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Introduction
At RAN#45, a study item was opened on Uplink Transmit Diversity for HSPA [1]. The transmit diversity schemes include the following types:

Simultaneous transmission from 1 Transmit antenna (e.g. switched antenna Transmit diversity) 
Simultaneous transmission from 2 Transmit antennas (e.g. transmit beam-forming)
At RAN1#59, the potential benefits of Uplink Transmit Diversity were discussed and to be evaluated by means of simulations. The baseline assumptions for link and system level simulations were presented in [2]. 
In this contribution, we evaluate the performance improvement of beam-forming transmit diversity applied to HSUPA. Link level simulation results of coverage gain of Single-DPCCH beam-forming and Dual-DPCCH beam-forming are presented.
2 Proposed Beam-forming Architecture
In beam-forming mode, gains are expected from a dynamic adaptation of the weights on transmit antenna.
Figure 1 shows physical layer architecture for Single-DPCCH beam-forming scheme, with only using one DPCCH in this structure. Channel coding, interleaving and spreading scramble are done in non-diversity mode. We suppose genie weights selecting algorithms is applied on UE side, which means the UE can select a perfect weight vector every time. The beam-forming weights are applied on all uplink channels in this scheme, including DPCCH channel.

[image: image1.emf]DPCCH

DPDCHs

E-DPCCH

E-DPDCHs

HS-DPCCH

Spreading

&

Scramble

P

A

Primary Antenna

Secondary Antenna

UE determine 

beamforming weight 

P

A

   

w

1

w

2

w

1

w

2


Figure 1  Single-DPCCH beam-forming transmitter architecture
Figure 2 shows physical layer architecture for Dual-DPCCH beam-forming scheme. Two pilot channels with different channelization codes are simultaneously transmitted on both antennas. These two pilot channels would be used to estimate the fading factors of two antennas separately. We suppose genie weights selecting algorithms is applied on UE side, which means UE can select a perfect weight vector every time. The beam-forming weights are applied on all uplink channels in this scheme, except on DPCCH channels.
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Figure 2  Dual-DPCCH beam-forming transmitter architecture
3
Simulation Assumptions and Settings
The link level simulation assumptions are listed in Table 1. 
Table 1: Simulation Assumptions
	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI [ms]
	2

	Modulation
	QPSK

	TBS [bits]
	2ms TTI: 2020

	Number of physical data channels and spreading factor
	2xSF2

	20*log10(βed/βc) [dB]
	9

	20*log10(βec/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 Estimation
	Realistic

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	OFF

	Inner Loop PC Step Size
	+/- 1 dB

	Propagation Channel
	PA3, VA30

	NodeB Receiver Type
	Rake Receiver

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

	UE Transmit Antenna Correlation
	0

	UE DTX
	OFF


4
Simulation Results
In the following simulation results, we analyzed +3dB, 0dB and -3dB power imbalance cases respectively that could explain fair beam-forming gain.
Only genie algorithm, as described in [2], results are provide for both two beam-forming transmitter schemes in this document, and the calculation of optimized weight vector is applied every subframe.

However, the fading factors UE uses to make a phase change decision are acquired from NodeB instead of channel model, with the purpose of evaluating impact on channel estimation.

Table 2: Summary of gains for Dual-DPCCH and Single-DPCCH beam-forming 
	Imbalance 3dB
	Dual-DPCCH
	Single-DPCCH

	Channel
	Rx Ec/No [dB]
	Tx Ec/No [dB]
	Rx Ec/No [dB]
	Tx Ec/No [dB]

	PA3
	-0.1
	3.8
	-0.9
	3.3

	VA30
	-0.2
	2.1
	-3.0
	-0.2


Table 3: Summary of gains for Dual-DPCCH and Single-DPCCH beam-forming 
	Imbalance -3dB
	Dual-DPCCH
	Single-DPCCH

	Channel
	Rx Ec/No [dB]
	Tx Ec/No [dB]
	Rx Ec/No [dB]
	Tx Ec/No [dB]

	PA3
	-0.2
	0.5
	-1.0
	0.2

	VA30
	-0.2
	-1.0
	-3.0
	-3.2


Table 4: Summary of gains for Dual-DPCCH and Single-DPCCH beam-forming
	Imbalance 0dB
	Dual-DPCCH
	Single-DPCCH

	Channel
	Rx Ec/No [dB]
	Tx Ec/No [dB]
	Rx Ec/No [dB]
	Tx Ec/No [dB]

	PA3
	0.0
	2.2
	-0.8
	1.6

	VA30
	-0.2
	0.4
	-3.0
	-2.0


An ideal beam-forming implies there is no vital estimation error, but for practical beam-forming we observed an initial error in real channel estimation. Suppose 
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 are fading factor of two transmitting antennas respectively, 
Where 
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Due to the phase discontinuity of vector 
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, it’s hard for the original receiver to make precise channel estimation, as 
[image: image8.wmf]H

r

 may vary so rapidly that beyond filter’s smooth length capability. Once an initial estimation error happens it could be enlarged in the following SINR estimation, and in turn, a wrong TPC would iteratively deteriorate channel estimation and the received Ec/No performance as well, see figure 3 and figure 4.
Figure 3 and Figure 4 provide observation on estimated fading factors from receiver in the case of PA3 channel. The blue one and red one are sampled composite vector H in single-DPCCH scheme. The green one is the sum of sampled fade factor in two antennas in dual-DPCCH scheme. Obviously, a large discrepancy of estimation exists for these two beamforming schemes.
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Figure 3:  Real channel estimation discrepancy, real part of composite vector H
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Figure 4: Real channel estimation discrepancy, image part of composite vector H
4
Conclusions

Based on the analysis and simulation results above, observations can be summarized as following:
· An ideal beam-forming scheme with genie algorithm could provide a similar performance gain with CLTD. However, in Single-DPCCH beam-forming scheme, an initial error in real channel estimation could be enlarged in the following SINR estimation. Consequently the wrong TPC feedback will iteratively deteriorate channel estimation and the received Ec/No performance, which results in poor performance. 
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