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1. Introduction

This document presents our initial simulation results on 3D MIMO. The performance in both UL & DL, with different antenna configurations, is evaluated.
2. 3D MIMO Performance Evaluation
2.1 Uplink
2.1.1 Simulation Parameters

The scenario parameters and system level simulation parameters are summarized in Appendix A.
2.1.2 Simulation Results

Table 1 
UL SU-MIMO
	
	Cell average (bps/Hz/cell)
	Cell edge (bps/Hz/cell)

	2D receiver
	1.13
	0.0214

	3D receiver
	1.55 (+37%)
	0.0390 (+82%)


Table 2 
UL MU-MIMO
	
	Cell average (bps/Hz/cell)
	Cell edge (bps/Hz/cell)

	2D receiver
	1.30
	0.0154

	3D receiver
	2.14 (+64%)
	0.0287 (+86%)


Observations:
UL 3D MIMO has significant performance gain as compared with traditional 2D MIMO. The performance gain mainly comes from the elevation beamforming gain provided by AAS.

2.2 Downlink

2.2.1 Simulation Parameters

The scenario parameters and system level simulation parameters are summarized in Appendix B.
2.2.2 EBF based on multiple CSI-RS config
Table 3
UMi Performance
	Scheme
	
	Throughput (bps/Hz)
	Gain

	2D baseline (2Tx SRS)
	Average
	1.9808
	

	
	Edge (5% poorest)
	0.0679
	

	EBF
	Average
	2.7612
	39.04%

	
	Edge (5% poorest)
	0.1396
	105.60%


Table 4
UMa Performance
	Scheme
	
	Throughput (bps/Hz)
	Gain

	2D baseline (2Tx SRS)
	Average
	1.3416
	

	
	Edge (5% poorest)
	0.0202
	

	EBF
	Average
	2.1877
	63%

	
	Edge (5% poorest)
	0.0855
	323%


Observations:
EBF based on multiple CSI-RS configurations can achieve significant gain. The edge users benefit more than the center users. The gain comes from (1) 3D beamforming thus more directional superpositioned beam; (2) dynamic beam adaptation to vertically distributed UEs.
2.3 SU vs. MU MIMO
Table 8 
UMi Performance
	
	Throughput SE
	Coverage SE

	Baseline
	1.276022
	
	0.037205
	

	TDD SU
	2.020795
	58.37%
	0.070352
	89.09%

	TDD MU
	3.0177
	136.49%
	0.07954
	113.79%


Table 9 
UMa Performance
	
	Throughput SE
	Coverage SE

	Baseline
	0.638203
	
	0.14225
	

	TDD SU
	1.32482
	107.59%
	0.019611
	37.86%

	TDD MU
	1.8994
	197.62%
	0.02791
	96.20%


Observations:
For full-buffer traffic model, MU-MIMO achieves significant gain compared with SU-MIMO.

2.4 Different number of ports
Table 7
UMi SU with 12 deg default downtilt (TDD with ideal CSI)
	
	Throughput SE
	Coverage SE

	08 V2H4
	2.0541
	
	0.0362
	

	16 V4H4
	2.7884
	35.75%
	0.1337
	269.34%

	32 V8H4
	3.2029
	55.93%
	0.1773
	389.78%


Observations:
3D MIMO achieves more as the number of vertical elements increases from 8 to 32.

3. Conclusion

Here are summary of observations:
· Both uplink and downlink can benefit significantly from 3D MIMO.

· EBF can achieve significant gain. The edge users benefit more than the center users. The gain comes from (1) 3D beamforming thus more directional superpositioned beam; (2) dynamic beam adaptation to vertically distributed UEs.
· For full-buffer traffic model, MU-MIMO achieves significant gain compared with SU-MIMO.

· 3D MIMO achieves more as the number of vertical elements increases from 8 to 32.
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Appendix A: UL System Level Simulation Parameters

	Scenarios
	3D-UMi

	Cell layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	BS antenna configurations
	V8H2, X-pol (+/-45), 0.5λ H/V

	Downtilt angle
	12 degree

	MS antenna configurations
	Single antenna

	System bandwidth
	10MHz (50RBs)

	Carrier Frequency 
	2GHz

	Duplex
	FDD/TDD

	Network sync
	Synchronized

	Number of UEs per cell
	10

	UE distribution
	Randomly and uniformly distributed over area. The minimum distance to site is 10m, re-drop UEs within minimum distance

	UE speed
	3kmph

	Polarized antenna modeling
	Model-1

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

	Handover margin
	1 dB

	Traffic model
	Full-buffer

	Scheduler
	FS Proportional fair scheduler

	Uplink transmission scheme
	SU-MIMO and MU-MIMO with maximum 2 UEs

	UE paring scheme
	Based on maximum capacity

	Uplink power control
	Fractional power control, P0=0.6, a=-60

	Uplink receiver type
	MMSE

	UE max Tx power
	24dBm

	Channel estimation
	Ideal

	Inter-cell interference modeling
	Explicit

	Control channel overhead
	Demodulation RS (2 symbols per subframe); PUCCH, 4/50 RBs

	Hybrid ARQ
	Maximum 4 transmissions, Chase combining


Appendix B: DL System Level Simulation Parameters

	Scenarios
	3D-UMi/3D-UMa, SU/MU

	BS antenna configurations
	Config 1 (3D MIMO V8H2): K=1, M=8, N=1, X-pol (+/- 45), 0.5λ H/V separation, θetilt=12 by default
Config 2 (2D baseline V1H2): K=M=8, N=1, X-pol (+/- 45), 0.5λ H/V separation, θetilt=12 degrees
N is the number of columns
M is the number of antenna elements with same polarization in each column

K is the number of antenna elements per port

	MS antenna configurations
	2Rx X-pol (0/+90), 0.5λ H spacing

	System bandwidth
	10MHz (50RBs)

	UE attachment 
	Based on large scale power

	Carrier Frequency 
	2GHz

	UE distribution
	Follows 36.873 3D-UMi/UMa

	Polarized antenna modeling
	R1-136021 (yellow part)

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

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

	Wrapping method
	Geographical distance based

	Handover margin
	1 dB

	CSI error model
	Ideal unless otherwise stated



