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1 Introduction

During the last RAN1 meetings, the performance of TxAA Mode-1 and Mode-2 for HSDPA has been discussed at length. As discussed in [4] and [5] (see also [6]), the performance of TxAA can be affected – and, at times, quite severely – if the FSM information for TxAA is fed back using UL DPCCH. In this document, we propose a simple method of transmitting the FSM information for Mode-1 on the HS-DPCCH that mitigates the problems arising out of signalling the FSM information using UL DPCCH. 

2 Signalling for TxAA

TxAA feedback information can be transmitted either on the UL DPCCH as in Release 99 (Mode-1 or Mode-2) or, as proposed in [2], on the HS-DPCCH. Recall that HS-DPCCH is used to carry HSDPA UL signalling like ACK/NACK feedback and channel quality indication.

2.1  Signalling using UL DPCCH or HS-DPCCH?

In Release 99 closed loop transmit diversity (TxAA) Mode-1 and Mode-2, the antenna weights are fed back on the UL DPCCH. In this section, we first outline some of the problems associated with signalling using UL DPCCH, and show that signalling the antenna weights using HS-DPCCH can mitigate these problems. For additional details on various methods of transmitting TxAA feedback information, and closed loop transmit diversity (which includes STD) feedback information, in general, using the HS-DPCCH, the reader is referred to [2]. 

1. The first problem with UL DPCCH based signalling of antenna weights arises out of the fact that the feedback command length (Nw) for Release-99 Mode-1 and Mode-2 is 2 and 4 slots, respectively. However, the TTI length for HSDPA is 3-slots. The different lengths of HSDPA TTI and Mode-2 feedback command leads to larger feedback delays (7 slots) [3]. Note that in the absence of feedback errors and for the same feedback delay, Mode-2 is superior to Mode-1.

2. The second problem is the conflict in optimal weight vector selection when the UE is in soft handoff. If the weight vector is selected based on the HSDPA serving cell alone, then performance degradation will occur on the dedicated channels that are in soft handoff. If, on the other hand, the weight vector is selected based on the received signals from all the cells in the active set, then the performance of HSDPA suffers. By contrast, the HS-PDSCH is never in soft handoff, and the weight vector selection can always be based entirely on the HSPDA serving cell. As a result, neither the performance of HSDPA nor that of the dedicated channels suffers.

3. Yet another problem, which also arises when the UE is in soft handoff, is that the information on UL DPCCH may have a high error rate at the primary cell. Alternately, to maintain the same target BER in soft handoff for the worst cell in the active set, a much higher transmit power will be necessary. 

4. Finally, the feedback bits are sent uncoded on the UL DPCCH, which results in a larger feedback error than when they are sent with some amount of coding for the same transmit power level. Note that the UE needs to know the antenna weights applied by the Node-B in order to demodulate the received signal. When no feedback errors occur, the antenna weights applied by the Node-B are the same as that fed back by the UE. But in the event of a feedback error, the antenna weights applied by the Node-B are different from those fed back by the UE. The effect of this error will depend on whether the UE is able to determine the antenna weights that were applied by Node-B. In the case when the UE does determine the antenna weights correctly, the effect of the feedback error is simply a loss in SNR. The effect of the other case – namely, one where the UE’s estimate of the antenna weights is different from the ones that were applied by Node-B – is more severe. Note that this case arises, for example, when there is no antenna verification or when the outcome of the antenna verification is incorrect. In such situations, a feedback error can cause H-ARQ buffers to be corrupted. This is because if the UE’s estimate of the antenna weights is incorrect, then the demodulation of the received signal is incorrect, which, in turn, causes the buffer corruption. In fact, we showed in [4]
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[5], that the performance of Mode-1 (as also Mode-2) with undetected feedback errors can be worse than that with no transmit diversity. Signalling using the HS-DPCCH allows us to encode the feedback information, which, in turn, significantly reduces the word error rate for the same amount of transmit power – or, alternately, requires less transmit power for the same performance.
In addition to mitigating the problems described above, signalling using HS-DPCCH has an additional advantage. It can significantly reduce uplink signalling overhead without degrading system performance by changing the feedback rate based on HS-DSCH activity (see [7], and references therein). Precisely, the scheme exploits the bursty nature of data traffic by increasing the feedback rate during periods of HS-DSCH activity, and reverting back to slow feedback rate at other times. 

2.2 Signalling Using UL HS-DPCCH

In order to mitigate these problems that arise out of transmitting TxAA feedback information on the UL DPCCH, we proposed in [2] a few signalling methods that use HS-DPCCH for transmitting TxAA feedback information, and closed loop transmit diversity (which includes STD) feedback information, in general. Recall that in the case of Mode-1, the UE needs to feed back only 2 bits of FSM information. The CQI information, on the other hand, is only 5 bits long. We propose combining the 5 bits of CQI information and 2 bits of FSM (for Mode-1), and encoding them into 20 bits using a (20, 7) code as shown in Figure 1. This jointly encoded FSM and CQI information is then transmitted by the UE to the Node-B in a manner specified in [1]. The precise (20, 7) code used for this process needs to be determined.
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Figure 1 HS-DPCCH CQI field formats

3 Conclusion

The performance of TxAA Mode-1 can be affected – and, at times, quite severely – if the FSM information is fed back by the UE on the UL DPCCH. As pointed out in this document, these problems are mitigated easily if the signalling is done using the HS-DPCCH. We recommend jointly encoding 5 bits of CQI and 2 bits of FSM information (for Mode-1) into 20 bits using a (20,7) code. This jointly encoded information is then transmitted by the UE on the HS-DPCCH in the manner specified in [1]. The precise (20, 7) code to be used needs to be determined.
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