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Introduction

In this document, we present system simulation results for the reference practical Beamforming Transmit Diversity (BFTD) scheme of R1-101700 [1]. The performance of this scheme is compared with the baseline where the UE is equipped with only one transmit antenna. 
We follow the simulation methodology, nomenclature and assumptions outlined in R1-101340 [2]. As compared to [2], the results presented here do not assume any backoff to decoding SNR for BFTD. The reasons for this are two-fold: lack of agreement on how to model NodeB receiver losses in system simulations and link-level simulation results of [3] which show reduced receiver losses using an alternative implementation of BFTD as compared to earlier. All other simulation assumptions stay the same as [2].
2
System Simulation Results
We summarize the system performance benefit to BFTD in terms of the following metrics:

· Average UE DPCCH transmit power

· Average user throughput

· 10th percentile user throughput

Hereon, the practical BFTD scheme of [1] will be refered to as just BFTD and the baseline as No TD. 
In Table1, we summarize the average user throughput for No TD as well as BFTD for different number of users per cell, inter-site distance and channel types.
Table 1: Average  user throughput
	Cases
	Average user throughput of No TD (kbps) ,
Average user throughput of BFTD (kbps)

	ISD [km]
	Number of BE users/cell
	Channel type

	
	
	PA 0.1 km/hr
	PA 3 km/hr
	VA 30 km/hr

	2.8
	0.25
	894.3, 981.3
	888.5, 965.7
	937.8, 949.7

	2.8
	0.5
	889, 978.7
	882.1, 962.1
	929.9, 943.5

	2.8
	1
	875.2, 968.7
	867.6, 948.9
	912.9, 926.2

	2.8
	4
	645.0, 727.7
	569.6, 651.2
	544.6, 554.5

	2.8
	10
	202.3, 232.7
	162.0, 195.5
	161.7, 165.7

	1
	0.25
	1200.4, 1209.6
	1233.7, 1242.7
	1327.2, 1310.2

	1
	0.5
	1201.8, 1211.3
	1235.3, 1243.7
	1329.2, 1311.5

	1
	1
	1198.4, 1209.3
	1230.9, 1240.7
	1317.9, 1301.3

	1
	4
	544, 646
	498.7, 583.2
	475.4, 481.3

	1
	10
	147.4, 180.5
	136.1, 160.8
	128.4, 131.8


In Table 2, the average user throughput gain of BFTD over No TD is presented.
Table 2: Average user throughput gains due to BFTD

	Cases
	Average user throughput gain (%)

	ISD [km]
	Number of BE users/cell
	Channel type

	
	
	PA 0.1 km/hr
	PA 3 km/hr
	VA 30 km/hr

	2.8
	0.25
	9.73
	8.69
	1.26

	2.8
	0.5
	10.08
	9.1
	1.45

	2.8
	1
	10.68
	9.37
	1.44

	2.8
	4
	12.81
	14.32
	1.82

	2.8
	10
	15.05
	20.66
	2.48

	1
	0.25
	0.77
	0.73
	-1.28

	1
	0.5
	0.79
	0.68
	-1.33

	1
	1
	0.91
	0.8
	-1.26

	1
	4
	18.76
	16.95
	1.24

	1
	10
	22.47
	18.41
	2.66


Table 3 shows the 10th percentile users throughput with and without transmit diversity. 
Table 3: 10th percentile user throughput

	Cases
	10th percentile user throughput of No TD (kbps) ,

10th percentile user throughput of BFTD (kbps)

	ISD [km]
	Number of BE users/cell
	Channel type

	
	
	PA 0.1 km/hr
	PA 3 km/hr
	VA 30 km/hr

	2.8
	0.25
	216, 338.6
	157.8, 240.3
	138.4, 147.4

	2.8
	0.5
	200.8, 314.4
	143.8, 232.5
	132.1, 140.7

	2.8
	1
	182.7, 279.5
	123.5, 201.6
	118.9, 130.2

	2.8
	4
	104.8, 157.5
	40.3, 74.7
	33.3, 42.7

	2.8
	10
	37.7, 58.3
	12.2, 30.2 
	14.5, 19.2

	1
	0.25
	1194.9, 1201
	1206.1, 1216.3
	1312.5, 1299.1

	1
	0.5
	1195.6, 1201.9
	1206.5, 1216.1
	1310.7, 1300.5

	1
	1
	1194.2, 1201.9
	1208.1, 1217.1
	1305.9, 1298.8

	1
	4
	328.5, 400.2
	314.9, 365.3
	249, 250.4

	1
	10
	102.8, 129.5
	100.6, 125.4
	95.6, 96.0


In table 4, we present the gain in 10th percentile user throughput for BFTD over No TD.
Table 4: 10th percentile user throughput gains due to BFTD

	Cases
	10th percentile user throughput gain (%)

	ISD [km]
	Number of BE users/cell
	Channel type

	
	
	PA 0.1 km/hr
	PA 3 km/hr
	VA 30 km/hr

	2.8
	0.25
	56.76
	52.24
	6.44

	2.8
	0.5
	56.58
	61.72
	6.47

	2.8
	1
	52.96
	63.22
	9.48

	2.8
	4
	50.34
	85.56
	28.44

	2.8
	10
	54.55
	147.45
	32.8

	1
	0.25
	0.5
	0.85
	-1.02

	1
	0.5
	0.53
	0.8
	-0.78

	1
	1
	0.64
	0.75
	-0.54

	1
	4
	21.82
	16.01
	0.58

	1
	10
	25.91
	24.56
	0.45


Table 5 summarizes the average UE DPCCH transmit power with No TD and the gain (reduction) in UE DPCCH transmit power due to BFTD. 
Table 5: Average UE DPCCH transmit power statistics
	Cases
	Average UE DPCCH transmit power of No TD (dBm) ,
Average UE DPCCH transmit power gain due to BFTD (dB)

	ISD [km]
	Number of BE users/cell
	Channel type

	
	
	PA 0.1 km/hr
	PA 3 km/hr
	VA 30 km/hr

	2.8
	0.25
	-3.0, 2.96
	-2.51, 2.62
	-3.05, 0.56

	2.8
	0.5
	-2.76, 2.98
	-2.23, 2.67
	-2.76, 0.57

	2.8
	1
	-2.49, 3.08
	-1.93, 2.72
	-2.47, 0.56

	2.8
	4
	3.0, 3.09
	4.01, 2.52
	2.93, 0.57

	2.8
	10
	4.09, 2.89
	4.63, 2.49
	3.36, 0.60

	1
	0.25
	-18.79, 3.01
	-18.48, 2.57
	-18.6, 0.53

	1
	0.5
	-18.75, 3.13
	-18.39, 2.68
	-18.44, 0.56

	1
	1
	-18.01, 3.38
	-17.52, 2.96
	-17.49, 0.58

	1
	4
	-12.58, 2.98
	-11.99, 2.66
	-12.89, 0.51 

	1
	10
	-11.61, 2.82
	-11.25, 2.41
	-12.14, 0.51


3 
Conclusion
In this contribution, system level simulation results for Beamforming Transmit Diversity scheme are presented. Simulations were conducted using the practical reference beamforming algorithm described in [1]. 
Significant reduction in UE DPCCH transmit power levels is observed for BFTD for PA3kmph and PA0.1kmph channel types and all cell sizes. For VA30kmph, the reduction in DPCCH transmit power level is limited. This reduction in DPCCH transmit power level translates directly into throughput gain for cell edge UE’s as observed from the 10th percentile user throughput statistics. This is because cell edge UE’s are headroom limited and a reduction in pilot power level allows headroom limited UE’s to transmit at a higher rate.

PA0.1kmph and PA3kmph channel types see gains from BFTD both in terms of average UE throughput as well as 10th percentile user throughput, whereas, VA30 channel offered throughput gain only for 10th percentile users in large cell size setting. 
Based on the results shown, it is considered that Beamforming Transmit Diversity is a promising uplink coverage enhancing scheme.
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