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1. Simulation setting 
The simulation assumptions are shown in the following table (the correlation and imbalance modelling are summarized in the Appendix).
Table 1: Open Loop Beamforming Transmit Diversity Link-Level Simulation Parameters

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, HS-DPCCH, DPCCH 

	E-DCH TTI [ms]
	2

	Modulation
	QPSK

	TBS [bits]
	2020

	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
	Three slot averaging

	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
	0.0, 0.3, 0.7

	UE DTX
	OFF


2. 
Link Simulation Results
The following metrics are used in the performance evaluation of the algorithm, where

· Rx Ecp/No Loss = Rx Ecp/NoNoTD –Rx Ecp/NoOLTD_BF
· Tx Ecp/No Gain = Tx Ecp/NoNoTD – Tx Ecp/NoOLTD_BF 
The Rx Ecp/No loss may occur due to the phase discontinuity at the Node B receiver, such that the channel estimation may be impacted. 
Table 2: Link Result for the Genie open loop beamforming algorithm with Tx Correlation 0
	
	Rx Ecp/No LOSS[dB]
	Tx Ecp/No Gain[dB]

	Imbalance (dB)
	3
	0
	-3
	-6
	3
	0
	-3
	-6

	PA3
	0.04
	0
	0
	0
	5.45
	3.78
	2.38
	1.19

	VA30
	-0.24
	0
	0.07
	0.12
	2.72
	1.41
	0.21
	-0.7


Table 3: Link Result for the Genie open loop beamforming algorithm with imbalance = 0dB
	
	Rx Ecp/No LOSS[dB]
	Tx Ecp/No Gain[dB]

	Antenna

Correlation(dB)
	0
	0.3
	0.7
	0
	0.3
	0.7

	PA3
	0
	0
	0
	3.78
	3.69
	3.49

	VA30
	0
	-0.03
	0.02
	1.41
	1.54
	2.32


The parameters for [2,3] are set to 
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 degree. Table 4 shows the link simulation results with tx correlation 0, where antenna imbalance is the relative power of the secondary antenna with respect to the first antenna.
Table 4: Link Result for a practical open loop beamforming algorithm with Tx Correlation 0

	
	Rx Ecp/No LOSS[dB]
	Tx Ecp/No Gain[dB]

	Imbalance (dB)
	3
	0
	-3
	-6
	3
	0
	-3
	-6

	AWGN
	0.7
	0.5
	0.3
	0.2
	3.7
	2.2
	1
	0

	PA3
	1.2
	0.9
	0.7
	0.4
	2.9
	1.6
	0.4
	-0.5

	VA30
	1.2
	0.8
	0.5
	0.3
	0.8
	-0.6
	-1.5
	-2.2


Table 5 shows the link simulation results with tx correlation 0.3.
Table 5: Link Result for an Open Loop Beamforming Algorithm with Tx Correlation 0.3
	
	Rx Ecp/No LOSS[dB]
	Tx Ecp/No Gain[dB]

	Imbalance (dB)
	3
	0
	-3
	-6
	3
	0
	-3
	-6

	PA3
	1.2
	0.9
	0.6
	0.3
	3
	1.6
	0.5
	-0.3

	VA30
	0.9
	0.7
	0.5
	0.3
	1.8
	0.3
	0.8
	-1.5


Table 6 shows the link simulation results with tx correlation 0.7.
Table 6: Link Result for an Open Loop Beamforming Algorithm with Tx Correlation 0.7
	
	Rx Ecp/No LOSS[dB]
	Tx Ecp/No Gain[dB]

	Imbalance (dB)
	3
	0
	-3
	-6
	3
	0
	-3
	-6

	PA3
	0.9
	0.7
	0.5
	0.3
	3.4
	2.0
	0.8
	-0.2

	VA30
	0.7
	0.5
	0.4
	0.2
	3
	1.6
	0.4
	-0.5


3. Conclusions

The following observations can be made from Tables 2 and 3 for the genie beamforming algorithm:

· The transmit power gains increase with antenna imbalance.

· The Rx SNR loss is not significant in all the cases considered for the genie algorithm.

· The gains obtained for the PA3 channel decrease with increasing antenna correlation whereas the gains for the VA30 channel increase with increasing antenna correlation.
The following observations can be made from Tables 4 and 5, 6 for the practical beamforming algorithm:
· Rx SNR loss is quite significant, due to the impact on the FIR filter from the phase discontinuity. The degradation is related to the FIR filter delay pattern and weights. 
· For PA3 and VA30 channels in the low correlation (<=0.3) scenarios, the transmit power gains are comparable to the link results obtained for antenna switching [4].
· The transmit power gains increases with antenna imbalance.
· PA3, AWGN show much more gains than the VA30 channels.

· Non-zero correlation does help improve the transmit power gain performance in VA30 channel. However there is not much improvement observed in receiver Rx SNR losses.
· Very high correlation does help improve the transmit power gain performance in PA3 channel

4. Appendix: Modelling Antenna Correlating and Imbalance

Transmit antenna correlation and antenna imbalance are modelled as follows:

Case 1: Antenna Imbalance = 0; Transmit antenna correlation = 
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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 = 
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; Transmit antenna correlation = 
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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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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 first antenna.
.
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