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1
Introduction

3GPP RAN#50 in December 2010 opened a work item on uplink transmit diversity [1]. 3GPP RAN WG1 conducted a system level evaluation of the performance associated with closed loop transmit diversity where the Node-B controls the pre-coding vector that a UE applies. A large number of system level simulations were contributed to the RAN WG1 meetings #63bis, #64 and #65 throughout the first half of 2011 [2, …,21]. This document provides a summary an overview of those system simulation contributions. Except from the assumptions specific for closed transmit diversity the used simulation parameters are similar to those used when evaluating open loop transmit diversity techniques (sub-clause 5.3.2 of the TR25.863 [22]). 
2
Performance of the uplink closed loop transmit diversity
A link and system level study was carried out by RAN WG1 to investigate Uplink closed loop transmit diversity. The main focus was on precoded, beamforming type transmit diversity, but some work was done also to investigate antenna switching type Tx diversity techniques as well as open loop Tx diversity techniques for reference. 

When assuming 100% penetration of UL CLTD UEs, for Pedestrian A 3 km/h as well as for Vehicular A 30 km/h (the channels the bulk of the studies used) with balanced antennas, significant gains were observed for both average and 10th percentile throughputs. In general the relative user throughput gains increased when the system loading (and with that the inter-cell interference) increased.
In link level studies it was observed that especially with Vehicular A 30 km/h channel the gains increased with increasing antenna correlation.
Tables 3 to 6 list the system results results for balanced antennas with different receiver structures, site-to-site distances and antenna models in Pedestrian A 3 km/h and Vehicular A 30 km/h channels.. Tables 1 and 2 provide an overview of those results.

2.1
Summary of the results

Table 1: Summary of average UE throughput gains of Closed Loop Beamforming gains over Single Antenna Tx
	
	Channel
	System loading, average # of UEs per cell

	
	
	0.25
	0.5
	1
	2
	4
	10

	CL BF gain over SIMO
	Pedestrian A 
3 km/h
	-1…32%
	2…30%
	9...36%
	12...43%
	9...55%
	20...100%

	CL BF gain over SIMO
	Vehicular A
30 km/h
	1...16%
	2...15%
	3...18%
	4...30%
	3...29%
	3...34%


Table 2: Summary of 10th percentile throughput gains of Closed Loop Beamforming gains over Single Antenna Tx

	
	Channel
	System loading, average # of UEs per cell

	
	
	0.25
	0.5
	1
	2
	4
	10

	CL BF gain over SIMO [%]
	Pedestrian A 
3 km/h
	-2…67%
	4…72%
	18…75%
	2…60%
	26…78%
	35…80%

	CL BF gain over SIMO [%]
	Vehicular A
30 km/h
	0…22%
	1…28%
	14…45%
	12…49%
	6…41%
	4…34%


The simulation results presented in [2,…,21] show that closed loop transmit diversity can provide substantial performance gains - both in terms of reduced transmit power, increased cell capacity, and cell-edge performance. Largest gains are observed for slow, non-dispersive channel and as the delay spread and/or the Doppler of the channel increases the gains reduce. 
2.2
Collection of system results
Table 3: Summary of average UE throughput gains of Closed Loop Beamforming gains over Single Antenna Tx in Pedestrian A 3 km/h channel
	
	Channel
	System loading, average # of UEs per cell

	
	
	0.25
	0.5
	1
	2
	4
	10

	CL BF gain over SIMO [%] [6]
	PA3
	-0.2
	2
	9.2
	17.4
	23.1
	33.5

	CL BF gain over SIMO [%] [8]
	PA3
	0.7
	2.2
	11.5
	11.9
	9.3
	20

	CL BF gain over SIMO [%] [14]
	PA3
	16.47
	18.41
	17.73
	24.35
	30.85
	41.06

	CL BF gain over SIMO [%] [15]
	PA3
	18.42
	17.95
	23.55
	28.79
	32.41
	48.92

	CL BF gain over SIMO [%] [16]
	PA3
	24.75
	25.44
	25.38
	36.35
	53.66
	76.34

	CL BF gain over SIMO [%] [17]
	PA3
	32.15
	30.43
	36.18
	43.07
	55.47
	85.41

	CL BF gain over SIMO [%] [18]
	PA3
	-0.6
	2.3
	10.5
	21.6
	29.9
	46.6

	CL BF gain over SIMO [%] [19]
	PA3
	11.7
	17.1
	22.7
	36.4
	31.8
	100

	CL BF gain over SIMO [%] [19]
	PA3
	20
	19.2
	27.8
	27.2
	26.7
	0

	CL BF gain over SIMO [%] [20]
	PA3
	11.5
	14.3
	9.1
	13.6
	22
	50

	CL BF gain over SIMO [%] [21]
	PA3
	15.3
	16.2
	19.0
	23.7
	29.6
	45.1


Table 4: Summary of average UE throughput gains of Closed Loop Beamforming gains over Single Antenna Tx in Vehicular A 30 km/h channel
	
	Channel
	System loading, average # of UEs per cell

	
	
	0.25
	0.5
	1
	2
	4
	10

	CL BF gain over SIMO [%] [6]
	VA30
	1.4
	2.3
	3.3
	3.7
	3.3
	3.1

	CL BF gain over SIMO [%] [14]
	VA30
	8.24
	9.14
	11.48
	14.00
	16.35
	22.45

	CL BF gain over SIMO [%] [15]
	VA30
	7.40
	5.82
	6.77
	17.29
	16.36
	24.68

	CL BF gain over SIMO [%] [16]
	VA30
	14.44
	14.71
	17.85
	22.74
	29.48
	32.40

	CL BF gain over SIMO [%] [17]
	VA30
	15.73
	14.73
	14.59
	30.48
	29.20
	34.23

	CL BF gain over SIMO [%] [18]
	VA30
	1.6
	4.3
	8.9
	12.7
	15.4
	15.6

	CL BF gain over SIMO [%] [21]
	VA30
	7.5
	7.8
	8.8
	9.3
	9.6
	11.9


Table 5: Summary of 10th percentile throughput gains of Closed Loop Beamforming gains over Single Antenna Tx in Pedestrian A 3 km/h channel
	
	Channel
	System loading, average # of UEs per cell

	
	
	0.25
	0.5
	1
	2
	4
	10

	CL BF gain over SIMO [%] [6]
	PA3
	1.7
	7.4
	32.8
	47.9
	30.4
	35.5

	CL BF gain over SIMO [%] [8]
	PA3 
	-1.7
	4.1
	17.8
	2.1
	25.9
	60.8

	CL BF gain over SIMO [%] [14]
	PA3
	30.91
	31.30
	10.75
	19.79
	47.05
	67.39

	CL BF gain over SIMO [%] [15]
	PA3
	48.48
	72.87
	74.79
	49.91
	59.38
	79.83

	CL BF gain over SIMO [%] [16]
	PA3
	41.73
	37.53
	15.15
	33.49
	77.83
	63.44

	CL BF gain over SIMO [%] [17]
	PA3
	41.26
	53.77
	58.02
	21.68
	51.50
	56.71

	CL BF gain over SIMO [%] [18]
	PA3
	2.7
	8.5
	40.1
	64.1
	44.4
	49.5

	CL BF gain over SIMO [%] [19]*
	PA3
	32.4
	66.7
	800
	300
	100
	0

	CL BF gain over SIMO [%] [19]*
	PA3
	55.6
	45.8
	52
	-22.7
	6.7
	0

	CL BF gain over SIMO [%] [20]*
	PA3
	11.4
	10.5
	12.5
	200
	350
	150

	CL BF gain over SIMO [%] [21]
	PA3
	66.6
	58.7
	39.3
	59.5
	43.7
	50.7

	*the results in [19] and [20] have not been taken into account in the overall summary due to small sample size


Table 6: Summary of 10th percentile throughput gains of Closed Loop Beamforming gains over Single Antenna Tx in Vehicular A 30 km/h channel
	
	Channel
	System loading, average # of UEs per cell

	
	
	0.25
	0.5
	1
	2
	4
	10

	CL BF gain over SIMO [%] [6]
	VA30
	0.1
	0.9
	14.4
	12.4
	6
	4.2

	CL BF gain over SIMO [%] [18]
	VA30 
	4.2
	9.4
	30.3
	33.3
	22.3
	13.2

	CL BF gain over SIMO [%] [14]
	VA30
	9.19
	18.38
	10.70
	18.03
	15.19
	32.30

	CL BF gain over SIMO [%] [15]
	VA30
	11.80
	18.07
	45.19
	39.45
	40.57
	24.21

	CL BF gain over SIMO [%] [16]
	VA30
	16.73
	27.24
	17.65
	27.57
	21.04
	34.35

	CL BF gain over SIMO [%] [17]
	VA30 
	11.92
	23.00
	41.07
	26.61
	24.63
	14.88

	CL BF gain over SIMO [%] [21]
	VA30
	22.5
	28.1
	14.8
	17.6
	19.0
	34.0


3
Conclusions
The simulation submitted to 3GPP during the first half of 2011 [2,…21] under the Uplink Transmit Diversty for HSPA work item [1] show that closed loop transmit diversity can provide substantial performance gains - both in terms of reduced transmit power, increased cell capacity, and cell-edge performance. Largest gains are observed for slow, non-dispersive channel and as the delay spread and/or the Doppler of the channel increases the gains reduce. 

References

[1]
RP-101438
New work item proposal: Uplink Transmit Diversity for HSPA, Huawei, 3GPP RAN#50
[2]
R1-110473
Uplink Closed Loop Beamforming: Link Level Results, Nokia Siemens Networks, Nokia

[3]
R1-110499
Link level simulation results for UL Closed-Loop Transmit Diversity, InterDigital Communications, LLC

[4]
R1-110182
Initial System Level Simulation Results on Closed Loop Transmit Diversity with LMMSE receiver and ISD of 1000 m, Renesas Electronics Europe, Nokia Siemens Networks, Nokia

[5]
R1-110183
Initial System Level Simulation Results on Closed Loop Transmit Diversity with LMMSE receiver and ISD of 2800 m, Renesas Electronics Europe, Nokia Siemens Networks, Nokia

[6]
R1-110313
Initial system performance of CLTD, Huawei, HiSilicon

[7]
R1-110485
System simulation results for closed loop beam forming, Ericsson, ST-Ericsson

[8]
R1-110498
System simulation results for UL Closed-Loop Transmit Diversity, InterDigital Communications, LLC

[9]
R1-110506
System performance evaluation of UL CLTD, ZTE

[10]
R1-111046
Evaluation of Receiver Performance in Serving and Non-Serving Cells, Nokia Siemens Networks, Nokia

[11]
R1-111148
Link Analysis of UL CLTD in Soft Handover Scenarios, Qualcomm Incorporated

[12]
R1-110784
Link level simulation results for CL UL TxD, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

[13]
R1-110991
Link-level Performance evaluation of different UL pilot schemes, Huawei, HiSilicon

[14]
R1-110830
System Level Performance of Closed Loop Tx Diversity with pre-coded pilots, RAKE receiver and ISD of 1000 m, Renesas Electronics Europe

[15]
R1-110831
System Level Performance of Closed Loop Tx Diversity with pre-coded pilots, RAKE receiver and ISD of 2800 m, Renesas Electronics Europe

[16]
R1-110832
System Level Performance of Closed Loop Tx Diversity with pre-coded pilots,  LMMSE receiver and ISD of 1000 m, Renesas Electronics Europe

[17]
R1-110833
System Level Performance of Closed Loop Tx Diversity with pre-coded pilots,  LMMSE receiver and ISD of 2800 m, Renesas Electronics Europe

[18]
R1-110992
System-level performance evaluation of different UL pilot schemes, Huawei, HiSilicon

[19]
R1-111075
System performance evaluations for CLTD, Ericsson, ST-Ericsson

[20]
R1-111087
System level simulation results for CLTD with 3D antennas for PA3 channel, Ericsson, ST-Ericsson

[21]
R1-111404
System simulation performance for UL CLTD, Huawei, HiSilicon

[22]
TR25.863
Universal Terrestrial Radio Access (UTRA); Uplink transmit diversity for High Speed Packet Access (HSPA), V10.0.0






















