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1 Introduction

In reference [1] HS-DPCCH signalling enhangement, with additional ‘Preamble’ and ‘Postamble’ messages, is introduced to tackle performance loss due to HS-SCCH failures. Here some further modifications are introduced to clarify the scheme. The purpose is to reduce the number of different modes needed to cover the full range of UE capabilities and the possible range of repetition. 

2 Current proposed PRE/POST signalling scheme

In the basic mode of operation in the reference [1], the sequence of ACKs or NACKs is preceeded by PRE and further followed by POST. In the case of single gap due to HS-SCCH failure (or due to scheduling) the gap is filled with PRE message. This behaviour leads to the state diagram shown in the reference [1].

However, at least two major exceptions in addition to the above basic behavior are indicated:

· DTX_mode control is included to switch on or off the above signalling mode

· When UE’s minimum TTI-interval is larger than repetition factor, PRE is always sent before relevant ACK or NACK, and POST is not at all sent under such condition

We see that the HS-DPCCH signalling could simply follow the basic mode of operation under all conditions. The benefit would be that the same relative performance gain would be achieved in all UE capability classes and under all signalling configurations. Further the receiver implementation in Node B would be simpler while it needs to adapt only to one signalling scheme.

The parameters having the major impact are UE’s InterTTI capability (range from 1 to 3) and the degree of repetition, N_acknack _transmit (from 1 up to 4). There is further the constraint due to timing condition: UE can’t be expected to detect the condition for sending Preamble earlier than 2 sub-frames before the ACK or NACK response.

3 Clarified signalling for HS-DPCCH

The basic signalling presented in [1] can be extended to behave in similar manner over full range of the parameters UE_InterTTI and N_acknack_transmit when running the signalling process at minimum supported scheduling cycle. The minimum scheduling cycle is the maximum of UE_InterTTI and N_acknack_transmit. Either UE capability or HS-DPCCH format doesn’t allow any faster scheduling. Accordingly, PRE and POST generation can be performed following the minimum supported scheduling cycle. The outcome is obvious when both UE_InterTTI and N_acknack_transmit are smaller than or equal to two (see Fig. 1, Fig. 2 and Fig. 5 in Appendix).

When either of the parameter is larger than two, some modification in details is necessary for PRE transmission since the UE cannot detect the condition for sending PRE earlier than 2 sub-frames before the ACK/NACK. We suggest that PRE in this case is sent as much according to the basic scheme as UE’s timing constraint allows. The different cases are more specifically discussed in the Appendix 1 (Fig. 3, 4, 6 and 7). Note that the generation of ACKs, NACKs or POSTs can still be regular according to the minimum supported scheduling cycle.

The use of minimum scheduling cycle as the basis for generating PREs and POSTs minimises unnecessary transmissions of PREs and POSTs as far as possible.

We expect that the above single mode signalling is beneficial under any valid system condition. Applying POST/PRE signalling scheme gives always gain in terms of required peak power while it indicates unexpected HS-SCCH failures. Therefore there is no significient sensitivity loss due to DTX condition.

Our preliminary simulations indicate that having both Preamble and Postamble are quite essential for receiver sensitivity. We assume that in SHO when UE mobility is low the CRC failures in HS-SCCH are strongly time-correlating. In such case, it is beneficial to detect DTX condition, and to adapt Node B receiver accordingly.

In terms of total or average power it could be argued that sending additional Preambles and Postambles causes additional uplink interference when only one or low number of Transport Blocks are scheduled. No doubt that occasionally the ratio of PRE/POST overhead can be significant. But in average or in system level the impact shouldn’t be any significant. Rather, a major gain is achieved through reduced peak power per ACK or NACK.

When higher layer control is not applied for switching PRE/POST signalling on or off, the related signalling and inter-operation is simpler. Furthermore, separate PO parameters for ACK and NACK are no more needed. While misinterpretation of DTX condition is no more the dominating source of residual errors, there is no motivation for different POs. All alternative HARQ-ACK message types are relevant sources of errors, and there is no margin left for recuding power levels selectively.

4 Conclusions and discussions

Some further clarifications are introduced for PRE/POST scheme to make it work in single signalling mode. We assume that these modifications maintain the performance gain under all conditions, and simultaneously make the whole system implementation even simpler. To summarise, we propose the PRE/POST signaling scheme to be used in all conditions (i.e., not switched on/off by higher layer signaling) and according to the minimum scheduling cycle to avoid unnecessary PREs and POSTs (thus using POST also when UE_Inter TTI interval is larger than 1). The details can be seen from the accompanying CR.
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Appendix 1: Examples of HARQ-ACK sequences
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Figure 1: An example HARQ-ACK sequence when N_acknack_transmit is 1
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Figure 2: A HARQ-ACK sequence when N_acknack_transmit is 2. (The bracket indicates a repeated set of responses)
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Figure 3: Example HARQ-ACK sequences when N_acknack_transmit is 3, and difference or failure with one allocation of HS-DSCH data
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Figure 4: Example HARQ-ACK sequences when N_acknack_transmit is 4. (Shorter sequences than in any other figure: response for 3 TBs and for sequence of TB-gap-TB.)
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Figure 5: Example HARQ-ACK sequence when InterTTI is 2 and N_acknack_transmit is 1
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Figure 6: Example HARQ-ACK sequences when InterTTI is 3 and with N_acknack_transmit is 1
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Figure 7: Example HARQ-ACK sequences when InterTTI is 3 and with N_acknack_transmit is 2

As seen above in figures 1, 2 and 5, the modified signalling rule produces nice regular sequence of HARQ-ACK when both UE_Inter TTI and N_acknack_transmit are below three. And the overhead due to PRE and POST is minimised when HS-DSCH data allocations are done according to the minimum supported scheduling cycle.

When the repetition parameter N_acknack_transmit is three or four, the repetition of PRE is constraint to two (figures 3 and 4). The single gap is still filled with POST(s). After longer DTX period only two PREs are indicating about the next coming ACK or NACK. However, starting long DTX period is always indicated by the fully repeated sequence of POSTs. 

When UE_InterTTI is higher than two, the UE sends POST before PRE if the gap is one minimum scheduling cycle. The Node B makes decision first for ACK against NACK or POST, or ACK-ACK against NACK-NACK or POST-PRE depending on if N_acknack_transmit is one or two, respectively. For later decisions the receiver can benefit from the preceding PRE. This can be interpreted as exception in correlation calculation but still as regular behaviour in terms of state diagram.

When N_acknack_transmit is equal or larger than UE_InterTTI, the first one defines the signalling behaviour, and the figures from 1 to 4 give relevant set of examples for all such configurations.
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