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1. Introduction
In RAN1#82 meeting, following agreements for FD-MIMO codebook has been made. 
Agreement:
· For each of [8], 12 and 16 Tx ports, a precoding matrix W in the codebook is represented as:
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 is a N1xL1 matrix with L1 column vectors being an O1x oversampled DFT vector of length N1: [image: image9.png]jeml
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 is a N2xL2 matrix with L2 column vectors being an O2x oversampled DFT vector of length N2: [image: image13.png]jeml
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· N1  and N2 are the numbers of antenna ports per pol in 1st and 2nd dim.
· FFS whether to select different beams (e.g. different X1 or X2) for the two pols
· FFS column selection from KP applied to W1
· The number of bits on PUSCH/PUCCH CSI reports should be determined considering performance, overhead and UE complexity.
· Down-select or merge the 4 alternatives into one in the next meeting
· Including necessary RRC parameters
Also, through the e-mail discussion [82-16], following working assumptions are agreed. 

Working Assumption:
·         Homogenous scenarios: At least 3D-UMa 500m and 3D-UMi 200m.  

·         Antenna element spacing 0.8λ vertically and 0.5λ horizontally 

·         Used TXRU virtualization model and tilts should be described by the proponent
In this contribution, we propose codebook designs for 12-port CSI-RS and provide their performance evaluation results.

2. Codebook designs for 12-port CSI-RS
In our companion contribution [2], we provide the details of codebook design for 16-port CSI-RS according to agreements in RAN1#82 meeting. For the codebook for 12-port CSI-RS depicted in Figure 1, we employ the principle of codebook design for 16-port as in [2]. 
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Figure 1. 2D antenna configurations with 12 TXRUs

To determine the proper oversampling factor for 12-port, we consider following candidates. Note that the horizontal oversampling factor, OH, for tall antenna configuration is fixed to 8, since OH=16 and OH=8 show similar performance in 16-port case [2]. 
· (3,2,2,16): OV=2, 4, 8 and OH=8 
· (2,3,2,16): OV=4, 8, 16 and OH=8 
3. Performance Evaluation
Table 2 exhibits the comparison results for (3, 2, 2, 12) in 3D UMi scenario with various oversampling factors for both horizontal and vertical domains. We employ the codebook options in [4] as follows:
· Option 1: Horizontal stripe - For a given vertical beam, sequential 4 beams in horizontal domain are chosen. 
· Option 2: Rectangle - Sequential 2 beams in both horizontal and vertical domains are chosen.

· Option 3: Check pattern – For given 8 beams which are constructed from 4 sequential horizontal beams and 2 sequential vertical beams, 4 beams are chosen one across the one, i.e., check pattern.
· Option 4: Rectangle with 8 beams- Sequential 4 beams in horizontal and 2 beams in vertical domains are chosen.

· Option 5: Check pattern with 8 beams - For given 16 beams which are constructed from both 4 sequential horizontal and vertical beams, 8 beams are chosen one across the one.
In the simulations, CSI-RS port is one-to-one mapped to TXRU. In addition, cell association is based on RSRP from CRS port 0 which is mapped to the first TXRU, and vertical beam selection margin is assumed to be 3dB. Detailed evaluation assumptions are listed in Annex A. 
As shown in the Table 2, larger oversampling factor in vertical domain provides larger performance gain for tall antenna configuration. In Table B-1 in Annex B, similar trend is observed for the (3, 2, 2, 13) where 3 TXRUs per column per polarization and a TXRU is virtualized to two adjacent antenna elements in the same column and polarization with tilting of 100 degrees. In the case of fat antenna configuration as shown in Table 3, OV=8 provides almost identical performance compared to the case of OV=16. Thus, it would be good to choose OH=8 and OV=8 considering the feedback bits for W1. Simulation results for more TXRU virtualization and 3D UMa 500m are listed in Annex B.
Proposal1. Considering the feedback bits for W1, oversampling factors should be determined as the value of OH=8, OV=8 for 12-TXRU.

Table 2: Performance comparison for (3, 2, 2, 12) with codebook option 1  in 3D-UMi scenario
	
	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)

	Cat-2 baseline
	3.041 
	
	0.789 
	
	2.778 
	0.29
	2

	
	2.010 
	
	0.263 
	
	1.498 
	0.58
	3

	
	1.332 
	
	0.076 
	
	0.678 
	0.84
	4

	OH=8, OV=2
	3.082 
	1.3%
	0.823 
	4.3%
	2.837 
	0.28
	2 

	
	2.090 
	4.0%
	0.305 
	15.8%
	1.606 
	0.56
	3 

	
	1.431 
	7.5%
	0.095 
	24.7%
	0.808 
	0.82
	4 

	OH=8, OV=4
	3.100 
	1.9%
	0.842 
	6.7%
	2.878 
	0.27
	2 

	
	2.121 
	5.5%
	0.319 
	21.1%
	1.660 
	0.55
	3 

	
	1.450 
	8.8%
	0.098 
	28.4%
	0.832 
	0.81
	4 

	OH=8, OV=8
	3.100 
	1.9%
	0.844 
	7.0%
	2.878 
	0.27
	2 

	
	2.122 
	5.6%
	0.316 
	20.2%
	1.660 
	0.55
	3 

	
	1.457 
	9.4%
	0.099 
	29.6%
	0.844 
	0.81
	4 


Table 3: Performance comparison for (2, 3, 2, 12) with codebook option 1 in 3D-UMi scenario
	
	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)

	Cat-2 baseline
	3.247 
	
	0.932 
	
	3.125 
	0.26
	2

	
	2.337 
	
	0.401 
	
	1.923 
	0.5
	3

	
	1.660 
	
	0.132 
	
	1.099 
	0.76
	4

	OH=8, OV=4
	3.288 
	1.3%
	0.941 
	0.9%
	3.175 
	0.25
	2

	
	2.364 
	1.2%
	0.410 
	2.3%
	1.951 
	0.5
	3

	
	1.686 
	1.6%
	0.141 
	6.7%
	1.108 
	0.75
	4

	OH=8, OV=8
	3.285 
	1.2%
	0.935 
	0.2%
	3.175 
	0.25
	2

	
	2.373 
	1.5%
	0.420 
	4.7%
	1.980 
	0.49
	3

	
	1.687 
	1.6%
	0.146 
	10.5%
	1.111 
	0.75
	4

	OH=8, OV=16
	3.286 
	1.2%
	0.952 
	2.1%
	3.175 
	0.25
	2

	
	2.377 
	1.7%
	0.420 
	4.8%
	1.980 
	0.49
	3

	
	1.693 
	2.0%
	0.146 
	10.7%
	1.111 
	0.75
	4


In Table 4, we compare the performance of proposed codebook design options for 12-port CSI-RS. Since the W1 in option 1, 2 and 3 consists of 4 beams, the feedback bits for W2 in these cases are 4. For option 4 and 5, it is required 5 bits for W2. Due to exploiting short-term vertical beam selection, option 2 and 3 provide slight performance gain over option 1. Comparing option 1, 4 and 5, we have up to 2.6% and 4.6% performance gain for average and 5% UE throughout, respectively, at the expense of one additional feedback bit of W2. Among codebook options, codebook design based on the check pattern may be a good candidate for 12-TXRU due to its superior performance. 
Proposal2. Codebook design for 2D antenna array should be determined among the 5 options. 

Table 4: Performance comparison for (3, 2, 2, 12) with OH=8, OV=8 in 3D-UMi scenario
	
	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)

	Option 1 
	3.100 
	
	0.844 
	
	2.878 
	0.27
	2

	
	2.122 
	
	0.316 
	
	1.660 
	0.55
	3

	
	1.457 
	
	0.099 
	
	0.844 
	0.81
	4

	Option 2 
	3.087 
	-0.4%
	0.842 
	-0.3%
	2.837 
	0.28
	2

	
	2.121 
	-0.1%
	0.317 
	0.2%
	1.646 
	0.55
	3

	
	1.460 
	0.2%
	0.100 
	1.7%
	0.851 
	0.81
	4

	Option 3 
	3.106 
	0.2%
	0.842 
	-0.3%
	2.878 
	0.27
	2

	
	2.131 
	0.4%
	0.314 
	-0.6%
	1.660 
	0.55
	3

	
	1.466 
	0.6%
	0.100 
	1.4%
	0.840 
	0.81
	4

	Option 4 
	3.112 
	0.4%
	0.853 
	1.0%
	2.878 
	0.27
	2

	
	2.146 
	1.2%
	0.323 
	2.3%
	1.688 
	0.54
	3

	
	1.472 
	1.0%
	0.100 
	1.5%
	0.848 
	0.81
	4

	Option 5 
	3.142 
	1.4%
	0.872 
	3.3%
	2.920 
	0.27
	2

	
	2.162 
	1.9%
	0.331 
	4.6%
	1.695 
	0.54
	3

	
	1.483 
	1.8%
	0.100 
	1.5%
	0.864 
	0.81
	4


4. Conclusion
In this contribution, we propose codebook design options for 12-TRXRU and evaluate their performance. The observation and proposal based on the discussion above are given as follow:
Proposal1. Considering the feedback bits for W1, oversampling factors should be determined as the value of OH=8, OV=8 for 12-TXRU.

Proposal2. Codebook design for 2D antenna array should be determined among the 5 options. 
______________________________________________________________________
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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: (3,2,2), (6,2,2), (2,3,2), (4,3,2), (8,3,2) (+/-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) [1]

	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 (6, 2, 2, 12) with codebook option 1[2]  in 3D-UMi scenario
	
	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)

	Cat-2 baseline
	3.230 
	
	0.873 
	
	3.008 
	0.26
	2

	
	2.237 
	
	0.344 
	
	1.762 
	0.53
	3

	
	1.546 
	
	0.103 
	
	0.905 
	0.79
	4

	OH=8, OV=2
	3.297 
	2.1%
	0.966 
	10.6%
	3.150 
	0.25
	2

	
	2.378 
	6.3%
	0.427 
	24.4%
	1.970 
	0.49
	3

	
	1.697 
	9.8%
	0.143 
	38.7%
	1.124 
	0.75
	4

	OH=8, OV=4
	3.315 
	2.6%
	0.983 
	12.5%
	3.200 
	0.25
	2

	
	2.401 
	7.3%
	0.447 
	30.2%
	2.010 
	0.48
	3

	
	1.725 
	11.6%
	0.149 
	44.5%
	1.163 
	0.74
	4

	OH=8, OV=8
	3.316 
	2.7%
	0.998 
	14.2%
	3.226 
	0.25
	2

	
	2.406 
	7.5%
	0.457 
	33.0%
	2.020 
	0.48
	3

	
	1.732 
	12.0%
	0.153 
	48.3%
	1.173 
	0.74
	4


Table B-2: Performance comparison for (4, 3, 2, 12) with codebook option 1[2]  in 3D-UMi scenario
	
	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)

	Cat-2 baseline
	3.398 
	
	0.988 
	
	3.333 
	0.24
	2

	
	2.499 
	
	0.480 
	
	2.128 
	0.47
	3

	
	1.810 
	
	0.172 
	
	1.270 
	0.72
	4

	OH=8, OV=4
	3.431 
	1.0%
	1.053 
	6.6%
	3.419 
	0.24
	2

	
	2.544 
	1.8%
	0.523 
	8.9%
	2.210 
	0.45
	3

	
	1.881 
	3.9%
	0.191 
	11.1%
	1.356 
	0.7
	4

	OH=8, OV=8
	3.429 
	0.9%
	1.039 
	5.2%
	3.419 
	0.24
	2

	
	2.556 
	2.3%
	0.531 
	10.6%
	2.222 
	0.45
	3

	
	1.888 
	4.3%
	0.191 
	11.1%
	1.361 
	0.7
	4

	OH=8, OV=16
	3.427 
	0.8%
	1.036 
	4.9%
	3.390 
	0.24
	2

	
	2.551 
	2.1%
	0.532 
	10.8%
	2.210 
	0.45
	3

	
	1.890 
	4.4%
	0.196 
	14.2%
	1.370 
	0.7
	4


Table B-3: Performance comparison for (6, 4, 2, 12) with codebook option 1[2]  in 3D-UMi scenario
	
	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)

	Cat-2 baseline
	3.477 
	
	1.061 
	
	3.478 
	0.23
	2 

	
	2.695 
	
	0.539 
	
	2.395 
	0.43
	3 

	
	1.997 
	
	0.205 
	
	1.509 
	0.68
	4 

	OH=8, OV=4
	3.555 
	2.2%
	1.166 
	9.9%
	3.636 
	0.22
	2 

	
	2.806 
	4.1%
	0.624 
	15.9%
	2.532 
	0.41
	3 

	
	2.173 
	8.8%
	0.291 
	42.1%
	1.724 
	0.63
	4 

	OH=8, OV=8
	3.558 
	2.3%
	1.163 
	9.6%
	3.636 
	0.22
	2 

	
	2.819 
	4.6%
	0.637 
	18.3%
	2.564 
	0.41
	3 

	
	2.179 
	9.1%
	0.291 
	41.8%
	1.747 
	0.63
	4 

	OH=8, OV=16
	3.561 
	2.4%
	1.183 
	11.5%
	3.670 
	0.22
	2 

	
	2.816 
	4.5%
	0.618 
	14.8%
	2.564 
	0.41
	3 

	
	2.177 
	9.0%
	0.294 
	43.6%
	1.732 
	0.63
	4 


Table B-4: Performance comparison for (3, 2, 2, 12) with codebook option 1 in 3D-UMa 500m scenario

	
	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)

	Cat-2 baseline
	2.433 
	
	0.459 
	
	1.951 
	0.37
	2 

	
	1.459 
	
	0.119 
	
	0.844 
	0.74
	3 

	
	0.936 
	
	0.040 
	
	0.304 
	0.9
	4 

	OH=8, OV=2
	2.518 
	3.5%
	0.536 
	16.7%
	2.083 
	0.35
	2 

	
	1.589 
	8.9%
	0.155 
	30.7%
	1.003 
	0.7
	3 

	
	1.022 
	9.1%
	0.051 
	27.6%
	0.367 
	0.88
	4 

	OH=8, OV=4
	2.532 
	4.1%
	0.549 
	19.6%
	2.105 
	0.35
	2 

	
	1.604 
	10.0%
	0.158 
	33.0%
	1.016 
	0.7
	3 

	
	1.029 
	9.9%
	0.052 
	30.1%
	0.375 
	0.88
	4 

	OH=8, OV=8
	2.540 
	4.4%
	0.548 
	19.4%
	2.105 
	0.35
	2 

	
	1.602 
	9.8%
	0.157 
	32.4%
	1.020 
	0.7
	3 

	
	1.027 
	9.7%
	0.051 
	28.1%
	0.379 
	0.88
	4 


Table B-5: Performance comparison for (2, 3, 2, 12) with codebook option 1 in 3D-UMa 500m scenario

	
	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)

	Cat-2 baseline
	2.748 
	
	0.635 
	
	2.439 
	0.32
	2 

	
	1.859 
	
	0.223 
	
	1.316 
	0.63
	3 

	
	1.214 
	
	0.068 
	
	0.553 
	0.85
	4 

	OH=8, OV=4
	2.817 
	2.5%
	0.678 
	6.8%
	2.516 
	0.31
	2 

	
	1.906 
	2.5%
	0.245 
	10.0%
	1.365 
	0.61
	3 

	
	1.250 
	3.0%
	0.076 
	11.7%
	0.573 
	0.84
	4 

	OH=8, OV=8
	2.817 
	2.5%
	0.673 
	6.1%
	2.516 
	0.31
	2 

	
	1.912 
	2.8%
	0.248 
	11.4%
	1.389 
	0.61
	3 

	
	1.250 
	2.9%
	0.075 
	10.6%
	0.577 
	0.84
	4 

	OH=8, OV=16
	2.816 
	2.5%
	0.675 
	6.2%
	2.516 
	0.31
	2 

	
	1.914 
	2.9%
	0.250 
	12.3%
	1.379 
	0.61
	3 

	
	1.253 
	3.3%
	0.077 
	12.6%
	0.576 
	0.84
	4 
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