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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.

A previous contribution considers the effect of the resulting scheduling restrictions on throughput [1]

This paper investigates the potential impact of such transmission gaps on coverage.

Discussion

One important feature of HSDPA in Release 5 is that it offers significantly higher peak bit rates than earlier Releases of UMTS specifications. This has been identified as an important user requirement. Therefore it is of interest to know in what fraction of a typical cell a given peak bit rate can be supported. 

The maximum bit rate achievable with HSDPA depends on the C/I at the time of packet transmission. For a given amount of power, the modulation and code rate should be selected so that the bit rate is as high as possible while also giving a high the probability that packet is received without error. If we assume ideal link adaptation, then knowing the relationship between transport block size and SNR [see 2] is possible to estimate the peak bit rate for a single user from the instantaneous C/I 

The parameters of the simulation scenario considered are given in the Annex. Two measurements of C/I were used 

(1) Long term average C/I at each UE location (i.e. no fast fading)

(2) Instantaneous C/I for each of a number of  HSDPA subframes, at each UE location.

In each case the C/I is mapped to a transport block size (and CQI) according to the data given in [2]. The peak bit rate is that which would be achieved by continuous transmission of transport blocks with this size. For simplicity we assume zero FER (rather than 10%).

This procedure allows the cumulative distribution of peak bit rate to be derived and given in Figure 1. This shows the probability that a given UE can expect to exceed a given bit rate in the downlink. 
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Figure 1: Cumulative distribution of achievable peak bit rate

It is interesting to note that the distributions derived from long term average and instantaneous C/I are very similar, particularly for higher bit rates (corresponding to higher C/I values). With multiple users a scheduler can take advantage of C/I fluctuations in a fading channel by preferentially sending data to UE’s with good channels. However, for a single user this is not possible.

Based on these results we use average C/I as a basis for further investigation.

Results

A transmission gap between successive transport blocks will reduce the effective peak bit rate, whether arising from ACK/NACK repetition or a limitation in UE capability. This reduction will be by a factor of (Gap_length+1). The impact of this is shown in Figure 2, assuming that the UE is capable of receiving 15 codes. 

For example we can see that with no gap, the probability that the bit rate could exceed 2Mbps is about 60%. This would equate to coverage of 60% of the cell. With a gap of 1 subframe the coverage would be reduced to about 30% and with a gap of 2 subframes to about 20%.

Figure 2: Cumulative distribution of peak bit rate for 15code UE.
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Figure 3: cumulative distribution of bit rate for 5 code UE

The situation is only slightly modified for a UE with the capability to receive 5 codes. As is shown in Figure 3, the highest peak bit rates are not now achievable. However, the effect of the transmission gap remains. Here the curves for 1 and 2 subframe gaps are equivalent to those for UE’s with lower capabilities. It is apparent that requiring a UE to use a transmission gap for ACK/NACK repetition is equivalent to reducing its peak rate capability by the corresponding amount. 

Conclusions

Based on the above results we can conclude the following:-

(1) Repetition of ACK/NACK will have no adverse impact on peak bit rate for low end UE’s that cannot receive continuously, provided the maximum number of repetitions corresponds to the minimum transmission gap that the UE can support.

(2) For other UE’s, the use of ACK/NACK repetition will prevent the expected values of peak bit rate from being achieved. 

(3) When considering the coverage/performance trade-off it is proposed that HSDPA should be configurable such that the expected performance can be achieved without using ACK/NACK repetition. 

(4) The upper limit for total number ACK/NACK transmissions should be no higher than 3, with the expectation that this would mainly be applicable for low end UE’s.
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Annex A: Simulation Assumptions

System Details

The following assumptions are used unless otherwise stated:-

· Hexagonal 19-cell layout

· Omni-directional antennas

· Number of UE positions (per cell) = 500

· Propagation exponent =3.76

· Single path Rayleigh fast fading model (flat spectrum) 

· UE speed 3km/hr

· Standard deviation of log-normal shadowing = 8dB

· Shadowing correlation between sites = 0.5

· Thermal noise neglected

· 30% of Node B power allocated to common channels etc in all cells

· 70% of Node B power allocated to HSDPA in all interfering cells

· 70% of Node B power available to HSDPA in wanted cell

· Spreading factor = 16
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