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1. Introduction
In this contribution, rank 2 codebook for class A CSI reporting is proposed, based on the related agreements [1] in RAN1#82bis which include the following layer 1-2 design according to Config:

· Config =1: (L1,L2) = (1,1) for rank 1-2
· Config =2: (L1,L2) = (2,2) for rank 1-2 [square]

· Config =3: (L1,L2) = (2,2) for rank 1-2 [non-adjacent 2D beams/checkerboard]

· Config =4: (L1,L2) = (4,1), (1,4) for N1>=N2 and N1<N2 respectively for rank 1-2
In addition, the evaluation for the proposed codebook design is also provided. 
2. Codebook designs for 16-port CSI-RS
Due to the fact that the payload size of rank 2 codebook with Config 1 is 2 as shown in the agreed WF [1], 8-PSK is introduced for co-phasing of Config 1. The proposed codebook designs are as follows:

Table 1: Codebook for 2 layer CSI reporting for Config 1
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The following rank 2 codebook proposals for Config 2-4 are based on reusing legacy rank 2 beam pair mapping with total 4 beams in W1 which corresponds to {(0,0), (1,1), (2,2), (3,3), (0,1), (1,2), (0,3), (1,3)}, by associating each element to be (
[image: image8.wmf](),()

flgl

) representing 3D-beam pairs given by each Config, as shown in Table 3. Resulting codebook for 2 layer CSI reporting is presented in Table 2.
Table 2: Codebook for 2 layer CSI reporting for Config 2-4
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 is listed in Table 3.


Table 3: Definition of function
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for Config 2-4
	
	Config 2
	Config 3
	Config 4
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3. Performance Evaluation
In this section, we evaluate the performance of proposed codebook designs for 16-TXRU. Detailed simulation parameters and assumptions are listed in Annex A. Table 1 and 2 compare the performance of codebook designs with 4 Configs which are agreed in RAN1#82bis meeting for (2, 4, 2, 16) and (4, 2, 2, 16),respectively. For the simulation, we assume (O1,O2)=(4,4) and 3D-UMi scenario. 
Table 1: Performance comparison for (2, 4, 2, 16) in 3D-UMi scenario with (O1,O2)=(4,4)
	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Config 1
	 LGE
	3.379 
	
	1.034 
	
	3.306 
	0.24
	2

	
	
	2.530 
	
	0.501 
	
	2.210 
	0.46
	3

	
	
	1.865 
	
	0.200 
	
	1.361 
	0.71
	4

	
	Source [3]
	3.371 
	-0.2%
	1.047 
	1.3%
	3.306 
	0.24
	2

	
	
	2.516 
	-0.6%
	0.501 
	0.1%
	2.162 
	0.46
	3

	
	
	1.860 
	-0.2%
	0.201 
	0.5%
	1.347 
	0.7
	4

	Config 2
	 LGE
	3.443 
	1.9%
	1.067 
	3.2%
	3.419 
	0.24
	2

	
	
	2.606 
	3.0%
	0.530 
	5.7%
	2.312 
	0.45
	3

	
	
	1.927 
	3.3%
	0.213 
	6.2%
	1.409 
	0.69
	4

	
	Source [3]
	3.439 
	1.8%
	1.072 
	3.8%
	3.419 
	0.24
	2

	
	
	2.603 
	2.9%
	0.531 
	6.0%
	2.299 
	0.45
	3

	
	
	1.923 
	3.1%
	0.212 
	6.0%
	1.409 
	0.69
	4

	Config 3

	 LGE
	3.476 
	2.9%
	1.081 
	4.6%
	3.478 
	0.23
	2

	
	
	2.638 
	4.3%
	0.537 
	7.2%
	2.326 
	0.44
	3

	
	
	1.950 
	4.5%
	0.214 
	6.8%
	1.434 
	0.69
	4

	
	Source [3] 
	3.478 
	3.0%
	1.084 
	4.9%
	3.509 
	0.23
	2

	
	
	2.635 
	4.2%
	0.533 
	6.4%
	2.312 
	0.44
	3

	
	
	1.942 
	4.1%
	0.210 
	4.9%
	1.429 
	0.69
	4

	Config 4
	3.468 
	2.6%
	1.070 
	3.5%
	3.478 
	0.23
	2

	
	2.617 
	3.5%
	0.528 
	5.5%
	2.299 
	0.45
	3

	
	1.934 
	3.7%
	0.208 
	4.0%
	1.413 
	0.7
	4


As shown in the Table 1 and 2, the proposed scheme for Config 1 shows better performance in terms of mean UPT compared to the schemes in [2] due to larger co-phasing. This large co-phasing factor is introduced to achieve 2-bit W2 feedback for rank-2 codebook according to the agreement [1]. In Config 2, the performance gain between two sources is under 0.2% in terms of mean UPT for both (2, 4, 2, 16) and (4, 2, 2, 16). 

For Config 3, we evaluate the Alt. 1 out of two candidates in [2], since RAN1 already had been agreed for Config 3 as
Config =3: (L1,L2) = (2,2) for rank 1-2 [non-adjacent 2D beams/checkerboard]. 
Therefore, other codebook pattern except agreed configurations shall be precluded. At high load for (2,4,2,16), our proposal provide up to 0.4% and 1.87% performance gain over codebook design in [2].

Proposal 1. Codebook patterns other than agreed Configs shall be precluded.
Table 2: Performance comparison for (4, 2, 2, 16) in 3D-UMi scenario with (O1,O2)=(4,4)
	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Config 1
	 LGE
	3.132 
	
	0.875 
	
	2.920 
	0.27
	2

	
	
	2.175 
	
	0.338 
	
	1.724 
	0.54
	3

	
	
	1.521 
	
	0.110 
	
	0.917 
	0.79
	4

	
	Source [2]
	3.126 
	-0.2%
	0.872 
	-0.4%
	2.899 
	0.27
	2

	
	
	2.166 
	-0.4%
	0.340 
	0.7%
	1.739 
	0.54
	3

	
	
	1.516 
	-0.3%
	0.112 
	1.6%
	0.921 
	0.79
	4

	Config 2
	 LGE
	3.201 
	2.2%
	0.903 
	3.2%
	3.008 
	0.26
	2

	
	
	2.234 
	2.7%
	0.357 
	5.5%
	1.786 
	0.52
	3

	
	
	1.566 
	3.0%
	0.115 
	4.1%
	0.952 
	0.79
	4

	
	Source [2]
	3.200 
	2.2%
	0.893 
	2.0%
	3.008 
	0.26
	2

	
	
	2.231 
	2.6%
	0.352 
	4.2%
	1.794 
	0.53
	3

	
	
	1.567 
	3.0%
	0.116 
	4.9%
	0.955 
	0.79
	4

	Config 3
	 LGE
	3.207 
	2.4%
	0.893 
	2.0%
	3.042 
	0.26
	2

	
	
	2.230 
	2.5%
	0.354 
	4.6%
	1.786 
	0.53
	3

	
	
	1.556 
	2.3%
	0.112 
	1.5%
	0.928 
	0.79
	4

	
	Source [2] 
	3.212 
	2.6%
	0.907 
	3.6%
	3.053 
	0.26
	2

	
	
	2.221 
	2.1%
	0.350 
	3.5%
	1.747 
	0.53
	3

	
	
	1.555 
	2.2%
	0.112 
	1.1%
	0.937 
	0.79
	4

	Config 4
	3.181 
	1.6%
	0.853 
	-2.6%
	3.008 
	0.27
	2

	
	2.193 
	0.8%
	0.339 
	0.3%
	1.732 
	0.53
	3

	
	1.530 
	0.6%
	0.108 
	-2.4%
	0.907 
	0.8
	4


More results regarding antenna virtualization and 3D-UMa scenario are listed in Annex B. For the antenna virtualization, we assume that 4 TXRUs per column per polarization is virtualized to two adjacent antenna elements in the same column and polarization with tilting of 100 degrees. 
Considering the fact that our proposed codebooks with Config 2, 3 and 4 rely on the legacy W2 design and exhibit slightly better performance compared to [2] for each configuration, our proposed codebook for rank-2 would be a good candidate for EB/FD-MIMO. 
Proposal 2. Consider proposed rank-2 codebook designs for EB/FD-MIMO. 

4. Conclusion
In this contribution, we propose rank-2 codebook designs and evaluate their performance. The proposals based on the discussion above are given as follow:
Proposal 1. Codebook patterns other than agreed Configs shall be precluded.
Proposal 2. Consider proposed rank-2 codebook designs for EB/FD-MIMO. 
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 Annex A: Simulation Parameters and Assumptions
Table A-1: Simulation Parameters and Assumptions
	Scenarios 
	3D-UMi with ISD = 200m in 2GHz, 3D-UMa with ISD = 500m in 2GHz

	BS antenna configurations 
	Antenna elements config: (+/-45), 0.5λ horizontal / 0.8 λ vertical antenna spacing

	MS antenna configurations 
	2 Rx X-pol (0/+90) 

	System bandwidth 
	10MHz (50RBs) 

	UE attachment 
	Based on RSRP (formula) from CRS port 0 

	Duplex
	FDD

	Network synchronization
	Synchronized

	UE distribution 
	Follows TR36.873

	UE speed
	3km/h

	Polarized antenna modeling 
	Model-2 from TR36.873 

	UE array orientation 
	ΩUT,α uniformly distributed on [0,360] degree, ΩUT,β = 90 degree, ΩUT,γ = 0 degree

	UE antenna pattern 
	Isotropic antenna gain pattern A’(θ’,ф’) = 1 

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU, medium ~50% RU, high ~70%RU) [3]

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)

	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-RS, CRS 
	CSI-RS one-to-one mapping to TXRU, only CRS port 0 is modeled for UE attachment, CRS port 0 is associated with the first TXRU

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback
	CQI, PMI and RI reporting triggered per 10ms

	
	Feedback delay is 5 ms 

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB 

	Transmission scheme
	TM10, single CSI process, SU -MIMO with rank adaptation (no CoMP) 

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB 

	Metrics
	Average UE throughput, 5% UE throughput.


Annex B: Simulation Results
Table B-1: Performance comparison for (8, 2, 2, 16) in 3D-UMi scenario with (O1,O2)=(4,4)
	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Config 1
	3.368 
	
	1.050 
	
	3.279 
	0.24
	2

	
	2.507 
	
	0.496 
	
	2.174 
	0.46
	3

	
	1.861 
	
	0.187 
	
	1.347 
	0.7
	4

	Config 2
	3.455 
	2.6%
	1.075 
	2.4%
	3.390 
	0.23
	2

	
	2.582 
	3.0%
	0.518 
	4.4%
	2.247 
	0.45
	3

	
	1.908 
	2.5%
	0.197 
	5.5%
	1.384 
	0.7
	4

	Config 3
	3.442 
	2.2%
	1.072 
	2.1%
	3.390 
	0.24
	2

	
	2.564 
	2.3%
	0.499 
	0.6%
	2.210 
	0.45
	3

	
	1.908 
	2.5%
	0.188 
	0.9%
	1.389 
	0.7
	4

	Config 4
	3.417 
	1.4%
	1.047 
	-0.3%
	3.361 
	0.24
	2

	
	2.538 
	1.3%
	0.494 
	-0.4%
	2.189 
	0.46
	3

	
	1.860 
	-0.1%
	0.180 
	-3.5%
	1.333 
	0.71
	4


Table B-2: Performance comparison for (8, 4, 2, 16) in 3D-UMi scenario with (O1,O2)=(4,4)
	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Config 1
	3.634 
	
	1.254 
	
	3.810 
	0.21
	2

	
	2.934 
	
	0.725 
	
	2.703 
	0.38
	3

	
	2.342 
	
	0.376 
	
	1.961 
	0.58
	4

	Config 2
	3.688 
	1.5%
	1.274 
	1.6%
	3.884 
	0.21
	2

	
	3.016 
	2.8%
	0.753 
	4.0%
	2.797 
	0.37
	3

	
	2.419 
	3.3%
	0.387 
	2.9%
	2.062 
	0.57
	4

	Config 3
	3.713 
	2.2%
	1.290 
	2.9%
	3.922 
	0.21
	2

	
	3.029 
	3.3%
	0.766 
	5.8%
	2.817 
	0.37
	3

	
	2.429 
	3.7%
	0.388 
	3.4%
	2.073 
	0.57
	4

	Config 4
	3.699 
	1.8%
	1.295 
	3.2%
	3.960 
	0.21
	2

	
	3.017 
	2.8%
	0.755 
	4.2%
	2.797 
	0.37
	3

	
	2.406 
	2.7%
	0.381 
	1.4%
	2.041 
	0.58
	4


Table B-3: Performance comparison for (2, 4, 2, 16) in 3D-UMa 500m scenario with (O1,O2)=(4,4)
	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Config 1
	2.941 
	
	0.755 
	
	2.703 
	0.29
	2

	
	2.086 
	
	0.305 
	
	1.594 
	0.56
	3

	
	1.405 
	
	0.099 
	
	0.753 
	0.81
	4

	Config 2
	2.999 
	2.0%
	0.789 
	4.5%
	2.778 
	0.28
	2

	
	2.139 
	2.5%
	0.326 
	6.9%
	1.639 
	0.55
	3

	
	1.452 
	3.3%
	0.103 
	3.8%
	0.791 
	0.81
	4

	Config 3
	3.037 
	3.3%
	0.797 
	5.6%
	2.817 
	0.28
	2

	
	2.161 
	3.6%
	0.332 
	8.9%
	1.674 
	0.55
	3

	
	1.469 
	4.5%
	0.104 
	4.6%
	0.808 
	0.81
	4

	Config 4
	3.028 
	3.0%
	0.795 
	5.4%
	2.797 
	0.28
	2

	
	2.169 
	3.9%
	0.332 
	9.0%
	1.681 
	0.55
	3

	
	1.472 
	4.8%
	0.102 
	2.7%
	0.805 
	0.8
	4


Table B-4: Performance comparison for (4, 2, 2, 16) in 3D-UMa 500m scenario with (O1,O2)=(4,4)
	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Config 1
	2.544 
	
	0.559 
	
	2.128 
	0.35
	2

	
	1.625 
	
	0.161 
	
	1.050 
	0.69
	3

	
	1.043 
	
	0.053 
	
	0.389 
	0.88
	4

	Config 2
	2.580 
	1.4%
	0.563 
	0.7%
	2.162 
	0.34
	2

	
	1.657 
	2.0%
	0.168 
	4.4%
	1.075 
	0.69
	3

	
	1.072 
	2.8%
	0.054 
	2.8%
	0.400 
	0.88
	4

	Config 3
	2.587 
	1.7%
	0.567 
	1.6%
	2.151 
	0.34
	2

	
	1.647 
	1.4%
	0.163 
	1.2%
	1.047 
	0.69
	3

	
	1.064 
	2.0%
	0.053 
	0.4%
	0.388 
	0.88
	4

	Config 4
	2.592 
	1.9%
	0.573 
	2.5%
	2.174 
	0.34
	2

	
	1.655 
	1.9%
	0.165 
	2.4%
	1.070 
	0.69
	3

	
	1.065 
	2.1%
	0.054 
	2.1%
	0.395 
	0.88
	4


Table B-5: Performance comparison for (8, 2, 2, 16) in 3D-UMa 500m scenario with (O1,O2)=(4,4)
	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Config 1
	2.791 
	
	0.657 
	
	2.500 
	0.31
	2

	
	1.883 
	
	0.243 
	
	1.356 
	0.61
	3

	
	1.270 
	
	0.080 
	
	0.608 
	0.85
	4

	Config 2
	2.852 
	2.2%
	0.671 
	2.2%
	2.581 
	0.3
	2

	
	1.934 
	2.7%
	0.255 
	4.7%
	1.394 
	0.6
	3

	
	1.306 
	2.8%
	0.081 
	1.0%
	0.617 
	0.84
	4

	Config 3
	2.849 
	2.0%
	0.668 
	1.7%
	2.548 
	0.3
	2

	
	1.925 
	2.2%
	0.248 
	2.0%
	1.384 
	0.61
	3

	
	1.293 
	1.8%
	0.078 
	-2.6%
	0.596 
	0.85
	4

	Config 4
	2.831 
	1.4%
	0.665 
	1.2%
	2.548 
	0.3
	2

	
	1.933 
	2.6%
	0.251 
	3.0%
	1.394 
	0.6
	3

	
	1.303 
	2.6%
	0.082 
	2.3%
	0.620 
	0.84
	4


Table B-6: Performance comparison for (8, 4, 2, 16) in 3D-UMa 500m scenario with (O1,O2)=(4,4)
	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Config 1
	3.295 
	
	0.941 
	
	3.200 
	0.24
	2

	
	2.527 
	
	0.487 
	
	2.209 
	0.45
	3

	
	1.921 
	
	0.221 
	
	1.429 
	0.68
	4

	Config 2
	3.361 
	2.0%
	0.955 
	1.4%
	3.306 
	0.24
	2

	
	2.587 
	2.4%
	0.504 
	3.4%
	2.247 
	0.44
	3

	
	1.978 
	3.0%
	0.228 
	3.0%
	1.476 
	0.68
	4

	Config 3
	3.378 
	2.5%
	0.950 
	0.9%
	3.333 
	0.24
	2

	
	2.602 
	3.0%
	0.510 
	4.6%
	2.286 
	0.44
	3

	
	1.987 
	3.5%
	0.228 
	2.9%
	1.476 
	0.68
	4

	Config 4
	3.374 
	2.4%
	0.969 
	2.9%
	3.333 
	0.24
	2

	
	2.614 
	3.5%
	0.522 
	7.2%
	2.286 
	0.44
	3

	
	1.989 
	3.5%
	0.230 
	3.8%
	1.482 
	0.67
	4
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_1506787975.unknown

_1506790366.unknown

_1506790809.unknown

_1506791011.unknown

_1506839773.unknown

_1506790829.unknown

_1506790367.unknown

_1506790368.unknown

_1506788039.unknown

_1506788550.unknown

_1506790359.unknown

_1506790360.unknown

_1506790326.unknown

_1506788534.unknown

_1506787995.unknown

_1506788029.unknown

_1506787986.unknown

_1506776083.unknown

_1506781634.unknown

_1506787948.unknown

_1506787964.unknown

_1506787423.unknown

_1506776096.unknown

_1506773603.unknown

_1506776066.unknown

_1506776075.unknown

_1506773493.unknown

