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1 Introduction
The use of closed-loop transmit diversity or transmit adaptive array (TxAA) in HSPA is currently limited to the case of closed-loop transmit diversity mode 1 for non-MIMO UEs, while MIMO UEs supporting dual-stream TxAA (D-TxAA) transmission can rely on a single-stream TxAA fallback mode. This fallback mode provides a significant portion of the available MIMO gains at medium to low geometries, and allows the use of transmit diversity for single antenna UEs using a Fractional DPCH (F-DPCH) instead of an associated DPCH.  A new work item has been recently approved by the 3GPP RAN plenary meeting #43, with the objective of extending the operation of single-stream TxAA transmission to non-MIMO UEs [1].
This contribution summarizes the advantages of single-stream TxAA operation for both single antenna and dual antenna reception, and discusses the standard changes required for the efficient support of HS-DSCH single-stream TxAA transmission for non-MIMO UEs. 
The contribution is organized as follows. In Section 2 and Section 3 we discuss the current TxAA and D-TxAA transmission modes, and address the main difficulties in using the current closed-loop transmit diversity mode 1 on the HS-PDSCH. In Section 4 we consider possible modifications to the current HSPA physical layer specifications for the extension of single-stream TxAA operation for single antenna and receive diversity UEs. Conclusions are drawn in Section 5.
2 HSDPA TxAA and D-TxAA Transmission
In the current HSPA specifications, the use of closed-loop transmit diversity mode 1 for HS-DSCH transmission relies on the presence of an associated DPCH. In particular, with closed-loop transmit diversity mode 1 the UE uses the DPCH dedicated pilots in order to verify the weights applied in the downlink TxAA transmission [2].
For UEs supporting the Rel-7 MIMO transmission mode, the transmitter may use dual-stream D-TxAA or single-stream TxAA. In MIMO mode, the TxAA weights are signalled in the downlink on the HS-SCCH, and the information of the preferred weights is reported in the uplink on the HS-DPCCH [2]. 

While the MIMO D-TxAA scheme provides a significant throughput advantage at high geometry, the single-stream TxAA fallback mode provides most of the available MIMO gains at medium to low geometries. An example of the throughput performance of the dual-stream D-TxAA and the single-stream TxAA schemes is given in figures 1 and 2, respectively for the cases of single antenna and dual antenna UE receiver. The throughput values at different values of cell geometry 
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 are obtained by transmitting with modulation and coding scheme and TxAA weights corresponding to the UE PCI/CQI feedback. The curves refer to the case of PA3 channel conditions and HS-PDSCH 
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Figure 1 – Single user throughput performance of TxAA transmission schemes for single antenna UEs.
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Figure 2 – Single user throughput performance of TxAA and D-TxAA transmission schemes for receive diversity UEs.
The results of figures 1 and 2 show that, at medium to low geometries, the single-stream TxAA schemes based on closed-loop transmit diversity mode 1 and on the MIMO single-stream fallback mode provide a similar performance advantage of 1-2 dB with respect to the case of non transmit diversity, for both single antenna and receive diversity UEs.
3 Issues for Use of Single-Stream TxAA on the HS-PDSCH
As discussed in Section 2, single-stream TxAA transmission on the HS-PDSCH could in principle be based on closed-loop transmit diversity mode 1. However, in this case there are two main issues for the efficient use of single-stream TxAA.
· Compatibility with use of F-DPCH – As mentioned in Section 2, in closed-loop transmit diversity mode 1 the UE relies on the DPCH dedicated pilots for antenna verification. Therefore, TxAA transmission on the HS-PDSCH cannot be used in non-MIMO mode with an associated F-DPCH, which does not contain dedicated pilots.
· Control of the antenna weights by the HSDPA scheduler at the Node-B – The operation of closed-loop transmit diversity mode 1 implies that the Node-B scheduler has no control on the antenna weights. Therefore, if the Node-B schedules two or more HSDPA users in the same TTI, it is likely that these users will have different sets of antenna weights. Each set of antenna weights will lead to a different channel (different interference pattern). Therefore, this may reduce the receiver capability of interference cancellation, and could lead to an overall performance degradation. It should additionally be observed that, even in the case where the Node-B knows the antenna weights for the first slot of the TTI and schedules only users that have the same antenna weights, nothing prevents the weights from changing in the second and third slot of the TTI, which would again lead to a performance degradation.
The above issues are resolved in the case of the MIMO single-stream fallback mode. In fact, in MIMO mode the UE does not need to perform antenna verification, since the TxAA weights used for downlink transmission are signalled to the UE on the HS-SCCH.
4 Modifications to the Physical Layer Specifications
In order to allow the extension of single-stream TxAA operation and its use in the presence of F-DPCH, we consider two alternative possibilities: either a) modify the closed-loop transmit diversity mode 1 operation, or b) introduce a new non-MIMO single-stream TxAA mode to the current specifications.
The operation of closed-loop transmit diversity mode 1 on the HS-PDSCH could be modified in order to allow its use with an associated F-DPCH. To this end, the antenna weights used at the Node-B should be signalled to the scheduled UE, in order to avoid the need of antenna verification which would requires the use of dedicated pilots. One possibility would be to signal the antenna weights on the HS-SCCH. Further modifications of the specifications would also be required to avoid the possibility of modifying the antenna weights during the three slots of one HS-DSCH TTI. However, with this solution the feedback of the antenna weights would still be based on the transmission of the FBI bits on the uplink DPCCH. This implies that, even with the above modifications, the use of closed-loop transmit diversity mode 1 would still be not compatible with the new slot formats and gating operation of the uplink DPCCH, added in Rel-7 to support Continuous Packet Connectivity (CPC).
A more efficient solution would be to consider the introduction of single-stream TxAA as a new stand-alone mode for HSDPA. This new transmission mode would derive from the single-stream TxAA fallback mode of the existing MIMO specifications. The adoption of this new mode would require the introduction of new user categories with the same capabilities as the non-MIMO categories [3]. The UE operation would rely on the Rel-7 Type B PCI/CQI feedback transmission on the uplink HS-DPCCH for the signalling of the antenna weights and the single-stream CQI. For downlink signalling of the antenna weights on the HS-SCCH, only the precoding weights information would need to be added to the non-MIMO HS-SCCH format. This solution would be relatively simple to implement, would be compatible with the use of F-DPCH and with the uplink CPC functionalities, and would leave the necessary flexibility to the packet scheduler at the Node-B.
5 Conclusions
In this contribution we have discussed the advantages of single-stream TxAA operation for both single antenna and dual antenna reception, and have considered the standard changes required for the efficient support of HS-DSCH single-stream TxAA transmission for non-MIMO UEs. A suitable solution is to introduce a new single-stream TxAA mode for HSDPA, derived from the single-stream TxAA fallback mode of the existing MIMO mode specifications.
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