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1 Introduction
In RAN1#73, there was the following agreement on 4Tx rank 1-2 codebook. 
 Agreement: 

· W1 with wide-spaced beams (2a or 2b) for the sake of robustness of the gains
Option 2a:
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Option 2b:
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Since the two agreed codebooks have not been evaluated, it is requested to evaluate these two codebooks and select one of them with better performance. In this contribution, we give an analysis of the codebook design of option 2a and 2b, and provide evaluation results of the codebooks. 
2 Evaluation Results 
Comparing option 2a and 2b, we can see that the design of W1 and W2 for rank 1 are the same, the only difference between the two options is found in W2 for rank 2. For convenience of performance comparison and without loss of generality, we can evaluate the codebook under the assumption of SU-MIMO with only rank-2 transmission. 
In option 2a, the design of W2 for rank 2 is similar to 8Tx codebook in Rel-10. The complexity of the option 2a may be lower than option 2b, which comprises with at least 3 types of structures. In addition, since the design of four widely-spaced beams in W1 is mainly for performance gain in widely-spaced antennas scenario, some structures of W2 in option 2b designed for widely-spaced case will not bring gains any more, which means the effective codebook size will be reduced. Thus, the performance of option 2a will be better than 2b with a bigger size of effective codebook. 
In the following, we present the system level evaluation results in Table 1,Table 2 and Table 3. The simulation results in Table 1 and Table 2 are based on SU-MIMO with only rank 2 transmission. In Table 3, we also show the results of MU-MIMO transmission with rank adaptation. The details of simulation assumptions are given in Appendix 1.
Evaluation results based on Full buffer traffic model:
Table 1. The performance evaluation in SU-MIMO with rank 2 transmission
	Traffic model

	Codebooks
	Cross-polarized
(Closely-spaced antennas: 
[image: image4.wmf]0.5

l

)
	Cross-polarized 
(Widely-spaced antennas: 
[image: image5.wmf]4

l

)

	
	
	Average
	Cell-edge
	Average
	Cell-edge

	Full buffer
	Option 2a
	1.9216
	1.69%
	0.02096
	0.0%
	1.7814
	0.81%
	0.01853
	0.0%

	
	Option 2b
	1.8897
	/
	0.02099
	/
	1.7671
	/
	0.01857
	/


Table 2. The performance evaluation in SU-MIMO with rank 2 transmission with TAE

	Traffic model

	Codebooks
	Cross-polarized 
(Closely-spaced antennas: 
[image: image6.wmf]0.5

l

)
	Cross-polarized 
(Widely-spaced antennas: 
[image: image7.wmf]4

l

 )

	
	
	Average
	Cell-edge
	Average
	Cell-edge

	Full buffer,

TAE=12ns
	Option 2a
	1.9163
	1.80%
	0.02055
	0.33%
	1.7799
	0.60%
	0.01816
	-0.33%

	
	Option 2b
	1.8824
	/
	0.02048
	/
	1.7692
	/
	0.01822
	/


Table 3. The performance evaluation in MU-MIMO with rank adaptation
	Traffic mode

	Codebooks
	Cross-polarized 
(Closely-spaced antennas: 
[image: image8.wmf]0.5

l

)
	Cross-polarized 
(Widely-spaced antennas: 
[image: image9.wmf]4

l

)

	
	
	Average
	Cell-edge
	Average
	Cell-edge

	Full buffer
	Option 2a
	2.1583
	1.05%
	0.05406
	0.91%
	1.9256
	0.73%
	0.04661
	2.35%

	
	Option 2b
	2.1359
	/
	0.05357
	/
	1.9116
	/
	0.04554
	/


Evaluation results based on FTP traffic model:
Table 4. The performance evaluation in SU-MIMO with rank 2 transmission

	Traffic mode

	Codebooks
	Cross-polarized 
(Closely-spaced antennas: 
[image: image10.wmf]0.5

l

)
	Cross-polarized 
(Widely-spaced antennas: 
[image: image11.wmf]4

l

)

	
	
	Average
	Cell-edge
	Average
	Cell-edge

	FTP-1

Lambda=2.5
	Option 2a
	1.5852
	1.56%
	0.3098
	7.35%
	1.4775
	9.04%
	0.2825
	14.42%

	
	Option 2b
	1.5609
	/
	0.2886
	/
	1.3550
	/
	0.2469
	/


From Table 1, Table 2 and Table 3, we can see that the performance of option 2a is better than option 2b. Taking into account of the codebook complexity and performance, the codebook structure of option 2a is preferred.
Proposal 1: The structure of option 2a is preferred due to lower complexity and better system performance.
3 Further Consideration of the Codebook 
Since W1 contains 4 widely-spaced beams, there are two different W1 in the codebook corresponding to the same 4 beams, e.g.,
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. It clearly shows that the same 4 beams are included in
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, which will result in repetition of  codewords in rank2 of the codebook. As an example, we consider a common 
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in both option 2a and 2b, which is given by
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, combining W1 and (1), one of the corresponding codewords is given by 
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On the other hand, if 
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, the corresponding codeword can also be expressed as (2).  It means that, with
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in (1), the corresponding four codewords will be same with
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. This repetition will reduce the size of effective codebook and decrease the system performance. It is worth noting that the repeated beams are different from beam-overlapping in Rel-10 8Tx codebook, which is beneficial for beams coverage. Besides the 
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in (1), the repeated beams are also can be found in
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or    
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To improve the system performance, it can be considered to slightly modify the rank 2 codebook with a phase shift coefficient 
[image: image31.wmf]b

 introduced in 
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 of rank2 codebook as that of rank 1 codebook.
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. Since the value of 
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 is dependent on 
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, there is no requirement of feedback overhead. With the help of
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, the same beams in 
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 will experience different phase shifts and no repeated codewords will be contained in the codebook now. Equivalently, the size of the effective codebook is expanded by
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Simulation:

In the following, we compare the proposed beta based codebook with option 2a and 2b. In Table 5 and Table 6, we show the performance under assumption of SU-MIMO with rank 2 transmission. In Table 7, we show the performance in the MU-MIMO transmission with rank adaptation. The details of simulation parameters are given in Appendix 1.
Evaluation results based on Full buffer traffic model:
Table 5. The performance evaluation in SU-MIMO with rank 2 transmission
	Traffic model

	Codebooks
	Cross-polarized 
(Closely-spaced antennas: 
[image: image43.wmf]0.5

l

)
	Cross-polarized 
(Widely-spaced antennas: 
[image: image44.wmf]4

l

 )

	
	
	Average
	Cell-edge
	Average
	Cell-edge

	Full buffer
	Option 2a_beta
	1.9343
	2.36%
	0.02155
	2.67%
	1.7993
	1.82%
	0.01889
	0.1%

	
	Option 2a
	1.9216
	1.69%
	0.02096
	0.0%
	1.7814
	0.81%
	0.01853
	0.0%

	
	Option 2b
	1.8897
	/
	0.02099
	/
	1.7671
	/
	0.01857
	/


Table 6. The performance evaluation in SU-MIMO with rank 2 transmission with TAE

	Traffic model

	Codebooks
	Cross-polarized 
(Closely-spaced antennas: 
[image: image45.wmf]0.5

l

)
	Cross-polarized 
(Widely-spaced antennas: 
[image: image46.wmf]4

l

)

	
	
	Average
	Cell-edge
	Average
	Cell-edge

	Full buffer,

TAE=12ns
	Option 2a_beta
	1.9229
	2.15%
	0.02128
	3.91%
	1.7813
	0.68%
	0.01818
	-0.22%

	
	Option 2a
	1.9163
	1.80%
	0.02055
	0.33%
	1.7799
	0.60%
	0.01816
	-0.33%

	
	Option 2b
	1.8824
	/
	0.02048
	/
	1.7692
	/
	0.01822
	/


Table 7. The performance evaluation in MU-MIMO with rank adaptation

	Traffic mode

	Codebooks
	Cross-polarized 
(Closely-spaced antennas: 
[image: image47.wmf]0.5

l

)
	Cross-polarized 
(Widely-spaced antennas: 
[image: image48.wmf]4

l

)

	
	
	Average
	Cell-edge
	Average
	Cell-edge

	Full buffer
	Option 2a_beta
	2.1678
	1.49%
	0.05511
	2.87%
	1.9327
	1.10%
	0.04685
	2.88%

	
	Option 2a
	2.1583
	1.05%
	0.05406
	0.91%
	1.9256
	0.73%
	0.04661
	2.35%

	
	Option 2b
	2.1359
	/
	0.05357
	/
	1.9116
	/
	0.04554
	/


Evaluation results based on FTP traffic model:
Table 8. The performance evaluation in SU-MIMO with rank2 transmission

	Traffic mode

	Codebooks
	Cross-polarized
 (Closely-spaced antennas: 
[image: image49.wmf]0.5

l

)
	Cross-polarized 
(Widely-spaced antennas: 
[image: image50.wmf]4

l

)

	
	
	Average
	Cell-edge
	Average
	Cell-edge

	FTP-1

Lambda=2.5
	Option 2a_beta
	1.6173
	3.61%
	0.3225
	11.7%
	1.5797
	16.6%
	0.3142
	27.2%

	
	Option 2a
	1.5852
	1.56%
	0.3098
	7.35%
	1.4775
	9.04%
	0.2825
	14.42%

	
	Option 2b
	1.5609
	/
	0.2886
	/
	1.3550
	/
	0.2469
	/


From Table 5-Table 8, we can see that, introducing the phase shift coefficient 
[image: image51.wmf](
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 in W2 of rank 2 can improve the performance.
Proposals 2: it is proposed to consider introducing a phase shift coefficient
[image: image52.wmf](
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 in W2 of rank 2 for performance improvement. 
4 Conclusions
In this contribution, we present the evaluation results based on the agreed evaluation assumptions. Based on the analysis and the evaluation results, there are following proposals: 
Proposal 1: The structure of option 2a is preferred due to lower complexity and better system performance.
Proposals 2: It is proposed to consider introducing a phase shift coefficient
[image: image53.wmf](
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 in W2 of rank 2 for performance improvement. 
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Appendix 1: Simulation Assumptions
	Parameter
	Value

	Channel Mode
	Fading Scenario: ITU UMa for Macro and UMi for LPN

	
	100% users are located outdoorsmoutdoor []outdoor. users in scenario A i

















































































	Central Frequency
	2GHz

	UE location
	80% indoor, 20% out door

	Antenna configuration
	4 Tx at eNodeB with 
[image: image54.wmf]0.5

l

spacing
Cross-polarized: ( 45 degrees  or co-polarized

	
	2 Rx at UE with 
[image: image55.wmf]0.5

l

spacing
Cross-polarized: ( 45 degrees

	
	TAE = 12 ns

	
	ideal antenna calibration
3D antenna pattern

	UE Speed
	3km/h

	System Bandwidth
	50RBs

	Subband size
	5RBs 

	Scheduler
	PF

	Transmit Mode
	TM10 with a single CSI process

	
	SU/MU –MIMO dynamic switching: rank-adaption, 

max 2 layers for each user in SU-MIMO

	
	Maximum number of paired users is 2,

 1 layer for each user in MU-MIMO

	Receiver
	Non-ideal channel estimation

	
	Non-ideal interference modeling, Wishart order is selected as 
[image: image56.wmf]64
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	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-2

	
	CQI and PMI reporting triggered per 5ms

	
	Feedback delay is 5 ms

	Overhead
	3 symbols for DL CCHs and DM-RS with 12 REs per PRB

	
	Total overhead: 33%
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