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1. Introduction

Several contributions have been made on Transmit Diversity solutions for HSDPA in the last RAN WG1 meetings. They addressed system performance of STTD and of various closed loop Transmit Diversity techniques [1 - 9].

Due to lack of time no conclusion has been made yet on which Transmit Diversity techniques shall be used for the HS-DSCH or the HS-SCCH in the standard. In order to complete the Release 5 specification for HSDPA some consensus must be found in WG1 on the specified Transmit Diversity techniques for HSDPA in Release 5.

This papers first focuses on the discussion on STTD and closed loop Transmit Diversity for HSDPA. Also the issue of phase reference is addressed. Finally, it proposes a general way forward that could be done to complete Transmit Diversity for HSDPA in Release 5.

2. Performance of STTD

From the simulation results provided in [1, 6, 7, 8] it becomes evident that STTD used for the HS-DSCH may lead to some throughput degradation when used at slow speeds and/or when there is a significant multipath environment. The performance could be even lower than of a system using a single antenna. On the other hand STTD provides significant system gain when a simple round robin scheduler is used or with a single path environment or at high speeds where the scheduler cannot track the instantaneous channel quality.

The same conclusion can be made for the HS-SCCH, since this channel will also be transmitted in accordance with the scheduling algorithm used for the HS-DSCH.

The associated DPCH is continuously transmitted and no scheduling is used. Therefore, STTD can be applied on DPCH regardless of the channel environment. The performance will always be better than a system with one antenna.

In order to allow the system to take advantage of STTD also for HS-DSCH and HS-SCCH explicit signalling of the usage of STTD for each HS-DSCH (and the HS-SCCH) should be used. This will allow the network to ensure that STTD is only used on the HS-Channels when the system throughput can be increased. In undesirable environments or depending on the scheduling algorithm the network can choose not to use STTD for the HS-Channels.

3. Performance of closed loop Transmit Diversity techniques

Closed loop Transmit Diversity techniques can provide beamforming gain in addition to the scheduling gain that is achieved with HSDPA. Therefore, it seems natural to apply closed loop Transmit Diversity techniques to the HS-channels. 

Simply the closed loop Transmit Diversity modes as in Release 99 could be used also for the HS-Channels [9]. An open question might be if we really need both closed loop modes 1 and 2. Closed loop mode 2 could be probably better for the desired low speeds, but closed loop mode 1 could be better due to easier antenna verification and better performance at higher mobile velocities. If new closed loop modes are introduced, they should then be aligned with the ongoing study on transmit diversity for more than 2 antennas.

One issue that needs to be solved with the closed loop Transmit Diversity techniques is the situation when the DPCH is in Soft Handover. The feedback in the uplink must be described more specific to ensure an optimum adjustment of the antenna weights for the HS-DSCH and the associated DPCH (sent from several Node Bs). Different proposals have been made on this issue and no conclusion has been made yet.

4. Phase reference in case of “no Transmit Diversity”

For an HSDPA channel the case that no Transmit Diversity technique (neither STTD nor closed loop Transmit Diversity) is applied can appear more frequently. For example, the usage of  STTD for HS-channels would not be preferable with a maximum C/I scheduler, and closed loop Transmit Diversity is not implemented in the cell. When on any other channel in the same cell STTD is applied the CPICH must be transmitted on two antennas. Then it must be defined in the standard which of the two antennas is used for the HSDPA channel.

A similar problem has already been mentioned in [10] for the DPCH channel for Release 99. But for the DPCH the problem can be avoided if the network applies STTD for the DPCH which always performs better than a single antenna system. For HSDPA this is not preferable. This implies that the combination of STTD on the associated DPCH and no Transmit Diversity on the HS-Channels must be allowed in the standard.

5. Proposal

We propose to include STTD as Transmit Diversity technique for HSDPA. To allow the network to configure STTD for the DPCH and no Transmit Diversity (No TxD) for the HS-Channels the Transmit Diversity combinations as given in Table 1 can be used. This would need one more bit for the signalling only in case that the associated DPCH uses STTD.

Table 1: Example for allowed Transmit Diversity combinations in Rel 5 for HS-Channels

DPCH
STTD
STTD
CL mode1
CL mode2
No TxD

HS-DSCH
STTD
No TxD
[No TxD]
[No TxD]
No TxD

HS-SCCH
STTD
No TxD
[No TxD]
[No TxD]
No TxD

Note that “No TxD” in squared brackets can be replaced by closed loop techniques in higher releases (beyond Rel 5).

In order to take more time on which closed loop Transmit Diversity technique shall be used and to find an appropriate solution for the case when the DPCH is in soft handover, we propose to postpone the inclusion of closed loop Transmit Diversity for HS-channels to after Release 5.

It is proposed to specify the antenna on which the HS-DSCH or HS-SCCH is transmitted, if no Transmit Diversity is used on the HS-DSCH or HS-SCCH in a cell that uses Transmit Diversity on other channels (i.e. the Node B transmits the CPICH on two antennas). Several solutions on specifying the antenna are possible. Also it is desirable to ensure power balancing between antenna 1 and antenna 2, thus sending all HSDPA channels over antenna 1 would not be preferable. Further study is recommended on this issue.
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