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1 Introduction
At RAN1#59bis, new simulation assumptions and practical algorithms have been discussed and summarized. Comparing to the previously applied practical algorithm, the main difference of the updated practical algorithm is the continuous accumulation of TPC until a switch happens, while the previous switching algorithm clears the TPC accumulation status once reaching the frame border. 
This paper presents new simulation results of practical and baseline algorithms for reference. The simulation assumptions are based on [4] and listed in the Annex.

2 Reference transmitters 
The antenna switching algorithm was implemented as follows [3]: 
Let the TPC command DOWN be represented by -1 and the TPC command UP by +1. 
Then let the UE accumulate all received TPC commands. 
At each frame border the accumulated TPC sum is compared with 0. If the sum is larger than 0 the transmit antenna is switched.
If the same transmit antenna has been used for 14 consecutive frames the UE automatically switches antenna. 
Note that the UE accumulates TPC commands continuously until a switch occurs.
Every time an antenna switch occurs the accumulated TPC sum is reset to 0

Note that the “period of extended use” is set to 14 frames.
3 Simulation Results and Analysis
According to Figure 1 and Figure 2, we can see that the practical algorithm shows a slight improvement compared to the baseline.
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Figure 1 PA3, Average User Throughput over Cell Throughput
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Figure 2 VA30, Average User Throughput over Cell Throughput

Figure 3 shows that more gain can be obtain when there is an imbalance effect or when the  UE speed is lower. Note that “PA3, Imb4” means a PA3 channel with a long-term imbalance of 4dB. 
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Figure 3 PA3, PA0.1 and PA3 with long-term imbalance = 4dB comparison
Cell edge user throughput is also improved on PA3 channel whereas rather small gain can be seen on VA30 channel.
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Figure 4 PA3 Cell Edge User Throughput (10%)
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Figure 5 VA30 Cell Edge User Throughput (10%)
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Figure 6 PA0.1, PA3 with long-term imbalance = 4dB, Cell Edge User Throughput
4 Conclusions

In this contribution, system level simulation results for Switched Antenna transmit diversity on PA3 and VA30 channels were shown. 
With a Genie Antenna Switching scheme, the results for a PA3 channel show important gains. On a VA30 channel, almost no gains can be obtained due to the fast changing channel and improper switching. In this case, a faster switching frequency would be necessary.
The practical algorithm shows some improvement compared to the baseline performance. From the algorithm description in Section 2, the key points are:

1. A reduced mandatory switching time 

2. No clean up of TPC accumulation status until a switch happens
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6 Appendix A: Additional simulation results
Table 1 ~ Table 6 show the RoT performance.
Table 1 PA3 Channel, Average RoT
	Users
	0.25
	0.5
	1
	2
	4

	Genie
	0.954 
	1.808 
	3.624 
	4.726 
	5.646 

	Practical
	1.025 
	1.955 
	3.841 
	4.856 
	5.716 

	Base
	0.905 
	1.683 
	3.322 
	3.057 
	5.661 


Table 2 PA3 Channel, 90% RoT

	Users
	0.25
	0.5
	1
	2
	4

	Genie
	2.285 
	3.882 
	5.286 
	6.382 
	6.748 

	Practical
	2.470 
	4.101 
	5.590 
	6.561 
	6.969 

	Base
	2.220 
	3.744 
	5.049 
	5.454 
	6.988 


Table 3 VA30 Channel, Average RoT
	Users
	0.25
	0.5
	1
	2
	4

	Genie
	1.352 
	2.423 
	4.657 
	5.031 
	5.706 

	Practical
	1.382 
	2.464 
	4.695 
	5.059 
	5.716 

	Base
	1.396 
	2.517 
	4.767 
	5.087 
	5.718 


Table 4 VA30 Channel, 90% RoT

	Users
	0.25
	0.5
	1
	2
	4

	Genie
	3.538 
	5.012 
	6.308 
	6.623 
	6.739 

	Practical
	3.576 
	5.045 
	6.344 
	6.643 
	6.768 

	Base
	3.573 
	5.081 
	6.398 
	6.625 
	6.735 


Table 5 PA0.1 and PA3 with long-term imbalance = 4dB, Average RoT

	Users
	0.25
	0.5
	1
	2
	4

	PA0.1
	1.038 
	1.938 
	3.774 
	3.398 
	5.718 

	PA3,Imb=4dB
	0.954 
	1.808 
	3.624 
	4.726 
	5.646 

	Base
	0.905 
	1.683 
	3.322 
	3.057 
	5.661 


Table 6 PA0.1 and PA3 with long-term imbalance = 4dB, 90% RoT
	Users
	0.25
	0.5
	1
	2
	4

	PA0.1
	2.589 
	4.210 
	5.486 
	5.570 
	6.852 

	PA3,Imb=4dB
	2.285 
	3.882 
	5.286 
	6.382 
	6.748 

	Base
	2.220 
	3.744 
	5.049 
	5.454 
	6.988 


Table 7 shows the average transmit power gain under different scenarios.

Table 7 Average transmit power gain over baseline

	Users
	0.25
	0.5
	1
	2
	4

	PA0.1
	1.51 
	1.38 
	1.09 
	0.82 
	1.21 

	PA3,Imb=4dB
	3.76 
	3.53 
	3.08 
	1.68 
	2.96 

	PA3 Genie
	1.53 
	1.45 
	1.04 
	1.31 
	1.20 

	PA3 Prac
	1.06 
	0.97 
	0.78 
	0.79 
	0.75 

	VA30 Genie
	0.74 
	0.72 
	0.61 
	0.64 
	0.62 

	VA30 Prac
	0.55 
	0.53 
	0.45 
	0.47 
	0.46 


7 Appendix B: Antenna correlation, imbalance model
1. 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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2. Imbalance Model
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 is the antenna imbalance matrix where
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is the antenna imbalance.

Note that antenna imbalance is the relative power of the secondary antenna with respect to the first antenna[4]
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, PA0.1

	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

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

	Closed Loop Power Control Delay
	1 slots

	UL TPC Error Rate [%] 
	4

	Long term antenna imbalance [dB]
	0, 4

	Short-term antenna imbalance [dB]
	Gaussian distribution with 
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	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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