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1 Introduction
The study item was created at RAN Plenary #45 to evaluate the performance on the UL Tx Diversity for HSPA that does not require any newly standardized dynamic feedback signaling between the network and UE [1]. We reported the system simulation results for practical beam-forming UL Tx Div on HSUPA in San Francisco meeting (RAN1 #60) [2] and post the San Francisco meeting [3]. The second system simulation contribution [3] improved the cell throughput as well as the UE data rate with the minor modification on the outer loop power control and scheduler. 
In this contribution, we report the system simulation results on the practical beam-forming Algorithm (BF 2) for the scenarios of PA3 (with and without antenna correlation) and VA30 (with antenna correlation) for the inter site distance of 1000m. The same simulation assumptions as in previous system simulation [2,3,4,5] were used. In this system simulation, we further made a minor modification on the  scheduler and  change the minimum UE TX  power  from -30 dBm to -50 dBm. 

The simulation results show that, on the average over the various numbers of users, the average cell throughput gains from the practical BF algorithm are 29% and 30% for the scenario of PA3 with zero antenna correlation and 0.3 TX/RX antenna correlations, respectively. For VA30 with 0.3 antenna correlations, the gains of average cell throughput and average UE data rate are both 29%. At the cell edges (10 percentile of UE data rate), the averaged data rate of UE is improved by 33%, 31%, and 30% for the scenarios of PA3 with and without antenna correlation and VA30 (with antenna correlation), respectively.

2 System simulation assumption 
Table 1 shows the system simulation assumptions on the parameters. In addition, the number of simulation snapshots has been set according to following table:

	Number of UEs per cell
	0.25
	0.5
	1
	2
	4

	Number of snapshots
	84
	42
	21
	11
	6


Table 1: Summary of the simulation assumptions used in the system parameters.

	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 NodeBs, 3 sectors per Node B with wrap-around

	Inter-site distance [m]
	1000, and 2800

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Antenna pattern
	3GPP ant:                                                     
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	Channel Model
	PA3

	Penetration loss [dB]
	10

	Maximum UE EIRP
	23 dBm

	Uplink system noise
	 –103.16 dBm

	HS-DPCCH 
	CQI Feedback Cycle
	1 TTI

	
	ACK [dB]
	0

	
	NACK [dB]
	0

	
	CQI [dB]
	0

	
	Pr[ACK]/Pr[NACK]
	0.5/0.5

	βec/ βc 
	15/15

	Soft Handover Parameters
	R1a (reporting range constant) = 4 dB, 

R1b (reporting range constant) = 6 dB

	Thermal noise density
	-174 dBm/Hz

	Traffic model
	Full buffer

	UE distribution 
	Uniform over the area

	Number of UEs per sector
	0.25, 0.5, 1, 2, 4, (Best effort data)

	NodeB Receiver
	Rake (2 antennas per cell)

	Channel Estimation
	Realistic – 3 slot filtering

	UL TPC Generation
	Based on 1 slot received signal energy of the intended UE.

	Uplink HARQ
	2ms TTI, Max # of transmission =4, Target BLER = 1%

	Closed Loop Power Control Delay
	2 slots

	Outer Loop Power Control Delay [frames]
	4

	UL TPC Error Rate [%] 
	4

	Long term antenna imbalance [dB]
(Note 1)
	0

	Short-term antenna imbalance [dB]  (Note 2)
	Gaussian distribution with µ = 0, σ = 2.25, 



	UE Tx Antenna Correlation
	0

	UE Rx Antenna Correlation
	0

	E-DCH Scheduling Delays
	Period
	2ms

	
	Uplink SI delay
	6 slots

	
	DL Grant delay
	As per 25.321

	Scheduling Type
	Proportional Fair


Note 1: The long term antenna imbalance is fixed for all the UE’s in a particular simulation.
Note 2: The short term antenna imbalance value is independently generated from the distribution on a per UE per link basis. Once generated, the short term imbalance does not change for the duration of the simulation.

3 Simulation results
The simulation results presented here is for PA3 with and without antenna correlations and VA30 with 0.3 correlations for both TX and RX antennas. 

Figure 1 and 2 show the average UE data rate vs. average cell throughput for PA3 with and without and with antenna correlation. While Figure 3 shows the data for VA30. The data and the 10 percentile UE data rate (for cell edge) are also shown in detail in Table 1, 2, and 3.
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Figure 1 PA3 without antenna correlation                       Figure 2  PA3 with 0.3 antenna correlations
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Figure 3  UE data rate vs. cell throughput for VA30
Table 1  The system simulation data for PA3 with zero antenna correlation (1000m ISD)

	
	Averaged cell throughput
	Averaged UE data rate
	10 percentile UE data rate

	# of User per cell
	Practical BF
	Ref.
	Gain
	Practical BF
	Ref.
	Gain
	Practical BF
	Ref.
	Gain

	
	(Mb/s)
	(Mb/s)
	
	(Mb/s)
	(Mb/s)
	
	(Mb/s)
	(Mb/s)
	

	0.25
	0.56
	0.49
	15%
	2.12
	1.84
	15%
	1.12
	0.96
	16%

	0.5
	1.00
	0.83
	20%
	1.96
	1.64
	20%
	1.03
	0.76
	36%

	1
	1.57
	1.19
	31%
	1.57
	1.19
	31%
	0.74
	0.58
	27%

	2
	1.52
	1.08
	41%
	0.76
	0.54
	41%
	0.34
	0.22
	54%

	4
	1.39
	1.03
	36%
	0.35
	0.26
	36%
	0.12
	0.19
	33%

	Average
	
	
	29%
	
	
	29%
	
	
	33%


Table 1 shows the data rate and cell throughput improved are in the range of 15 to 41 percent for the scenario of PA3 with zero antenna correlation and averaged improvement is 29%. At the cell edge, the improvement is slightly higher, on the range of 16 to 54 percent and average of 33%. When the antenna correlations of 0.3 are added to Both Tx and Rx antennas, the gains improvement is very minor for PA3. This is consistent with link level simulation results. At the cell edge, the overall (or the average) is degraded from 33% to 31% with the antenna correlation. 
Table 2  The system simulation data for PA3 with antenna correlation of 0.3 for both Tx and Rx (1000m ISD).
	
	Averaged cell throughput
	Averaged UE data rate
	10 percentile UE data rate

	# of User per cell
	Practical BF
	Ref.
	Gain
	Practical BF
	Ref.
	Gain
	Practical BF
	Ref.
	Gain

	
	(Mb/s)
	(Mb/s)
	
	(Mb/s)
	(Mb/s)
	
	(Mb/s)
	(Mb/s)
	

	0.25
	0.56
	0.49
	15%
	2.12
	1.84
	15%
	1.09
	0.93
	17%

	0.5
	1.01
	0.83
	22%
	1.98
	1.63
	22%
	1.02
	0.77
	33%

	1
	1.56
	1.19
	31%
	1.56
	1.19
	31%
	0.75
	0.60
	25%

	2
	1.53
	1.08
	41%
	0.76
	0.54
	41%
	0.35
	0.22
	59%

	4
	1.46
	1.03
	42%
	0.62
	0.36
	26%
	0.11
	0.09
	22%

	Average
	
	
	30%
	
	
	30%
	
	
	31%


Table 3 shows the data rate and cell throughput improved are in the range of 21 to 41 percent for the scenario of VA30 with the antenna correlations of 0.3 for both Tx and Rx antennas and averaged improvement is 30%. At the cell edge, the improvement is slightly higher, on the range of 19 to 40 percent and average of 30%.
Table 3  The system simulation data for VA30 with antenna correlation of 0.3 for both Tx and Rx (1000m ISD).
	
	Averaged cell throughput
	Averaged UE data rate
	10 percentile UE data rate

	# of User per cell
	Practical BF
	Ref.
	Gain
	Practical BF
	Ref.
	Gain
	Practical BF
	Ref.
	Gain

	
	(Mb/s)
	(Mb/s)
	
	(Mb/s)
	(Mb/s)
	
	(Mb/s)
	(Mb/s)
	

	0.25
	0.49
	0.41
	21%
	1.86
	1.54
	20%
	1.06
	0.76
	40%

	0.5
	0.83
	0.68
	21%
	1.63
	1.34
	21%
	0.82
	0.70
	19%

	1
	1.31
	1.01
	30%
	1.31
	1.01
	30%
	0.68
	0.50
	36%

	2
	1.28
	0.91
	41%
	0.64
	0.45
	41%
	0.27
	0.20
	35%

	4
	1.26
	0.94
	34%
	0.32
	0.24
	34%
	0.11
	0.09
	22%

	Average
	
	
	29%
	
	
	29%
	
	
	30%


The additional data for other parameters listed in performance metrics are included in Appendix.

4 Conclusions
This contribution presents the system results on the performance of uplink beam forming Tx diversity algorithm 2 for ISD of 1000m. 
· The proposed beam forming algorithm 2 can increase the average cell throughput and the average UE data rates with 15 - 41 percent for the scenario of PA3 with zero antenna correlation. At the cell edge, the range of the gain is 17 to 54 percent.
· For the scenario of PA3 with 0.3 correlations for both TX and RX antennas, the beam forming algorithm 2 can increase the average cell throughput and the average UE data rates with 15 - 42 percent. At the cell edge, the range of the gains is 17 to 59 percent.

· For the scenario of VA3 with 0.3 correlations for both TX and RX antennas, the beam forming algorithm 2 can increase the average cell throughput and the average UE data rates with 20 - 41 percent and 19 to 40 percent at the cell edge.
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6 Appendix 

6.a

The followings are the additional results from the system simulation on PA3 fading channels.
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Fig. 4a (0 antenna correlations)     
     
Fig. 4b (0.3 antenna correlations)

Figure 4 – Average ROT for PA3 without and with antenna correlations
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Fig. 5a (0 antenna correlations)      
    
Fig. 5b (0.3 antenna correlations)

Figure 5 - 90th percentile of ROT for PA3 without and with antenna correlations
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Fig. 6a (0 antenna correlations)     
     
Fig. 6b (0.3 antenna correlations)

Figure 6 - 95th percentile of UE data rate for PA3 without and with antenna correlations
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Fig. 7a (0 antenna correlations)    
      
Fig. 7b (0.3 antenna correlations)

Figure 7 - 50th percentile of UE data rate for PA3 without and with antenna correlations
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Fig. 8a (0 antenna correlations)     
     
Fig. 8b (0.3 antenna correlations)

Figure 8 – 10th percentile of UE data rate for PA3 without and with antenna correlations
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Fig. 9a (0 antenna correlations)      
    
Fig. 9b (0.3 antenna correlations)

Figure 9 – Average TX power for PA3 without and with antenna correlations
[image: image16.png]Lo

IS

percentile TX power (dBm)
S b &

10th
o
IS

o
=

® Practical BF

i Reference

0.25 0.5 1 2 4

Number of users per cell




    [image: image17.png]M Practical BF

m Reference

10th percentile TX power (dBm)

14

0.25 0.5 1 2 4

Number of users per cell





Fig. 10a (0 antenna correlations)      
    
Fig. 10b (0.3 antenna correlations)

Figure 10 – 10th percentile of TX power for PA3 without and with antenna correlations
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Fig. 11a (0 antenna correlations)      
    
Fig. 11b (0.3 antenna correlations)

Figure 11 – 90th percentile of TX power for PA3 without and with antenna correlations
6.a

The followings are the additional results from the system simulation on VA30 fading channels with 0.3 correlations for both Tx and Rx antennas.

[image: image20.png]Average ROT (dB)

® Practical BF

0.25 0.5 1 2

Number of users per cell




   [image: image21.png]90th percentile ROT (dB)

MW R U N ® O

-

L Practical BF

| ’{Ime I I I
0.25 0.5 1 2

Number of users per cell





Fig. 12a (Average ROT)      
    
Fig. 12b (90th percentile ROT)

Figure 12 – Average ROT and 90th percentile ROT for VA30 with antenna correlations
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Fig. 13a (95th percentile)      
    
Fig. 13b (50th percentile)

Figure 13 – UE data rate for VA30 with antenna correlations
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Figure 13c – 10th percentile UE data rate for VA30 with antenna correlations
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Figure 14a – Average TX power for VA30 with antenna correlations
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Fig. 14a (10th percentile)      
    
Fig. 14b (90th percentile)

Figure 14 – 10th percentile and 90th percentile TX power for VA30 with antenna correlations
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