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1. Introduction

In RAN#45, a study item [1] was opened to investigate the performance of uplink transmit diversity techniques that do not require any new standardised dynamic feedback signalling between the network and the UE in HSPA. In this contribution, we present initial link simulation result of an open loop beamforming transmit diversity algorithm proposed in [2].
2. Algorithm Description
The practical algorithm simulated is based on the description provided in [2]. It is presented below for reference with a few changes.

In this algorithm, a beamforming phase code book of M phases is used. These phases are evenly spaced, and the beamforming vector belongs to
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Let the evaluation period be denoted by N slots. Assume initial beamforming phase is 0 and the direction of beamforming phase change is counter-clockwise. In each evaluation period, if more ‘down’ power control commands are received by the UE than the ‘up’ commands, the algorithm will move to the next beamforming phase (relative to the current one) in the current direction, and use it for the next evaluation period. No change to the direction. Otherwise, update the direction to the opposite one and move the phase based on the new direction.
Due to the 2 slots delay of power control command feedback, the initial two PC commands are ignored for each evaluation period. 
3. Simulation setting 
The evaluation period is chosen to be N=10 slots. The code book size is set to M=8. This set of parameter assumptions represents a judicious choice between transmit power gains obtained and the corresponding impact to the NodeB. 
The other simulation assumptions are shown in the following table (the correlation and imbalance modelling are summarized in the Appendix) and correspond to the updated simulation assumptions in [3].
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
	Realistic

	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

	UE DTX
	OFF


4. 
Link Simulation Results
The following metrics are used in the performance evaluation of the algorithm, where N=10 and M=8 and N and M are defined in Section 2. 
· Rx Ecp/No Loss = Rx Ecp/NoOLTD_BF – Rx Ecp/NoNoTD 

· 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 shows the link simulation results with Tx correlation 0
Table 2: Link Result for an Open Loop Beamforming Algorithm with Tx Correlation 0; N= 10slots; M=8
	
	Rx Ecp/No LOSS[dB]
	Tx Ecp/No Gain[dB]

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

	AWGN
	0.4
	0.32
	0.33
	0.3
	1.5
	3.2
	0.2
	-0.7

	PA3
	0.23
	0.3
	0.3
	0.1
	1.45
	3.05
	0.02
	-0.9

	VA30
	0.3
	0.23
	0.3
	0.15
	-0.21
	1.63
	-1.46
	-2.1


Table 3 shows the link simulation results with Tx correlation 0.3.
Table 3: Link Result for an Open Loop Beamforming Algorithm with Tx Correlation 0.3; N= 10slots; M=8
	
	Rx Ecp/No LOSS[dB]
	Tx Ecp/No Gain[dB]

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

	PA3
	0.2
	0.25
	0.2
	0.2
	1.4
	3
	0.05
	-1

	VA30
	0.3
	0.35
	0.25
	0.25
	0.1
	1.7
	-1.2
	-2


We present results below for an alternate parameter setting for comparison. The following link results are obtained with M=8 phases, and N=6 slots where M and N are defined in Section 2. Table 4 shows the link simulation results with Tx correlation 0, N=6 slots and M=8.
Table 4: Link Result for an Open Loop Beamforming Algorithm with Tx Correlation 0; N= 6slots; M=8
	
	Rx Ecp/No LOSS[dB]
	Tx Ecp/No Gain[dB]

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

	AWGN
	0.8
	0.8
	0.8
	0.7
	1.24
	2.8
	-0.1
	-1.1

	PA3
	0.4
	0.4
	0.4
	0.4
	0.8
	3.4
	0.35
	-0.7

	VA30
	0.2
	0.05
	0.07
	0
	-0.3
	1.5
	-1.5
	-2.2


Table 5 shows the link simulation results with tx correlation 0.3 and N=6 slots; M=8.
Table 5: Link Result for an Open Loop Beamforming Algorithm with Tx Correlation 0.3; N= 6slots; M=8
	
	Rx Ecp/No LOSS[dB]
	Tx Ecp/No Gain[dB]

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

	PA3
	0.5
	0.5
	0.5
	0.4
	0.7
	3.36
	0.3
	-0.74

	VA30
	0.2
	0.2
	0.15
	0.07
	-0.04
	1.67
	-1.3
	-2.1


5. Conclusions

The following observations can be made from Tables 2 and 3
· 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. 

· PA3, AWGN show more gains than the VA30 channels.

· Non-zero correlation helps VA30 channel, while slightly degrades the performance in the PA3 channel.

· Due to the change of beamforming phases across the evaluation periods (10 slots), phase discontinuity may cause degradation to the Node B receiver performance. However, since the period of 10 slots is not that short, the degradation is small when it is measured by the loss in Rx Ecp/No. 
· The case where N=6slots has a higher impact on the NodeB performance. In Tables 4 and 5, it can be seen that whilst the gains are comparable to the N=10 slot case, the impact on the NodeB performance is higher. It is considered that a choice of N=10slots provides a trade off between Tx power gains and NodeB performance.
6. Appendix: Modelling Antenna Correlation 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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