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Introduction
At the RAN1 #82bis meeting [1], a general framework for the 2D codebook and the rank-1 codebook design was discussed and agreed in [2]. Subsequent discussion on rank-2 to rank-8 codebook was carried out in the email discussion of [3]. Proposals were submitted in the email discussion and summarized by rapporteur in [4]. In this contribution, we provide performance evaluation and comparison of the proposed codebooks.
2D Codebook Proposals
After the RAN1 #82bis meeting, an email discussion was made to collect 2D codebook proposals for rank>=2 from companies. In [4], the rapporteur has briefly summarized all proposals, which are copied below in Table 1. It is noticed that in proposal 1, there is an alternative proposal for config 3, based on another beam subset selection pattern, which we denote by proposal 1-Alt.
Table 1: Summary of Codebook Proposals for High Ranks
	No.
	Proposal
	Codebook availability

	
	
	Rank 2
	Rank 3-4
	Rank 5-8

	1
	Samsung/Ericsson/NTT DOCOMO/CATT
	x
	x
	x

	1-Alt
	Samsung/Ericsson/NTT DOCOMO/CATT alternative beam subset selection pattern for Config 3
	x
	x
	

	2
	Alcatel-Lucent/ASB
	x
	x
	x

	3
	Huawei/HiSilicon
	x
	x
	x

	4
	CMCC
	x
	x
	x

	5
	Intel
	x
	x
	

	6
	LGE
	x
	x
	x

	7
	Qualcomm
	x
	x
	

	8
	ZTE
	x
	x
	



In our accompanying contribution [5], we have analyzed pros/cons of each proposal, mainly from the implementation feasibility point of view. In this proposal, we provide performance evaluation results which can be used in combination with our analysis in [5] to compare proposals. 
Performance Comparison of Config 3 Proposals of Rank-2 Codebook
For rank-2 codebook design, the proposals are quite aligned for Config 1 and Config 4, whereas proposals are mainly different in Config 3 design. Then we mainly focus on the performance evaluation for Config 3.
Key evaluation parameter values are summarized in Table A. Since it is motivated to verify the high rank codebook design, low and middle traffic loads are considered. As the over-sampling factor of (O1, O2) = (8, 4) is mostly used, we mainly focus on the performance evaluation of these values. We simulate the CSI-RS ports of (N1, N2) = (4, 2), (2, 4), (3, 2) and (2, 3) and the results are summarized in Table 1, 2, 3 and 4. In those tables, we also show the beam group size and master codebook size information in order to briefly present our analysis made in [5].

Table 2: Rank-2 Config 3 codebook performance, (M,N,P,Q) = (8, 4, 2, 16), (N1, N2) = (4, 2)
[image: ]
Table 3: Rank-2 Config 3 codebook performance, (M,N,P,Q) = (8, 3, 2, 12), (N1, N2) = (3, 2)
[image: ]
Table 4: Rank-2 Config 3 codebook performance, (M,N,P,Q) = (8, 2, 2, 16), (N1, N2) = (2, 4)
[image: ]
Table 5: Rank-2 Config 3 codebook performance, (M,N,P,Q) = (9, 2, 2, 12), (N1, N2) = (2, 3)
[image: ]
From the system level evaluation results, and combined with the analysis made in [5]. We observe that proposal 1-Alt provides a best tradeoff between implementation complexity and system performance for the rank-2 config 3 codebook design.
Proposal: For rank-2 codebook, use the proposal in R1-156381 with the alternative design for Config 3, i.e., the rank-2 master codebook is given as follows.
Table 6: Master codebook table for rank-2.
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Table 7: Codeword subset selection table for rank-2.
	Config
	
Selected  indices
	(s1,s2)

	1
	0-1
	(1,1)

	2
	0-3, 8-9, 16-19, 22-23, 28-31
	(2,2)

	3
	4-7, 16-27
	(2,2)

	4
	0-15
	(2,2)



Summary
In this contribution, we made system level evaluation of the codebook proposals. Based on our investigation, the following proposal can be made.

Proposal: For rank-2 codebook, use the proposal in R1-156381 with the alternative design for Config 3.
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Appendix
[bookmark: _Ref394499956]Table A: Evaluation assumptions
	Parameter
	Values

	Scenario / channel model
	3D-UMi (ISD: 200 m)

	Carrier frequency 
	2 GHz 

	System bandwidth
	10 MHz (50 RBs) 

	eNB antenna configurations
	(dH, dV) = (0.5 , 0.8 ), etilt = 100 deg.

	Total BS Tx power
	41 dBm

	UE antenna configurations
	2 X-pol (0/90 deg.)

	UE speed
	3 km/h

	Indoor UE ratio
	80 %

	MIMO scheme
	SU -MIMO 

	UE receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel. 12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel. 12 [71-12] assumptions

	CSI feedback scheme
	Subband PMI and CQI

	CSI-RS transmission interval /
CSI feedback interval
	5 ms for RI, PMI and CQI, 200 ms for beam selection

	Traffic model
	FTP Model 1 with packet size 0.5 Mbytes
(low: ~20 % RU, medium: ~50 % RU, high: ~70 % RU)

	Scheduler
	Proportional fairness

	Control delay
	6 ms

	HARQ
	Chase combining with 8 ms RTD
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Proposals
Traffic Load Perforn_lance =

Metrics 1,8 1-Alt 3 4 6,7

Low UPT Mean 34.1 34.6 34.4 35.0 33.9
(Mbits/s) 5%

o 11.13 11.19 1.5 1.5 10.8

50% 33.6 34.4 33.6 35.0 33.3

Real RU 0.205 0.205 0.205 0.201 0.208

Middle UPT Mean 22.2 23.3 23.2 23.0 224
(Mbits/s) 5%

o 5.01 5.43 5.71 5.13 4.92

50% 18.2 19.8 19.8 19.6 18.7

Real RU 0.483 0.463 0.459 0.467 0.474

Beam Group X Size in W1 7 4 4 4 4
Master Codebook Size 32 32 32 32 >32
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Proposals
Traffic Load Perforn_lance =
Metrics 1,8 1-Alt 3 4 6,7
Low UPT Mean 32.9 33.3 33.6 33.5 33.2
(Mbits/s) 5%
o 10.6 10.36 11.43 10.31 10.33
50% 31.8 32.3 32.5 32.7 32.3
Real RU 0.217 0.215 0.211 0.213 0.213
Middle UPT Mean 21.2 21.6 21.0 21.0 21.0
(Mbits/s) 5%
o 4.88 4.68 4.61 4.74 4.70
50% 17.4 17.7 17.1 17.2 16.9
Real RU 0.493 0.483 0.498 0.500 0.502
Beam Group X Size in W1 7 4 4 4 4
Master Codebook Size 32 32 32 32 >32
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Proposals
Traffic Load Perforn_lance =

Metrics 1,8 1-Alt 3 4 6,7

Low UPT Mean 33.5 32.3 33.1 324 32.9
(Mbits/s) 5%

o 10.84 9.73 10.49 9.58 10.31

50% 32.3 30.8 32.0 30.62 31.8

Real RU 0.204 0.229 0.217 0.224 0.217

Middle UPT Mean 21.2 21.7 21.2 21.6 21.8
(Mbits/s) 5%

o 4.78 4.82 4.68 4.87 5.12

50% 17.4 17.6 17.4 17.8 17.9

Real RU 0.485 0.486 0.493 0.485 0.488

Beam Group X Size in W1 7 4 4 4 4
Master Codebook Size 32 32 32 32 >32
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Proposals
Traffic Load Perforn_lance =

Metrics 1,8 1-Alt 3 4 6,7

Low UPT Mean 36.4 36.0 35.6 36.1 36.13
(Mbits/s) 5%

o 12.41 12.6 12.2 12.4 12.60

50% 37.5 36.2 36.2 37.1 37.45

Real RU 0.186 0.189 0.194 0.191 0.187

Middle UPT Mean 25.5 26.2 254 254 25.5
(Mbits/s) 5%

o 6.50 6.77 6.36 6.43 6.28

50% 22.2 23.1 22.2 22.1 224

Real RU 0.426 0.409 0.418 0.425 0.428

Beam Group X Size in W1 7 4 4 4 4
Master Codebook Size 32 32 32 32 >32





