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Foreword

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document is intended to capture RAN1 and RAN4 findings produced in the context of the study item "Uplink Transmit Diversity for HSPA" [2]. The study is focussed on schemes that do not require any newly standardised dynamic feedback signalling between network and UE. The uplink transmit diversity schemes maybe categorized into two types of algorithms:

-
transmission from 1 Tx antenna (e.g. switched antenna Tx diversity); or

-
simultaneous transmission from 2 Tx antennas (e.g. transmit beamforming).

The scope is understood to be limited to schemes which also do not require any semi-static mode configuration signalling for demodulation. The possibility of semi-static disabling of a transmit diversity scheme is not precluded.

The work under this study item aims at:

-
evaluating the potential benefits of the indicated UL Tx diversity techniques;

-
investigating the impacts on the UE implementation;

-
investigating how to ensure that the UE operating an uplink Tx diversity will not cause any detrimental effects to overall system performance;

-
investigating the impacts of Tx diversity on existing BS and UE RF and demodulation performance requirements; and

-
analyzing how to derive any additional performance/test requirements that are deemed needed as an outcome of the study, as well as understanding the impacts of any such new requirements.
The performance of closed loop transmit diversity, in which the Node-B controls and dynamically adapts the pre-coding vector that a UE shall apply is described in [124]. 
2
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14
Conclusion
14.1
Conclusions specific to open loop transmit diversity
A link and system study was carried out by RAN WG1 to investigate UL Tx diversity techniques for HSPA under the constraint that no new standardised dynamic feedback signalling would be required between network and UE. In particular, both forms of transmit diversity, 1) switched antenna Tx diversity (simultaneous transmission from 1 transmit antenna) and 2) beamforming (simultaneous transmission from 2 Tx antennas) were thoroughly investigated. In general potential gains (or losses) from ULTD in terms of throughput and power saving varied between scenarios and companies. One potential explanation for the latter was that different companies assume different Node‑B schedulers. For slow fading propagation conditions some gains for the average and 10th percentile user throughputs for the TX-diversity users were noticed. In other scenarios (fast fading, negative long term antenna imbalance), smaller gains or some losses were also observed. A detailed conclusion on the system evaluation of these techniques and the set of assumptions on which the results rely can be found in section 7.3.

RAN WG4 further discussed the practical aspects of these techniques. In general, there were agreements on a few topics including 1) impact on UE implementation, 2) partial agreement on impact on existing core requirements such as the need for relaxing the UE maximum output power requirement, 3) bursty traffic system performance under the assumption that there would be no additional Node-B demodulation losses,4) System performance degradation due to incorrect TPC delay It was considered that the UE modifications to support ULTD operation were feasible. It was also argued by one company that the difficulty to devise appropriate test-cases might induce a risk for system performance degradation... It was also acknowledged that some relaxation would be required with regard to the UE maximum output power requirement for SATD operation in order to overcome the additional transmit chain insertion loss due to the added circuitry associated with the feature.. Finally, it was agreed that incorrect estimate of delays corresponding to TPC commands at the UE causes negative impacts to open loop beamforming.

However, it was difficult to arrive at a consensus on the following topics:

-
NodeB Demodulation losses associated with various possible algorithms.

-
Effects from mixes of different uplink Tx diversity algorithms and/or legacy UEs.

-
Feasibility of testing of new core Tx requirements.

-
Feasibility of testing TPC delay correctness.

-
UE battery power and heat savings.

More details on the RAN WG4 findings can be found in section 13.

Based on the study performed here, it is considered that the UL Transmit Diversity techniques for HSPA can help improve the uplink coverage for TX-diversity users in some scenarios, while marginally improving system performance with large penetration of TX-diversity capable UE's.. It should be noted that there were some potential system performance concerns raised under some conditions (eg. sub-optimal transmit diversity algorithms, high velocity propagation conditions along with zero antenna correlation and negative long term antenna imbalance) due to implications to non-TX-diversity users performance, and due to impact on the legacy Node B performance. For this purpose, it was recommended that higher layer signaling to enable/disable the uplink transmit diversity transmission should be considered as a possible method to mitigate some of these concerns, although it has not been evaluated whether such signaling can be effectively used in a dynamic manner. It should also be noted that the co‑existence of open loop uplink transmit diversity with DC-HSUPA has not been studied.
14.2
Conclusions specific to closed loop transmit diversity
14.2.1
Link Evaluation Results
14.2.1.1
UL CLTD pilot schemes
The following metrics are used in the performance evaluation of the algorithm:
-
Rx Ec/No Gain = Rx Ec/No NoTD - Rx Ec/No CLTD_BF.
-
Tx Ec/No Gain = Tx Ec/No NoTD - Tx Ec/No CLTD_BF.
The baseline is the case where the UE uses a single transmit antenna and not apply any transmit diversity algorithms. 

Table X1 shows practical link simulation results of the three CLTD pilot schemes with Tx correlation 0, where is that CLTD Feedback Error Rate is ideal. [115].

Table X1: Summary of Link Result of Closed Loop Beamforming pilot schemes gains over Single Antenna with Tx Correlation 0; CLTD Feedback Error Rate is ideal.

	Reference
	TBS; Compensation of the phase discontinuity
	Update rate;

Delay
	Channel
	Scheme1
	Scheme2
	Scheme3

	
	
	
	
	Rx 

gain
	Tx 

gain
	Rx 
gain
	Tx 
gain
	Rx 
gain
	Tx 
gain

	[115]
	2020;non-compensated
	1 slot;

3 slots
	Pedestrian A 
3 km/h；
	-0.1
	2.1
	-0.3
	1.7
	-0.4
	1.8

	
	2020;non-compensated
	1 slot;

3 slots
	Vehicular A
30 km/h; 
	0.0
	1.0
	-0.7
	-0.1
	-0.9
	-0.2

	
	2020;compensated
	1 slot;

3 slots
	Pedestrian A 
3 km/h; 
	
	
	-0.2
	1.9
	-0.1
	2.0

	
	2020;compensated
	1 slot;

3 slots
	Vehicular A
30 km/h; 
	
	
	-0.1
	0.9
	-0.2
	0.8

	
	16218; non-compensated
	1 slot;

3 slots
	Pedestrian A 
3 km/h; 
	0.0
	2.5
	-1.0
	1.2
	-1.0
	1.0

	
	16218; compensated
	1 slot;

3 slots
	Pedestrian A 
3 km/h; 
	
	
	-0.1
	1.7
	0.0
	1.8

	[125]
	320;compensated
	1 slot;

2 slots
	Pedestrian A 
3 km/h; 
	-0.17
	2.34
	-0.16
	2.37
	-0.26
	2.25

	
	320;compensated
	1 slot;

2 slots
	Vehicular A
30 km/h; 
	-0.05
	0.79
	-0.04
	0.79
	-0.12
	0.71

	
	2020;compensated
	1 slot;

2 slots
	Pedestrian A 
3 km/h; 
	-0.01
	2.72
	-0.01
	2.72
	-0.14
	2.59

	
	2020;compensated
	1 slot;

2 slots
	Vehicular A
30 km/h; 
	0.12
	1.06
	0.04
	0.98
	-0.1
	0.85

	[126]
	2020; non-compensated

SVD
	1 slot;

3 slots
	Pedestrian A 
3 km/h; 
	
	
	
	
	1.64
	4.62

	
	2020; non-compensated

SVD
	1 slot;

3 slots
	Vehicular A
30 km/h; 
	
	
	
	
	0.64
	1.73


14.2.1.2 Precoding Control Indication Requirements
Table X2, it shows the comparison of the performance among 4 phases, 8 phases and 4 phases + 2 amplitudes.
Table X2: Summary of Link Result of Closed Loop Beamforming PCI codesize schemes gains over Single Antenna with Tx Correlation 0; CLTD Feedback Error Rate is ideal.

	Reference
	TBS; 

Compensation of the phase discontinuity;

Beamforming Implementation
	Update rate;

Delay
	Channel
	2-bit phase
code size is 4
	3-bit phase
code size is 8
	2-bit phase + 1-bit amplitude  

code size is 12

	
	
	
	
	Rx 

gain
	Tx 

gain
	Rx 
gain
	Tx 
gain
	Rx 
gain
	Tx 
gain

	[128]
	2020;compensated
	1 slot;

1 slot
	Pedestrian A 
3 km/h；
	-0.11
	2.18
	-0.06
	2.31
	-0.02
	2.57

	
	2020;compensated
	1 slot;

1 slot
	Vehicular A
30 km/h; 
	-0.05
	1.1
	-0.05
	1.16
	0
	1.33

	[129]
	2020;compensated
	1 slot;

2slots
	Pedestrian A 
3 km/h; 
	-0.08
	2.25
	0.00
	2.51
	
	

	
	2020;compensated
	3slots;

2 slots
	Pedestrian A 
3 km/h; 
	-0.11
	1.98
	-0.05
	2.34
	
	

	
	2020;compensated
	1 slot;

2 slots
	Vehicular A
30 km/h; 
	-0.33
	0.21
	-0.27
	0.38
	
	

	
	2020;compensated
	3slots;

2 slots
	Vehicular A
30 km/h; 
	-0.36
	0.01
	-0.3
	0.11
	
	

	
	16218;compensated
	1 slot;

2 slots
	Pedestrian A 
3 km/h; 
	0.1
	2.66
	0.15
	2.99
	
	

	
	16218;compensated
	3slots;

2 slots
	Pedestrian A 
3 km/h; 
	0.05
	2.46
	0.03
	2.8
	
	

	
	16218;compensated
	1 slot;

2 slots
	Vehicular A
30 km/h; 
	-1.41
	-0.62
	-1.19
	-0.37
	
	

	
	16218;compensated
	3slots;

2 slots
	Vehicular A
30 km/h; 
	-1.84
	-1.36
	-1.75
	-1.28
	
	


Table X3: Tx Ec/No and Rx Ec/No gains for phase-only codebooks and 1-bit amplitude with phase codebooks

	 Reference
	Channel
	Ec/No (dB) 
	4-phases codebook
	8-phases codebook

	
	
	
	Phase only
	Phase + 1-bit Amplitude
	Phase only
	Phase + 1-bit Amplitude

	[130]
	Pedestrian A 
3 km/h;
	Delta Tx 
	2.25
	2.29
	2.39
	2.41

	
	
	Delta Rx 
	-0.20
	-0.14
	-0.11
	-0.11


Table X4: Tx Ec/No and Rx Ec/No gains for different feedback delays for an update rate of 3 slots
	 Reference
	 Channel
	Ec/No gain (dB)
	Codebook size 4
	Codebook size 8

	
	
	
	2 slots
	3 slots
	4 slots
	2 slots
	3 slots
	4 slots

	[131]
	Pedestrian A 
3 km/h;
	Tx 
	2.25
	2.28
	2.25
	2.39
	2.43
	2.32

	
	
	Rx 
	-0.20
	-0.09
	-0.12
	-0.11
	-0.01
	-0.09

	
	Vehicular A
30 km/h;
	Tx 
	0.67
	0.50
	0.27
	0.74
	0.59
	0.39

	
	
	Rx 
	-0.26
	-0.33
	-0.38
	-0.23
	-0.27
	-0.33


14.2.1.2
Beamforming Implementation
Tables X5-X7 show the performance of closed loop transmit diversity (CLTD) for different beamforming implementations, and also compared with the gains of channel synthesis.

Table X5: Tx Ec/No and Rx Ec/No gains for asymmetric and symmetric beamforming, ideal PCI error rate

	Reference
	Channel
	Gain [dB]
	Asymmetric 
	Symmetric 
	Enhanced symmetric 
	Asymmetric + channel synthesis
	Symmetric + channel synthesis
	Enhanced symmetric + channel synthesis

	[132]
	PA3
	Rx 
	-0.36 
	-0.57 
	-0.26 
	-0.10 
	-0.09 
	-0.08 

	
	
	Tx 
	1.87 
	1.69 
	1.90 
	2.16 
	2.16 
	2.16 

	
	VA30
	Rx 
	-0.10 
	-0.14 
	-0.08 
	-0.04 
	-0.04 
	-0.04 

	
	
	Tx 
	0.03 
	-0.19 
	0.28 
	0.80 
	0.81 
	0.80 


Table X6: Tx Ec/No and Rx Ec/No gains for asymmetric and symmetric beamforming, 2% PCI error rate
	Reference
	Channel
	Gain [dB]
	Asymmetric 
	Symmetric 
	Enhanced symmetric 
	Asymmetric + channel synthesis
	Symmetric + channel synthesis
	Enhanced symmetric + channel synthesis

	[132]
	PA3
	Rx 
	-0.62 
	-0.65 
	-0.32 
	-0.28 
	-0.14 
	-0.29 

	
	
	Tx 
	1.63 
	1.59 
	1.87 
	1.96 
	2.04 
	2.01 

	
	VA30
	Rx 
	-0.11 
	-0.13 
	-0.10 
	-0.06 
	-0.05 
	-0.05 

	
	
	Tx 
	-0.05 
	-0.26 
	0.10 
	0.73 
	0.72 
	0.70 


Table X7: Tx Ec/No and Rx Ec/No gains for asymmetric and symmetric beamforming, 4% PCI error rate
	Reference
	Channel
	Gain [dB]
	Asymmetric 
	Symmetric 
	Enhanced symmetric 
	Asymmetric + channel synthesis
	Symmetric + channel synthesis
	Enhanced symmetric + channel synthesis

	[132]
	PA3
	Rx 
	-0.63 
	-0.70 
	-0.42 
	-0.32 
	-0.30 
	-0.29 

	
	
	Tx 
	1.57 
	1.48 
	1.74 
	1.80 
	1.82 
	1.83 

	
	VA30
	Rx 
	-0.11 
	-0.14 
	-0.10 
	-0.06 
	-0.06 
	-0.05 

	
	
	Tx 
	-0.07 
	-0.35 
	0.09 
	0.67 
	0.68 
	0.67 


Tables X8 and X9 summarize the simulation results for the PedA 3 km/h and VehA 30 km/h channels with various beamforming implementation and receiver processing techniques, when the feedback error is set to be 2% for the direct feedback scheme. Tables X10 and X11 show the same for the recursive feedback scheme
Table X8: Tx Ec/No gains for different beamforming implementations for the PA3 and VA30 channels; PCI feedback Error = 2%; Direct feedback scheme

	Reference
	Compensation of phase discontinuity
	Beamforming implementation; PCI feedback Error = 2%

	
	
	PA3
	VA30

	[133]
	Asymmetric only
	1.95
	-0.21

	
	Asymmetric with synthesis
	2.43
	0.26

	
	Symmetric only
	1.29
	-0.82

	
	Symmetric with synthesis
	2.53
	0.43

	
	Enhanced Symmetric only
	2.44
	0.11

	
	Enhanced Symmetric with synthesis
	2.52
	0.36


Table X9: Rx Ec/No gains for different beamforming implementations for the PA3 and VA30 channels; PCI feedback Error = 2%; Direct feedback scheme
	Reference
	Compensation of phase discontinuity
	Beamforming implementation; PCI feedback Error = 2%

	
	
	PA3
	VA30

	[133]
	Asymmetric only
	-0.79
	-1.12

	
	Asymmetric with synthesis
	-0.30
	-0.66

	
	Symmetric only
	-1.47
	-1.73

	
	Symmetric with synthesis
	-0.19
	-0.48

	
	Enhanced Symmetric only
	-0.28
	-0.79

	
	Enhanced Symmetric with synthesis
	-0.20
	-0.56


Table X10: Tx Ec/No gains for different beamforming implementations for the PA3 and VA30 channels; PCI feedback Error = 2%; Recursive feedback scheme
	Reference
	Compensation of phase discontinuity
	Beamforming implementation; PCI feedback Error = 2%

	
	
	PA3
	VA30

	[133]
	Asymmetric only
	2.26
	-0.07

	
	Asymmetric with synthesis
	2.36
	0.19

	
	Symmetric only
	1.58
	-0.43

	
	Symmetric with synthesis
	2.22
	0.1

	
	Enhanced Symmetric only
	2.47
	0.12

	
	Enhanced Symmetric with synthesis
	2.51
	0.21


Table X11: Rx Ec/No gains for different beamforming implementations for the PA3 and VA30 channels; PCI feedback Error = 2%; Recursive feedback scheme
	Reference
	Compensation of phase discontinuity
	Beamforming implementation; PCI feedback Error = 2%

	
	
	PA3
	VA30

	[133]
	Asymmetric only
	-0.44
	-0.88

	
	Asymmetric with synthesis
	-0.34
	-0.62

	
	Symmetric only
	-1.15
	-1.24

	
	Symmetric with synthesis
	-0.48
	-0.70

	
	Enhanced Symmetric only
	-0.23
	-0.69

	
	Enhanced Symmetric with synthesis
	-0.19
	-0.6


Tables X12 and X13 summarize the simulation results for the Ped A 3 km/h and VehA 30 km/h channels with various beamforming implementation and receiver processing techniques, when the feedback error is set to be 4% for the direct feedback scheme. Tables X14 and X15 show the same for the recursive feedback scheme.
Table X12: Tx Ec/No gains for different beamforming implementations for the PA3 and VA30 channels; PCI feedback Error = 4%; Direct feedback scheme
	Reference
	Compensation of phase discontinuity
	Beamforming implementation; PCI feedback Error = 4%

	
	
	PA3
	VA30

	[133]
	Asymmetric only
	1.58
	-0.45

	
	Asymmetric with synthesis
	2.10
	0.04

	
	Symmetric only
	1.11
	-0.99

	
	Symmetric with synthesis
	2.32
	0.26

	
	Enhanced Symmetric only
	2.19
	-0.39

	
	Enhanced Symmetric with synthesis
	2.24
	0.11


Table X13: Rx Ec/No gains for different beamforming implementations for the PA3 and VA30 channels; PCI feedback Error = 4%; Direct feedback scheme
	Reference
	Compensation of phase discontinuity
	Beamforming implementation; PCI feedback Error = 4%

	
	
	PA3
	VA30

	[133]
	Asymmetric only
	-1.11
	-1.33

	
	Asymmetric with synthesis
	-0.56
	-0.85

	
	Symmetric only
	-1.59
	-1.87

	
	Symmetric with synthesis
	-0.34
	-0.63

	
	Enhanced Symmetric only
	-0.45
	-1.26

	
	Enhanced Symmetric with synthesis
	-0.4
	-0.77


Table X14: Tx Ec/No gains for different beamforming implementations for the PA3 and VA30 channels; PCI feedback Error = 4%; Recursive feedback scheme

	Reference
	Compensation of phase discontinuity
	Beamforming implementation; PCI feedback Error = 4%

	
	
	PA3
	VA30

	[133]
	Asymmetric only
	2.02
	-0.21

	
	Asymmetric with synthesis
	2.1
	0.04

	
	Symmetric only
	1.17
	-0.55

	
	Symmetric with synthesis
	1.85
	-0.06

	
	Enhanced Symmetric only
	2.28
	0.1

	
	Enhanced Symmetric with synthesis
	2.29
	0.1


Table X15: Rx Ec/No gains for different beamforming implementations for the PA3 and VA30 channels; PCI feedback Error = 4%; Recursive feedback scheme

	Reference
	Compensation of phase discontinuity
	Beamforming implementation; PCI feedback Error = 4%

	
	
	PA3
	VA30

	[133]
	Asymmetric only
	-0.63
	-1.0

	
	Asymmetric with synthesis
	-0.52
	-0.74

	
	Symmetric only
	-1.46
	-1.32

	
	Symmetric with synthesis
	-0.76
	-0.84

	
	Enhanced Symmetric only
	-0.33
	-0.67

	
	Enhanced Symmetric with synthesis
	-0.32
	-0.67


14.2.1.3
Beamforming Feedback types
Following Table X16-X17 show the performance of absolute and recursive feedback.
Table X16: Tx Ec/No and Rx Ec/No gains for absolute feedback and recursive feedback schemes for CLTD in PA3 channel

	Reference
	PCI error rate
	0
	0.02
	0.04
	0.1

	[133]
	Absolute feedback
	Rx Gain[dB]
	-0.11 
	-0.29 
	-0.41 
	-1.53 

	
	
	Tx Gain[dB]
	2.18 
	2.03 
	1.86 
	0.76 

	
	Recursive feedback
	Rx Gain[dB]
	-0.15 
	-0.41 
	-0.93 
	-2.60 

	
	
	Tx Gain[dB]
	2.12 
	1.89 
	1.34 
	-1.52 


Table X17: Tx Ec/No and Rx Ec/No gains for absolute feedback and recursive feedback schemes for CLTD in VA30 channel

	Reference
	PCI error rate
	0
	0.02
	0.04
	0.1

	[133]
	Absolute feedback
	Rx Gain[dB]
	-0.05
	-0.14
	-0.27
	-1.25

	
	
	Tx Gain[dB]
	1.1
	0.99
	0.85
	-0.18

	
	Recursive feedback
	Rx Gain[dB]
	-0.12
	-0.27
	-0.77
	-2.84

	
	
	Tx Gain[dB]
	1
	0.82
	0.28
	-1.85


Tables X18 and X19 show the Tx gain and the Rx gain respectively using asymmetric implementation with channel synthesis, for the PA3 and VA30 channels for both the direct and recursive feedback schemes for different error rates in the feedback channel. Note that the feedback error is modelled statistically with the error being independent for each DL bit. 

Table X18:Tx Ec/No gains for direct and recursive feedback schemes for the PA3 and VA30 channels; Asymmetric implementation with channel synthesis

	Reference
	Tx Ec/No Gain [dB]
	PCI Feedback Error

	
	
	0%
	2%
	4%
	10%
	20%

	[134]
	PA3
	Direct Feedback
	2.68
	2.42
	2.10
	0.99
	-1.05

	
	
	Recursive Feedback
	2.67
	2.36
	2.10
	1.16
	-0.47

	
	VA30
	Direct Feedback
	0.53
	0.27
	0.07
	-0.64
	-1.75

	
	
	Recursive Feedback
	0.38
	0.27
	0.08
	-0.48
	-1.21


Table X19: Rx Ec/No gains for direct and recursive feedback schemes for the PA3 and VA30 channels; Asymmetric implementation with channel synthesis
	Reference
	Rx Ec/No Gain [dB]
	PCI Feedback Error

	
	
	0%
	2%
	4%
	10%
	20%

	[134]
	PA3
	Direct Feedback
	-0.09
	-0.30
	-0.55
	-1.49
	-3.18

	
	
	Recursive Feedback
	-0.09
	-0.33
	-0.52
	-1.26
	-2.54

	
	VA30
	Direct Feedback
	-0.42
	-0.65
	-0.81
	-1.44
	-2.39

	
	
	Recursive Feedback
	-0.47
	-0.54
	-0.70
	-1.18
	-1.78


Tables X20 and X21 show the Tx gain and the Rx gain respectively using enhanced symmetric implementation with channel synthesis, for the PA3 and VA30 channels for both the direct and recursive feedback schemes for different error rates in the feedback channel. Note that the feedback error is modelled statistically with the error being independent for each DL bit. 

Table X20: Tx Ec/No gains for direct and recursive feedback schemes for the PA3 and VA30 channels; Enhanced symmetric implementation with channel synthesis
	Reference
	Tx Ec/No Gain [dB]
	PCI Feedback Error

	
	
	0%
	2%
	4%
	10%
	20%

	[134]
	PA3
	Direct Feedback
	2.70
	2.51
	2.24
	1.50
	-0.005

	
	
	Recursive Feedback
	2.69
	2.5
	2.28
	1.54
	0.42

	
	VA30
	Direct Feedback
	0.58
	0.42
	0.22
	-0.31
	-1.45

	
	
	Recursive Feedback
	0.42
	0.27
	0.16
	-0.05
	-0.6


Table X21: Rx Ec/No gains for direct and recursive feedback schemes for the PA3 and VA30 channels; Enhanced symmetric implementation with channel synthesis
	Reference
	Rx Ec/No Gain [dB]
	PCI Feedback Error

	
	
	0%
	2%
	4%
	10%
	20%

	[134]
	PA3
	Direct Feedback
	-0.06
	-0.20
	-0.39
	-0.95
	-2.09

	
	
	Recursive Feedback
	-0.07
	-0.19
	-0.32
	-0.82
	-1.53

	
	VA30
	Direct Feedback
	-0.37
	-0.50
	-0.66
	-1.10
	-2.08

	
	
	Recursive Feedback
	-0.43
	-0.54
	-0.62
	-0.75
	-1.15


14.2.2
System Evaluation Results
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 has also been carried out by RAN1 under the uplink transmit diversity WI. The results are summarized in [124] and they are based on the ones presented in [104]-[123] for closed loop uplink transmit diversity. 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 (see sub-clause 5.3.2). 

The simulation results presented in [124] and summarized below for different receiver types, antenna models and site-to-site distances 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. 
Table X1: 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 X2: 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%
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