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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. Specifically, the transmit diversity schemes include ‘simultaneous transmission from 1 Tx antenna (e.g. switched antenna Tx diversity) or simultaneous transmission from 2 Tx antennas (e.g. transmit beamforming)’ 
A reference UE transmitter for OL Transmit Beamforming is given in [2]. In this contribution, link simulation results for OL Transmit Beamforming are given based on the reference transmitter.
2. Simulation Settings 
A comprehensive set of simulation assumptions is proposed in [3] 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 – Beamforming Link Simulation Assumptions
	Parameter
	Value

	Physical Channels
	E-DPDCH

	E-DCH TTI [ms]
	2

	Modulation
	QPSK

	TBS [bits]
	307

	20*log10(βed/βc) [dB]
	8

	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

	Rate Matching Parameter 
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	0.33

	Rate Matching Parameter 
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	0.44

	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%

	Channel
	PA3, PB3, VA30

	NodeB Receiver Type
	Rake Receiver

	ULTD Modes
	Beamforming (2 PA)

	ULTD UE Transmitter Type
	Please see [2].

	Transmit Antenna Imbalance [dB]
	-3, 0, +3


3. 
Simulation Results and Observations
In this section, we present link simulation results for the OL beamforming transmit diversity scheme. The performance of this scheme is compared with a baseline (no transmit diversity). These simulations represent the upper bound on performance of the beamforming scheme and are referred to as Genie OL-BF since it is assumed that the UE has perfect channel knowledge at the transmitter. Practical beamforming schemes will experience some losses due to inaccurate channel state information at the transmitter, delays and quantization of amplitude and phase information. 
3.1. Simulation Overview
Some additional characteristics of the simulation are
· The beamforming scheme is based on a selection of a precoding weight vector comprising of amplitude and phase that maximizes the SNR at the receiver. The number of bits allocated to the amplitude and phase is 
· 1 bit – amplitude

· 3 bits – phase
· The precoding vector changes at most once every slot.

· Once a precoder is selected, it is applied instantaneously. No additional delays are incurred.
· The performance of this SNR based scheme is compared with the SVD based scheme for the PA3 channel. 

· The SVD based scheme essentially performs the SVD on the first channel path and selects the dominant eigen mode for precoding.

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

· Antenna imbalance implies that the 2nd Tx antenna has a constant imbalance of  [3, -3] dB 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. 
· 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
· Coverage Computation
· The path loss is abstracted out and the Maximum Effective UE Transmit Power is given by:

maxEffectiveUETransmitPower = maxUETransmitPower(for eg. 24dBm) – PathLoss – Noise

· The coverage metric used to compare difference schemes is given by:

Min (MaxEffectiveUETransmitPower) such that a target BLER 1% can be maintained.

· When the maximum effective UE transmit power limit is reached, equal power scaling is applied to all physical channels
· Overhead Channels

· The E-DPCCH and HS-DPCCH are also transmitted in the simulation.

· CQI transmissions occur every 4TTI; feedback cycle = 4*2ms. 
· ACK/NACK transmissions occur about 10% of the time on average which is reflective of the downlink traffic. 

3.2. Simulation Results
Figure 1 shows the link efficiency and the Tx Ec/No for the PA3 channel. The Genie OL beamforming scheme based on SVD decomposition of the channel is compared against the baseline – no TD case. The antenna imbalance in this case is 0dB. 
Figures 2 and 3 show the link efficiency and the Tx Ec/No, and the coverage comparison for the PA3 channel. In each figure the Genie OLTD beamforming scheme for different antenna imbalances of 0dB, 3dB and -3dB are compared with the baseline – no TD. 
Figures 4 and 5 show the link efficiency and the Tx Ec/No, and the coverage comparison for the PB3 channel. Figures, 6 and 7 show the same for the VA30 channel.
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Figure 1: Link Efficiency and Tx Ec/No comparison of OLTD-BF scheme based on SVD for 0dB antenna imbalance and the baseline (no TD); PA3 channel
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Figure 2: Link Efficiency and Tx Ec/No comparison of OLTD-BF scheme based on SNR for imbalances of 0dB, 3dB and -3dB and the baseline (no TD); PA3 channel
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Figure 3: Comparison of coverage between OLTD-BF scheme based on SNR with antenna imbalances of 0dB, 3dB and -3dB and the baseline (no TD); PA3 channel
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Figure 4: Link Efficiency and Tx Ec/No comparison of OLTD-BF scheme based on SNR for imbalances of 0dB, 3dB and -3dB and the baseline (no TD); PB3 channel
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Figure 5: Comparison of coverage between OLTD-BF scheme based on SNR with antenna imbalances of 0dB, 3dB and -3dB and the baseline (no TD); PB3 channel
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Figure 6: Link Efficiency and Tx Ec/No comparison of OLTD-BF scheme based on SNR for imbalances of 0dB, 3dB and -3dB and the baseline (no TD); VA30 channel
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Figure 7: Comparison of coverage between OLTD-BF scheme based on SNR with antenna imbalances of 0dB, 3dB and -3dB and the baseline (no TD); VA30 channel

3.3. Observations

Figure 1 shows the link efficiency and the Tx Ec/No comparison in the same plot for the PA3 channel for the SVD based OL beamforming scheme for 0dB antenna imbalance. The amplitude and phase for the precoder is unquantized in this case. Note that the received Eb/Nt is the same for the baseline and the OLTD scheme. Therefore the NodeB receiver is not affected by any changes in the precoding vector. The difference in the Tx Ec/No correspond to the transmit power reduction due to the OL beamforming scheme; it is 4dB. 

It can be seen from Figure 2 that the difference in Tx Ec/No is also 4dB for the SNR based scheme. Note that the phase and the amplitude of the precoding vector are represented by 3 and 1 bits respectively. Since the gains obtained in this case are similar to the SVD scheme where the amplitude and phase are unquantized, we conclude that the effects of the phase and amplitude quantization are negligible. Using additional bits for phase and amplitude quantization would result in diminishing returns. 
From Figures 2, 4 and 6 it can be seen that the largest gains occur in the PA3 channel. This is expected due to the single path slow fading nature of the channel. Furthermore, the gains are largest when the antenna imbalance is 3dB amongst the cases considered. This is because the precoder variations naturally favor the stronger antenna whereas the baseline scheme is handicapped by the weaker antenna. 
Figures 3, 5 and 7 show the improvements in coverage due to antenna switching for the different channel types. The PA3 channel affords the largest increase in coverage from the baseline – no TD case. This is directly correlated with the link efficiency gains that are observed.

The gains are summarized in Table 2.

Table 2: Summary of results for OLTD – Antenna Switching
	
	Tx Ec/No difference[dB]

@ T/P = 8dB
	Coverage Gains  [dB]

@1% Residual BLER

	Channels
	Antenna Imbalance
	Antenna Imbalance

	
	3dB
	0dB
	-3dB
	3dB
	0dB
	-3dB

	PA3
	5.75
	4
	2.75
	5.7
	4.1
	2.7

	PB3
	3.25
	1.6
	0.4
	3.4
	1.8
	0.6

	VA30
	3
	1.6
	0.6
	2.9
	1.6
	0.7


4. Conclusions

In this contribution, link level simulation results for PA3, PB3 and VA30 channels were shown for OLTD-SNR based Beamforming Scheme for different antenna imbalances. The PA3 channel afforded the most gains although some gains were noticed in all three channel types. Antenna imbalances increase or decrease gains depending on the imbalance. The simulations assume perfect knowledge of the channel at the transmitter for precoder selection and should be considered as upper bounds for any practical beamforming scheme. Note that the phase is represented in these simulations by 3 bits, so some quantization effects are incurred. However, it is shown that the impacts of these effects are negligible by comparing with the SVD scheme for the PA3 channel. 
It is proposed that companies implement practical OL beamforming transmit diversity schemes to be compared with these results which serve as a reference. Practical schemes should include realistic channel knowledge at the transmitter and also incorporate any additional delays in precoder estimation.
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