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1 Introduction
The use of uplink transmit diversity has the potential of improving uplink throughput and coverage, and/or saving UE transmit power.  A new Study Item on uplink transmit diversity for HSPA has been opened in RAN #45, for the assessment of techniques that do not require the standardization of a specific feedback from the Node-B [1].  The work has the objective of evaluating the proposed transmission schemes in terms of impact on the UE implementation, the network operation, and the overall system performance.
This contribution provides link level simulation results for uplink transmit diversity techniques based on beamforming, under the assumptions agreed in RAN1 #59 [3].
The contribution is organized as follows. Section 2 gives the details of the simulation model, where in Section 3 we discuss the simulation results comparing the performance of genie and practical beamforming algorithms with the case of single antenna transmission. Conclusions are drawn in Section 4.
2 Simulation Assumptions
We consider the performance of the uplink beamforming implementation of Figure 1, where the UE composite uplink chip sequence is transmitted using the beamforming weight vector 
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As shown in Figure 1, the UE transmits all uplink codes from both diversity branches. The transmit diversity weights are computed without relying on a specific feedback from the Node-B. 
We have modelled a Phase Tracking beamforming scheme based on implicit Signal to Noise-plus-Interference Ratio (SNR) feedback from the Node-B. The algorithm performs tracking of the phase 
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 of the complex weight 
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 using phase information accumulated over 12 time slots (minus a number of slots equal to the SNR feedback delay). The corresponding phase change is in steps of (30(. Once a new weight vector is computed, it is applied with no additional delay. The beamforming vector calculation is updated once every 12 slots.
The above beamforming scheme is assumed completely transparent to the network. No changes are made to the Node-B receiver implementation, where we consider conventional rake receiver processing based on two uncorrelated receive antennas.

The performance of the considered uplink transmit diversity implementation is compared to the uplink performance with single antenna transmission. The simulation results presented in Section 3 are based on the simulation assumptions summarized in Table 1, and represent a subset of the simulations agreed in [2], [3]. In particular, we have collected results only for the case of no antenna imbalance, and for UE transmit antenna correlation 
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Figure 1 – Uplink Transmit Beamforming.
The results have been obtained with realistic channel estimation, which allows to fully assess the impact of uplink beamforming on the Node-B receiver implementation.
3 Simulation Results

The simulation comparison is based on the following performance metrics [3]:

· Received 
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· Transmitted 
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 received at the Node-B gives a measure of link efficiency. Denoting by 
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 the total transmitted energy per chip reduced by the path loss, the received 
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 indicates the information data rate and 
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 3.84 Mcps. An average received 
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 with transmit diversity that is not substantially different from the case of single antenna transmission implies that the implementation of the transmit diversity scheme does not affect the performance of the Node-B receiver.

The 
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 transmitted from the UE corresponds to the total transmitted energy per chip with respect to the noise power spectral density. A reduction in average transmit 
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 implies the possibility of increased throughput, reduced interference or saving of UE power.
The received 
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 results for AWGN and PA3 propagation channels are summarized in Tables 2 and 3 in terms of performance difference with respect to the case of single transmit antenna. The transmit beamforming performance with phase tracking are compared with the results with genie beamforming [3], [4]. A negative value in Tables 2 and 3 corresponds to a lower received or transmitted power for the considered uplink transmit diversity scheme. 
The collected results for the case of PA3 channel and different antenna correlations show an improvement of the order of 1 dB in terms of transmitted 
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, with relatively small variation of received 
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Table 1 – Simulation parameters.
	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI
	2 ms

	Modulation
	QPSK

	Transport Block Size
	2 ms TTI: 2020 bits

	Number of physical data channels and spreading factor
	2 ms TTI: 2(SF2

	20*log10(βed/βc)
	9 dB

	20*log10(βec/βc)
	2 dB

	20*log10(βhs/βc)
	2 dB

	Number of H-ARQ Processes
	2 ms TTI: 8

	Target Number of H-ARQ Transmissions
	2 ms TTI: 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)

	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

	Node-B Receiver Type
	Rake Receiver

	Channel Estimation
	Realistic – 3 slot filtering

	Antenna imbalance
	0 dB

	UE Tx Antenna Correlation
	0.0, 0.3

	UE Rx Antenna Correlation
	0.0

	UE DTX
	OFF


Table 2 – AWGN performance with respect to Single Tx Antenna.
	Uplink Transmission Scheme
	Received      Eb/N0 Diff., dB
	Transmitted  Ec/N0 Diff., dB

	
	( = 0.0
	
	( = 0.0
	

	Transmit Beamforming – Genie Weights
	0.0
	
	-3.0
	

	Transmit Beamforming – Phase Tracking
	0.2
	
	-1.8
	


Table 3 – PA3 performance with respect to Single Tx Antenna.
	Uplink Transmission Scheme
	Received      Eb/N0 Diff., dB
	Transmitted  Ec/N0 Diff., dB

	
	( = 0.0
	( = 0.3
	( = 0.0
	( = 0.3

	Transmit Beamforming – Genie Weights
	-0.3
	-0.2
	-3.4
	-3.4

	Transmit Beamforming – Phase Tracking
	0.04
	0.2
	-0.8
	-1.4


4 Conclusions

In this contribution we have presented link-level simulation results for HSPA uplink transmit diversity techniques based on beamforming, under the assumptions agreed in RAN1 #59 [3]. We have considered a beamforming algorithm that is completely transparent to the network, and provided an assessment of the corresponding uplink performance with respect to the case of single transmit antenna. The results for the case of PA3 channel show gains of the order of 1 dB in terms of transmitted UE power.
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