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Background and Introduction

The Release 5 specification for HSDPA provides for the possible repetition of ACK/NACK messages in order to improve the reliability of transmission, particularly in the case of soft handover. A maximum number of repetitions up to about 5 has been proposed. In order that the signalling is unambiguous there is no further packet transmission until the repetitions have been completed. This means that whenever repetition is enabled there is a minimum gap between transmissions to the same UE.

A transmission gap also arises in the case of low-end UE’s where continuous transmission is not supported.

This paper investigates the potential impact of such transmission gaps.

In addition it is likely that repeating the ACK/NACK will introduce a delay in decoding at the Node B, since the Node B is likely to wait until all the repetitions have been sent before scheduling a re-transmission. Some results are also presented which include this effect.

If repetition of ACK/NACK is used it is clear that this will tend to increase the time needed by the Node B to decide whether a packet has been received correctly or not. This in turn will increase the amount of data that needs to be buffered at the Node B. This issue is not considered further here.

Results

The simulation assumptions are based on those given in [1], being suitable for modelling streaming services. Here it is significant to note that we assume 20 users in the cell, with terminals that can receive 5 simultaneous channelisation codes, and a total of 10 codes allocated for HSDPA by the system.

We consider minimum downlink transmission gap lengths of 0 to 4 subframes, where a zero length gap corresponds to the possibility of continuous transmission.

Two schedulers from [1] are considered: Max Rate (MAXR), which aims to maximise total throughput and Proportional Fair (PFAIR), which aims to minimise transmission delays. 

Figure 1 shows the effect of the transmission gaps on throughput, while figure 2 shows the effect on 95 percentile delay. Here, no account has been taken of any extra delay introduced at the Node B in decoding the extra transmissions.
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Figure 1: Throughput vs offered load for various transmission gap durations with “MaxRate” scheduler.
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Figure 2: 95 percentile delay vs. offered load for various transmission gap durations with 

“Proportional Fair” scheduler.

Discussion

For the simulation scenario considered, a minimum transmission gap of 1 slot does not reduce performance 

significantly. Beyond that the impact is severe. Therefore configuring UE’s to send each ACK/NACK more than twice is likely to noticeably reduce systems throughput and reduce the number of UE’s that can receive satisfactory QoS.

It can be argued that for HSDPA a transmission gap would normally only be used for UE’s in soft handover, and this would only apply to about 30% of UE’s. However, these UE’s are likely to have channels supporting only low bit rates and therefore will tend to require more frequent transmissions in order to achieve a a given QoS. Furthermore, the loss of throughput is likely to be more significant with fewer than 20 active UE’s.

The effect of the delay in decoding the repeated ACK/NACKs at the Node B is considered in Annex A. The results there show a further degradation in performance. For example, with the Proportional Fair scheduler, the offered load at which the system starts to saturate may be reduced by up to 50% (from 2.5Mbps to 1.25Mcps with repetition factor of 5). 

Therefore, we conclude that repetition of ACK/NACK’s should be avoided as far possible, in order to minimise loss of performance due to the minimum gap between transmissions and the need for extra buffering at the Node B. Also any available measures to make repetition more effective or otherwise improve ACK/NACK reliability should be considered.

Proposal

Repetition of ACK’s imposes a minimum downlink transmission gap to avoid ambiguities in interpreting the ACK/NACK messages. 

On the other hand, the repetition of NACK’s does not suffer from the same problem. Thus NACK’s can be repeated until a new packet is received by the UE. 

Therefore we propose the following:-

(1) ACK and NACK can be assigned different repetition factors.

(2) New downlink transmissions will not take place during the ACK repetition period.

(3) Repetition of NACK stops when a new packet is received.

This also helps to ensure the reliability of NACK’s in cases when the inter-packet time is greater than the ACK repetition period. 

The draft CR in [2] captures the necessary changes.
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Annex A

Performance results including effect of delaying ack/nack

The results shown here are for the same simulation conditions as in Figures 1 and 2, but including the additional delay in receiving the ACK/NACK at the Node B arising from the ACK/NACK repetition. 

This means a longer delay in sending any re-transmissions.
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Figure A1: User throughput with transmission gap and delayed ACK/NACK for “MaxRate” Scheduler 
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Figure A2: 95 percentile delay with transmission gap and delayed ACK/NACK for “Proportional Fair” Scheduler
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