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1. Introduction

There was some controversy during the last RAN1 meeting in Sofia Antipolis whether the ACK signal should be timeslot aligned with the uplink DPCH as proposed in [1] or whether is should have a fixed time relation to the HS-DPDCH as proposed in [2]. Time alignment would cost up to 1 slot of round trip delay and therefore potentially reduce the UE and/or Node B processing time accordingly or increase the delay between transmissions for the same ARQ sub-process. The advantage of time slot alignment is that power ramping is necessary only during slot boundaries which would both ease the UE implementation and avoid performance degradation in the uplink. Such a degradation is expected due to the need to change the so called beta values within one slot. This would adversely affect the channel estimation.

This contribution identifies a compromise by performing the ramping timeslot aligned with the uplink DPCH but transmitting the actual ACK signal with a fixed time relation to the HS-DPDCH and padding the ACK signal. This approach will both maintain a minimum ARQ delay for a given UE and Node B processing time and ease UE implementation.

2. Description of the Problem
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Figure 1
Figure 1 shows that the uplink DPCH and the HS-DSCH do not have a predetermined timing relation. Therefore the uplink ACK signal cannot be guaranteed to be timeslot aligned with the uplink DPCH, if the UE processing time is set to a fixed value as will be necessary in practise. For simplicity of the notation we will only speak of the ACK signal and intend to cover the case of a negative ACK i.e. a NACK as well.

Actually all proposals agree to vary the ACK timing at least slightly by inserting a delay between 0 and 255 chips in order to align the symbols transmitted in the ACK signal with the symbols of the uplink DPCH. This is anyhow necessary in order to maintain orthogonality of the channelisation codes between the uplink DPCH and the ACK signal and in order to avoid complicated changes in both the UE and Node B chip level processing. This timing jitter of max. 255 chips is of course rather small and therefore does not significantly affect processing times or round trip delay.

3. Solution of the problem

The problem of power variations during a timeslot is solved by ramping the power up for the ACK signal already on the last timeslot border of the uplink DPCH before of the actual ACK signal and ramping it down on the next border after the actual ACK signal. The ACK signal is then padded with some other data symbols. The ACK signal can then still be transmitted at a fixed time relative to the HS-DSCH i.e. non aligned with the uplink DPCCH slots. 
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Figure 2
Figure 2 shows the principle of the timing relation for the present proposal: The timing of the ACK (or NACK) is identical to the Nokia-proposal [2] while the UE processing time is given as 5ms as an example only. Of course the scheme is applicable for any value of  the processing time that may be agreed upon eventually. The hatched area around the ACK signal are the padding symbols which are inserted in order to allow the UE to ramp up (and down) its power on existing DPCH slot boundaries.

Because the ACK signal is already aligned with a 256 chip boundary of the DPCH i.e. symbol aligned as described above, the shift of the ACK signal relative to the uplink DPCH slot can be realised quite easily by pre- and post-fixing the ACK symbols with some other symbols. So the alignment does not have any impact on chiplevel processing in the UE or Node B, only symbols have to be arranged suitably. The padding symbols can be used to send several useful data as will be identified in the next section.

4. Usage of padding Symbols 

As a further refinement, a quality indicator QI which may be due for transmission at the same TTI, can be packed around the ACK signal and can so make use of the power allocated during the padding symbols. In those cases where a QI is to be transmitted independently from an ACK signal, two timeslots can be dedicated for the QI. These timeslots can either be aligned with the uplink slots or can be padded just like the ACK signal. There would indeed be a slight increase in the QI reporting delay, but this delay is expected to be less severe because the QI anyhow conveys information which had been averaged over a longer timeframe and is therefore “older” than an ACK signal. Of course, by splitting the QI transmission in two parts, the QI can enjoy somewhat more time diversity and therefore better decoding performance.  

The padding symbols can also be used to extend the ACK signal i.e. make it longer. The ACK signal of the current TTI is repeated in the suffix symbols and the previous ACK signal is repeated in the prefix part. In this way, the ACK signal is detected more reliable. It may be noted, that this additional part of the ACK signal may come too late to be included for an immediately following scheduling decision, but if there are more active HSDPA UEs, then the scheduling will anyhow often be delayed (due to the scheduling criteria) until the entire ACK information is available. Further more a reliable detection at a later time is still beneficial: It can avoid the necessity to invoke higher layer correction mechanisms after a misinterpreted Nack. The Nack detection must eventually be quite reliable as concluded in the joint WG1 WG2 meeting [3]. However, a Nack must not necessarily be detected with such a high reliability immediately, benefits of an improvement at a later time have already been presented in [4]. 

5. Conclusion

In this contribution we have shown a solution for the open issue regarding the alignment of the Ack /Nack transmission with the existing DPCH and/or HS-DSCH time slot raster. The proposal allows easy implementation of the power ramping procedure and at the same time efficient operation of the HARQ protocol without any unnecessary delay. The padding symbols proposed by this contribution can be used fruitfully in several ways, in particular for improving the Ack and, more important, the Nack detection probability.

It is proposed to apply this proposal in order to maximise the performance of the HARQ protocol while minimising implementation complexity.
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