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1. Introduction
In RAN1 #72bis it was agreed [1, 2] that 4Tx codebook enhancement should be adopted at least for rank 1-2.  4Tx rank 3-4 codebook was still FFS until RAN1#73. Some other codebook design constraints, for example constant modulus and a grid of beam design similar to Rel.10 8Tx codebook, were agreed as working assumptions. Codebook design details had already been illustrated and submitted by all the interested companies in email discussion [72bis-05] for further decision in RAN1#73.
In this contribution, we clarify configuration details of 4Tx dual codebook for rank 1-2 [3], and also evaluate and compare different kinds of codebook proposals from different companies in email discussion [72bis-05].  Some details of transmission and feedback modes related to enhanced 4Tx codebook can be found in our companion paper [4]. 
2. 4Tx dual codebook details for rank 1-2
Dual codebook structure is defined as 
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 similar to Rel.10 8Tx codebook. Configuration details of W1 and W2 codebook are given here for rank 1-2 respectively, and the same W1 codebook is assumed for rank 1-2 codebook design. 
W1 codebook:
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where 
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 matrix with 4 adjacent or orthogonal 16DFT beams; the set of DFT beam coefficients 
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 has 2 overlapped beams; the total number of W1 entries is 16. Therefore the feedback overhead is 4 bits for W1 codebook.
W2 codebook for rank 1:
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where 
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 selection vector with all zeros except for the l-th element with value 1. Column selection vector 
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 respectively select the same or different DFT beams from W1 for each polarization, and their quantization bit is 2. Besides, co-phasing information between two polarizations is quantized by 2 bits. Therefore the total number of W2 entries is 16 for rank 1, and its feedback overhead is 4 bits.
W2 codebook for rank 2:
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where column selection vector y1~y4  respectively select the same or different DFT beams from W1 for each polarization and each layer, and their quantization bit is 3; Co-phasing information between two polarizations is quantized by 1 bit. Therefore the total number of W2 entries is 16 for rank 2, and its feedback overhead is 4 bits.
3. Performance evaluation

The dual codebook structure was agreed to support block diagonal based W1 with a grid of beam design similar to Rel.10 8Tx codebook in RAN1#72bis [1]. All the submitted codebook proposals in [72bis-05] are designed according to this agreed codebook structure [3] [5~14]. The differences of W1 codebook design mainly come from DFT beam granularity and beam coefficient set per block matrix. For W2 codebook design, different co-phasing and beam selections are taken into account for each polarization and each layer. In this section, most of these codebook proposals [3] [5~14] are evaluated and compared with each other in terms of performance as well as feedback overhead.
In the evaluation, feedback enhancement methods including enhanced 4 Tx codebook and new PUSCH mode 3-2 are employed simultaneously to show the throughput improvement for 4Tx DL MIMO, using the agreed simulation assumptions [15]. The common baseline performance of 4Tx for all codebook proposals is achieved by using Rel.10 4Tx codebook and PUSCH mode 3-1. Scenario A with 20% outdoor/80% indoor UE distribution is evaluated in full buffer model, and two kinds of antenna configuration are evaluated separately, such as closely or widely spaced CLA. Details of simulation assumption are given in Table A-1 in Appendix A.
Figures 1-4 below evaluate different enhanced codebook proposals in terms of cell average gains and cell edge gains under closely and widely spaced antenna configurations respectively. The indices of codebook proposal in these figures are aligned with the number indicated in table 1 from different companies. Table 1 also shows system performance gains in different antenna configurations as well as codebook size for W1 and W2 codebook in rank 1-2. The detailed throughput values of two antenna configurations are also listed in Table A-2 and A-3 in the Appendix A respectively.
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Figure 1 Statistic of cell average gains over baseline Rel.10 MIMO in 4Tx closely spaced antenna
[image: image13.emf]1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Statistic of cell edge gains in 4Tx closely spaced antenna

Cell edge gains

Index of codebook proposals

11%

7%

-4%

-9%

-2% 0%

-7%

0%

2% 2%

7%

-2% 0%

4%

2%


Figure 2 Statistic of cell edge gains over baseline Rel.10 MIMO in 4Tx closely spaced antenna
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Figure 3 Statistic of cell average gains over baseline Rel.10 MIMO in 4Tx widely spaced antenna
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Figure 4 Statistic of cell edge gains over baseline Rel.10 MIMO in 4Tx widely spaced antenna

Table 1 Statistic of performance gains and codebook quantization bit in Scenario A
	Index
	Codebook
	4Tx closely spaced antenna
	4Tx widely spaced antenna
	W1 (bit) for rank 1/2
	W2 (bit) for rank 1/2

	
	
	Cell average gains
	Cell edge gains
	Cell average gains
	Cell edge gains
	
	

	1
	Enhanced codebook from ALU [3]
	7%
	11%
	6%
	5%
	4/4
	4/4

	2
	Enhanced codebook from Huawei [5]
	6%
	7%
	5%
	8%
	4/4
	4/4

	3
	Enhanced codebook from Fujitsu [6]
	5%
	-4%
	4%
	8%
	4/4
	4/4

	4
	Enhanced codebook from Samsung alt1 [7]
	2%
	-9%
	3%
	-13%
	4/4
	4/4

	5
	Enhanced codebook from Samsung alt2 [7]
	3%
	-2%
	4%
	5%
	4/4
	4/4

	6
	Enhanced codebook from Qualcomm [8]
	6%
	0%
	5%
	8%
	4/4
	3/3

	7
	Enhanced codebook from Renesas alt1 [9]
	6%
	-7%
	5%
	5%
	4/4
	3/3

	8
	Enhanced codebook from Renesas alt2 [9]
	5%
	0%
	4%
	3%
	4/4
	4/4

	9
	Enhanced codebook from TI alt1 [10]
	6%
	2%
	5%
	0%
	4/4
	4/4

	10
	Enhanced codebook from TI alt2 [10]
	5%
	2%
	4%
	8%
	4/4
	4/4

	11
	Enhanced codebook from Ericsson [11]
	6%
	7%
	5%
	5%
	4/4
	3/3

	12
	Enhanced codebook from ZTE [12]
	5%
	-2%
	5%
	13%
	4/4
	4/4

	13
	Enhanced codebook from LGE [13]
	5%
	0%
	4%
	5%
	4/4
	4/4

	14
	Enhanced codebook from NEC alt1 [14]
	6%
	4%
	5%
	13%
	4/4
	3/3

	15
	Enhanced codebook from NEC alt2 [14]
	5%
	2%
	5%
	3%
	4/4
	4/4


From the above Figures 1-4 and Table 1, we have the following observations:

Observation 1: Majority of enhanced codebook proposals outperform legacy Rel.10 codebook for both closely and widely spaced antenna configurations, such as 2~7% cell average gain and up to 13% cell edge gain.
Observation 2: The proposed dual codebook [3] (index 1 above) should be considered for the new 4Tx codebook design due to slightly superior performance gains for both antenna configurations.
Therefore the following proposal is suggested:

· Proposal 1: Finer spatial granularity should be introduced for the 4Tx PMI feedback, by means of the proposed dual codebook structure in [3] (also given in Appendix B)  for rank 1-2. 
4. Summary

In this contribution, configuration and evaluation details of 4Tx enhanced codebook have been illustrated for DL MIMO feedback enhancement, and the following proposal is suggested:

· Proposal 1: Finer spatial granularity should be introduced for the 4Tx PMI feedback, by means of the proposed dual codebook structure in [3] (also given in Appendix B) for rank 1-2. 
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Appendix A
Table A-1 System simulation assumptions for codebook proposal evaluations
	Parameter
	Values used for evaluation

	Performance metrics
	Cell average spectrum efficiency, 5%ile and 50%ile user spectrum efficiency

Jain Index 

	Deployment scenarios
	Scenario A

	Traffic modeling
	Full-buffer model

	Outdoor-indoor ratio
	20% outdoor/80% indoor UE distribution

	Number of UEs per sector
	10 UE per macro cell with uniform distribution

	System bandwidth
	10 MHz 

	Transmission mode
	TM10 with single CSI process

	Network synchronization
	Synchronized

	Antenna configuration
	For eNB: 4Tx with 2 columns, cross-polarized on each column, closely or widely spaced (4λ) ( X X or X     X

For UE: 2Rx cross-polarized ( +

	Feedback scheme (e.g. CQI/PMI/RI)
	5ms feedback period and 5ms delay between feedback and transmission
PUSCH 3-1 or PUSCH 3-2

	MIMO mode
	SU/MU-MIMO: dynamic rank 1 or 2 selection in SU-MIMO, rank 1 per UE in MU-MIMO, and dynamic switching between SU-MIMO and MU-MIMO

	Maximal number of co-scheduled UE
	2

	Channel estimation
	non-ideal modeling of channel estimation based on CSI-RS, or DM-RS

	Feedback error
	0.1% bit error rate

	Receiver type
	MMSE-IRC receiver at the UE 

	Control channel and reference signal overhead
	Fixed 0.3063

	Link adaptation
	Non-ideal, with outer-loop control 


Table A-2 4Tx performance enhancement in Scenario A and closely spaced antenna

	Codebook
	Average Cell SE (bps/Hz/cell)
	50%ile user SE (bps/Hz/user)
	5%ile user SE (bps/Hz/user)
	Jain Index

	Baseline Rel. 10 codebook
	2.64
	0.20
	0.045
	0.63

	Enhanced codebook from ALU [3]
	2.82
	0.21
	0.050
	0.61

	Enhanced codebook from Huawei [5]
	2.79
	0.20
	0.048
	0.61

	Enhanced codebook from Fujitsu [6]
	2.78
	0.20
	0.043
	0.61

	Enhanced codebook from Samsung alt1 [7]
	2.70
	0.19
	0.041
	0.60

	Enhanced codebook from Samsung alt2 [7]
	2.73
	0.19
	0.044
	0.60

	Enhanced codebook from Qualcomm [8]
	2.80
	0.20
	0.045
	0.61

	Enhanced codebook from Renesas alt1 [9]
	2.80
	0.20
	0.042
	0.61

	Enhanced codebook from Renesas alt2 [9]
	2.78
	0.20
	0.045
	0.61

	Enhanced codebook from TI alt1 [10]
	2.81
	0.20
	0.046
	0.61

	Enhanced codebook from TI alt2 [10]
	2.76
	0.20
	0.046
	0.61

	Enhanced codebook from Ericsson [11]
	2.81
	0.21
	0.048
	0.61

	Enhanced codebook from ZTE [12]
	2.78
	0.21
	0.044
	0.62

	Enhanced codebook from LGE [13]
	2.78
	0.20
	0.045
	0.61

	Enhanced codebook from NEC alt1 [14]
	2.80
	0.20
	0.047
	0.61

	Enhanced codebook from NEC alt2 [14]
	2.77
	0.20
	0.046
	0.61


Table A-3 4Tx performance enhancement in Scenario A and widely spaced antenna

	Codebook
	Average Cell SE (bps/Hz/cell)
	50%ile user SE (bps/Hz/user)
	5%ile user SE (bps/Hz/user)
	Jain Index

	Baseline Rel. 10 codebook
	2.56
	0.19
	0.038
	0.61

	Enhanced codebook from ALU [3]
	2.71
	0.20
	0.040
	0.60

	Enhanced codebook from Huawei [5]
	2.68
	0.19
	0.041
	0.60

	Enhanced codebook from Fujitsu [6]
	2.67
	0.19
	0.041
	0.60

	Enhanced codebook from Samsung alt1 [7]
	2.64
	0.19
	0.033
	0.59

	Enhanced codebook from Samsung alt2 [7]
	2.66
	0.20
	0.040
	0.59

	Enhanced codebook from Qualcomm [8]
	2.69
	0.19
	0.041
	0.60

	Enhanced codebook from Renesas alt1 [9]
	2.68
	0.19
	0.040
	0.60

	Enhanced codebook from Renesas alt2 [9]
	2.67
	0.19
	0.039
	0.60

	Enhanced codebook from TI alt1 [10]
	2.70
	0.19
	0.038
	0.60

	Enhanced codebook from TI alt2 [10]
	2.67
	0.19
	0.041
	0.60

	Enhanced codebook from Ericsson [11]
	2.69
	0.20
	0.040
	0.61

	Enhanced codebook from ZTE [12]
	2.69
	0.19
	0.043
	0.59

	Enhanced codebook from LGE [13]
	2.67
	0.19
	0.040
	0.60

	Enhanced codebook from NEC alt1 [14]
	2.68
	0.19
	0.043
	0.60

	Enhanced codebook from NEC alt2 [14]
	2.68
	0.20
	0.039
	0.60


Appendix B – Matlab® code for Rank 1/2 Codebook from [3]
% Rank 1 codebook: Rank1_W1, Rank1_W2

% Rank 2 codebook: Rank2_W1, Rank2_W2

%%%%%%%%%%%%%%%%%%%%%%%%%%

% Codebook for Rank 1

%%%%%%%%%%%%%%%%%%%%%%%%%%

%% W1 generation

Rank1_W1 = zeros(4,8,16);

for idx = 0 : 15

    v12 = [1,1,1,1; exp(1j*2*pi/16*[idx,idx+1,idx+8,idx+9])];

    Rank1_W1(1:2, 1:4, idx+1) = v12;

    Rank1_W1(3:4, 5:8, idx+1) = v12;

end

%% W2 generation

Rank1_W2 = zeros(8,1,16);

PHA_mat = exp(1j*2*pi/4*[0 : 3]); % co-phasing

Imat = eye(4);

e1 = Imat(:,1);

e2 = Imat(:,2);

e3 = Imat(:,3);

e4 = Imat(:,4);

COLsel_mat = [e1,e2,e1,e2;e1,e2,e3,e4]; % column selection

idx = 0;

for idx_pha = 1 : length(PHA_mat)

    for idx_col = 1 : size(COLsel_mat, 2)

        idx = idx + 1;

        Rank1_W2(:,1,idx) = diag([ones(1,4), PHA_mat(idx_pha)*ones(1,4)])*COLsel_mat(:,idx_col);

    end

end

Rank1_W2=Rank1_W2/2; % codebook normalization 

%%%%%%%%%%%%%%%%%%%%%%%%%%

% Codebook for Rank 2

%%%%%%%%%%%%%%%%%%%%%%%%%%

%% W1 generation

Rank2_W1 = Rank1_W1;

%% W2 generation

Rank2_W2 = zeros(8,2,16);

PHA_mat = [1, 1j]; % co-phasing

COLsel_mat = [e1,e1,e2,e2,e1,e1,e2,e2,e1,e3,e2,e4,e1,e3,e2,e4; e1,-e1,e2,-e2,e3,-e3,e4,-e4,e1,-e3,e2,-e4,e3,-e1,e4,-e2]; % column selection

idx = 0;

for idx_pha = 1 : length(PHA_mat)

    for idx_col = 1 : size(COLsel_mat, 2)/2

        idx = idx + 1;

        Rank2_W2(:,:,idx) = diag([ones(1,4), PHA_mat(idx_pha)*ones(1,4)])*COLsel_mat(:,(idx_col-1)*2+[1:2]);

    end

end

Rank2_W2=Rank2_W2/2/sqrt(2); % codebook normalization 
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