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1 Introduction

At RAN#45, a study item on Uplink Transmit Diversity for HSPA was opened in [1]. Uplink Transmit Diversity, enables the UE to make use of the space diversity gain in order to achieve enlarged uplink coverage and to improve the cell capacity by reducing the interference level in the cell.
Depending on the number of transmits antennas available at the terminal and the available feedback from the network, different schemes may be considered:

· Open loop transmit diversity (OLTD) schemes like Space Time Transmit Diversity (STTD) allow transmission from two antennas without any feedback from the network.

· Implicit Closed loop transmit diversity (CLTD) Schemes reusing feedback of existing downlink control signals, e.g. power control. The two schemes mentioned in [1] were:

· Antenna switching (single TX antenna at UE) [2]

· Beamsteering (two TX antennas at UE) [3]

· Explicit Closed loop transmit diversity (CLTD) schemes using explicit feedback from the network for antenna switching and/or beamsteering/precoding.

In this contribution, we analyse the major carrarteristics of those schemes when applied to the upink of HSPA. 
2 Open loop transmit diversity (STTD)

2.1 Gain analysis and assumption

For the Space Time Transmit Diversity (STTD) scheme, there is spatial diversity gain from simultaneous transmission from two antennas, whithout considering any channel state information. 
The gain of STTD is maximised when a low correlation of the fast fading on two antennas can be guaranteed.

2.2 Feedback requirements and network awareness

No feedback is required for STTD.

The network needs to be aware of STTD operation from the UE.
2.3 Analysis of impact to specification

STTD has impact mainly on physical layer specification (RAN1) and performance requirements (RAN4).

When the mode of STTD is considered for uplink Transmit Diversity, the following issues related to specification should be discussed:

· UL STTD mode is relevant to data channels, or both control channels and data channels?
· How to assign the second DPCCH pilot channel?
2.4 Analysis of impact to implementation
Two TX chains, including power amplifiers, are needed.
3 Implicit CLTD: Antenna Switching
3.1 Gain analysis and assumption
For the switched antenna scheme, there is gain from selecting the best transmit antenna,when the anytennas are subject to different shadowing (slow fading). Different shadowing may be caused by human body, and scattering in the vicinity of receiver. The pathloss difference between two antennas is generally negligible. 
· The low correlation coeffiect of the slow fading between two UE antennas is still to be verified [2].

· According to previous threotical and project experience, a low correlation coeffiect can be achieved when the space distance between two antennas is more than ten wavelengths.
· polarisations antennas configuration also needs to be verified 
· The influence of human body to shadow fading on two antennas is to be evaluated. More accurate electromagnetic analysis and testing results are needed to derive reasonable assumptions for typical situations.
· The deterioration on the basestation receiver demodulation performace is to be evaluated.
· DTX on one antenna for a certain interval could cause a performance loss in the searching algorithms, as well as the channel estimation and noise estimation algorithms.
3.2 Feedback requirements and network awareness

· As frequent feedback of TPC is required, TPC transmission errors will affect UE’s decision-making mechanism and need to be taken into account.
· As TPC dose not provide enough channel state information, UE might not make a perfect decision for the selected TX antenna. The reason is that, TPC is decided by estimating SNR in one time slot. However, an accurate formulation of SNR for slow fading should be caculated by estimating the signals for a long term, e.g. 100ms. Therefore, the TPC feedback information send in the simple form of 0 or 1 can not express the accurate strength of SNR, even when this information is statistically exploited. 
· As the network disposes of more accurate information about channel state than UE, it would be preferable for the network to decide about the preferred transmit antenna. This also makes the network aware of the swithed antenna operation from the UE and can avoid negative impacts due to unknown UE behaviour. 
· There might be potential risks to design a robust althogrim to make a right decision by estimating TPC in so many unpredictable wireless scenarios, which would increase the implementation complexity of UE.
3.3 Analysis of impact to specification

No change in physical layer specification needed.

3.4 Analysis of impact to implementation

It can work with a single TX chain and single PA at the terminal as long as two antennas are available.
4 Implicit CLTD: Beamforming
4.1 Gain analysis and assumption

For the beamforming scheme in [3], gains are expected from a dynamic adaptation of the transmit antenna pattern. Here the signal is simultaneously transmitted from two antennas.  
· To achieve good performance with beamforming,

· A high correlation of the antennas (e.g. coefficient of 0.7 or higher) is generally required.

· A certain wireless channel is required (e.g. in stationary situation) in which case a specific PCI is better than other values in statistics.
· The 2-7dB gain in signal strength claimed in [3] for a 2-element array needs to be verified.
· Gains of 4-7dB [3] seem quite difficult to achieve if the beam adaptation is based on adaptation to slow fading conditions and may only be achieved in stationary situations.   
· Imperfect TPC feedback and the influence of UE mobility should be taken into account in the evaluations. 
4.2 Feedback requirements and network awareness
· As frequent feedback of TPC is required, TPC transmission errors will affect UE’s beam adaptation algorithm and need to be taken into account.
· As TPC dose not provide enough channel state information, and TPC is not determined on a long term basis, but needs to be statistically exploited by the UE, the UE can not make a perfect decision by ergodic computation of the beamforming pattern.
· As the network disposes of more accurate information about channel state than UE, it would be preferable for the network to feed back explicit information about preferred precoding from the two transmit antennas, similar to CLTD in downlink. This would also make the network aware of the beamforming operation from the UE and could avoid negative impacts due to unknown UE behaviour. In particular, knowing the transmit weights applied by the UE would help the fading factor estimation.
· There might be potential risks to design a robust althogrim to make a right decision by estimating TPC in so many unpredictable wireless scenarios, which would increase the implementation complexity of UE.
4.3 Analysis of impact to specification
No change in physical layer specification needed.

4.4 Analysis of impact to implementation

Two TX chains, including power amplifiers, are needed.
5 Explicit CLTD using dedicated feedback from the network
Figure 1 shows the structure of the UE transmitter with two antennas, where explicit feedback from the network is used to derive the transmit weigts for each antenna branch.
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            Figure1   Structure of UE transmitter for Uplink Closed Loop Transmit Diversity 
5.1 Gain analysis and assumption

CLTD with explicit feedback from the network is expected to provide substantial gains compared to using existing TPC feedback mechanisms. 
· The transmit weights for each antenna branch (see figure 1) are obtained from a generalized unitary matrix and decided by NodeB, so there is a gain from adapting to the phase of the fading channel.
· The explicit feedback for CLTD provides more accurate control information than the other schemes, because the Node B side can make full use of the available channel state information estimated in the uplink to derive the precoding weights. 
· CLTD does not require a low correlation for slow fading and can quickly adapt to different channel conditions.
· CLTD could be considered as a generalized scheme covering both beamforming and switched antenna. Furthermore, CLTD could support a fast feedback cycle to combat fast fading.
·  Switched antenna and beamforming are specific cases than can be realised with CLTD.
5.2 Feedback requirements and network awareness
· A slow feedback via hs-scch is required, thus there is a low additional cost for signalling.
· The network feeds back explicit information about preferred precoding (PCI) from the two transmit antennas, similar to CLTD in downlink. 
· This network is aware of the precoding operation from the UE and can take it into account in its receiver algorithms.
5.3 Analysis of impact to specification

When the an explcit CLTD mode is considered for Uplink Transmit Diversity, several issues related to physical layer specification should be further discussed:

· On which OVSF code to assign the second DPCCH pilot channel?
·  Low cubic metric values and orthogonal to legacy code channels are what should be considerd. 
·  If using the same OVSF code, the format of orthogonal pilot pattern is to be designed.
· What kind of information should the feedback include? 
· A composite indicator of amplitude and phase, or only phase? The former requires a high performance of channel estimation and needs more information bits for the feedback.
· Which control channel to use for the PCI feedback and what is the transfer format?
· There are two smart PCI feedback forms, one can be provide via HS-SCCH with a cycle of the order of 100ms, and the other can be provided over other control channel .
· The former scheme includes both swichted antenna and beamforming, the latter is the existing CLTD applied in HSDPA. The PCI provided via HS-SCCH could be an indication of the following six kinds of precoding combinations:  
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5.4 Analysis of impact to implementation
Two TX chains, including power amplifiers, are needed.

The prensence of a secont pilot channel would influence the structure of transmitter.

· If there are two DPCCH pilots, the structure of uplink CLTD is shown in figure 1.
6 Conclusion
In this document we made an initial analysis on the Uplink Transmit Diversity schemes for HSPA. An overview of the schemes and their main properties is given by the table below: 
	
	OLTD mode
STTD
	Implicit CLTD mode 

Switched Antenna
	Implicit CLTD mode
Beamforming
	Explicit CLTD 

	Feedback Information
	No feedback
	Existing TPC
	Existing TPC
	New feedback of HS-SCCH design

	Performance
	Poor
	Good but to be verified
	Good but to be verified
	Best

	Requirement for correlation on antennas
	Low correlation of fast fading between the UE antennas
	Low correlation of slow fading between antennas
	High correlation of the antennas and specific channel is required (e.g. in stationary situation).
	No requirement, Can adapt to all kind of channel conditions


It is proposed that RAN1 carries out further studies on the schemes proposed in [1] with a special focus on the gains achieved in practical scenarios taking into account inaccurate TPC feedback and potential impacts on the uplink receiver performance in existing networks.

We also note that CLTD using explicit feedback can be considered as a generalized scheme covering both switched antenna and beamforming. This scheme seems therefore a good candidate for the further evolution of uplink Transmit Diversity in HSPA.
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