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Introduction

This document provides link level simulation results for Switched Antenna Transmit Diversity with practical E-DPCCH decoding. These results include Tx Ec/No and Rx Ec/No gains for SATD over the case where no transmit diversity is used. The results are provided for the genie and practical antenna switching algorithms for different antenna imbalance and antenna correlation values as described in [1].
2

Simulation Assumptions 

An updated set of simulation assumptions was agreed in the previous RAN WG1 meeting [1] for both OL switched antenna transmit diversity as well as for beamforming. The simulation results provided in the next section are a subset of the suite of simulations proposed. The simulation settings that pertain specifically to the results shown are given in Table 1. The antenna correlation and imbalance have been modelled in accordance with Section 5 in [1].
Table 1: Open Loop Transmit Diversity – Antenna Switching Link Simulation Assumptions

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI [ms]
	2

	Modulation
	QPSK

	TBS [bits]
	2020

	Number of physical data channels and spreading factor
	2xSF2

	20*log10(βed/βc) [dB]
	9

	20*log10(βec/βc) [dB]
	2

	20*log10(βhs/βc) [dB]
	2

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	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%

	Propagation Channel
	PA3, VA30

	NodeB Receiver Type
	Rake Receiver

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

	UE Tx Antenna Correlation
	0, 0.3, 0.7

	UE DTX
	OFF


2.1
Simulation Overview

Some additional characteristics of the simulation are

· The practical algorithm used is defined in [2] Section 4.3.1 with forced switching after 14 frames.

· Practical E-DPCCH decoding is simulated.
· The average transmit Ec/No [dB] at the UE of the transmit diversity scheme is compared with the Tx Ec/No when the UE does not employ any transmit diversity. The transmit Ec/No corresponds to the transmit power at the UE with the path loss and the channel abstracted out. It can be defined as 

Tx Ec/No [dB] = UETransmitPower(for eg. 10dBm) – PathLoss – Noise
2.2
Simulation Results

The gains due to transmit diversity are computed as follows:

· Rx Ec/No Gain = Rx Ec/NoNoTD  - Rx Ec/NoSATD 
· Tx Ec/No Gain = Tx Ec/NoNoTD – Tx Ec/NoSATD 
· Rx Ec/No is computed as  
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Tables 2 and 3 show the Rx Ec/No gains with antenna imbalance and with transmit antenna correlation respectively. Tables 4 and 5 show the Tx Ec/No gains with antenna imbalance and with transmit antenna correlation respectively. The algorithm used to obtain the results is the genie algorithm as defined in [2] in Section 4.2.1
Table 2: 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-casual 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 3: 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-casual 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 4: 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-casual 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 5: 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-casual 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 6 and 7 show the Rx Ec/No gains with antenna imbalance and with transmit antenna correlation for the practical antenna switching algorithm. Tables 8 and 9 show the Tx Ec/No gains with antenna imbalance and with transmit antenna correlation for the practical antenna switching algorithm. The practical algorithm is the genie algorithm as defined in [2] in Section 4.3.1 with forced switching after 14 frames.
Table 6: 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-casual 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 7: 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-casual 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 8: 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-casual 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 9: 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-casual 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
	· 


For purposes of comparison, the simulation results with SATD and ideal E-DPCCH decoding are provided in the Annex. Tables 11-14 show the link simulation results for the Genie algorithm and tables 15-18 show the results for the practical algorithm.

Table 10 shows the comparison of Rx Ec/No and Tx Ec/No for the baseline (no transmit diversity) and the SATD for ideal and practical E-DPCCH decoding. The results are shown for the PA3 channel with Tx antenna correlation = 0

	Scheme
	Node B Rx Ec/No [dB]
	UE Tx Ec/No [dB]

	
	Ideal E-DPCCH Decoding
	Practical  E-DPCCH Decoding
	Ideal E-DPCCH Decoding
	Practical  E-DPCCH Decoding

	Baseline

(No ULTD)
	-18.9
	-18.7
	-18.5
	-18.3

	SATD
	-18.49
	-18.47
	-19.92
	-19.92

	Gain [dB]
	-0.41
	-0.23
	1.42
	1.62


2.3
Observations
The Tx Ec/No gains have increased slightly when practical E-DPCCH decoding is used as compared to the cases with ideal E-DPCCH decoding. Additionally, the Rx Ec/No impact at the NodeB has decreased slightly when practical E-DPCCH decoding is used. This result is due to the following reasons

· The baseline case (with no transmit diversity) is adversely affected due to E-DPCCH errors. As a result, the required Ec/No at the receiver for achieving 1% residual BLER for practical E-DPCCH decoding is slightly higher (see Table 10) than the case with ideal E-DPCCH decoding. Due to increased Rx Ec/No requirement, the Tx Ec/No is slightly higher as well for the case with practical E-DPCCH decoding.
· When switched antenna transmit diversity is used, the Rx Ec/No is already at a slightly higher level as seen in the Annex. As a consequence, the Rx Ec/No levels at the NodeB are sufficient to decode the E-DPCCH accurately even when practical E-DPCCH decoding is used. Therefore, the Tx Ec/No levels are not affected due to practical E-DPCCH decoding (see Table 10). Further details on the cause of the higher Rx Ec/No levels at the NodeB due to SATD can be found in [3].
3 
Conclusions

In this contribution, link level simulation results are provided for the genie and practical antenna switching algorithms for different antenna imbalance and antenna correlation values as described in [1] when practical E-DPCCH decoding is simulated.
The results showed that, in general, practical E-DPCCH decoding increases the Tx Ec/No gains slightly and reduces the Rx Ec/No impact at the NodeB slightly as well. It is also seen that the E-DPCCH decoding benefits from the excess Ec/No at the NodeB receiver due to SATD resulting in no change in the Tx power levels when practical E-DPCCH decoding is used.. 
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Annex
Table 11: Switched antenna Rx Ec/No gains with antenna imbalance. Genie algorithm with ideal E-DPCCH decoding

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

	
	Antenna Imbalance
	

	
	3dB
	0dB
	-3dB
	-6dB
	

	PA3
	-0.07
	-0.12
	-0.1
	-0.04
	· Non-casual 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	VA30
	-0.07
	-0.35
	-0.1
	-0.04
	· 


Table 12: Switched antenna Rx Ec/No gains with antenna correlation. Genie algorithm with ideal 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
	-0.11
	-0.11
	-0.09
	· Non-casual 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	VA30
	-0.35
	-0.29
	-0.15
	· 


Table 13: Switched antenna Tx Ec/No gains with antenna imbalance. Genie algorithm with ideal E-DPCCH decoding

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

	
	Antenna Imbalance
	

	
	3dB
	0dB
	-3dB
	-6dB
	

	PA3
	4.5
	2.7
	1.4
	0.6
	· Non-casual 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	VA30
	2.78
	-0.05
	-0.23
	-0.05
	· 


Table 14: Switched antenna Tx Ec/No gains with antenna correlation. Genie algorithm with ideal E-DPCCH decoding

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

	
	Antenna Correlation
	

	
	0
	0.3
	0.7
	

	PA3
	2.68
	2.55
	2
	· Non-casual 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	VA30
	-0.05
	-0.008
	0.04
	· 


Table 15: Switched antenna Rx Ec/No gains with antenna imbalance. Practical algorithm with ideal E-DPCCH decoding
	Channel Model
	Node B Rx Ec/No gain over one Tx UE [dB]
	Comments

	
	Antenna Imbalance
	

	
	3dB
	0dB
	-3dB
	-6dB
	

	PA3
	-0.53
	-0.41
	-0.45
	-0.73
	· Non-casual 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	VA30
	-0.23
	-0.10
	-0.26
	-0.47
	· 


Table 16: Switched antenna Rx Ec/No gains with antenna correlation. Practical algorithm with ideal 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
	-0.41
	-0.29
	-0.26
	· Non-casual 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	VA30
	-0.10 
	-0.12
	-0.04
	· 


Table 17: Switched antenna Tx Ec/No gains with antenna imbalance. Practical algorithm with ideal E-DPCCH decoding
	Channel Model
	UE Tx Ec/No gain over one Tx UE [dB]
	Comments

	
	Antenna Imbalance
	

	
	3dB
	0dB
	-3dB
	-6dB
	

	PA3
	3.13
	1.42
	0.10
	-0.76
	· Non-casual 4-slot channel estimation with weights [0.4 0.3 0.2 0.1] (the effective averaging length is 3 slots).

	VA30
	2.12
	0.02
	-0.89
	-1.09
	· 


Table 18: Switched antenna Tx Ec/No gains with antenna correlation. Practical algorithm with ideal E-DPCCH decoding
	Channel Model
	UE Tx Ec/No gain over one Tx UE [dB]
	Comments

	
	Antenna Correlation
	

	
	0
	0.3
	0.7
	

	PA3
	1.42
	1.45
	1.02
	· Non-casual 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
	0.02
	· 
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