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1 Introduction

At RAN#45, a study item on Uplink Transmit Diversity for HSPA was brought out [1]. In Uplink Transmit Diversity mode, UE still has the potential to make full use of space diversity gain, to achieve enlarged uplink coverage, or to improve the cell capacity by reducing the interference level in the cell. 
As far as transmit diversity is concerned, where does the gain form? We can be inspired by the formulation of Shannon capacity. In a fixed band width, diversity is a reasonable way to improve SNR, while the channel capacity can not linearly increase with SNR. When SNR increases to a certain value, spatial multiplexing for a virtual band width is considerd further. The former related is Transmit Diversity and the latter is MIMO. In uplink, received SNR is controlled for the reason of interference management, so the SNR can not be very high to introduce MIMO. In this situation, transmit diversity is preferred. Furthermore, transmit diversity is simple for the initial development of up-link capacity and coverage improvement.
In this contribution, we make an analysis of system impact for Uplink Transmit Diversity in HSPA. There are two directions for the evolution of Uplink Transmit Diversity: OLTD [2] and CLTD. As far as OLTD is concerned, there are three schemes: Switched Antenna, Beamforming and STTD.
2 Scheme Analysis on Switched Antenna
2.1   Gain analysis and assumption
For the scheme of switched antenna, there is an antenna selection gain, which might come from the low correlation of shadow fading. Human body, corner, scattering in the vicinity of receiver is the primary cause for shadow fading. The difference between two antennas caused by path loss is ignorable. 
· The low correlation coeffiect chart of two UE antennas in slow fading case is still to be verified [3].

· In previous threotical and project experience, a low correlation coeffiect can be achieved on the premise that the space distance between two antennas is more than one hundred wavelengths.
· The influence of human body to shadow fading on two antennas is to be evaluated. More accurate electromagnetic analysis, testing results and reasonable situation assumptions are needed for further study.
· The deterioration on receiver’s demodulation performace is to be evaluated.
· DTX on one antenna for an interval woulud cause a performance loss in searching algorithm, channel estimation algorithm, and noise estimation algorithm.
· A low correlation on slow fading is required. 

2.2 Analysis of impact to specification

Not related.

2.3 Analysis of impact to implementation

Do not need any more RF modules, except for an extra transmit antenna.

3 Scheme Analysis on Beamforming
3.1 Gain analysis and assumption

For the scheme of beamforming, gains come from an enhancement at a certain spatial angle in antenna pattern. 
· 2-6dB [3] of performance gain for 2-element array is to be verified.
· Up to 4-6dB [3] gain may be too high, it can be attained only when the elements of antennas meet a certain number.
· When weight coefficients are not fedback by NodeB, but decided by UE’s ergodic computation, considering the loss of feedback information, the benefit of introducing beamforming remains suspicious.
· Whether there is gian if PCI is fixed to one certain vaule for a long interval.
· An extra performance requirement for antenna pattern is required, and a 0.7 or higher correlation coefficient on channel fading is required.

· If weight coefficients are decided and fedback by NodeB, more gains would be guaranteed.
3.2 Analysis of impact to specification

UE’s ergodic computation for beamforming weights is a new algorithm function. 
3.3 Analysis of impact to implementation

An extra power amplifier is needed.
4 Scheme Analysis on STTD

4.1 Gain analysis and assumption

For the scheme of STTD, there is spatial gain whithout considering fading information. 
· STTD requires a low correlation for fast fading on two antennas.

4.2 Analysis of impact to specification

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?
4.3 Analysis of impact to implementation
An extra power amplifier is needed.
5 Scheme Analysis on CLTD
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            Figure1   Structure of Uplink Closed Loop Transmit Diversity febback form Node B 
5.1 Gain analysis and assumption

As far as CLTD is concerned, there is spatial temporal gain whith plenty fading information. 
· PCI is a generalized unitary matrix and decided by NodeB, so there is a gain for phase information.
· Including phase adjustment for fast fading.
· CLTD provides more accurate control information than OLTD, because Node B side can make full use of information than UE side. 
· CLTD does not require a low correlation for slow fading.

5.2 Analysis of impact to specification

When the mode of CLTD is considered for Uplink Transmit Diversity, the following issues related to specification should be 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 kinds of information should PCI include? 
·  A composite indicator of amplitude and phase, or only phase? The former requires a high performance on channel estimation and needs more information bits to feedback.
· On which control channel to feedback PCI and what is the transfer format?
· There are two smart PCI feedback forms, one can be beared on HS-SCCH order with a cycle of 100ms time order, and the other can be beared on a high speed control channel such as E-RGCH with a cycle of 2ms time order. The former scheme includes both swichted antenna and beamforming, the latter is the existing CLTD applied in HSDPA. The fomer PCI beared on HS-SCCH order is an indication of the following six kinds of combinations. For example.  
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5.3 Analysis of impact to implementation

When the mode of CLTD is considered for Uplink Transmit Diversity, the following issues related to implementation should be discussed:

· CLTD should be considered as a generalized shceme covering both beamforming and switched antenna. Furthermore, CLTD should support a fast PCI feedback cycle to combat fast fading.
·  Switched antenna and beamforming are specific implementation cases of CLTD.
· Whether there is a second pilot channel would determine the structure of transmitter.
·  If there are two DPCCH pilots, the structure of uplink CLTD is shown in figure 1.
· An extra power amplifier is needed.
6 Conclusion
In this document we made an initial analysis on the Uplink Transmit Diversity in HSPA. As a conclusion, CLTD can be considered as a generalized shceme covering both switched antenna and beamforming, and is proposed to be an extendable candidate for Transmit Diversity from the view of evolution and performance.
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