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1. Introduction

In the RAN#43 meeting, the “Enhanced DL transmission for LTE” WI was approved [1]. This contribution first discusses the simulation methodology and modeling issues of smart antenna system. Then, system-level simulation results on dual-layer beamforming are given with different SRS transmission periodicity, antenna configurations and system scenarios. This contribution is the resubmission of R1-091513.
2. Simulation methodology and modeling
2.1 Modeling of smart antenna

In this section, we discuss the 4+4 polarized sectored antenna array and the 8 elements co-polarized antenna array with element spacing of 0.5 Lambda. The element gain pattern of each unit is wider than that of the large spaced antenna array; the sector gain pattern is generated by proper beamforming weight factors, [5]. In the simulation, the ideal baffle-board model is used for antenna pattern, and the sector gain is composed by the w=[-0.2421 + 0.3241i, -0.4938 + 0.8696i, -0.4938 + 0.8696i, 0.2603 - 0.5622i] for 4+4 polarized antenna array, and w=[0.4500 , -0.5736 + 0.8192i, -0.9063 - 0.4226i, -0.4226 - 0.9063i, -0.4226 - 0.9063i, -0.9063 - 0.4226i, -0.5736 + 0.8192i, 0.4500] for the co-polarized antenna array. Figure 1 shows the 3 sector gain pattern in TR25.996, the unit gain pattern of baffle-board model and the composed sector gain in 4+4 polarized case.
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Fig.1 Antenna Pattern

It is noted that when the polarized antenna is used, the polarization power loss must be taken into account when calculating the weak interference from the cells which the SCM channel are not modeled, [5].

2.2 Simulation Assumptions
Table 1 Simulation Parameters
	Parameter
	Assumption

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

	Simulation scenarios
	Case1 and Case3 in TR25.814

	Load
	Average 10 UE per sector

	Antenna Bore-sight points toward flat side of cell
	


	Users dropped uniformly in entire cell
	


	
	

	Bandwidth
	10MHz

	Total BS TX power (Ptotal)
	46dBm 

	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;
And w2=[0.4500 , -0.5736 + 0.8192i, -0.9063 - 0.4226i, -0.4226 - 0.9063i, -0.4226 - 0.9063i, -0.9063 - 0.4226i, -0.5736 + 0.8192i, 0.4500] for 8 elements antenna;


	
	

	BS antenna configuration
	4+4 polarized/ 8

0.5 Lambda

	UE antenna configuration
	 2 (co-polarized),0.5 Lambda/ 2 (dual-polarized)

	
	

	Traffic model
	Full buffer

	Link to system interface
	EESM

	
	

	Scheduler
	Proportional Fair

	HARQ
	Maximum 4 retransmission 

	SRS channel estimation error
	1/Geometry

	CQI feedback period
	10ms

	CQI feedback scheme
	Reuse transmission mode 7 in Rel-8

	Receiver algorithm
	MMSE 


3. Simulation Results
3.1 The polarization power loss
The following table 2 compares the simulation results with/without polarization power loss. The simulation assumptions are: case1, (4+4)x2 antenna configuration, and dual-layer adaptation. It can be seen that if the polarization power loss is not correctly considered, system performance will suffer loss of about 7.5% and cell edge user throughput will suffer about 38%.
Table 2 Throughput Comparison
	Case
	With Polarization Power Loss
	Without Polarization Power Loss
	Loss(%)

	Cell Throughput (Kbps/Hz)
	2.26
	2.09
	7.5%

	5% User Throughput (Kbps/Hz/User)
	0.069
	0.043
	38%


User throughput CDF:
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Fig. 2 CDF of User throughput 

3.2 SRS transmission period and delay
LTE-TDD downlink beamforming is based on the estimation of uplink channel response on SRS. The following table 3 shows the results in the case of SRS with different transmission periodicity and delay is 10ms, 20ms, 50ms. The simulation assumptions are: case1, (4+4)x2 antenna configuration, and dual-layer adaptation. The simulation results show that even with the SRS period of 50ms, the system performance loss is smaller than 10%.
Table 3 Throughput Comparison
	Case
	Cell Throughput
(Kbps/Hz)
	Relative Gain
	5% User Throughput
(Kbps/Hz/User)
	Relative Gain

	10ms SRS
	2.32
	100%
	0.073
	100%

	20ms SRS
	2.26
	97.4%
	0.069
	94.5%

	50ms SRS
	2.09
	90.1%
	0.059
	80.8%


User throughput CDF:
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Fig. 3 CDF of User throughput

3.3 Antenna configuration
The following table 4 gives the system performance in 3 typical antenna configurations. The simulation scenario is Case1. 

The simulation results show that dual-layer beamforming achieves higher cell throughput when both the UE and eNB antenna are polarized. The system performance of 8x2 and (4+4)x2 are similar.
Table 4, throughput comparison
	Case
	Cell Throughput

(Kbps/Hz)
	Relative Gain
	5% User Throughput

(Kbps/Hz/User)
	Relative Gain

	(4+4)x2
	2.26
	100%
	0.069
	100%

	8x2
	2.18
	96.5%
	0.064
	92.7%

	(4+4)x(1+1)
	2.36
	104.4%
	0.060
	87.0%


User throughput CDF:
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Fig. 4 CDF of User throughput
3.4 System scenarios
Under the antenna configuration of (4+4)x2，the scenarios of Case1 with 8 degree AS spreading , Case1 with 15 degree AS spreading and Case3 with 5 degree AS spreading are simulated. It can be seen that the dual-layer beamforming gain is better in the Case1 with 15 degree AS spreading, but the cell edge user throuput is smaller than Case1 with 8 degree AS spreading.
Table 5, throughput comparison

	Case
	Cell Throughput

(Kbps/Hz)
	Relative Gain
	5% User Throughput

(Kbps/Hz/User)
	Relative Gain

	Case1, 

15 degree AS
	2.26
	100%
	0.069
	100%

	Case1,

8 degree AS
	2.20
	97.4%
	0.073
	105.8%

	Case3, 

5 degree AS
	2.04
	90.3%
	0.051
	73.9%


User throughput CDF:
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Fig. 5 CDF of User throughput
4. Conclusion
The simulation results of dual-layer beamforming are given in this proposal with different antenna configurations, system scenarios and SRS transmission periodicity. 
· When the polarized antenna array is used to study the performance, the polarization power loss must be correctly considered, if not, the system performance will suffer about 7.5% and 38% for the cell edge user throughput.
· System performance slowly decreased by increasing the SRS sounding period, performance of 50ms SRS sounding period degrades about 10% relative to 10ms SRS sounding period. So it is important to decrease SRS period by efficiently designed scheduler
· Comparing the 8X2, 4+4(BS polarized)X2 and the 4+4(BS polarized)X1+1(MS polarized) antenna configuration, both the UE and eNB polarized antenna configuration achieves higher gain
· Comparing deferent scenarios, the average cell throughput in case1 with larger AS spreading is better, however the cell edge user throughput is smaller.
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