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1. Introduction

This document examines the performance of several transmit diversity techniques suitable for HSDPA in TDD. The simulations focus upon the benefits obtained for transmissions with the minimum TTI of 5ms, i.e. for 1.28 Mcps TDD, however, it is assumed that the results apply to 3.84 Mcps TDD as well. Two diversity techniques are investigated, one technique is appropriate only for multi-code transmission, which is however very likely to be used with HSDPA, and is an open loop technique (Space-Time Interleaving, STI), whereby different codes are mapped to different antennas. The other technique is a closed loop technique (Switched Antenna, SA) that relies on uplink transmissions in the previous sub-frame for best performance.

2. Simulation results

Performance results have been obtained for a transmission that is approximately 0.73 rate coded and mapped to two codes. Both QPSK and 16-QAM modulations have been examined and in all cases the TTI is 5ms. For simulating the closed loop transmit diversity it is assumed that a 5ms delay exists between the downlink transmission and the next uplink transmission, in line with the HS-PDSCH/HS-SICH timing relation as defined in [1]. Simulations have been performed for the Outdoor to Indoor Pedestrian A and B channels with a mobile speed of 3km/hr. Results for the IndoorA channel would be similar to the Outdoor to Indoor Pedestrian A channel as very little resolvable multipath exists for these channels. The results for the Outdoor to Indoor Pedestrian A channel and QPSK modulation are shown below in Figure 1. Results for 16-QAM modulation are shown in Figure 3 and results for QPSK modulation and the Outdoor to Indoor Pedestrian B channel are shown in Figure 5. In all cases the block error rate is plotted and no power control is applied.
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Figure 1  Performance of Different Diversity Schemes for Outdoor to Indoor Pedestrian A Channel, QPSK Modulation
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Figure 3 Performance of Different Diversity Schemes for Outdoor to Indoor Pedestrian A Channel , 16-QAM Modulation
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Figure 5 Performance of Different Diversity Schemes for Outdoor to Indoor Pedestrian B Channel , QPSK Modulation

The results show a significant performance improvement results from using either form of transmit diversity, and that both techniques show similar performance on both channel types, with switched antenna diversity (SA) providing slightly better performance on the Outdoor to Indoor Pedestrian A channel than space-time interleaving (STI). For the Outdoor to Indoor Pedestrian B channel the situation is reversed with space-time interleaving providing better performance. At higher mobile speeds the performance of switched antenna diversity would degrade. This degradation would occur at speeds greater than 10km/hr.

Simulation results obtained for other coding rates, but not presented here, show similar benefits as for the high coding rate example shown here.

3. Discussion

The results shown in the previous section demonstrate that transmit diversity can provide substantial performance benefits for HSDPA transmissions. These simulations have been performed in the absence of power control, using fixed modulation orders and scheduling that takes account of the channel state. The performance of the combination of each of these techniques in conjunction with transmit diversity is difficult to ascertain, but one consideration is that by using transmit diversity the channel will be able to support a larger constellation size for a greater proportion of the time, or the threshold for scheduling if channel state information is being used for this purpose would be lower. Consequently there is a greater proportion of time that can be used for scheduling to a given terminal. 

Space-Time Interleaving is an open loop technique applicable to downlink transmissions with more than two codes. Switched antenna diversity requires an uplink transmission preceeding the downlink transmission in order to estimate which antenna to transmit upon. It is likely that an uplink transmission would follow a downlink transmission because of the need to send an acknowledgement, however downlink transmissions may not be regularly spaced in time. A likely scenario is that a short burst of allocations will occur followed by longer periods with no allocation and would therefore present little problem for the switched antenna algorithm save perhaps the first downlink transmission following a long period without uplink transmissions.

4. Conclusion

This paper discussed the gain of different TxDiversity techniques for HSDPA in TDD. Although not examining in detail the impact of scheduling, power control, and link adaptation, it clearly shows the benefit that can be achieved by TxDiversity.

It should be noted that in TDD, there is no impact on the UE when applying these types of TxDiversity, except for the support of the default midamble allocation, which is a core requirement for Rel99 already. This requirement is valid for the HSDPA channels implicitly already, as a mix of Rel99 DPCH or PDSCH and HS-SCCH and/or HS-PDSCH in one time slot should be possible and the applicability of TxDiversity to the DPCH/PDSCH should not be restricted by this mix. Thus, assuming the support of the default midamble allocation, TxDiversity is transparently already supported also for HSDPA.

While STI as an implementation specific option is not mentioned in the Rel99 specification and, therefore, also need not to be mentioned for HSDPA, it is proposed to extent the text in TS25.221 and TS25.224 to clarify that the exisiting closed loop TxDiversity can also be applied to the HSDPA DL channels HS-PDSCH and HS-SCCH. Corresponding CRs are attached to this document.
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