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1. Introduction

Hybrid Automatic Repeat reQuest (HARQ) schemes are considered an implicit link adaptation method for HSDPA [1]. In HARQ, link layer acknowledgements are used for re-transmission decisions, which show the link quality of channel conditions. Generally, we can consider two approaches of fade countermeasure, in which one is to overcome and the other is to escape. In this paper, two schemes using these approaches are introduced in order to improve the performance of HARQ.
2. Enhancement of HARQ scheme

Two aspects on enhancement of HARQ can be considered as 

· To overcome: HARQ scheme with power ramping

· To escape: HARQ scheme with multilevel control signalling
2.1 HARQ scheme with power ramping [2]
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In ARQ scheme, throughput is a usual performance measure. The performance improvements can be predicted by reducing the number of retransmissions, because throughput is related to the retransmission. The link layer acknowledgements are used for re-transmission decisions, which show the link quality of channel conditions. When UE sends NAK signalling to Node B, the signalling indicates bad channel conditions. Here, we propose HARQ scheme with power ramping in the case of retransmissions. As the index of retransmission numbers increases, the predetermined additional power is allocated to the retransmitted packets. However, transmitted power is initialised when the retransmissions are completed successfully. Fig. 1 shows a flow diagram for HARQ scheme with power ramping in Node B.

Fig. 1 Flow diagram for HARQ scheme with power ramping in Node B
2.2 HARQ scheme with multilevel control signalling [3]
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Generally, link layer acknowledgements in HARQ are expressed either ACK (success) or NAK (failure), which show the link quality of channel conditions. Here, we propose an additional control signalling of ‘NAKs with control’ except ACK and NAK. ‘NAKs with control’ can be used to indicate the failure and the several needs of control that can improve the performance of HARQ. For example, ‘NAK with control’ signalling can be applied to scheduling functions. When Node B receives ‘NAK with control’, the scheduler in Node B makes the retransmission halted for a predetermined period, and allocates the resource to any other packets of UEs. Using this scheme, we can predict performance gains by escaping from abrupt channel degradations. Fig. 2 shows a flow diagram in UE using HARQ scheme with multilevel control signalling.

Fig.2 Flow diagram in UE using HARQ scheme with multilevel control signalling

3. Conclusions

We have described two aspects on enhancements of HARQ scheme, which consist of HARQ schemes with power ramping and multilevel control signalling. The performance results are provided and discussed in [2] and [3] in more detail.
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