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1. Introduction 
In [1], an issue was outlined regarding the deployment of F-DPCH with STTD, which results in unsatisfactory behaviour according to the current specifications. 

According to the current specifications, when F-DPCH is deployed with STTD, “the TPC bits are not STTD encoded and the same bits are transmitted with equal power from the two antennas”. The main reason for this is that normal STTD encoding cannot be applied to a single symbol. However, the lack of STTD encoding of the F-DPCH results in a fixed beam pattern with widely varying SINR depending on the location of the UE. 
In this document we consider possible solutions to this problem. 

2. Potential solutions
Some possible solutions include: 

Single antenna solutions

1) Transmit the F-DPCH from the first antenna only.
2) Transmit the F-DPCH from one or other antenna, as signalled semi-statically on a UE-specific basis by RRC signalling. (This has the advantage of being able to divide the F-DPCHs in a cell across the two antennas, which may be helpful for power balancing.) The additional RRC signalling could be avoided by deriving the antenna number for each UE from the UE ID, in order to achieve antenna power balancing automatically.
Tx diversity solutions
In the presence of two transmit antennas at the NodeB, it seems desirable to enable the F-DPCH to benefit from some form of transmit diversity if possible. We therefore consider here some possible transmit diversity schemes:
3) STTD-based solutions. Some possible STTD-based solutions were outlined in [1]. They require repetition of each TPC command in order to provide the two symbols that are necessary for STTD encoding. However, we see serious drawbacks with these solutions: firstly they reduce the F-DPCH capacity by 50% due to the repetition, and secondly the performance of STTD has been shown to be unreliable, for example in frequency-selective channels [2]. 
4) Non-STTD-based transmit diversity. Some diversity could be achieved by using a different F-DPCH slot format on each antenna. For example, UEs A and B could be paired, and each assigned slot formats as follows: UE A is assigned slot format 1 on antenna 1 and slot format 6 on antenna 2, while UE B is assigned slot format 6 on antenna 1 and slot format 1 on antenna 2, as shown in Figure 1. As the TPC commands to the two UEs will sometimes be the same and sometimes different, there will on average be a diversity gain compared to the current case of always transmitting the same TPC commands from both antennas at the same time.

Note that if availability of spreading codes is not a concern, it would not actually be necessary to assign UEs to slot formats in pairs; this could be beneficial if the NodeB antennas were highly correlated. If users were not paired, the symbols shown for “UE B” in Figure 1 would be DTX’ed, while UE A would still benefit from time-switched antenna diversity. 
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Figure 1: Possible tx diversity transmission for F-DPCH

As a further alternative in case spreading code availability is limited and the NodeB antennas are highly correlated, time-switched antenna diversity could still be achieved if the power control update rate was halved, as shown in Figure 2. However, as the F-DPCH downlink power control loop delay (and in some cases also the uplink loop delay) is already reduced compared to the normal DPCH, this method is most likely to be useful in low-mobility scenarios. 
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Figure 2: Tx diversity transmission for F-DPCH with reduced interference for correlated antenna scenarios, with reduced power control update rate

In all cases, a mechanism would be needed to determine the second F-DPCH slot format for each UE; this could either be by RRC signalling (in the same way as the current configuration of the F-DPCH slot format, using an additional IE), or determined in the L1 specifications, for example setting the slot format on the second antenna to be always (n + 5)mod10 where n is the slot format on the first antenna. 
We are currently evaluating the performance of the different solutions, but our current preference would be for either solution (2) or one of the tx-diversity solutions in (4). 
3. Conclusions
Considering the issue with STTD for F-DPCH raised in [1], we have outlined possible solutions. Subject to evaluation, our preference is for either:

· transmitting F-DPCH from one antenna or the other, as indicated by RRC signalling or the UE ID, or
· transmitting F-DPCH from both antennas using a different F-DPCH slot format on each antenna. 

A solution in the Rel-9 timeframe seems appropriate. 
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