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1. Introduction

 In this contribution, we provide preliminary results on uplink system level simulation to assess potential enhancements with 1D antenna array with 8TXRU and 2D array with 64 TXRU.
2. Simulation assumptions
The evaluation assumptions for 1D array and 2D array follow deployment scenarios and 2D channel model in [1]. 1D array and 2D array configurations are shown in figure 1. 1D array follows the assumption in 36.814 with 70 degree 3dB beam width in horizontal, 10 degree in vertical and 17dBi antenna gains. And 2D array follows 36.873 with 65 degree for both horizontal and vertical, each of which has 8dBi antenna gain.
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Figure 1 1D array and 2D array antenna configurations 

1D array could be considered as multiple antenna elements with fixed weights in vertical domain, which is the same as legacy antenna arrays. To be aligned with [1], the configurations of antenna are as follows,
· 1D antenna: M=8, N=4, P=2, with 8 TXRU 

· 2D antenna: M=8, N=4, P=2, with 64 TXRU

For both antenna array, the elements spacing in horizon are 0.5 lambda. And the vertical spacing in 2D antenna array are also 0.5 lambda.
3. Simulation results

The UMi scenarios are evaluated considering MU-MIMO in uplink. Maximum 2 paired UEs are assumed in the 1D array case and maximum 4 UEs in 2D array. It should be noted that max 4 UE and max 2UE exhibits similar performance in 1D array case. The uplink power control mechanism follows [2] with alpha = 0.8, P0 = -80dBm. In figure 2, ideal channel estimation are considered on DMRS and SRS.
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Figure 2 1D array and 2D array performance in UMi with ideal channel estimation
1D array with SU-MIMO is considered as the reference case. The performance gains of 2D over reference case are 15%, 77% and 116%. The gains at the cell edge are 43%, 142%, 115%. The performance reduction for 4UE MIMO cell edge are due to scheduling strategy. 
Observation 1: 
The 2D array outperforms the legacy antenna arrays in uplink performance. Using 4UE MU-MIMO, the performance gain could be 100%~200% when the channel estimation is ideal.
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Figure 3 1D array and 2D array performance in UMi with non-ideal channel estimation
Furthermore, the non-ideal DMRS channel estimation are considered in figure 3. It is observed that the performance gain of 3D-MIMO is reduced. One potential reason is that in full buffer cases, more number of paired UE implies heavier inter-cell UL DMSR interference, thus the MU performance gain is reduced.
Observation 2:

The performance gain of 2D array in uplink will decrease when non-ideal channel estimation is considered. One potential reason is due to increased inter-cell UL DMRS interference for increased number of paired UEs.
4. Conclusions 
In this contribution, we provided the performance evaluations of 2D antenna array and 1D antennas in UMi. Based on the simulation results, observations were made,
Observation 1: 
The 2D array outperforms the legacy antenna arrays in uplink performance. Considering the 4UE MU-MIMO, the performance gain could be 100%~200% when the channel estimation is ideal.

Observation 2:

The performance gain of 2D array in uplink will decrease when non-ideal channel estimation is considered. One potential reason is due to increased inter-cell UL DMRS interference for increased number of paired UEs.

Given the above observations, it is possible to consider UL DMRS enhancement to ensure proper MU-MIMO gain in UL. 
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Appendix

Table 1 system parameter assumption

	Parameter
	Values

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

	Channel model & 
BS antenna downtilt
	3D-UMi, ISD 200m, 100 degree

	BS antenna element configurations
	[M=8, N=4, P=2, Q=8], [M=8, N=4, P=2, Q=64]

	BS antenna polarization
	Cross-polarized

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

	Carrier frequency
	2GHz

	Duplex
	TDD

	Network sync
	Synchronized

	System bandwidth
	10MHz (50RBs)

	Number of UEs per sector
	10

	UE distribution
	According to Table 6-1 in TR36.873

	UE speed
	3km/h

	UE antenna pattern
	Isotropic antenna gain pattern 

	Wrapping method
	Geographical distance based

	Handover margin
	3dB

	Traffic model
	Full-buffer

	Scheduler
	PF scheduler (considering single carrier property)

	Receiver
	Ideal/non-ideal channel estimation, both demodulation and sounding

	
	Explicit intercell interference modelling   

	
	MMSE-IRC 

	Hybrid ARQ
	Maximum 4 transmissions, CC

	Transmission scheme
	1xMR SIMO (MR: the number of BS antenna ports)

	Maximum UE TX power
	23dBm

	Target BLER
	20%

	Overhead
	2 SC-FDMA symbols per 1ms for the demodulation RS

	
	1 SC-FDMA symbols per 2ms for channel sounding RS

	
	8RBs for PUCCH

	SRS configurations
	5ms of channel sounding RS period (infinite SRS capacity)

	
	4ms of channel sounding delay

	Power control
	P0=-80dBm, alpha=1.0
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