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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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3
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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5
Link and System Evaluation Methodology

5.1
Link Simulation Assumptions

The simulation parameters used in the link level analysis are summarized in Table 1. An asterisk (*) is used to indicate simulation cases of lower priority. The link results presented in Section 6.1.3 are based on realistic decoding of the E-DPCCH channel. All other link results presented in Chapter 6 are based on ideal decoding of E-DPCCH.
Table 1: Parameters used in the link level evaluations. The values are based on [15].

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH
HS-DPCCH (*)
DPDCH (*)

	E-DCH TTI [ms]
	2
10 (*)

	Modulation
	QPSK

	TBS [bits]
	2ms TTI: 2020
2ms TTI: 307 (*)
10ms TTI: 1032 (*)

DPDCH: 12.2 kbps AMR (*)

	Number of physical data channels and spreading factor
	2ms TTI TBS2020: 2xSF2

2ms TBS307: 1xSF8 (*)

10ms TTI TBS1032: 1xSF8 (*)

DPDCH: 1xSF64 (*)

	20*log10(βed/βc) [dB]
	2ms TTI TBS2020: 9
2ms TTI TBS307: 8 (*)
10ms TTI TBS1032: 10(*)

	20*log10(βec/βc) [dB]
	2ms TTI: 2
10ms TTI: -2 (*)

	20*log10(βhs/βc) [dB]
	2 

	Number of H-ARQ Processes
	2ms TTI: 8
10ms TTI: 4 (*)

	Target Number of H-ARQ Transmissions
	2ms TTI: 4

10ms TTI: 2(*)

	Residual BLER
	1%

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic – 3 slot filtering

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size
	+/- 1 dB

	UL TPC Delay (sent on F-DPCH)
	2 slots

	UL TPC Error Rate (sent on F-DPCH)
	4%

	UL TPC Generation
	Based on 1 slot received signal energy of the intended UE.

	Propagation Channel
	AWGN, PA3, VA30
VA120 (*)

	NodeB Receiver Type
	Rake Receiver

	Antenna imbalance [dB]
	+3, 0, -3, -6

	UE Tx Antenna Correlation
	0.3, 0

0.7 (*)

	UE Rx Antenna Correlation
	0
0.3 (*)

	UE DTX
	OFF
ON (*)

	UE DTX Parameters
	DTX cycle = 16ms (*)
DPCCH burst length = 4ms (*)


5.2 Link Performance Evaluation Metrics

The following performance measures are used when evaluating the link level simulations:

· Received Eb/N0

· Transmitted Ec/No
· Number of antenna switches per second
· Distribution of amplitude and phase changes at the UE transmitter
· Distribution of amplitude and phase changes at the Node-B receiver.

The performance measures have previously been summarized in [18] and for the sake of clarity we highlight that transmitted 
[image: image1.wmf]0

N

E

c

 also accounts for the power associated with the overhead channels i.e.


[image: image2.wmf]÷

÷

ø

ö

ç

ç

è

æ

+

+

+

=

-

-

-

DPCCH

c

DPCCH

HS

c

DPCCH

c

DPDCH

E

c

DPCCH

c

DPCCH

E

c

DPCCH

c

c

E

E

E

E

E

E

N

E

N

E

,

,

,

,

,

,

0

,

0

1


*************************************** TEXT END ************************************
*************************************** TEXT OMITTED ************************************
*************************************** TEXT START ************************************
6
Link Evaluation Results

6.1
Switched Antenna Transmit Diversity

6.1.1
Genie Algorithms

6.1.1
Genie Algorithms

Tables 4, 5, 6 and 7 contain the simulation results for the genie antenna switching algorithm defined in Section 4.2.1. The maximum number of antenna switches per second is 100.

Table 4: Switched antenna 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
	[32]
	0
	0
	-0.1
	0
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[29]
	
	-0.21
	
	
	· Ideal SIR estimation has been used.

· Causal 3-slot channel estimation with equal weights.

	
	[28]
	0
	0.1
	0
	0.1
	· Causal 3-slot channel estimation  with equal weights

	
	[21]
	-0.21
	-0.08
	-0.21
	-0.14
	· Non-causal 3-slot channel estimation with equal weights.

	
	[24]
	-0.3
	-0.3
	-0.3
	
	· Non-causal 3-slot channel estimation.

· OLPC off

	
	[41]
	-0.07
	-0.12
	-0.1
	-0.04
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1]  (the effective averaging length is 3 slots).

	Range
	
	-0.3 ... 0.0
	-0.3 ... 0.1
	-0.3 ... 0.0
	-0.14...0.1
	

	VA30
	[32]
	-0.07
	-0.21
	-0.18
	-0.04
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[29]
	
	-0.2
	
	
	· Ideal SIR estimation has been used.

· Causal 3-slot channel estimation with equal weights.

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

	
	[21]
	-0.15
	-0.32
	-0.15
	-0.01
	· Non-causal 3-slot channel estimation with equal weights.

	
	[24]
	-0.1
	-0.1
	-0.1
	
	· Non-causal 3-slot channel estimation.

· OLPC off

	
	[41]
	-0.07
	-0.35
	-0.1
	-0.04
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1]  (the effective averaging length is 3 slots).

	Range
	
	-0.15 ... 0.2
	-0.35 ... -0.1
	-0.18 ... -0.1
	-0.04 ... 0.1
	


Table 5: Switched antenna Rx Ec/No gains with antenna correlation. Genie algorithm

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

	
	
	Antenna Correlation
	

	
	
	0
	0.3
	0.7
	

	PA3
	[32]
	0
	0
	0
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[29]
	-0.21
	
	
	· Ideal SIR estimation has been used.

· Causal 3-slot channel estimation with equal weights.

	
	[28]
	0.1
	0
	0
	· Causal 3-slot channel estimation  with equal weights

	
	[21]
	-0.08
	-0.10
	-0.13
	· Non-causal 3-slot channel estimation with equal weights.

	
	[24]
	-0.3
	
	
	· Non-causal 3-slot channel estimation.

· OLPC off

	
	[41]
	-0.11
	-0.11
	-0.09
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1]  (the effective averaging length is 3 slots).

	Range
	
	-0.3 ... 0.1
	-0.11 ... 0
	-0.13 ...0
	

	VA30
	[32]
	-0.21
	-0.17
	-0.05
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[29]
	-0.2
	
	
	· Ideal SIR estimation has been used.

· Causal 3-slot channel estimation with equal weights.

	
	[28]
	-0.1
	-0.3
	-0.1
	· Causal 3-slot channel estimation with equal weights.

	
	[21]
	-0.32
	-0.27
	-0.19
	· Non-causal 3-slot channel estimation with equal weights.

	
	[24]
	-0.1
	
	
	· Non-causal 3-slot channel estimation.

· OLPC off

	
	[41]
	-0.35
	-0.29
	-0.15
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1]  (the effective averaging length is 3 slots).

	Range
	
	-0.35 ... -0.1
	-0.3 ... -0.17
	-0.19 ... -0.05
	


Table 6: Switched antenna 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
	[32]
	4.22
	2.41
	1.05
	0.34
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[19]
	
	[0.98]
	
	
	· Causal 3-slots channel estimation with equal weights

	
	[29]
	
	2.46
	
	
	· Ideal SIR estimation has been used.

· Causal 3-slot channel estimation with equal weights.

	
	[28]
	4.3
	2.7
	1.4
	0.7
	· Causal 3-slot channel estimation  with equal weights

	
	[21]
	3.65
	1.92
	0.65
	0.15
	· Non-causal 3-slot channel estimation with equal weights.

	
	[24]
	3.8
	1.8
	0.8
	
	· Non-causal 3-slot channel estimation.

· OLPC off

	
	[41]
	4.5
	2.7
	1.4
	0.6
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1]  (the effective averaging length is 3 slots).

	Range
	
	3.65 ...4.5
	1.8 ... 2.7
	0.65 ... 1.4
	0.15 ... 0.7
	

	VA30
	[32]
	2.79
	0.05
	-0.35
	-0.08
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[19]
	
	-0.09
	
	
	· Causal 3-slots channel estimation with equal weights

	
	[29]
	
	0.09
	
	
	· Ideal SIR estimation has been used.

· Causal 3-slot channel estimation with equal weights.

	
	[28]
	3.0
	0.1
	-0.2
	0.1
	· Causal 3-slot channel estimation with equal weights.

	
	[21]
	2.71
	-0.15
	-0.29
	-0.02
	· Non-causal 3-slot channel estimation with equal weights.

	
	[24]
	3.4 
	0.8
	0.4
	
	· Non-causal 3-slot channel estimation.

· OLPC off

	
	[41]
	2.78
	-0.05
	-0.23
	-0.05
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1]  (the effective averaging length is 3 slots).

	Range
	
	2.71 ... 3.4
	-0.15 ... 0.8
	-0.35... 0.4
	-0.08 ... 0.1
	


Table 7: Switched antenna Tx Ec/No gains with antenna correlation. Genie algorithm

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

	
	
	Antenna Correlation
	

	
	
	0
	0.3
	0.7
	

	PA3
	[32]
	2.41
	2.32
	1.81
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[19]
	[0.98]
	
	
	· Causal 3-slots channel estimation with equal weights

	
	[29]
	2.46
	
	
	· Ideal SIR estimation has been used.

· Causal 3-slot channel estimation with equal weights.

	
	[28]
	2.7
	2.6
	2.0
	· Causal 3-slot channel estimation with equal weights.

	
	[21]
	1.92
	1.86
	1.39
	· Non-causal 3-slot channel estimation with equal weights.

	
	[24]
	1.8
	
	
	· Non-causal 3-slot channel estimation.

· OLPC off

	
	[41]
	2.68
	2.55
	2.0
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1]  (the effective averaging length is 3 slots).

	Range
	
	1.8 ... 2.7
	1.86 ... 2.6
	1.39 ... 2.0
	

	VA30
	[32]
	0.05
	0.06
	0.09
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[19]
	-0.09
	
	
	· Causal 3-slots channel estimation with equal weights

	
	[29]
	0.09
	
	
	· Ideal SIR estimation has been used.

· Causal 3-slot channel estimation with equal weights.

	
	[28]
	0.1
	0
	0.1
	· Causal 3-slot channel estimation with equal weights.

	
	[21]
	-0.15
	-0.08
	-0.03
	· Non-causal 3-slot channel estimation with equal weights.

	
	[24]
	0.8
	
	
	· Non-causal 3-slot channel estimation.

· OLPC off

	
	[41]
	-0.05
	0
	0.04
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1]  (the effective averaging length is 3 slots).

	Range
	
	-0.15 ... 0.8
	-0.08 ... 0.06
	-0.03 ... 0.1
	


Tables 8, 9, 10 and 11 contain the simulation results for the genie antenna switching algorithm defined in Section 4.3.1 with different settings for the maximum number of antenna switches per second. The results have been contributed in [36]

Table 8: Switched antenna Rx Ec/No gains with antenna imbalance. Genie algorithm; Maximum Switch Frequency – 25, 50Hz
	Antenna Switch Frequency 
	Channel Model
	Node B Rx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Antenna Imbalance
	

	
	
	3dB
	0dB
	-3dB
	-6dB
	

	100
	PA3
	0
	0
	-0.1
	0
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	VA30
	-0.07
	-0.21
	-0.18
	-0.04
	· 

	50
	PA3
	-0.10
	-0.10
	0.00
	-0.10
	· 

	
	VA30
	-0.07
	-0.15
	-0.04
	-0.06
	· 

	25
	PA3
	
	-0.20
	
	
	· 

	
	VA30
	
	-0.07
	
	
	· 


Table 9: Switched antenna Rx Ec/No gains with antenna correlation. Genie algorithm; Maximum Switch Frequency – 25, 50Hz

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

	
	
	Antenna Correlation
	

	
	
	0
	0.3
	0.7
	

	100
	PA3
	0
	0
	0
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	VA30
	-0.21
	-0.17
	-0.05
	· 

	50
	PA3
	-0.10
	0.00
	-0.10
	· 

	
	VA30
	-0.15
	-0.13
	-0.04
	· 

	25
	PA3
	-0.20
	
	
	· 

	
	VA30
	-0.07
	
	
	· 


Table 10: Switched antenna Tx Ec/No gains with antenna imbalance. Genie algorithm; Maximum Switch Frequency – 25, 50Hz
	Antenna Switch Frequency 
	Channel Model
	UE Tx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Antenna Imbalance
	

	
	
	3dB
	0dB
	-3dB
	-6dB
	

	100
	PA3
	4.22
	2.41
	1.05
	0.34
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	VA30
	2.79
	0.05
	-0.35
	-0.08
	· 

	50
	PA3
	4.14
	2.35
	1.08
	0.23
	· 

	
	VA30
	2.58
	0.08
	-0.45
	-0.21
	· 

	25
	PA3
	
	1.67
	
	
	· 

	
	VA30
	
	0.06
	
	
	· 


Table 11: Switched antenna Tx Ec/No gains with antenna correlation. Genie algorithm; Maximum Switch Frequency – 25, 50Hz

	Antenna Switch Frequency 
	Channel Model
	UE Tx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Antenna Correlation
	

	
	
	0
	0.3
	0.7
	

	100
	PA3
	2.41
	2.32
	1.81
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	VA30
	0.05
	0.06
	0.09
	· 

	50
	PA3
	2.35
	2.28
	1.69
	· 

	
	VA30
	0.08
	0.07
	0.09
	· 

	25
	PA3
	1.67
	
	
	· 

	
	VA30
	0.06
	
	
	· 


6.1.2
Practical Algorithms

Tables 12, 13, 14 and 15 contain the simulation results for the practical antenna switching algorithm defined in Section 4.3.1 with forced switching after 14 frames. The maximum number of antenna switches per second is 100.

Table 12: Switched antenna 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
	[21]
	-0.36
	-0.28
	-0.36
	-0.72 
	· Non-causal 3-slot channel estimation with equal weights.

	
	[41]
	-0.53
	-0.41
	-0.45
	-0.73
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1]  (the effective averaging length is 3 slots).

	
	[36]
	-0.40
	-0.40
	-0.40
	-0.70
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[24]
	-0.4
	-0.4
	-0.4
	
	· OLPC off.

· Non-causal 3-slot channel estimation.

	Range
	
	-0.53 ... -0.35
	-0.41 ... -0.24
	-0.45 ... -0.32
	-0.73 ... -0.55
	

	VA30
	[21]
	-0.31
	-0.21
	-0.31
	-0.58
	· Non-causal 3-slot channel estimation with equal weights.

	
	[41]
	-0.23
	-0.10
	-0.26
	-0.47
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[36]
	-0.10
	-0.08
	-0.08
	-0.41
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[24]
	-0.1
	-0.1
	-0.1
	
	· OLPC off.

· Non-causal 3-slot channel estimation.

	Range
	
	-0.31 ...-0.1
	-0.21 ... -0.1
	-0.31 ... -0.1
	-0.58…-0.41
	


Table 13: Switched antenna Rx Ec/No gains with antenna correlation. Practical algorithm

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

	
	
	Antenna Correlation
	

	
	
	0
	0.3
	0.7
	

	PA3
	[21]
	-0.28
	-0.26
	-0.20
	· Non-causal 3-slot channel estimation with equal weights.

	
	[41]
	-0.41
	-0.29
	-0.26
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[36]
	-0.40
	-0.30
	-0.20
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[24]
	-0.4
	
	
	· OLPC off.

· Non-causal 3-slot channel estimation.

	Range
	
	-0.41 ... -0.28
	-0.30 …-0.26
	-0.26 …-0.20
	

	VA30
	[21]
	-0.32
	-0.27
	-0.19
	· Non-causal 3-slot channel estimation with equal weights.

	
	[41]
	-0.10 
	-0.12
	-0.04
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[36]
	-0.08
	-0.11
	0.02
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[24]
	-0.1
	
	
	· OLPC off.

· Non-causal 3-slot channel estimation.

	Range
	
	-0.32 ... -0.08
	-0.27 …-0.11
	-0.19 …0.02
	


Table 14: Switched antenna 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
	[21]
	2.85
	0.99
	-0.15
	-1.11
	· Non-causal 3-slot channel estimation with equal weights.

	
	[41]
	3.13
	1.42
	0.10
	-0.76
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[36]
	2.93
	1.03
	-0.09
	-1.25
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[24]
	3.2
	0.4
	0.2
	
	· OLPC off.

· Non-causal 3-slot channel estimation.

	Range
	
	2.81 ... 3.2
	0.4 ... 1.42
	-0.15 ... 0.2
	-1.25 ... -0.76
	

	VA30
	[21]
	2.06
	-0.15
	-0.94
	-1.17
	· Non-causal 3-slot channel estimation with equal weights.

	
	[41]
	2.12
	0.02
	-0.89
	-1.09
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[36]
	2.23
	-0.02
	-0.69
	-1.03
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[24]
	3.1
	0.2
	0.1
	
	· OLPC off.

· Non-causal 3-slot channel estimation.

	Range
	
	2.06 ... 3.1
	-0.15 ... 0.2
	-0.94 ... 0.1
	-1.17 ... -1.03
	


Table 15: Switched antenna Tx Ec/No gains with antenna correlation. Practical algorithm

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

	
	
	Antenna Correlation
	

	
	
	0
	0.3
	0.7
	

	PA3
	[21]
	0.99
	1.00
	0.63
	· Non-causal 3-slot channel estimation with equal weights.

	
	[41]
	1.42
	1.45
	1.02
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	
	[36]
	1.03
	1.21
	0.76
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[24]
	0.4
	
	
	· OLPC off.

· Non-causal 3-slot channel estimation.

	Range
	
	0.4 ... 1.42
	1.00 … 1.45
	0.63 … 1.02
	

	VA30
	[21]
	-0.15
	-0.08
	-0.03
	· Non-causal 3-slot channel estimation with equal weights.

	
	[41]
	0.02
	0
	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).

	
	[36]
	-0.02
	-0.05
	0.01
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	[24]
	0.2
	
	
	· OLPC off.

· Non-causal 3-slot channel estimation.

	Range
	
	-0.15 ... 0.2
	-0.08 … 0
	-0.03 …0.02
	


Tables 16, 17, 18 and 19 contain the simulation results for for the practical antenna switching algorithm defined in Section 4.3.1 with forced switching after 14 frames for different settings for the maximum number of antenna switches per second. The results have been contributed in [36]
Table 16: Switched antenna Rx Ec/No gains with antenna imbalance. Practical algorithm; Maximum Switch Frequency – 25, 50Hz
	Antenna Switch Frequency 
	Channel Model
	Node B Rx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Antenna Imbalance
	

	
	
	3dB
	0dB
	-3dB
	-6dB
	

	100
	PA3
	-0.40
	-0.40
	-0.40
	-0.70
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	VA30
	-0.10
	-0.08
	-0.08
	-0.41
	· 

	50
	PA3
	-0.30
	-0.30
	-0.40
	-0.40
	· 

	
	VA30
	-0.04
	-0.04
	-0.08
	-0.24
	· 

	25
	PA3
	
	-0.20
	
	
	· 

	
	VA30
	
	0.05
	
	
	· 


Table 17: Switched antenna Rx Ec/No gains with antenna correlation. Practical algorithm; Maximum Switch Frequency – 25, 50Hz

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

	
	
	Antenna Correlation
	

	
	
	0
	0.3
	0.7
	

	100
	PA3
	-0.40
	-0.30
	-0.20
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	VA30
	-0.08
	-0.11
	0.02
	· 

	50
	PA3
	-0.30
	-0.20
	-0.10
	· 

	
	VA30
	-0.04
	-0.08
	-0.02
	· 

	25
	PA3
	-0.20
	
	
	· 

	
	VA30
	0.05
	
	
	· 


Table 18: Switched antenna Tx Ec/No gains with antenna imbalance. Practical algorithm; Maximum Switch Frequency – 25, 50Hz
	Antenna Switch Frequency 
	Channel Model
	UE Tx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Antenna Imbalance
	

	
	
	3dB
	0dB
	-3dB
	-6dB
	

	100
	PA3
	2.93
	1.03
	-0.09
	-1.25
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	VA30
	2.23
	-0.02
	-0.69
	-1.03
	· 

	50
	PA3
	2.46
	0.76
	-0.70
	-1.61
	· 

	
	VA30
	2.31
	0.00
	-0.80
	-1.17
	· 

	25
	PA3
	
	0.22
	
	
	· 

	
	VA30
	
	0.05
	
	
	· 


Table 19: Switched antenna Tx Ec/No gains with antenna correlation. Practical algorithm; Maximum Switch Frequency – 25, 50Hz

	Antenna Switch Frequency 
	Channel Model
	UE Tx Ec/No gain over one Tx UE [dB]
	Comments

	
	
	Antenna Correlation
	

	
	
	0
	0.3
	0.7
	

	100
	PA3
	1.03
	1.21
	0.76
	· Ideal SIR estimation has been used (with 4% TPC error rate).

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

	
	VA30
	-0.02
	-0.05
	0.01
	· 

	50
	PA3
	0.76
	0.68
	0.51
	· 

	
	VA30
	0.00
	-0.08
	-0.06
	· 

	25
	PA3
	0.22
	
	
	· 

	
	VA30
	0.05
	
	
	· 


Tables 20, 21, 22 and 23 contain the simulation results for the practical antenna switching algorithm defined in Section 4.3.1 with forced switching after 4 frames. The maximum number of antenna switches per second is 100.

Table 20: Switched antenna Rx Ec/No gains with antenna imbalance. Practical algorithm

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

	
	
	Antenna Imbalance

	
	
	3dB
	0dB
	-3dB
	-6dB

	PA3
	[23]
	-1.2
	-0.1
	-0.8
	

	
	[20]
	-1.3
	-1
	-1.3
	-2.1

	
	[32]
	-1.01
	-0.7
	-0.94
	-1.85

	Range
	
	-1.3 ... -1.01
	-1.0 ... -0.1
	-1.3 ... -0.8
	-2.1 ... -1.85

	VA30
	[23]
	-0.8
	-0.2
	-0.5
	

	
	[20]
	-0.7
	-0.4
	-0.7
	-1.4

	
	[32]
	-0.54
	-0.22
	-0.49
	-1.27

	Range
	
	-0.8 ... -0.54
	-0.4 ... -0.2
	-0.7 ... -0.49
	-1.4 ... -1.27


Table 21: Switched antenna Rx Ec/No gains with antenna correlation. Practical algorithm

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

	
	
	Antenna Correlation

	
	
	0
	0.3
	0.7

	PA3
	[23]
	-0.1
	
	

	
	[20]
	-1
	-1
	

	
	[32]
	-0.7
	-0.7
	-0.4

	Range
	
	-1.0 ... -0.1
	-1.0 ... -0.7
	-0.4

	VA30
	[23]
	-0.2
	
	

	
	[20]
	-0.4
	-0.3
	

	
	[32]
	-0.22
	-0.17
	-0.14

	Range
	
	-0.4 ... -0.2
	-0.3 ... -0.17
	-0.14


Table 22: Switched antenna Tx Ec/No gains with antenna imbalance. Practical algorithm

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

	
	
	Antenna Imbalance

	
	
	3dB
	0dB
	-3dB
	-6dB

	PA3
	[23]
	3
	1.8
	0
	

	
	[20]
	2
	0.5
	-1
	-2.5

	
	[32]
	2.58
	1.08
	-0.45
	-2.12

	Range
	
	2.0 ... 3.0
	0.5 ... 1.8
	-1 ... 0
	-2.5 ... -2.12

	VA30
	[23]
	2.5
	0.2
	-0.2
	

	
	[20]
	1.4
	-0.2
	-1.6
	-2.7

	
	[32]
	1.62
	-0.08
	-1.37
	-2.53

	Range
	
	1.4 ... 2.5
	-0.2 ... 0.2
	-1.6 ... -0.2
	-2.7 ... -2.53


Table 23: Switched antenna Tx Ec/No gains with antenna correlation. Practical algorithm

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

	
	
	Antenna Correlation

	
	
	0
	0.3
	0.7

	PA3
	[23]
	1.8
	
	

	
	[20]
	0.5
	0.5
	

	
	[32]
	1.08
	1.04
	0.79

	Range
	
	0.5 ... 1.8
	0.5 ... 1.04
	0.79

	VA30
	[23]
	0.2
	
	

	
	[20]
	-0.2
	-0.1
	

	
	[32]
	-0.08
	-0.08
	-0.01

	Range
	
	-0.2 ... 0.2
	-0.1 ... -0.08
	-0.01


6.1.3
Impact of Realistic E-DPCCH Decoding on Switched Antenna Transmit Diversity 

The link simulation results presented above have been performed with ideal E-DPCCH decoding. In this section the performance with realistic E-DPCCH decoding are presented for both genie and practical switched antenna transmit diversity algorithms based on the link evaluation in [68].
Tables x23, x24, x25 and x26 contain the simulation results for the genie antenna switching algorithm defined in Section 4.2.1 with realistic E-DPCCH decoding. The maximum number of antenna switches per second is 100.
Table x23: Switched antenna Rx Ec/No gains with antenna imbalance. Genie algorithm with E-DPCCH decoding

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

	
	Antenna Imbalance
	

	
	3dB
	0dB
	-3dB
	

	PA3
	-0.02
	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).

	VA30
	-0.13
	-0.33
	-0.08
	· 


Table x24: Switched antenna Rx Ec/No gains with antenna correlation. Genie algorithm with E-DPCCH decoding

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

	
	Antenna Correlation
	

	
	0
	0.3
	0.7
	

	PA3
	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).

	VA30
	-0.33
	-0.28
	-0.21
	· 


Table x25: Switched antenna Tx Ec/No gains with antenna imbalance. Genie algorithm with E-DPCCH decoding

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

	
	Antenna Imbalance
	

	
	3dB
	0dB
	-3dB
	

	PA3
	4.54
	2.76
	1.47
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	VA30
	2.72
	-0.02
	-0.2
	· 


Table x26: Switched antenna Tx Ec/No gains with antenna correlation. Genie algorithm with E-DPCCH decoding

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

	
	Antenna Correlation
	

	
	0
	0.3
	0.7
	

	PA3
	2.76
	2.65
	2.07
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	VA30
	-0.02
	0.007
	-0.004
	· 


Tables x27, x28, x29 and x30 contain the simulation results for the practical antenna switching algorithm defined in Section 4.3.1 with forced switching after 14 frames with realistic E-DPCCH decoding. The maximum number of antenna switches per second is 100.
Table x27: Switched antenna Rx Ec/No gains with antenna imbalance. Practical algorithm with E-DPCCH decoding

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

	
	Antenna Imbalance
	

	
	3dB
	0dB
	-3dB
	

	PA3
	-0.41
	-0.23
	-0.39
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	VA30
	-0.28
	-0.12
	-0.18
	· 


Table x28: Switched antenna Rx Ec/No gains with antenna correlation. Practical algorithm with E-DPCCH decoding

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

	
	Antenna Correlation
	

	
	0
	0.3
	0.7
	

	PA3
	-0.23
	-0.26
	-0.14
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	VA30
	-0.12
	-0.14
	-0.09
	· 


Table x29: Switched antenna Tx Ec/No gains with antenna imbalance. Practical algorithm with E-DPCCH decoding

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

	
	Antenna Imbalance
	

	
	3dB
	0dB
	-3dB
	

	PA3
	3.22
	1.62
	0.15
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	VA30
	2.09
	-0.007
	-0.81
	· 


Table x30: Switched antenna Tx Ec/No gains with antenna correlation. Practical algorithm with E-DPCCH decoding

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

	
	Antenna Correlation
	

	
	0
	0.3
	0.7
	

	PA3
	1.62
	1.49
	1.15
	· Non-causal 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	VA30
	-0.007
	-0.03
	-0.02
	· 


6.1.4
HS-DPCCH Performance in Soft Handover with Switched Antenna Transmit Diversity
6.1.4.1
Notation
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 24.
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Figure 24: 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.
It is assumed in the simulation that the path loss to the serving and non-serving NodeB’s are the same. Therefore,

IA->B = GTx1->A- GTx1->B = 0dB.

6.1.4.2
HS-DPCCH Performance 
Table 24 shows the HS-DPCCH ACK/NACK Miss detection and Decoding error rate performance when SATD is applied at the UE. In this simulation framework, the UE is in soft handover with two cells in the active set.
Table 24: HS-DPCCH ACK/NACK performance due to SATD in SHO
	SATD
	HS-DPCCH ACK/NACK miss detection and decoding error rate  [%]@ C/P=4dB

 (Baseline value, SATD 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%, 0.8%)†
	(0.8%, 2%)
	(0.8%, 0.55%)

	VA30
	(0.02%, 0.03%)
	(0.02%, 0.02%)
	(0.02%, 0.01%)


† The data format in the table is (Baseline value, SATD value).
Table 25 shows the HS-DPCCH CQI Decoding error rate performance when SATD is applied at the UE. In this simulation framework, the UE is in soft handover with two cells in the active set.

Table 25: HS-DPCCH CQI performance loss due to SATD in SHO

	SATD
	HS-DPCCH CQI decoding error rate [%]@ C/P=0dB

(Baseline value, SATD 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%, 1.2%)†
	(1%, 2.6%)
	(1%, 0.9%)

	VA30
	(0.06%, 0.08%)
	(0.06%, 0.06%)
	(0.06%, 0.06%)


† The data format in the table is (Baseline value, SATD value).
6.1.5
Sensitivity with respect to the BLER operating point

The evaluations presented above have been performed at an operating point where the residual BLER target after the 4th transmission is 1 percent. In this section we therefore evaluate the relative gain in Tx and Rx Ec/No as a function of different BLER targets (after the first transmission). Note that the evaluation only is performed for the case where the antenna imbalance is 0 dB. 

Table 26 presents the relative gain in Tx Ec/N0 and Table 27 presents the relative gain in Rx Ec/No for different BLER levels for the switched antenna diversity algorithms. 

Table 26: Results showing Tx Ec/No relative gains with respect to reference case without Tx diversity for a scenario without transmit antenna correlation as a function of the BLER target after first transmission. [21]

	BLER@ first transmission [%]
	2
	5
	10
	20
	30
	40
	50

	PA3

	SATD Genie
	2.06
	1.83
	1.92
	2.05
	1.91
	1.89
	1.94

	SATD Prac
	0.65
	0.97
	0.96
	1.21
	0.99
	1
	1.18

	VA30

	SATD Genie
	-1.4
	-0.5
	-0.25
	-0.23
	-0.18
	-0.08
	-0.08

	SATD Prac
	-0.52
	-0.41
	-0.26
	-0.22
	-0.22
	-0.05
	-0.1


Table 27: Results showing Rx Ec/No relative gains with respect to reference case without Tx diversity for a scenario without transmit antenna correlation as a function of the BLER target after first transmission. [21]

	BLER@ first transmission [%]
	2
	5
	10
	20
	30
	40
	50

	PA3

	SATD Genie
	0.02
	-0.08
	-0.03
	-0.05
	-0.08
	-0.19
	-0.17

	SATD Prac
	-0.68
	-0.41
	-0.28
	-0.26
	-0.34
	-0.35
	-0.17

	VA30

	SATD Genie
	-1.55
	-0.7
	-0.43
	-0.41
	-0.36
	-0.30
	-0.31

	SATD Prac
	-0.6
	-0.42
	-0.37
	-0.3
	-0.27
	-0.17
	-0.21


*************************************** TEXT END ************************************
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