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1

Introduction

In the previous RAN WG1 #59 meeting, a refined set of link simulation assumptions for open loop transmit diversity was agreed upon [1]. Link simulation results for the genie reference transmitter were also presented in the previous meeting [2]. In this document, we present link simulation results for a practical algorithm for Switched Antenna Transmit Diversity (SATD).

2

Simulation Settings 

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. 
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
	AWGN, PA3, VA30

	NodeB Receiver Type
	Rake Receiver

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

	UE Tx Antenna Correlation
	0.3 for PA3, VA30
0 for AWGN

	UE DTX
	OFF


2.1
Simulation Metrics

· Received Ec/No

· Transmitted Ec/No

· Number of antenna switches per second
3
Modelling Antenna Correlating and Imbalance

Transmit antenna correlation and antenna imbalance are modelled as follows:

Case 1: Antenna Imbalance = 0; Transmit antenna correlation = 
[image: image1.wmf]a


The basic Kronecker model of the channel
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where 
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are the transmit and receive correlation matrices where
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is the transmit antenna correlation.
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Case 2: Antenna Imbalance = 
[image: image8.wmf]b

; Transmit antenna correlation = 
[image: image9.wmf]a


The basic Kronecker model of the channel


[image: image10.wmf](

)

2

/

1

2

/

1

2

/

1

T

R

H

R

H

Tx

Rx


where 
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are the transmit and receive correlation matrices where
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is the transmit antenna correlation.
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and 
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 is the antenna imbalance matrix where
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is the antenna imbalance.

Note that antenna imbalance is the relative power of the secondary antenna with respect to the primary antenna.
4

Description of a Practical Algorithm for SATD

We have investigated a few different practical algoroithms for SATD including the one proposed in [3]. While it is possible to devise algorithms that provide better gains than the one proposed in [3], we consider, after a careful evaluation of the performance obtained, that the practical algorithm proposed in [3] provides a good reference for the type of gains that can be obtained by SATD.
Therefore, we provide link simulation results in this document for the algorithm proposed in [3], with a change in one of the parameters. For reference, the algorithm is reproduced in the following:

1. Let TPC command DOWN be represented by -1 and TPC command UP by +1. Then let the UE accumulate all received TPC commands. 

2. At each frame border the accumulated TPC sum is compared with 0. If the sum is larger than 0 the transmit antenna is switched.

3. If the same transmit antenna has been used for 14 consecutive frames the UE automatically switches antenna.

4. Every time an antenna switch occurs the accumulated TPC sum is reset to 0

Note that the “period of extended use” is set to 14 frames. 

5

Simulation Results and Observations

In this section, we present link simulation results for the practical SATD scheme . The performance of this scheme is compared with a baseline (no transmit diversity). 
5.1
Simulation Overview

Some additional characteristics of the simulation are:
· Antenna switches occur at most once every radio frame

· Once a switch is deemed necessary, it occurs instantaneously (no discernable delay)

· The NodeB receiver is completely transparent to the antenna switching scheme, i.e., the channel estimation, decoder etc. remain unchanged.

· Antenna imbalance implies that the 2nd Tx antenna has a constant imbalance of  [+3, 0, -3, -6] dB etc when compared to the 1st Tx antenna. For example: a 3dB imbalance implies that the 2nd Tx antenna has 3dB more antenna gain than the 1st Tx antenna. 

· At the time of an antenna switch the TPC command is also applied to the transmit power.

· The average transmit Ec/No [dB] at the UE of the transmit diversity scheme is compared with the average Tx Ec/No when the UE does not employ transmit diversity. The average 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
5.2
Simulation Results

Tables 2, 3 and 4 show the simulation where the period of extended use is set to 14 frames. Additional simulation results are provided in the Annex. Tables 5,6 and 7 in the Annex show results for the case where the period of extended use is set to 4 frames. Tables 8,9 and 10 in the Annex show results for the case where the period of extended use is set to 100 frames.

Table 2 shows the Rx Ec/No Loss as a result of the simulations;
· Rx Ec/No Loss = Rx Ec/NoSATD – Rx Ec/NoNoTD 

· Rx Ec/No is computed as  
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Table 2: Rx Ec/No Loss for Switched Antenna Transmit Diversity; Period of Extended Use = 14 frames
	 Channel 
	Rx Ec/No Loss [dB] 

	
	Imbalance = 3dB 
	Imbalance = 0dB 
	Imbalance = -3dB 
	Imbalance = -6dB 

	AWGN
	0.12
	0.02
	0.12
	0.45

	PA3 
	0.35
	0.24
	0.32
	0.55

	VA30 
	0.23
	0.11
	0.25
	0.32


Table 3 shows the Tx Ec/No Gain as a result of the simulations where

· Tx Ec/No Gain = Tx Ec/NoNoTD – Tx Ec/NoSATD 

Table 3: Tx Ec/No Gain for Switched Antenna Transmit Diversity; Period of Extended Use = 14 frames
	Channel 
	Tx Ec/No Gain [dB] 

	
	Imbalance = 3dB 
	Imbalance = 0dB 
	Imbalance = -3dB 
	Imbalance = -6dB

	AWGN
	2.54
	-0.02
	-0.45
	-1.04

	PA3 
	2.81
	1.19
	-0.083
	-0.85

	VA30 
	2.13
	-0.01
	-0.89
	-0.92


Table 4 shows the number of antenna switches per second for the cases simulated.
Table 4: Number of Antenna Switches for SATD; Period of Extended Use = 14 frames
	Channel 
	Number of Antenna Swtiches per second
	

	
	Imbalance = 3dB 
	Imbalance = 0dB 
	Imbalance = -3dB 
	Imbalance = -6dB

	AWGN
	14.1
	13.4
	14.2
	13.3

	PA3 
	14.6
	14.7
	14.8
	14.8

	VA30 
	14.7
	14.4
	14.8
	14.2


5.3
Observations

The following observations can be made from Tables 2, 3 and 4
· Results show promising Tx power gains for non-negative imbalances. 

· The transmit power gains are significant when the antenna imbalance is +3 and 0dB and decrease as the imbalance decreases. 

· In simulations with positive imbalances, antenna switches to the primary antenna cause no gains in transmit power when compared with the No TxD case which uses the primary antenna as well. However, whenever an antenna switch occurs to the primary antenna, it is likely, due to the algorithm, that a switch back to the secondary antenna occurs after a radio frame. Gains are obtained when the secondary antenna is used for the period of extended use. 

· In simulations with negative imbalances, switches to the secondary antenna result in a loss in transmit power when compared with the No TxD case which uses the primary antenna. Even though a switch back to the primary antenna, due to the algorithm, likely occurs, no gains are obtained in this case. 
· While both positive and negative imbalances occur in practice, it is considered that the gains that are obtained during positive imbalance regimes are significantly higher than losses incurred during negative imbalances. As a result, it is considered that switched antenna transmit diversity offers significant gains on average.
· PA3 channel affords the most gains amongst the channels simulated

· The gains for the PA3 channel and an imbalance of +3 dB are as high as 2.81dB

· The impact on the NodeB receiver is not considered to be significant for the imbalance cases except ones with high negative imbalances
· Due to the parameter chosen for the period of extended use , the number of antenna switches per second is between 13.3 and 14.8 for all imbalance cases as shown in Table 4.
The following observations can be made from Tables 5-10.

· Results show that gains are obtained for non-negative imbalances in both parameter settings of 4 and 100 frames.

· The setting of 4 frames show larger gains in the 0dB imbalance case whereas the gains for the setting of 100 frames are larger for the positive imbalance cases.

· The impact on the NodeB receiver is higher for the 4 frames setting when compared with 14 or 100 frame settings. This si due to the larger frequency of antenna switches per second.

· It is considered that a judicious balance of gains and NodeB impact can be obtained from a setting of 14 frames. 
6 
Conclusions

In this contribution, link level simulation results for PA3, PB3 and VA30 channels were shown for the OL Switched Antenna Transmit Diversity scheme for different antenna imbalances. 

The results showed promising gains for all the channel types for non-negative channel imbalances. The PA3 channel afforded the most gains. The impact to the NodeB receiver on account of antenna switching is not considered to be significant for all channel types and imbalance cases.

The simulations were conducted using a practical antenna switching algorithm based on the one proposed in [3] with realistic channel estimation at the receiver.

7
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Annex: 
Additonal Link Simulation Results

Table 5 shows the Rx Ec/No Loss as a result of the simulations; 4 frames 
Table 5: Rx Ec/No Loss for Switched Antenna Transmit Diversity; Period of Extended Use = 4 frames
	 Channel 
	Rx Ec/No Loss [dB] 

	
	Imbalance = 3dB 
	Imbalance = 0dB 
	Imbalance = -3dB 

	AWGN
	0.2
	0
	0.2

	PA3 
	1
	0.7
	0.85

	VA30 
	0.46
	0.2
	0.5


Table 6 shows the Tx Ec/No Gain as a result of the simulations; 4 frames
· Tx Ec/No Gain = Tx Ec/NoNoTD – Tx Ec/NoSATD 

Table 6: Tx Ec/No Gain for Switched Antenna Transmit Diversity; Period of Extended Use = 4 frames
	Channel 
	Tx Ec/No Gain [dB] 

	
	Imbalance = 3dB 
	Imbalance = 0dB 
	Imbalance = -3dB 

	AWGN
	1.96
	0
	-0.04

	PA3 
	2.26
	1.2
	-0.03

	VA30 
	1.69
	0.01
	-1.33


Table 7 shows the number of antenna switches per second for the cases simulated; 4 frames.
Table 7: Number of Antenna Switches for SATD; Period of Extended Use = 4 frames
	Channel 
	Number of Antenna Swtiches per second

	
	Imbalance = 3dB 
	Imbalance = 0dB 
	Imbalance = -3dB 

	AWGN
	38
	36
	40

	PA3 
	40
	39
	39.5

	VA30 
	39
	38
	39.6


Table 8 shows the Rx Ec/No Loss as a result of the simulations; 100 frames 
Table 8: Rx Ec/No Loss for Switched Antenna Transmit Diversity; Period of Extended Use = 100 frames
	 Channel 
	Rx Ec/No Loss [dB] 

	
	Imbalance = 3dB 
	Imbalance = 0dB 
	Imbalance = -3dB 

	AWGN
	0.06
	0
	0.1

	PA3 
	0.14
	0.1
	0.1

	VA30 
	0.1
	0.03
	0.03


Table 9 shows the Tx Ec/No Gain as a result of the simulations; 100 frames
· Tx Ec/No Gain = Tx Ec/NoNoTD – Tx Ec/NoSATD 

Table 9: Tx Ec/No Gain for Switched Antenna Transmit Diversity; Period of Extended Use = 100 frames
	Channel 
	Tx Ec/No Gain [dB] 

	
	Imbalance = 3dB 
	Imbalance = 0dB 
	Imbalance = -3dB 

	AWGN
	2.89
	0
	-0.06

	PA3 
	2.26
	0.76
	-0.2

	VA30 
	2.47
	0.02
	-0.48


Table 10 shows the number of antenna switches per second for the cases simulated; 100 frames
Table 10: Number of Antenna Switches for SATD; Period of Extended Use = 100 frames
	Channel 
	Number of Antenna Swtiches per second

	
	Imbalance = 3dB 
	Imbalance = 0dB 
	Imbalance = -3dB 

	AWGN
	2.4
	2.5
	2.4

	PA3 
	2.9
	2.9
	3.1

	VA30 
	2.9
	2.8
	2.8
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