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1. Introduction

Recently several proposals have investigated the system performance of HSDPA with closed loop and open loop transmit diversity as defined in Release 99. The results show that the closed loop modes give a throughput advantage over the single antenna case for low and middle velocities. For STTD different companies provided results showing cases with system capacity actually lower than that of a single antenna reference. However this depends strongly upon the scheduling algorithm the velocity and the fading profile. Summarizing, especially at low speeds when a maximum C/I scheduler works properly STTD can lead to a performance degradation. So for low velocities it seems that closed loop transmit diversity is appropriate, whereas in case of higher velocities STTD is superior since the feedback information and the CQI information is antiquated anyhow.

The motivation for this paper is to have a closer look on the behavior of HSDPA UEs at the border of a cell. Potential problems are outlined and straightforward solutions are discussed. Since it seems to be common understanding for HSDPA, we emphasize on the case of low and middle velocities in our argumentation. 

2. Performance near the cell border

In Release 99 it has been shown that the system performance can be improved using transmit diversity techniques. For HSDPA this can be transferred in principle, but additionally the influence of the scheduler has to be considered and it is not fully investigated now, if different techniques or criteria would further improve the system.

Assuming a Release 99 cell configured for transmit diversity with two antennas, it is currently only agreed that STTD may be used on a HSDPA channel for a specific UE. The usage of the Release 99 closed loop modes is still under discussion, but they could be allowed by specifying them in a straightforward way. It has been agreed in RAN WG1 that no new other transmit diversity techniques besides the ones specified in Release 99 shall be introduced for Release 5 on HSDPA. 

Imagine the case of a slow moving UE demanding HSDPA services near the cell border. The network will try to configure the optimum transmit diversity technique for it. With the closed loop modes, the feed back information will be very faulty and the UTRAN may consider not to adopt a closed loop transmit diversity scheme to its HSDPA data, even if it is capable. On the other hand, if STTD is used the HSDPA performance will be degraded compared to the single antenna case as shown in [1,3].

As an alternative to closed loop transmit diversity and STTD the HSDPA channels to the UE can be also operated in the no transmit diversity mode. To take advantage of this alternative it must be specified over which antenna the HS-channels for the UE are transmitted. Otherwise the UE would not know which antenna it should use as phase reference. When specifying which antenna is used for transmission of the HSDPA channels care must be taken in order to reduce the complexity at the UE. In this paper we consider two possible solutions for specifying which of the diversity antennas are used:

1. The downlink HSDPA related channels (HS-SCCH, HS-DSCH) should be always transmitted via antenna 1.

2. HS-SCCHs that are transmitted using channelisation code Cch,128,n with (n mod 2) = 0, i.e. n is even, should be transmitted via antenna 1 and HS-SCCHs that are transmitted using channelisation code Cch,128,n with (n mod 2) = 1, i.e. n is odd, should be transmitted via antenna 2. For the associated HS-DSCH then the same antenna as for the HS-SCCH shall be used.

The first rule is quite simple, but, due to neglecting the second antenna, a power imbalance at the Node B transmitter results. This is especially true for the high power channels used for HSDPA. To ensure power balancing it is desirable sending the HSDPA channels over both antennas. Therefore we propose to use the second rule given above. With this solution UTRAN has the possibility to schedule also transmission over antenna 2. Depending on the implementation of the scheduler the power between the antennas can be balanced.

3. Proposal

For a slow moving UE at the cell border the UTRAN may want to configure that no transmit diversity scheme is used for the HSDPA channels of this UE (instead of STTD and closed loop transmit diversity). To facilitate this alternative for the UTRAN we propose to specify which of the two transmit antennas at the Node B are used for transmission of the HS-channels to the UE. Otherwise the UTRAN could not take advantage of the “No TxD” alternative since the phase reference for the HS-channels would be unclear.

As a solution that can satisfy also power balancing constraints at the Node B we propose that the selection between the two antennas is implicitly signaled to the UE by the channelisation code number of each HS-SCCH: If an even numbered code is used for the HS-SCCH, the HS-SCCH and the associated HS-DSCH are transmitted via antenna 1, and if an odd numbered code is used the HS-SCCH and the associated HS-DSCH are transmitted via antenna 2.
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