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1. Introduction
In TR 36.814, Coordinated Beamforming has been considered as a promising technique of the LTE-A CoMP features. The intention of this document is to present a coordinated dual-layer beamforming solution and identify that its performance in the case1-2D scenarios can reach IMT-Advanced requirements on average and cell edge spectral efficiency. The comparison between single-cell related BF and Coordinated BF are also given to show the gain from Coordinated BF. 
Detailed schemes’ assumptions and coordination procedure are given in section 2 while the simulation parameters in appendix. A summary of the results is provided in section 3, followed by an analysis and suggestion for ITU submission. 
2. BF schemes assumptions and Coordinated BF procedure
Beamforming has been proven beneficial for increasing cell throughput and especially essential to users at cell edge in the commercial network of LCR-TDD. Single-layer beamforming is already supported in R8 and multi-layer beamforming has been proposed and discussed a lot in R9 which is expected to provide clear benefits comparing to single-layer BF. It is also reasonable to apply this technique in CoMP scenarios for a higher system capacity and large coverage. Based on such a consideration, 3 schemes based on dual layer BF with different technical features are studied and compared. Their assumptions are detailed in the following Table 1.
Table 1 BF schemes assumptions and Coordinated BF procedure
	Scheme
	Tech-Features
	Procedure and Assumption
	BS Antenna Configuration

	1
	Dual-layer Beamforming[3]
	· EBB Beamforming by the channel estimated using SRS

· SRS period: 20ms
	· 8 elements with (4+4) cross polarization,

· 0.5lamda spacing

	2
	MU-BF[4]
	· Two users are multiplexed with EBB and ZF beamforming

· Users are multiplexed from their AOA distinction

· Cell-edge users are not multiplexed
	· 8 elements with (4+4) cross polarization,

· 0.5lamda spacing

	3
	Coordinated Dual-layer Beamforming
	· Centralized scheduler within a cluster of 21 sectors

· Interference avoidance  considering the max 3 sectors(ordered by large scale coupling loss) based on the AOA distinction
	· 8 elements with (4+4) cross polarization,

· 0.5lamda spacing


3. Simulation results
Performance of the three schemes are summarized and presented in Table 2. 

Table 2 Simulation results
	Scheme
	Tech-Features
	Average Cell Spectrum Efficiency(bps/Hz/sector)
	Relative gain
	Cell edge user throughput(bps/Hz/sector/user)
	Relative gain

	1
	Dual-layer Beamforming
	2.26
	100%
	0.069
	100%

	2
	MU-BF
	2.78
	123%
	0.065
	94.2%

	3
	Coordinated Dual-layer Beamforming
	2.58
	114%
	0.089
	129%


The user throughput distributions are shown in Fig. 1.
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Fig. 1 User Throughput Distribution
The simulation results show that compared with the single cell dual-layer beamforming, the coordinated beamforming provides 14% gain for the average cell spectrum efficiency and 29% gain for the cell edge user throughput. The MU-BF within single cell can achieve slightly higher cell spectrum efficiency gain to 23%, but the cell edge user throughput loses about 6%. 
From the Fig. 1, we can see that with the inter-cell interference avoidance, moderate and low geometry user’s throughput improves dramatically. The reason is that users can achieve a better SINR after coordinated BF, and hence more of them can be involved in rank 2 transmission. From the zoom-in part of Fig. 1, cell edge user throughput applying coordinated BF increases significantly compared to the schemes without coordination. This is due to the fact that cell-edge user’s effective SINR is usually limited by the inter-cell interference. With the coordination, interference experienced by cell edge user is controlled well and thus throughputs increase significantly.
4. Conclusion
The coordinated dual-layer beamforming only needs to share users’ AOA information among the cells. It is an efficient and reliable solution to increase both the average cell spectrum efficiency and cell-edge user throughput. Therfore, we propose to take the coordinated dual-layer beamforming as one of the higher priority technical features for the ITU submission and evaluation.
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Appendix – Simulation Assumptions

Models and assumptions are aligned with 3GPP case 1. They are summarized in Table 3.
Table 3 Simulation Assumptions
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Simulation scenarios
	Case1-2D

	Load
	Average 10 UE per sector

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	
	

	Bandwidth
	10MHz

	Total BS TX power (Ptotal)
	46dBm 

	Duplex
	TDD

	UL:DL
	2:2+1 special burst

	DWPTS symbols
	11

	BS antenna gain plus cable loss
	14 dBi 

	Noise figure at UE
	9dB

	
	

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2.0GHz

	Lognormal Shadowing with shadowing standard deviation
	8 dB

	Penetration Loss  
	20dB

	
	

	Channel model
	SCM-E

	UE speeds of interest
	3km/h

	Antenna unit pattern (horizontal)
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	Sector beamforming weight
	w1 = [-0.2421 + 0.3241i, -0.4938 + 0.8696i, -0.4938 + 0.8696i, 0.2603 - 0.5622i] for 4+4 polarized antenna;

	
	

	BS antenna configuration
	4+4 cross-polarized/ 8, 0.5 wavelength

	UE antenna configuration
	 2, 0.5 wavelength

	
	

	Traffic model
	Full buffer

	Link to system interface
	EESM

	
	

	Scheduler
	Proportional Fair

	HARQ
	Maximum 4 retransmission 

	Channel estimation error
	Ideal estimation

	Receiver algorithm
	MMSE 
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