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1 Introduction

The HS-DSCH Hybrid ARQ protocol is asynchronous in the downlink and synchronous in the uplink [1]. The ACK/NACK feedback is sent in the UL at fixed time after receiving the TTI in the DL. This fixed delay accounts for necessary processing and decoding of the DL TTI.  However, the fixed delay needs to be dimensioned for the worse case i.e. for the processing of the highest data rate defined by the UE capability. The worse case delay will also apply to the UEs who can perform a faster processing or instantaneously using low data rates or smaller of codes. 

It is possible to change the ACK/NACK delay dynamically as a function of the data rate or number of codes used for HS-DSCH transmission. Therefore, the lower data rates or shorter packets can be ACK/NACKed faster thus improving the overall service quality for HS-DSCH. A scheme that couples the UE processing times to TFRI is described in [3]. However, the UL ACK/NACK signalling proposed for this approach requires the changes in the UL signalling structure because ACK/NACK feedback may need to be carried in the HS-DPCCH slots reserved for channel quality indication. In this paper, we propose a multi-level ACK/NACK for cases when a UE needs to simultaneously ACK/NACK, two or more HARQ transmissions in the same TTI. The benefit of multi-level ACK/NACK signalling is that multiple ACK/NACK bits can be coded together thus decreasing the overhead compared to a binary ACK/NACK in multiple slots as proposed in [3].

2 Variable Delay ACK/NACK Feedback

The ACK/NACK delay can be coupled to the TFRI used for the transmission. Therefore, the Node-B will exactly know when to expect the ACK/NACK feedback from the UE. When two transmissions for the same UE are performed in the adjacent TTIs with the first transmission requiring more processing and the second transmission requiring less processing, it is possible that the UE would need to send the ACK/NACK feedback simultaneously. In this case, the UE can send a multi-level ACK/NACK. This can be achieved by using the same HS-DPCCH slot as used for single-level ACK/NACK.

An example of multi-level ACK/NACK feedback is shown in Figure 1.  The transmissions A2 and A3 for the same UE are ACKed in a single ACK/NACK feedback.
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Figure 1 An example of variable delay ACK/NACK feedback

An example of multi-level ACK/NACK format is shown in Figure 2. When the UE needs to ACK/NACK multiple transmissions in the same ACK/NACK, it can use a different format that will be known at the Node-B because Node-B has the knowledge of the TFRI used for the transmissions. When multi-level ACK/NACK is used, the UE may use a higher power in order to compensate for the lower repetition factor compared to the case of single-level ACK/NACK. Moreover, some kind of coding can also be used for multi-level ACK/NACK in order to reduce the required power. For example, the results presented in [4] showed that a 6-bit acknowledgement using 64-ary bi-orthogonal coding requires only about 2.5 dB higher Eslot/N0 compared to binary ACK/NACK signalling.
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Figure 2 Multi-level ACK/NACK format

3 Conclusions

The variable delay ACK/NACK feedback can provide improved service quality by reducing the packet transmission times when it is possible to do an earlier ACK/NACK. An earlier ACK/NACK is possible when the TFRI used for the transmission allows for faster processing of the corresponding TTI. We recommend that RAN1 further study the variable delay ACK/NACK feedback.
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