3GPP TSG RAN WG1 Meeting #79
R1-144810
San Francisco, USA, 17th – 21st November 2014
Source:               ZTE

Title:                    Initial Evaluation Results of  2D Array System with up to 64 TXRUs
Agenda item:      6.3.3.3
Document for:    Discussion and Decision

1 Introduction

In RAN1 #78bis, simulation assumptions of three homogeneous network scenarios are agreed.  Phase 1 simulation focuses on evaluation of 8TXRUs with Rel-12 feedback and codebook.  Phase 2 starts to consider higher number of TXRUs i.e. up to 64. Potential enhancements targeting 2D antenna array include the support of 3D-MIMO by opening up more vertical antenna elements for TXRUs or CSI-RS ports.  Another way is to increase the number of horizontal antenna elements for TXRUs or CSI-RS ports for better azimuth beamforming.  In this contribution, we provide the initial evaluation results of 2D Array System with up to 64 TXRUs by considering different antenna configurations in 3D-UMI and 3D-UMA ISD500m.
2 Initial evaluation results
2.1 2D antenna array configurations
In this section, we consider multiple 2D antenna array configurations with different number of TXRUs as shown in table 1.  (M,N,K) represents the number of vertical antenna elements, number of horizontal antenna elements and the number of vertical antenna elements to virtualized to a TXRU respectively.
	Antenna configuration
	Number of TXRUs  
	(M,N,K)
	Polarization

	Config0
	8
	(8,4,8)
	X-pol(+/-45°)

	Config1
	16
	(8,4,4)
	X-pol(+/-45°)

	Config2
	32
	(8,4,2)
	X-pol(+/-45°)

	Config3
	64
	(8,4,1)
	X-pol(+/-45°)

	Config4
	16
	(8,8,8)
	X-pol(+/-45°)

	Config5
	32
	(8,8,4)
	X-pol(+/-45°)

	Config6
	64
	(8,8,2)
	X-pol(+/-45°)


Table 1 Antenna configuration
In our simulation, TXRU virtualization is done by sub-array partition model with adjacent antenna elements grouping[2] with K=2 and K =4 as shown in figure 1.
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Figure 1 TXRU virtualization by adjacent antenna elements grouping
2.2 Simulation results
Table 2 and Table 3 show the performance gain obtained from deploying more number of TXRUs compared to Config0  i.e. 8TXRUs with M,N,K=(8,4,8) under 3D-UMi and 3D-UMa ISD 500m homogeneous network scenarios.   N=4 and N=8 are respectively considered in Table 2 and Table 3.
In order to have preliminary studies on different antenna configurations, ideal feedback of channel covariance matrix R and full buffer traffic are assumed in our simulations.  Other simulation assumptions are shown in the appendix.

	Scenario
	Antenna configuration
TXRU (M,N,K)
	Average System

Spec Eff 
	5% Cell edge

Spec Eff 

	3D-UMI

ISD 200m
	Config0- 8TXRU  (8,4,8)
	100 %
	100 %

	
	Config1 - 16TXRU (8,4,4)
	127.6%
	129.3%

	
	Config2 - 32TXRU (8,4,2)
	150.2%
	141.1%

	
	Config3 - 64TXRU (8,4,1)
	159.6%
	174.3%

	3D-UMA

ISD 500m
	Config0- 8TXRU  (8,4,8)
	100 %
	100 %

	
	Config1 - 16TXRU (8,4,4)
	106.4%
	105.9%

	
	Config2 - 32TXRU (8,4,2)
	117.1%
	127.7%

	
	Config3 - 64TXRU (8,4,1)
	123.2%
	145.7%


Table 2 Performance gain of antenna configurations with N=4 vs Config0, full buffer traffic
	Scenario
	Antenna configuration
TXRU (M,N,K)
	Average System

Spec Eff 
	5% Cell edge

Spec Eff 

	3D-UMI

ISD 200m
	Config0- 8TXRU  (8,4,8)
	100 %
	100 %

	
	Config4 - 16TXRU (8,8,8)
	135.5%
	153.0%

	
	Config5 - 32TXRU (8,8,4)
	168.0%
	181.7%

	
	Config6 - 64TXRU (8,8,2)
	188.8%
	197.5%

	3D-UMA

ISD 500m
	Config0- 8TXRU  (8,4,8)
	100 %
	100 %

	
	Config4 - 16TXRU (8,8,8)
	135.7%
	158.5%

	
	Config5 - 32TXRU (8,8,4)
	142.0%
	175.7%

	
	Config6 - 64TXRU (8,8,2)
	152.6%
	195.3%


Table 3 Performance gain of antenna configurations with N=8 vs Config0, full buffer traffic
According to Table 2 and Table 3, it can be observed that significant gain can be obtained by having more number of TXRUs in general.   The gain ranges from 6% to 52% for cell average spectral efficiency and ranges from 6% to 95% for cell edge in 3D UMa.  For 3D UMi, the gain ranges from 27% to 88% for cell average spectral efficiency and ranges from 29% to 97% for cell edge.  It can be observed that the gains obtained in 3D-UMi are higher than that of 3D-UMa ISD 500m.  The possible reason could be larger possible range in elevation domain due to eNB-UE distribution and downtilt angle.  Another aspect is the smaller ISD for 3D-UMi which provides smaller pathloss for better MU-MIMO opportunities.  
In Table 4, performance comparison between antenna configuration with N=8 and N=4 is made under the same number of TXRUs.  The table shows the gain of N=8 with respect to the performance of N=4.
	Scenario
	Antenna configuration
	Average System

Spec Eff Gain 
	5% Cell edge

Spec Eff  Gain

	3D-UMI

ISD 200m
	16TXRU - Config4 vs Config1 
	28.7%
	80.8%

	
	32TXRU - Config5 vs Config2
	35.4%
	98.8%

	
	64TXRU - Config6 vs Config3
	49.0%
	31.2%

	3D-UMA

ISD 500m
	16TXRU - Config4 vs Config1
	27.5%
	49.6%

	
	32TXRU - Config5 vs Config2
	21.3%
	37.6%

	
	64TXRU - Config6 vs Config3
	23.9%
	34.0%


Table 4 Performance gain of N=8 vs N=4 with the same number of TXRUs
It can be observed from Table 4 that significant gain can be obtained by increasing the number of horizontal antenna elements and keeping the same number of TXRUs. The gain comes from increasing number of horizontal antenna elements for better azimuth beamforming.  With the assumptions of keeping the same number of TXRUs, K doubles as N doubles which means the number of vertical antenna elements virtualized to a TXRU is higher.  This makes the vertical spacing of TXRUs larger as shown in figure 1.  This can be another aspect contributed to the performance difference e.g. higher diversity between vertical TXRUs.   

The observations made from the evaluation are aligned with our companion contribution [3] which considers 8TXRU only. Elevation beamforming is more beneficial to 3D-UMi scenario.   Larger N value (at least 8)[2] should be at least considered for better azimuth beamforming especially for 3D-UMa scenario.  In general, the potential benefit of considering more TXRUs is high.  Therefore, more time should be spent on high number of TXRUs to exploit the full potential FD-MIMO.
3 Conclusions
In this contribution, preliminary performance study is done on different 2D antenna array configurations under homogeneous network scenarios 3D-UMa ISD 500m and 3D-UMi.  Numbers of TXRUs considered in our study are 16,32,64 TXRUs.  It is observed from our evaluation that significant potential gain can be obtained compared to 8TXRUs.  Performance comparison between different number of horizontal antenna elements is also studied.  We also see big room of gain from enhancing azimuth beamforming with larger N.  
With these observations, it is suggested that more time should be spent on high number of TXRUs to exploit the full potential FD-MIMO and N=8 should be considered at least for 3D-UMa scenario.
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Appendix A
Table A.1 Simulation parameters for Macro cell Scenario

	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, geographical based wrap‑around

	Number of UEs dropped within each macro geographical area
	30

	Channel Model
	3D UMa ISD 500
3D UMi ISD 200

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	3D UMa ISD 500: 46dBm 

3D UMI ISD 200: 41 dbm

	UE Speed
	3km/h

	Antenna configuration
	Transmitter: Config0~Config6 [see table 1]
Receiver: 2Rx cross-polarized antenna at UE

	Downtilt 
	θetilt = 100 deg

	Antenna element spacing
	(dV,dH)=( 0.8λ, 0.5λ,)

	Element Number of each port
	[see table 1]

	CQI/PMI reporting interval and frequency granularity
	5ms for CSI, 6RB

	Feedback scheme
	Rel-12 enhanced CSI feedback, PUSCH mode 3-2, 

ideal channel covariance R

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC 

With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 

(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	4

	Traffic model
	Full buffer model 

	Feedback Assumption
	Non-ideal modeling of channel estimation error modeling 
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is used, 

 based on DMRS for data demodulation, based on IMR for interference measurement

	Handover margin 
	3dB 

	Wrapping method 
	Geographical distance based
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