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1 General

At RAN1#58bis and RAN1#59, several UL Tx diversity schemes and simulation assumptions have been clarified. It’s necessary to evaluate performance of these solutions to support future decisions. 
Link performance indicates that there is at most 3dB gain over the single Tx antenna (through genie switched antenna diversity). In this contribution, system performance of switch antenna diversity is given and compared with the single Tx antenna performance. 

2 Reference transmitter [2][3]
UL Tx diversity of switched antenna schemes are presented as following. Genie algorithm is provided in [2]. The practical algorithm is excerpted from [3]. 
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Figure 1 Switched Antenna Transmit Diversity Scheme
TX0:  Base 

No Tx diversity
TX1: Switched antenna diversity

· TX1a: Genie
· Every radio frame (10ms), the reference UE transmitter makes a decision on whether to switch transmit antennas or not.

· Transmit Antenna j (j = 0, 1) is selected if 
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 in the previous frame is the maximum.
· TX1b: Practical
· UE has no direct knowledge of the channel impulse response of the different transmit receive antenna pairs

· Every radio frame (10ms), the UE transmitter makes a decision on whether to switch transmit antennas or not. If the sum of the accumulated TPC is larger than 0 the transmit antenna is switched.
· If the same transmit antenna has been used for 4 consecutive frames the UE automatically switches antenna.
3 Simulation Results and Analysis
Simulation assumptions are attached in Appendix C, basically following the agreements in RAN1#59 meeting.

Figure 1 shows the average cell throughput of TX1a, TX1b and TX0 with different channels.  There is about 10% gain in PA3 channels comparing TX1a with TX0. However no gains can be observed on VA30 channel due to the fast changing of channel. Antenna switching algorithm is hardly able to catch up with channel fading. 
The performance of practical algorithm is worse than no diversity scheme. In our understanding, the results have a great connection with the parameter of practical algorithm. For example, if antenna switches when TPC accumulation is larger than 2 or removing the mandatory 4-frame-switching, the performance would be expected better.
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Figure 2 Cell Throughput over Average User Throughtput  on PA and VA30 channels
Table1 shows the average UEs’ switch times per second. The number of switch time of genie algorithm is smaller. The switch times are increased significant for practical algorithm except for VA30 channel. Some improper switching causes performance loss. 
Table 1 Antenna Switch Frequency
	Ant.Correlation
	Scenario
	PA
	VA30

	0
	Genie
	11
	46

	　
	Practical
	53
	50


Table2 and 3 present the average transmit power gain of UEs. It can be observed that both genie and practical algorithm could achieve gains to non-diversity on Tx power. 
Table 2 PA3, Average Tx Power gain  over Genie and Practical algorithm

	Scenario\Users
	0.25
	0.5
	1
	2
	4

	Genie
	1.32
	1.26
	1.13
	1.289
	1.58

	Practical
	1.02
	-0.13
	0.62
	1.07
	1.51


Table 3
VA30, Average Tx Power gain over Genie and Practical algorithm

	Scenario\Users
	0.25
	0.5
	1
	2
	4

	Genie
	0.3
	0.29
	0.3
	0.27
	0.78

	Practical 
	0.63
	0.47
	0.1
	0.281
	0.82


4 Conclusions

In this contribution, system level simulation results of Switched Antenna scheme were shown for PA3, and VA30 channels. From the simulation results, we summarize our observations:
1. In Genie algorithm scheme, the results of PA3 channel could provide gains. On VA30 channel, no gains are obtained due to the fast changing channels and lack of correct switching. 
2. For practical algorithm, improper switching decisions would bring some loss of performance and the results are even worse than the non-diversity scheme. 
3. UEs’ transmit power reduces on PA3 channel, but not much on VA30 channel. Considering the throughput loss, transmit power gains are even smaller. 
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6 Appendix A: Additional Simulation Results
The following tables provide data of average and 90% RoT. 
Table 4. PA3 Channel, Average RoT
	Users
	0.25
	0.5
	1
	2
	4

	Genie
	1.94
	3.00
	5.40
	5.23
	6.53

	Practical
	2.03
	3.13
	5.44
	5.70
	6.54

	Base
	2.20
	3.34
	5.61
	5.53
	6.25


Table 5． VA30 Channel, Average RoT

	Users
	0.25
	0.5
	1
	2
	4

	Genie
	2.10
	3.19
	5.62
	5.43
	6.43

	Practical
	2.13
	3.24
	5.64
	5.70
	7.00

	Base
	2.16
	3.26
	5.66
	5.47
	6.47


Table 6. PA3 Channel, 90% RoT

	Users
	0.25
	0.5
	1
	2
	4

	Genie
	4.96
	5.69
	6.68
	6.70
	19.10

	Practical
	5.02
	5.90
	7.26
	7.60
	19.00

	Base
	5.20
	6.03
	7.24
	7.20
	18.25


Table 7. VA30 Channel, 90% RoT

	Users
	0.25
	0.5
	1
	2
	4

	Genie
	5.31
	6.23
	7.43
	7.13
	19.20

	Practical
	5.34
	6.24
	7.44
	7.25
	22.00

	Base
	5.38
	6.28
	7.50
	7.15
	17.00


The following figures illustrate CDF of user throughput on PA3 and VA30 channels.
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Figure 3 PA3 Channel User Throughput CDF with different Ues/Cell
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Figure 4  VA30 Channel User Throughput CDF with different Ues/Cell
The following tables show 10%-90% CDF of user transmit power on PA3 and VA30 channels.

Table 8. PA3 channel; 10%,50%,90% CDF of User Transmit Power

	CDF Percent
	Scenario
	0.25
	0.5
	1
	2
	4

	10%
	Genie
	-8.9
	-11.1
	-13.24
	-15.28
	-17.12

	
	Practical
	-8.62
	-10.7
	-12.76
	-15.13
	-15.37

	
	Base
	-7.79
	-10.01
	-13.33
	-13.96
	-15.07

	50%
	Genie
	5.24
	3.79
	2.34
	0.306
	-1.53

	
	Practical
	5.78
	4.34
	2.86
	0.49
	-0.1

	
	Base
	6.61
	5.11
	2.34
	1.58
	-0.02

	90%
	Genie
	16.72
	15.46
	14.07
	11.93
	10.02

	
	Practical
	17.4
	16.18
	14.75
	12.04
	11.29

	
	Base
	18.29
	17
	15.56
	13.4
	11.28


Table 9. VA30 channel; 10%,50%,90% CDF of User Transmit Power
	CDF Percent
	Scenario
	0.25
	0.5
	1
	2
	4

	10%
	Genie
	-8.49
	-10.6
	-12.44
	-14.22
	-15.6

	
	Practical
	-8.27
	-10.38
	-12.37
	-14.61
	-14.66

	
	Base
	-8.25
	-10.32
	-12.37
	-13.92
	-15.42

	50%
	Genie
	5.65
	4.25
	2.95
	1.16
	-0.38

	
	Practical
	5.9
	4.47
	3.03
	0.84
	0.58

	
	Base
	5.98
	4.56
	3.07
	1.42
	0.39

	90%
	Genie
	17.33
	15.9
	14.62
	12.37
	10.59

	
	Practical
	17.57
	16.12
	14.69
	11.79
	11.7

	
	Base
	17.67
	16.27
	14.76
	12.71
	11.07


7 Appendix B: Example of antenna correlation model

Transmit antenna correlation is represented in the channel by the basic Kronecker model of the channel
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Where 
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are the transmit and receive correlation matrices where
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is the transmit antenna correlation.
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8 Appendix C: System-level simulation parameters and metrics
	Parameters
	Values and comments

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

	Inter-site distance [m]
	1000

	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
	Case 1 (3GPP ant):                                                     
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                                                                              = 70 degrees,   Am = 20 dB

                                                              

	Channel Model
	PA3, VA30

	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, 10 (Best effort data)

	NodeB Receiver
	Rake (2 antennas per cell)

	Channel Estimation
	Realistic

	Uplink HARQ
	2ms TTI, Max # of transmission =4, Target Initial BLER = 10%

	Closed Loop Power Control Delay
	1 slots

	UL TPC Error Rate [%] 
	0

	Long term antenna imbalance [dB]
	0

	Short-term antenna imbalance [dB]
	0

	UE Tx 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
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