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Introduction
A Study Item on uplink transmit diversity for HSUPA was approved at RAN#45 and contribution [1] discusses the different concepts that can be considered to be part of the study. This contribution looks at the upper bound of the uplink transmit diversity gains as well as the aspects that would need to be taken into account in the more realistic gain analyses.
Uplink transmit diversity performance boundaries

This section analyses bounds for the performance benefits that could be obtained by schemes that are clearly within the scope of the study item.

UE directed antenna switching
Simulations have been performed with the following assumptions:

· A power control algorithm, as good as single antenna power control can be applied to both antennas, in order that the RX SIR is always correct regardless of the antenna used.
· The terminal has knowledge of the DPCCH levels that would be required for each antenna and this can select the best antenna. The UE can switch antennas in any slot

· The base station is aware with its channel estimation algorithm which antenna has been used and is able to filter channel estimates for the separate antennas independently.

These are highly optimistic assumptions; in reality whilst switching antennas it would not be possible to operate efficient power control and it would not be possible for a Node B to accurately blind detect the used antenna and adjust the channel estimation algorithm. Furthermore, an attempt towards such an approach by the Node B would require a network upgrade.
With decorrelated antennas (again, an optimistic assumption) is approximately 0.6 dB in TU6 and 2.5 dB in PedA channels for a 2.25 Mbps data rate (Figure 1).

UE directed beamforming
Simulations were performed using the following assumptions:

· 4 sets of antenna phase weights

· The UE is perfectly able to set the best phase weighting

· Transmit power is equal for each antenna branch on the UE and there is one power control loop

· The base station channel estimation is not impacted by the switching of antenna phases

Although the restriction to 4 weight combinations is pessimistic, again the other assumptions that the UE is optimally able to choose a vector and that the basestation channel estimation is not affected are highly optimistic and and attempt towards such approach would require a network upgrade.

With decorrelated antennas (again, an optimistic assumption) is approximately 0.75 dB in TU6 and 2.8 dB in PedA channels for a 2.25 Mbps data rate (Figure 1).
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Figure 1: Mean UE transmit power, relative to the 1TX / 2RX antenna case, ideal results.
Considerations in evaluating the real performance of Opel Loop UL Tx Diversity
It should be stressed that the above simulation results represent the very upper performance bounds and the real performance can be safely assumed to be substantially lower. Factors that should be taken into account in evaluating UL TX diversity schemes include:

· Coupling between antennas at the terminal

· For antenna switching, the performance and impact of the hardware antenna switch

· Degradations due to imperfect estimation of the optimal antenna or phase vector by the terminal

· If the terminal is transmitting from one antenna, there is no way to determine the channel quality for the other

· Impacts to the power control algorithms

· Switching antennas may cause a substantial change in DPCCH SIR

· Phase changes could have a similar effect

· Also the impact to outer loop power control should be considered

· Impacts to the performance of the base station receiver

· The impact to channel estimation, which typically filters the CIR over several slots

· Performance impacts on an existing networks that are unaware of OL UL Tx diversity techniques at the terminal should be considered

· Also the best performance that could be obtained with a network upgrade should be considered

· Impacts to essential signalling

· Although in principle HARQ could mop up SIR fluctuations due to incorrect phase or antenna setting for the E-DPDCH, E-DPCCH error probability could be expected to increase if even a single slot is sent with bad SINR. Thus the impact to the overall performance of the HARQ protocol, considering the E-DPCCH signalling should be considered.
· Similarly to E-DPCCH, the HS-DPCCH has no HARQ, and impacts of the UE antenna or phase switching algorithm to HS-DPCCH reliability should be considered

· Performance in soft handover

· For example, how does the system perform if the optimal weights/antenna differ between RX Node Bs. How does the UE monitor the channel estate to each of the cells with which it is in SHO.
A number of schemes, e.g. directed antenna switching, rely on up-to-date power control commands in order to select the optimum mode of operation. It is therefore important to analyse the performance of the proposed schemes under medium and high UE speeds and verify their compatibility to UL DTX operation of CPC.
Conclusion

The very upper bound of two UL Open Loop Tx Diversity mechanisms, the UE directed antenna switching and the UE directed beamforming were looked at. The practical aspects degrading the gains of these techniques from the upper bound were discussed and suggested that the practical impacts should be considered in the evaluation of the obtainable performance gains of any UL Tx Diversity technique considered in the study.
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