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1
Introduction

The study item was created at RAN Plenary #45 to evaluate the performance on the UL Tx Diversity for HSPA that does not require any newly standardized dynamic feedback signaling between the network and UE [1]. RAN WG1 has since worked on the benefit evaluation for UL Tx Div. with two specific schemes – antenna switching and beam-forming. However, the simulation results have shown a wide performance improvement range, especially for beam-forming. We have looked into this issue and feel that simulation assumptions and way forward may be not clear enough for aligning the simulation results from various companies. Knowing that the subtle difference of the channel estimation implementation may results in different simulation results, we discuss, in this contribution, the uplink beam-forming phenomenon and suggest the way forward of beaming-forming simulation. Hope that this can line up a potential misalignment in the simulation of beam-forming UL Tx Diversity.

2 RF combining for beam-forming simulation
 For beam-forming uplink transmit diversity, two identical signals (with the applied relative phase or delay) are emitted from the two close-spaced TX antennas. The received signal is the composite of coherent and non-coherent signal components. 

The UE is small and its two TX antennas are closely spaced. Hence, if part of the two transmit signals go through the same scatters/reflectors (i.e., same path), the two signals will keep a long coherent length (time) when they reach a receive antenna.  Nevertheless, there might exist a slowly varying relative phase (delay) between the two signals from the time-varying propagation media. Magnolia proposed BF algorithms is to compensate the residual phases, and let these two coherent signals experience the “constructive interference”, and boost up the overall received signal strength in front of a receive antenna.

On the other hand, part of the two TX signals may go through the different paths (i.e., different scatter or reflector), they lose the coherence through the time-varying environment. The two signals are incoherent by the time they reach the receive antenna. These multi-path signals can be recovered by the rake receiver if their relative delay is large enough (> ½- chip).

In BF simulation, the coherent signals phenomenon should be captured and one way of doing it is to conduct the (RF) coherent combining before the received signals get into receiver module. Let hijk presents the kth tap of the channel from transmit antenna j to receive antenna i.  The received signal for the kth tap at antenna i can be presented as,

 rik = hi1k * 1/sqrt(2) * exp(φ1) * S + hi2k  * 1/sqrt(2) * exp(φ2) * S
The phase output from BF algorithm can be included in φ1 and/or φ2 to maximize for all the rik overall by compensating the residual phases that include the relative phase from TX antenna correlation, the phase (delay) from the channel taps.

Note that without this RF (coherent) combining, the simulation receiver block may treat ri1k and ri2k as the separate components in the channel matrix for channel estimation or optimization. This simulation will capture only the “incoherent gain” for the BF.

3
Conclusion
We explain the BF phenomenon for UL Tx diversity and suggest that the BF simulation to have RF coherent combining to capture the beam-forming gain.
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