MIMO
	SU/MU Switching

	Rel. 8
	23.18 (0.0%) / 0.587 (0.0%) 
	22.95 (0.0%) / 0.605 (0.0%) 

	Ericsson
	23.40 (0.9%) / 0.623 (6.1%) 
	23.73 (3.4%) / 0.647 (7.0%) 

	Nokia
	23.55 (1.6%) / 0.615 (4.8%)
	24.10 (5.0%) / 0.644 (6.5%)

	Huawei
	23.41 (1.0%) / 0.631 (7.4%) 
	24.00 (4.6%) / 0.747 (23.5%) 

	Samsung (2-bit W2)
	23.24 (0.3%) / 0.593 (0.9%) 
	23.23 (1.2%) / 0.618 (2.1%) 

	Samsung (3-bit W2)
	23.46 (1.2%) / 0.612 (4.3%) 
	23.77 (3.6%) / 0.653 (7.9%) 


Observations from results in CPA:

· All proposed double codebooks do not suffer in terms of SU-MIMO performance compared to that for the Rel. 8 codebook (if the limitation of the maximum transmission power per eNode B antenna is not considered).
· With low and high angular spreads, double codebooks do not provide a significant performance gain over that for the Rel. 8 codebook.
· Compared to wideband W2 feedback, subband W2 feedback provides a negligible additional performance gain although the feedback overhead is significantly increased.
3. Conclusions

This contribution provided the performance evaluation results of different double codebook structures for 4 Tx antennas. Based on the results, our observations are given below.
· All proposed double codebooks do not suffer in terms of SU-MIMO performance compared to that for the Rel. 8 codebook (if the limitation of the maximum transmission power per eNode B antenna is not considered).
· For SU/MU switching, both W2W1 and W1W2 provide gain (up to 14%) over that for the Rel. 8 codebook in the case of ULA with a low angular spread only and the gain is marginal for a high angular spread (up to 2%). In the case of CPA, both W2W1 and W1W2 provide smaller gains than the case of ULA (up to 8% for a low angular spread and up to 5% for a high angular spread). We think that the overall gains are rather too limited to justify the additional standardization efforts for introducing the double codebook structure as well as the respective feedback signaling scheme for 4Tx.
· Nevertheless, if the double codebook structure should be adopted for 4Tx antenna configuration at all, we think that W1W2 structure is more suitable than W2W1 since W1W2 structure provides better performance for CPA configuration, which should be given a higher priority than ULA from a practical deployment point of view.
· Subband W2 feedback provides a negligible additional performance gain as compared to wideband W2 feedback at least for the evaluated narrow antenna spacing configuration although the feedback overhead is significantly increased. This observation may be different in case of wider antenna spacing and thus, subband W2 feedback could still be considered if sufficient gain is observed for such wider antenna spacing.
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Appendix: Simulation Assumptions

	Parameters
	Assumptions in evaluations

	Cell layout 
	Hexagonal grid, 19 cell-sites, 3 sectors per cell-site 

	Duplex method
	FDD

	Carrier frequency 
	2 GHz 

	Bandwidths 
	10 MHz

	Average number of UEs per sector
	10

	Channel model 
	3GPP Case 1 (3D), SCM-UMa with low/high angular spread, 3km/h

	Traffic model 
	Full buffer 

	Subframe (TTI) length 
	1 msec 

	RB bandwidth 
	180 kHz (12 subcarriers) 

	Subband bandwidth 
	1.08 MHz (6 RBs) 

	Transmission power of eNode B 
	46 dBm 

	MCS set 
	QPSK (R = 1/8 - 5/6), 16QAM (R = 1/2 - 5/6) 

64QAM (R = 3/5 - 4/5) 

	Control delay (scheduling, AMC) 
	6 TTIs 

	HARQ 
	Chase combining 

	Round trip delay (HARQ) 
	8 msec 

	Antenna configuration 
	Alt 1. Co-polarized antenna (Vertical )


eNB:  0.5 wave lengths 4Tx: I I I I 


UE:  0.5 wave lengths 2Rx: I I 

Alt 2. Cross-polarized antenna


eNB:  0.5 wave lengths 4Tx: XX   +45/-45 

UE:  0.5 wave lengths 2Rx: X   +90/0

	Transmission scheme 
	SU-MIMO: 
rank adaptation

up to 2 layers for one UE

MU-MIMO:
rank adaptation

up to 2 layers for one UE, 

up to 4 co-scheduled UEs, 

up to 4 layers in total.
SU/MU dynamic switching is enabled.

	Feedback modes 
	PUSCH Mode 3-1 : Wideband W1, Wideband W2, Subband CQI

PUSCH Mode 3-2 : Wideband W1, Subband W2, Subband CQI 

	Scheduling algorithm 
	Frequency-domain channel-dependent scheduling based on PF 

	Time interval of W1 and W2 feedback 
	5 TTIs for both

	Feedback error 
	No PMI feedback error

	Channel estimation / CQI measurement error
	Non-ideal: N(0, 1 dB) per RB 

	Link error prediction
	Outer-loop control based on ACK/NACK report.
1st transmission target BLER: 0.1

	UE receiver assumption 
	MMSE 
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