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1 Introduction
The study item on elevation beamforming and FD-MIMO was approved in RAN#65. One of its objects is to identify antenna configurations for 2D antenna arrays with {8, 16, 32, 64} TXRUs. In RAN1#78bis, the mapping between TXRU and antenna elements was discussed and two TXRU virtualization options were agreed, i.e. subarray partition model and full connection model. In this contribution we present the FD MIMO evaluation results with 64 antenna elements mapped to {16, 32, 64} TXRUs.
2 Discussion

For the subarray partition TXRU virtualization option, each TXRU is uniquely associated with K antenna elements with the same polarization in the vertical domain. The total TXRU number of an (M, N, P) antenna configuration is MTXRU×N×P, where MTXRU = M/K means the number of TXRUs per column. 
In contribution [2], an (M, N, P) = (8, 4, 2) antenna configuration is assumed at the eNB. The mapping between TXRU to antenna elements for 16, 32, and 64 TXRUs using subarray partition TXRU virtualization is given in Fig. 1. The K antenna elements with the same polarization within the dash block correspond to one TXRU. 
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Fig. 1: Mapping between TXRU to antenna elements
For the subarray partition model, the weighting vector of each TXRU is defined as
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3 Simulation results
In this section, the simulation results are provided to compare the performance of different TXRU numbers. The baseline performance of 8 TXRUs arranged in the horizon domain is also given here. It should be noted that ideal CSI feedback is assumed for all the cases. The value of θtilt is 100 degree for the 3D-UMa/3D-UMi scenarios and 104 degree for the 3D-UMa with 200m ISD. Details of the evaluation assumptions are given in Table A1 in the appendix. Performance with FTP traffic under different user arrival rates 
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 are summarized in Table I – II. And performance with full-buffer traffic is TBD.
Table I: FTP traffic model 1, user arrival rate 
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 = 2
	Scenarios
	TXRU number
	5% UPT

(Mbps)
	50% UPT

(Mbps)
	Mean UPT

(Mbps)
	RU

	3D-UMa
	8 TXRU
	13.18 
(0.00%)
	29.56 
(0.00%)
	26.19 
(0.00%)
	24%

	
	16 TXRU
	18.33 
(39.11%)
	29.81 
(0.87%)
	28.07 
(7.17%)
	21%

	
	32 TXRU
	19.70 
(49.50%)
	29.81 
(0.87%)
	28.23 
(7.77%)
	21%

	
	64 TXRU
	18.54 
(40.63%)
	29.81 
(0.87%)
	28.04 
(7.06%)
	21%

	3D-UMi
	8 TXRU
	16.89 
(0.00%)
	29.81 
(0.00%)
	27.27 
(0.00%)
	22%

	
	16 TXRU
	20.29 
(20.12%)
	29.81 
(0.00%)
	28.49 
(4.49%)
	21%

	
	32 TXRU
	25.03 
(48.18%)
	29.81 
(0.00%)
	29.22 
(7.17%)
	19%

	
	64 TXRU
	27.00 
(59.84%)
	29.81 
(0.00%)
	29.34 
(7.60%)
	21%

	3D-UMa

(200m)
	8 TXRU
	15.61 
(0.00%)
	29.81 
(0.00%)
	27.32 
(0.00%)
	22%

	
	16 TXRU
	20.34 
(30.28%)
	29.81 
(0.00%)
	28.26 
(3.41%)
	21%

	
	32 TXRU
	23.16 
(48.35%)
	29.81 
(0.00%)
	28.91 
(5.81%)
	20%

	
	64 TXRU
	21.30 
(36.39%)
	29.81 
(0.00%)
	28.76 
(5.27%)
	21%


Table II: FTP traffic model 1, user arrival rate 
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 = 4
	Scenarios
	TXRU number
	5% UPT

(Mbps)
	50% UPT

(Mbps)
	Mean UPT

(Mbps)
	RU

	3D-UMa
	8 TXRU
	7.17 
(0.00%)
	25.21 
(0.00%)
	22.36 
(0.00%)
	47%

	
	16 TXRU
	12.94 
(80.38%)
	27.65 
(9.68%)
	24.76 
(10.77%)
	41%

	
	32 TXRU
	12.20 
(70.11%)
	28.81 
(14.29%)
	24.99 
(11.76%)
	40%

	
	64 TXRU
	12.38 
(72.56%)
	28.34 
(12.40%)
	25.15 
(12.49%)
	42%

	3D-UMi
	8 TXRU
	7.72  
(0.00%)
	24.67  
(0.00%)
	22.60  
(0.00%)
	49%

	
	16 TXRU
	12.70 
(64.44%)
	29.56 
(19.83%)
	25.75 
(13.95%)
	39%

	
	32 TXRU
	15.80  
(104.61%)
	29.81 
(20.87%)
	27.02 
(19.57%)
	39%

	
	64 TXRU
	16.13  
(108.87%)
	29.56 
(19.83%)
	27.31  
(20.88%)
	40%

	3D-UMa

(200m)
	8 TXRU
	8.68 
(0.00%)
	25.59 
(0.00%)
	22.97 
(0.00%)
	43%

	
	16 TXRU
	11.61 
(33.71%)
	28.81 
(12.60%)
	25.04 
(9.03%)
	42%

	
	32 TXRU
	13.39 
(54.30%)
	29.56 
(15.52%)
	26.28 
(14.41%)
	38%

	
	64 TXRU
	15.10 
(74.01%)
	29.56 
(15.52%)
	26.71 
(16.29%)
	37%


From Table I-II, we found that UPT increases with more TXRU number. For example, in 3D-UMi scenario and user arrival rate 
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 = 4, compared to the baseline 8 TXRUs scheme, with 16 TXRUs, there are about 64%, 20% and 14% gains in 5%-tile UPT, 50%-tile UPT and mean UPT individually. A further 40%, 1% and 6% gains are obtained when 32 TXRUs are used. There are almost no more gains for 64 TXRUs. That is, most of the system gain can be obtained by employing 32 TXRUs. Further comparing different user arrival rate cases, it should also be noted that the with the same TXRU number, the gains are larger with higher traffic case.
4 Conclusion
FD MIMO with {16, 32, 64} TXRUs is evaluated in this contribution. Based on the evaluation results, we have the following observations:

· The system performance improves with the TXRU number increasing. 
· FD MIMO with 16 TXRUs achieves most of the gain. 

· 32 TXRUs provide further gain, but 64 TXRUs provide little gain over 32 TXRUs.
Therefore, it may be sufficient to use 16/32 TXRUs to fully explore the FD MIMO performance for 64 elements antenna array. It should be noted that the conclusion is drawn for ideal CSI feedback. For non-ideal CSI feedback, further evaluation is required.
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Appendix
Table A1: Evaluation assumptions for baseline and {16, 32, 64} TXRUs
	Parameter
	Value

	Antenna configuration
	Horizontal:  8 elements, X-pol (+/-45),  0.5λ space
Vertical: 8 elements, 0.8λ space

	Scenario
	3D-UMa, 3D-UMi,3D-UMa(ISD=200m)

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz

	UEs per cell
	10

	UE  distribution
	Follows 36.873 3D-UMa, 3D-UMi

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	Full buffer/FTP traffic model 

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

	CSI update periodicity
	5ms

	RI update periodicity
	120ms

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

	Wrapping  method
	Geographical distance based

	Handover margin
	3 dB
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