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Introduction
In RAN1#87, the following agreement was made on the number of antenna ports to support in NR [1]:
Agreements:
· In NR, a UE can be configured with a CSI-RS resource configuration with X ports
· Supported values of X are up to at least 32
· NR supports up to at least 32 port codebook
· FFS: Codebook design
· Study the potential benefits of 64 ports


In this contribution, we present some preliminary system simulation results with 64 ports. 
Simulation setup
In the simulations, the system performance with 64 and 32 ports were compared with the following two scenarios of antenna configurations:
1. For the same antenna array, different subarray virtualizations were used to generate 32 and 64 ports. More specifically, subarray 2x1 (vertical x horizontal anetnna elements) was used for 64 ports and subarray 4x1 was used for 32 ports;
2. The same 2x1 subarray was used for both 32 and 64 ports, so the antenna array for 64 ports is twice as large as the one for 32 ports.
The antenna arrays used in the first scenario are 8x8, 16x4, 32x2, 4x16 (“AxB” denotes an antenna array with A rows and B columns).  For the second scenario, the same arrays are used for 64 ports, while arrays of half the sizes are used for 32 ports.   They are summarized in Table 1 below. 
[bookmark: _Ref471400244]Table 1: Antenna setups for the two scenarios in the simulations
	Scenario 1
	Antenna array
	8x8
	16x4
	32x2
	4x16

	
	32 ports
	Subarray virtualization
	4x1

	
	
	Port layouts
	2x8
	8x4
	16x2
	2x16

	
	64 ports
	Subarray virtualization
	2x1

	
	
	Port layouts
	4x8
	8x4
	16x2
	2x16

	Scenario 2
	32 ports
	Antenna array
	4x8
	8x4
	16x2
	2x16

	
	
	Subarray virtualization
	2x1

	
	
	Port layouts
	2x8
	4x4
	8x2
	1x16

	
	64 ports
	Antenna array
	8x8, 4x16
	16x4, 8x8
	32x2,16x4
	4x16

	
	
	Subarray virtualization
	2x1

	
	
	Port layouts
	4x8,2x16
	8x4,4x8
	16x2,8x4
	2x16



Both 3D UMi and 3D UMa channel models are used with carrier frequency of 4GHz.  Other simulation parameters can be found in the Appendix.
Simulation results
Table 2 and Table 3 show the UE throughput gains with 32 ports over 64 ports in scenario 1 under 3D UMa and 3D UMi, respectively. It can be seen that 32 ports perform better than 64 ports under both 3D UMa and 3D UMi, and for all the antenna arrays studied. The performance loss with 64 ports is likely due to the increased CSI-RS overhead and reduced CSI-RS power. 
So we have the following observation:
[bookmark: _Toc471744623]For the same antenna arrays, increasing antenna ports from 32 to 64 through different subarray virtualization (i.e. 2x1 vs. 4x1) does not provide further system performance gain under both 3D UMa and 3D UMi using SU-MIMO.

[bookmark: _Ref471401535]Table 2: 64 vs. 32 ports performance, scenario 1 (same antenna array), 3D UMa
	 
 
Baseline RU = 50 %
	Antenna Array

	
	8x8
	16x4
	32x2
	4x16

	
	64 ports
	32 ports
	64 ports
	32 ports
	64 ports
	32 ports
	64 ports
	32 ports

	Mean user throughput gain
	0%
	20%
	0%
	28%
	0%
	31%
	0%
	14%

	Cell-edge user throughput gain
	0%
	30%
	0%
	61%
	0%
	73%
	0%
	8%



[bookmark: _Ref471401543]Table 3: 64 vs. 32 ports performance, scenario 1 (same antenna array), 3D UMi
	 
 
Baseline RU = 50 %
	Antenna Array

	
	8x8
	16x4
	32x2
	4x16

	
	64 ports
	32 ports
	64 ports
	32 ports
	64 ports
	32 ports
	64 ports
	32 ports

	Mean user throughput gain
	0%
	15%
	0%
	15%
	0%
	15%
	0%
	16%

	Cell-edge user throughput gain
	0%
	25%
	0%
	25%
	0%
	29%
	0%
	26%



Table 4 and Table 5 show the UE throughputs with 64 and 32 ports in scenario 2 under 3D UMa and 3D UMi, respectively.  It can be seen that 32 ports generally perform better than 64 ports under 3D UMa. 64 ports perform better only when array size increases horizontally in some cases, i.e. 4x8 vs. 4x16 and 8x4 vs. 8x8.
Under 3D UMi, 64 ports perform better than 32 ports with 12% to 30% cell edge gains and 0% to 5% mean throughput gains. So we have the following observation:
[bookmark: _Toc471744624]When 64 ports are obtained by doubling the antenna array size of 32 ports but keeping the same 2x1 subarray virtualization, performance loss was observed in most cases under 3D UMa. Under 3D UMi, large cell edge throughput gains (8% ~21%) were observed using SU-MIMO.




[bookmark: _Ref471402275]Table 4: 64 vs. 32 ports performance, scenario 2 (different antenna sizes), 3D UMa
	 
 
Baseline RU = 50 %
	Antenna Array

	
	4x8
	8x8
	4x16
	8x4
	16x4
	8x8
	16x2
	32x2
	16x4
	2x16
	4x16

	
	32 ports
	64 ports
	64 ports
	32 ports
	64 ports
	64 ports
	32 ports
	64 ports
	64 ports
	32 ports
	64 ports

	Mean user throughput gain
	0%
	-8%
	2%
	0%
	-6%
	6%
	0%
	-7%
	0%
	0%
	-6%

	Cell-edge user throughput gain
	0%
	-13%
	11%
	0%
	-16%
	14%
	0%
	-21%
	-4%
	0%
	1%



[bookmark: _Ref471402286]Table 5: 64 vs. 32 ports performance, scenario 2 (different antenna sizes), 3D UMi
	 
 
Baseline RU = 50 %
	Antenna Array

	
	4x8
	8x8
	4x16
	8x4
	16x4
	8x8
	16x2
	32x2
	16x4
	2x16
	4x16

	
	32 ports
	64 ports
	64 ports
	32 ports
	64 ports
	64 ports
	32 ports
	64 ports
	64 ports
	32 ports
	64 ports

	Mean user throughput gain
	0%
	3%
	0%
	0%
	3%
	2%
	0%
	3%
	2%
	0%
	2%

	Cell-edge user throughput gain
	0%
	21%
	8%
	0%
	20%
	14%
	0%
	17%
	18%
	0%
	19%



Conclusions
In this contribution we made the following observations:
Observation 1	For the same antenna arrays, increasing antenna ports from 32 to 64 through different subarray virtualization (i.e. 2x1 vs. 4x1) does not provide further system performance gain under both 3D UMa and 3D UMi using SU-MIMO.
Observation 2	When 64 ports are obtained by doubling the antenna array size of 32 ports but keeping the same 2x1 subarray virtualization, performance loss was observed in most cases under 3D UMa. Under 3D UMi, large cell edge throughput gains (8% ~21%) were observed using SU-MIMO.

As this was preliminary results assuming SU-MIMO and Type I, investigations for MU-MIMO and also Type II is needed to further explore whether 64 ports provides gain compared to 32 ports. Another aspect is CSI-RS port density which also can be varied to see whether 64 ports can provide benefits in some scenarios. 
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Appendix: Simulation parameters
	Carrier frequency
	4 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 200m ISD, 3D UMa 500m ISD

	Antenna Configurations
	2D arrays: 0.8λ-spacing vertically and 0.5λ-spacing horizontally.
Subarray virtualization: plain DFT beam
· 2x1: 130° for 3D UMi, 122°  for 3D UMa
· 4x1: 108° for both 3D UMi and 3D UMa

	Cell layout
	57 sectors in total 

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	5 ms

	CSI mode
	PUSCH Mode 3-2

	Outer loop Link Adaptation
	Yes, 10% BLER target

	UE antenna
	2 antennas, ±45°cross-polarized, omnidirectional 

	UE noise figure 
	9 dB

	eNB Tx power 
	41 dBm (3D UMi), 46 dBm (3D UMa)

	Traffic model
	FTP Model 1, 500 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	DMRS overhead
	2 DMRS ports

	CSI-RS
	Overhead accounted for, PDSCH interference included

	Class A Codebook
	LTE Rel-14 Class A codebook and extension to 64 ports, Config 1, (O1, O2) = (4,4)

	HARQ
	Max 5 retransmissions

	Handover margin
	3 dB

	Channel estimation
	Ideal

	CSI-RS power boosting
	CDM4 + 6dB power boosting for both 32 and 64 ports 
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