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1.
Introduction

This contribution is a text proposal on RAN1 related study on UL Transmit Diversity on HSPA to TR25.863. The text proposal here is based on the link evaluation of SATD with realistic E-DPCCH decoding in [1].
2.
Text Proposal

*************************************** TEXT START ************************************
Foreword

This Technical Report 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.

Introduction

This clause is optional. If it exists, it is always the second unnumbered clause.

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
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Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [x] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [x].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [x] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [x].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

*************************************** TEXT END ************************************
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6.2
Beamforming Transmit Diversity

6.2.1
Genie Algorithms

Tables 28, 29, 30 and 31 contain the simulation results for the genie beamforming algorithm defined in Section 4.2.2.
Table 28: Beamforming Rx Ec/No gains with antenna imbalance. Genie algorithm
	Channel Model
	References
	Node B Rx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Antenna Imbalance
	

	
	
	3dB
	0dB
	-3dB
	-6dB
	

	PA3
	[25]
	-0.1
	-0.1
	-0.1
	
	· OLPC off.

· Non-causal 3-slot channel estimation.

	
	 [22]
	0.0
	0.01
	0.00
	-0.04
	· Non-causal 3-slot channel estimation with equal weights.

	
	[34]
	
	0.2
	
	
	· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[27]
	
	-0.1
	
	
	· Non-causal 3-slot channel estimation with equal weights.

	
	[30]
	-0.02
	0.05
	0.05
	
	· Causal 3-slot channel estimation with equal weights.

	
	[28]
	0.0
	0.1
	0.1
	0.1
	· Causal 3-slot channel estimation with equal weights.

	
	[42]
	0.04
	0
	0
	0
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	Range
	
	-0.1… 0.04
	-0.1… 0.2
	-0.1… 0.1
	-0.04… 0.1
	

	VA30
	[25]
	-0.2
	-0.2
	-0.2
	
	· OLPC off.

· Non-causal 3-slot channel estimation

	
	[22]
	-0.08
	-0.03
	-0.08
	0.08
	· Non-causal 3-slot channel estimation with equal weights.

	
	[34]
	
	-0.02
	
	
	· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[27]
	
	-0.20
	
	
	· Non-causal 3-slot channel estimation with equal weights.

	
	[30]
	
	-0.21
	
	
	· Causal 3-slot channel estimation with equal weights.

	
	[28]
	0.2
	0.2
	0.2
	0.2
	· Causal 3-slot channel estimation with equal weights.

	
	[42]
	-0.24
	0
	0.07
	0.12
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	Range
	
	-0.24… 0.2
	-0.21… 0.2
	-0.2… 0.2
	0.08… 0.2
	


Table 29: Beamforming Rx Ec/No gains with Tx antenna correlation. Genie algorithm

	Channel Model
	References
	Node B Rx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Tx Antenna Correlation
	

	
	
	0
	0.3
	0.7
	

	PA3
	[25]
	-0.1
	
	
	· OLPC off.

· Non-causal 3-slot channel estimation

	
	[22]
	0.01
	0.07
	0.08
	· Non-causal 3-slot channel estimation with equal weights.

	
	[42]
	0
	0
	0
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[34]
	0.2
	
	
	· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[27]
	-0.1
	0.1
	
	· Non-causal 3-slot channel estimation with equal weights.

	
	[30]
	0.05
	0.01
	
	· Causal 3-slot channel estimation with equal weights.

	
	[28]
	0.1
	0.1
	0.1
	· Causal 3-slot channel estimation with equal weights.

	Range
	
	-0.1… 0.2
	0.01… 0.1
	0.08… 0.1
	

	VA30
	[25]
	-0.2
	
	
	· OLPC off.

· Non-causal 3-slot channel estimation

	
	[22]
	-0.03
	0.0
	-0.01
	· Non-causal 3-slot channel estimation with equal weights.

	
	[42]
	0
	-0.03
	0.02
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[34]
	-0.02
	
	
	· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[27]
	-0.2
	-0.3
	
	· Non-causal 3-slot channel estimation with equal weights.

	
	[30]
	-0.21
	-0.13
	
	· Causal 3-slot channel estimation with equal weights.

	
	[28]
	0.2
	0.1
	0.2
	· Causal 3-slot channel estimation with equal weights.

	Range
	
	-0.21… 0.2
	-0.3… 0.1
	-0.01… 0.2
	


Table 30: Beamforming Tx Ec/No gains with antenna imbalance. Genie algorithm

	Channel Model
	References
	UE Tx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Antenna Imbalance
	

	
	
	3dB
	0dB
	-3dB
	-6dB
	

	PA3
	[25]
	4.6
	2.8
	1.6
	
	· OLPC off.

· Non-causal 3-slot channel estimation

	
	[22]
	4.63
	3.01
	1.63
	0.47
	· Non-causal 3-slot channel estimation with equal weights.

	
	[42]
	5.45
	3.78
	2.38
	1.19
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[34]
	
	3.21
	
	
	· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[27]
	
	3.5
	
	
	· Non-causal 3-slot channel estimation with equal weights.

	
	[19]
	
	2.24
	
	
	· Causal 3-slot channel estimation with equal weights.

	
	[30]
	5.21
	3.68
	2.31
	
	· Causal 3-slot channel estimation with equal weights.

	
	[28]
	5.0
	3.6
	2.2
	1.1
	· Causal 3-slot channel estimation with equal weights.

	Range
	
	4.6… 5.45
	2.24… 3.78
	1.6… 2.38
	0.47… 1.19
	

	VA30
	[25]
	2.8
	1.0
	-0.2
	
	· OLPC off.

· Non-causal 3-slot channel estimation

	
	[22]
	3.19
	1.56
	0.19
	-0.65
	· Non-causal 3-slot channel estimation with equal weights.

	
	[42]
	2.72
	1.41
	0.21
	-0.7
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[34]
	
	1.49
	
	
	· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[27]
	
	1.8
	
	
	· Non-causal 3-slot channel estimation with equal weights.

	
	[19]
	
	1.22
	
	
	–Causal 3-slot channel estimation with equal weights

	
	[30]
	
	1.41
	
	
	· Causal 3-slot channel estimation with equal weights.

	
	[28]
	3.4
	1.8
	0.5
	-0.5
	· Causal 3-slot channel estimation with equal weights.

	Range
	
	2.8… 3.4
	1.0… 1.8
	-0.2… 0.5
	-0.65… -0.5
	


Table 31: Beamforming Tx Ec/No gains with Tx antenna correlation. Genie algorithm

	Channel Model
	References
	UE Tx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Tx Antenna Correlation
	

	
	
	0
	0.3
	0.7
	

	PA3
	[25]
	2.8
	
	
	· OLPC off.

· Non-causal 3-slot channel estimation

	
	[22]
	3.01
	3.11
	3.17
	· Non-causal 3-slot channel estimation with equal weights.

	
	[42]
	3.78
	3.69
	3.49
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[34]
	3.21
	
	
	· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[27]
	3.5
	3.5
	
	· Non-causal 3-slot channel estimation with equal weights.

	
	[19]
	2.24
	
	
	–Causal 3-slot channel estimation with equal weights

	
	[30]
	3.68
	3.39
	
	· Causal 3-slot channel estimation with equal weights.

	
	[28]
	3.6
	3.6
	3.4
	· Causal 3-slot channel estimation with equal weights.

	Range
	
	2.24… 3.78
	3.11… 3.69
	3.17… 3.49
	

	VA30
	[25]
	1.0
	
	
	· OLPC off.

· Non-causal 3-slot channel estimation

	
	[22]
	1.56
	1.75
	2.37
	· Non-causal 3-slot channel estimation with equal weights.

	
	[42]
	1.41
	1.54
	2.32
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[34]
	1.49
	
	
	· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[27]
	1.8
	1.9
	
	· Non-causal 3-slot channel estimation with equal weights.

	
	[19]
	1.22
	
	
	· Causal 3-slot channel estimation with equal weights.

	
	[30]
	1.41
	2.06
	
	· Causal 3-slot channel estimation with equal weights.

	
	[28]
	1.8
	1.9
	2.6
	· Causal 3-slot channel estimation with equal weights.

	Range
	
	1.0… 1.8
	1.54… 2.06
	2.32… 2.6
	


6.2.2
Practical Algorithms

y

Tables 32, 33, 35 and 36 contain the simulation results for the practical beamforming transmit diversity (BFTD) algorithms 1, 2 and 3 defined in Section 4.3.2. Unless explicitly stated, the Practical BFTD Algorithm 2 assumes an asymmetric phase implementation. Additionally, for these results, the Rx antenna correlation = 0.

Tables 34 and 37 contain the simulation results for the practical beamforming algorithm transmit diversity transmit diversity (BFTD) algorithm 2 defined in Section 4.3.2 with symmetric and asymmetric phase implementations. The Tx and Rx antenna correlations for these results = 0.3.

Table 32: Beamforming Rx Ec/No gains with antenna imbalance. Practical algorithm

	Channel Model
	References
	Node B Rx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Antenna Imbalance
	

	
	
	3dB
	0dB
	-3dB
	-6dB
	

	PA3
	[38]
	-1.2
	-0.9
	-0.7
	-0.4
	· Practical BFTD Algorithm 2
· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[22]
	-0.33
	-0.28
	-0.33
	-0.17
	· Practical BFTD Algorithm 2
· Non-causal 3-slot channel estimation with equal weights.

	
	[26]
	-0.2
	-0.1
	-0.1
	
	· Practical BFTD Algorithm 2
· OLPC off.

· Non-causal 3-slot channel estimation

	
	[34]
	
	-0.4
	-0.3
	-0.4
	· Practical BFTD Algorithm 1
· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[35]
	-0.3
	-0.3
	-0.2
	
	· Practical BFTD Algorithm 2
· ε and δ optimized for each channel
· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[27]
	
	-0.1
	
	
	· Practical BFTD Algorithm 3
· Non-causal 3-slot channel estimation with equal weights.

	
	[30]
	-0.09
	0.07
	-0.05
	
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[31]
	
	-0.26
	
	
	· Practical BFTD Algorithm 4
· Non-causal 3-slot channel estimation with equal weights.

	
	[28]
	-2.1
	-1.3
	-0.8
	-0.5
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	Range
	
	-2.1… -0.09
	-1.3… 0.07 
	-0.8… -0.05
	-0.5… -0.17
	

	VA30
	[38]
	-1.2
	-0.8
	-0.5
	-0.3
	· Practical BFTD Algorithm 2
· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[22]
	-0.12
	-0.24
	-0.12
	-0.14
	· Practical BFTD Algorithm 2
· Non-causal 3-slot channel estimation with equal weights.

	
	[26]
	-0.5
	-1.3
	-0.5
	
	· Practical BFTD Algorithm 2
· OLPC off.

· Non-causal 3-slot channel estimation

	
	[34]
	
	-0.29
	-0.25
	0.23
	· Practical BFTD Algorithm 1
· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[35]
	-0.32
	-0.29
	-0.27
	
	· Practical BFTD Algorithm 2
· ε and δ optimized for each channel
· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[27]
	
	-0.6
	
	
	· Practical BFTD Algorithm 3
· Non-causal 3-slot channel estimation with equal weights.

	
	[30]
	
	-0.18
	
	
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[31]
	
	-0.54
	
	
	· Practical BFTD Algorithm 4
· Non-causal 3-slot channel estimation with equal weights.

	
	[28]
	-1.6
	-1.0
	-0.5
	-0.3
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	Range
	
	-1.6… -0.12
	-1.0… -0.18
	-0.5… -0.12
	-0.3… 0.23
	


Table 33: Beamforming Rx Ec/No gains with Tx antenna correlation. Practical algorithm

	Channel Model
	References
	Node B Rx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Tx Antenna Correlation
	

	
	
	0
	0.3
	0.7
	

	PA3
	[42]
	-0.9
	-0.9
	-0.7
	· Practical BFTD Algorithm 2
· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[22]
	-0.28
	-0.38
	-0.26
	· Practical BFTD Algorithm 2
· Non-causal 3-slot channel estimation with equal weights.

	
	[26]
	-0.1
	
	
	· Practical BFTD Algorithm 2
· OLPC off.

· Non-causal 3-slot channel estimation

	
	[34]
	-0.4
	-0.5
	-0.5
	· Practical BFTD Algorithm 1

· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[35]
	-0.3
	-0.4
	-0.3
	· Practical BFTD Algorithm 2
· ε and δ optimized for each channel
· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[27]
	-0.1
	-0.2
	
	· Practical BFTD Algorithm 3
· Non-causal 3-slot channel estimation with equal weights.

	
	[30]
	0.07
	0.12
	
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[31]
	-0.26
	
	
	· Practical BFTD Algorithm 4
· Non-causal 3-slot channel estimation with equal weights.

	
	[28]
	-1.3
	-1.3
	-0.8
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	Range
	
	-1.3… 0.07
	-1.3… 0.12
	-0.8… -0.26
	

	VA30
	[42]
	-0.8
	-0.7
	-0.5
	· Practical BFTD Algorithm 2
· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[22]
	-0.24
	-0.25
	-0.21
	· Practical BFTD Algorithm 2
· Non-causal 3-slot channel estimation with equal weights.

	
	[26]
	-1.3
	
	
	· Practical BFTD Algorithm 2
· OLPC off

· Non-causal 3-slot channel estimation

	
	[34]
	-0.29
	-0.15
	-0.14
	· Practical BFTD Algorithm 1

· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[35]
	-0.29
	-0.2
	-0.2
	· Practical BFTD Algorithm 2
· ε and δ optimized for each channel
· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[27]
	-0.6
	-0.5
	
	· Practical BFTD Algorithm 3
· Non-causal 3-slot channel estimation with equal weights.

	
	[30]
	-0.18
	-0.01
	
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[31]
	-0.54
	
	
	· Practical BFTD Algorithm 4
· Non-causal 3-slot channel estimation with equal weights.

	
	[28]
	-1.0
	-0.8
	-0.6
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	Range
	
	-1.0… -0.18
	-0.8… -0.01
	-0.6… -0.14
	


Table 34: Beamforming Rx Ec/No gains with Tx and Rx antenna correlation. Practical algorithm

	Channel Model
	References
	Node B Rx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Tx and Rx Antenna Correlation = 0.3
	

	PA3
	[30]
	-0.04
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[31]
	-0.33
	· Practical BFTD Algorithm 4
· Non-causal 3-slot channel estimation with equal weights.

	Range
	
	-0.04… -0.33
	

	VA30
	[30]
	0.09
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[31]
	0.33
	· Practical BFTD Algorithm 4
· Non-causal 3-slot channel estimation with equal weights.

	Range
	
	-0.09 ... 0.33
	


Table 35: Beamforming Tx Ec/No gains with antenna imbalance. Practical algorithm

	Channel Model
	References
	UE Tx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Antenna Imbalance
	

	
	
	3dB
	0dB
	-3dB
	-6dB
	

	PA3
	[38]
	2.9
	1.6
	0.4
	-0.5
	· Practical BFTD Algorithm 2
· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[22]
	3.09
	1.45
	0.09
	-0.81
	· Practical BFTD Algorithm 2
· Non-causal 3-slot channel estimation with equal weights.

	
	[26]
	2.7
	1.5
	0.0
	
	· Practical BFTD Algorithm 2
· OLPC off.

· Non-causal 3-slot channel estimation

	
	[34]
	
	1.14
	0.01
	-1.26
	· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[35]
	3.35
	1.71
	0.20
	
	· Practical BFTD Algorithm 2
· ε and δ optimized for each channel
· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[27]
	
	1.2
	
	
	· Practical BFTD Algorithm 3
· Non-causal 3-slot channel estimation with equal weights.

	
	[30]
	4.24
	2.72
	1.27
	
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[31]
	
	2.38
	
	
	· Practical BFTD Algorithm 4
· Non-causal 3-slot channel estimation with equal weights.

	
	[28]
	1.9
	1.0
	0.1
	-0.7
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	Range
	
	1.9… 4.24
	1.0… 2.72
	0.01… 1.27
	-1.26… -0.5
	

	VA30
	[38]
	0.8
	-0.6
	-1.5
	-2.2
	· Practical BFTD Algorithm 2
· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[22]
	1.78
	-0.08
	-1.22
	-2.08
	· Practical BFTD Algorithm 2
· Non-causal 3-slot channel estimation with equal weights.

	
	[26]
	1.5
	-1.1
	-1.4
	
	· Practical BFTD Algorithm 2
· OLPC off.

· Non-causal 3-slot channel estimation

	
	[34]
	-0.22
	-1.46
	-2.19
	
	· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[35]
	2.21
	0.54
	-0.83
	
	· Practical BFTD Algorithm 2
· ε and δ optimized for each channel
· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[27]
	
	-0.3
	
	
	· Practical BFTD Algorithm 3
· Non-causal 3-slot channel estimation with equal weights.

	
	[30]
	
	0.04
	
	
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[31]
	
	-0.37
	
	
	· Practical BFTD Algorithm 4
· Non-causal 3-slot channel estimation with equal weights.

	
	[28]
	0.4
	-0.8
	-1.6
	-2.2
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	Range
	
	-0.22… 2.21
	-1.46… 0.54
	-2.19… -0.83
	-2.2… -2.08
	


Table 36: Beamforming Tx Ec/No gains with antenna correlation. Practical algorithm

	Channel Model
	References
	UE Tx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Tx Antenna Correlation
	

	
	
	0
	0.3
	0.7
	

	PA3
	[42]
	1.6
	1.6
	2.0
	· Practical BFTD Algorithm 2
· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[22]
	1.45
	1.56
	2.02
	· Practical BFTD Algorithm 2
· Non-causal 3-slot channel estimation with equal weights.

	
	[26]
	1.5
	
	
	· Practical BFTD Algorithm 2
· OLPC off

· Non-causal 3-slot channel estimation

	
	[34]
	1.14
	1.22
	1.54
	· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[35]
	1.71
	1.74
	2.30
	· Practical BFTD Algorithm 2
· ε and δ optimized for each channel
· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[27]
	1.2
	1.4
	
	· Practical BFTD Algorithm 3
· Non-causal 3-slot channel estimation with equal weights.

	
	[30]
	2.72
	2.73
	
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[31]
	2.38
	
	
	· Practical BFTD Algorithm 4
· Non-causal 3-slot channel estimation with equal weights.

	
	[28]
	1.0
	1.1
	1.7
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	Range
	
	1.0… 2.72
	1.1… 2.73
	1.54… 2.30
	

	VA30
	[42]
	-0.6
	0.3
	1.6
	· Practical BFTD Algorithm 2
Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[22]
	-0.08
	0.65
	1.73
	· Practical BFTD Algorithm 2
· Non-causal 3-slot channel estimation with equal weights.

	
	[26]
	-1.1
	
	
	· Practical BFTD Algorithm 2
· OLPC off

· Non-causal 3-slot channel estimation

	
	[34]
	-0.22
	0.13
	0.98
	· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[35]
	0.54
	0.77
	1.69
	· Practical BFTD Algorithm 2
· ε and δ optimized for each channel
· Ideal SIR estimation has been used (with 4% TPC error rate).

· Non-causal 3-slot channel estimation with equal weights.

	
	[27]
	-0.3
	0.1
	
	· Practical BFTD Algorithm 3
· Non-causal 3-slot channel estimation with equal weights.

	
	[30]
	0.04
	1.86
	
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[31]
	-0.37
	
	
	· Practical BFTD Algorithm 4
· Non-causal 3-slot channel estimation with equal weights.

	
	[28]
	-0.8
	0.3
	1.5
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	Range
	
	-0.8… 0.54
	0.1… 1.86
	0.98… 1.73
	


Table 37  contains the simulation results for practical antenna switching algorithms 2 and 4 defined in Section 4.3.2 with Tx and Rx correlations = 0.3.

Table 37: Beamforming Rx Ec/No gains with Tx and Rx antenna correlation. Practical algorithm

	Channel Model
	References
	Node B Rx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Tx and Rx Antenna Correlation = 0.3
	

	PA3
	[30]
	2.94
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[31]
	2.77
	· Practical BFTD Algorithm 4
· Non-causal 3-slot channel estimation with equal weights.

	Range
	
	2.77… 2.94
	

	VA30
	[30]
	1.89
	· Practical BFTD Algorithm 2
· Causal 3-slot channel estimation with equal weights.

	
	[31]
	2.15
	· Practical BFTD Algorithm 4
· Non-causal 3-slot channel estimation with equal weights.

	Range
	
	1.89 ... 2.15
	


6.2.3
HS-DPCCH Performance in Soft Handover with Beamforming Transmit Diversity
6.2.3.1
Notation

In this contribution, the following variables are used.

GTx1->A : The antenna gain for the link from Antenna 1 (Tx1) to A which is the serving NodeB

GTx2->A : The antenna gain for the link from Antenna 2 (Tx2) to A which is the serving NodeB
GTx1->B : The antenna gain for the link from Antenna 1 (Tx1) to B which is the non-serving NodeB

GTx2->B : The antenna gain for the link from Antenna 2 (Tx2) to B which is the non-serving NodeB

IA->B : The imbalance between the two links from UE Antenna 1 to A and from UE Antenna 1 to B where A and B are the two NodeB’s in the active set. The UE is in soft handover. In other words IA->B = GTx1->A- GTx1->B
These variables along with the simulation framework are shown in Figure 25.
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Figure 25: Simulation framework where the UE is in soft handover with Serving NodeB A and Non-Serving NodeB B.
The imbalance between the antennas (Tx1 and Tx2) is different for the links to the serving and non-serving NodeB’s. They are indicated below:

IUE->A =  GTx1->A - GTx2->A : The imbalance between the two transmit antennas Tx1 and Tx2 for the radio link to the serving NodeB A.

IUE->B =  GTx1->B - GTx2->B : The imbalance between the two transmit antennas Tx1 and Tx2 for the radio link to the non-serving NodeB B.
In this simulation, it is assumed that the path loss to the serving and non-serving NodeB cells are the same i.e.            IA->B = GTx1->A- GTx1->B = 0dB which can be considered as a worst case scenario and rather unlikely.
The beamforming algorithm operates on the combined TPC command that is finally applied to the UE transmit power. 
6.2.3.2
HS-DPCCH Performance
Table 37a shows the HS-DPCCH ACK/NACK Miss detection and Decoding error rate performance when BFTD is applied at the UE. 
Table 37a: HS-DPCCH ACK/NACK performance due to Beamforming in SHO
	Beamforming
	HS-DPCCH ACK/NACK miss detection and decoding error rate  [%]@ C/P=4dB

 (Baseline value, Beamforming value)  

	SHO Link Imbalance
	IA->B = 0dB

	  Serving Cell

Imbalance IUE->A
	IUE->A= 0dB

	Non Serving Cell

Imbalance IUE->B
	IUE->B = 0dB
	IUE->B = 3dB
	IUE->B = -3dB

	PA3
	(0.8%, 1.5%)†
	(0.8%, 2.8%)
	(0.8%, 0.09%)

	VA30
	(0.02%, 0.04%)
	(0.02%, 0.2%)
	(0.02%, 0.02%)


† The data format in the table is (Baseline value, BFTD value).
Table 37b shows the HS-DPCCH CQI Decoding error rate performance when Beamforming is applied at the UE. In this simulation framework, the UE is in soft handover with two cells in the active set. 

Table 37b: HS-DPCCH CQI performance loss due to Beamforming in SHO
	Beamforming
	HS-DPCCH CQI decoding error rate [%]@ C/P=0dB

(Baseline value, Beamforming value)  

	SHO Link Imbalance
	IA->B = 0dB.

	  Serving Cell

Imbalance IUE->A
	IUE->A= 0dB

	Non Serving Cell

Imbalance IUE->B
	IUE->B = 0dB
	IUE->B = 3dB
	IUE->B = -3dB

	PA3
	(1%, 1.5%)†
	(1%, 3.1%)
	(1%, 0.9%)

	VA30
	(0.06%, 0.07%)
	(0.06%, 0.37%)
	(0.06%, 0.04%)


† The data format in the table is (Baseline value, BFTD value).
Table 38a shows the HS-DPCCH power offset required to achieve 1% BER on the ACK/NACK when BTFD is applied by the UE. 

Table 38a: HS-DPCCH ACK/NACK performance due to Beamforming in SHO
	Beamforming
	HS-DPCCH ACK/NACK miss detection and decoding error rate  [%]@ C/P=4dB

 (Baseline value, Beamforming value)  

	SHO Link Imbalance
	IA->B = 0dB

	  Serving Cell

Imbalance IUE->A
	IUE->A= 0dB

	Non Serving Cell

Imbalance IUE->B
	IUE->B = 0dB
	IUE->B = 3dB
	IUE->B = -3dB

	PA3
	(3.2, 5.6)†
	(3.2, 7.6)
	(3.2, 3.7)

	VA30
	(-1.15, -0.76)
	(-1.15, 1.2)
	(-1.15, -1.87)


† The data format in the table is (Baseline value, BFTD value).
Table 38b shows the HS-DPCCH offset required to obtain 1% BLER on the CQI when Beamforming is applied at the UE. In this simulation framework, the UE is in soft handover with two cells in the active set. 

Table 38b: HS-DPCCH CQI performance loss due to Beamforming in SHO
	Beamforming
	HS-DPCCH CQI decoding error rate [%]@ C/P=0dB

(Baseline value, Beamforming value)

	SHO Link Imbalance
	IA->B = 0dB.

	  Serving Cell

Imbalance IUE->A
	IUE->A= 0dB

	Non Serving Cell

Imbalance IUE->B
	IUE->B = 0dB
	IUE->B = 3dB
	IUE->B = -3dB

	PA3
	(0.26, 2.1)†
	(0.26, 4.7)
	(0.26, -0.16)

	VA30
	(-4.2, -4.06)
	(-4.2, -1.8)
	(-4.2, -5.01)


† The data format in the table is (Baseline value, BFTD value).
In a real system, SHO may include more radio links and link imbalances of a few dB may be encountered, and the probability of radio links with 0dB imbalance is very low. The HS-DPCCH impact due to BFTD for UEs in SHO conditions with >0dB radio link imbalance could be much smaller than what table 37a, 37b, 38a and 38b implies,
*************************************** TEXT END ************************************
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