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1.  Introduction

This document is an update of [3] (presented at WG2 #30), including more extensive simulation results.

At the joint WG1/WG2 meeting on HSDPA in Sophia Antipolis, 5 - 6 April 2001, assumptions where made on the required error rates for the uplink ACK/NACK signalling for HS-DSCH. The requirements for the error rates concluded at that time are summarised in Table 1 below.

	Transmitted symbol
	Received symbol
	Probability

	ACK
	NACK
	10-2

	NACK
	ACK
	10-4

	nothing (DTX)
	ACK
	10-2


Table 1 Current requirements on the error rates for the feedback signalling in HS-DSCH

According to some presentations in RAN WG1 it appears that it may be challenging to achieve these requirement in some cases, in particular when the UE is operating in the soft handover region or moving at high speed [1]. In the light of this information the above requirements may need to be revisited. In this document simulation results are presented which analyse the impact of the ACK/NACK error rate on the end to end performance.

2.  Simulation Assumptions

The performance of the HS-DSCH channel has been analysed by studying the download of a data file using FTP. File sizes of 200 kbyte and 2 Mbyte have been simulated and the transfer delay (download time) of the file has been used as performance measure. The transfer delay includes transmission delays as well as delays caused by retransmissions of data by TCP, RLC and MAC-HS, and captures the interactions between the mentioned protocols. It is here assumed that RLC operates in acknowledged mode.

It has been identified that the sensitivity towards errors in the ACK/NACK signalling is dependent on the used link adaptation algorithm. For illustration results are presented for two link adaptation algorithms. One "cautious" algorithm where the modulation and coding is selected such that the downlink BLER is <10% and one "aggressive" algorithm where the modulation and coding is selected such that the downlink BLER is >90%. The aggressive algorithm should be seen as a worst case and does not necessarily reflect a realistic implementation. 

The simulation model follows the outline in [2]. Important simulation parameters are summarised in Annex A.

3.  Simulation results

In Figure 1, the transfer delay of a 200 kbyte file is shown as a function of the NACK to ACK error probability for both the normal and aggressive link adaptation algorithms. It can be seen that the aggressive link adaptation algorithm is more sensitive to NACK to ACK errors. The reason for this is that the aggressive algorithm operates at very high downlink BLER (>90%) and the majority of the feedback messages are NACKs. For the cautious algorithm, where the BLER is relatively low (<10%), the transfer delay is less influenced by  NACK to ACK errors, mainly due to that the proportion of NACKs is lower. It can be seen that for both link adaptation algorithms the transfer delay is only slightly increased if the NACK to ACK error probability is increased from 10-4 to 10-3. 

In the following, results are only shown for the aggressive algorithm, since this can be seen as a worst case and the results are more statistically reliable due to the higher frequency of nacks.
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Figure 1 transfer delay as a function of the NACK to ACK error probability for the aggressive and cautious link adaptation algorithms

In Figure 2, the transfer delay for both 200 kbyte files and 2 Mbyte files are shown, where the transfer delay has been normalised to 1 for error free ack/nack signalling to simplify the comparison. The results show that the influence from errors in the ack/nack signalling is not affected by the file size.
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Figure 2 normalised transfer delay as a function of the ACK to NACK error probability for 200 kbyte and 2 Mbyte files.

In Figure 3, the transfer delay is shown for 1, 10 and 50 active users. 10 users corresponds to an almost fully loaded system and 50 users to a very loaded system. It can be seen that the number of users in the system has little impact on the sensitivity for errors in the ack/nack signalling.
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Figure 3 normalised transfer delay as a function of the ACK to NACK error probability for 1, 10 and 50 active users.

4.  Discussion

The results indicate that it may be possible to relax the requirements for the NACK to ACK error probability from 10-4 to 10-3 without significant impact on the end to end performance. 

This would also mean that complex additions to the existing retransmission protocol in MAC-HS can be avoided.

It should be noted that the problems to achieve the previously agreed error rates occur only in some cases with unfavourable radio conditions (soft handover and high mobile speeds). In bad radio conditions the Node B may combat the increased error probabilities by selecting coding and modulation schemes that are more robust than the ones selected in normal radio conditions which would basically mean that an aggressive link adaptation algorithm is not used in these situations.

The presented results assume that AM RLC is used, which is a reasonable assumption for file downloads and similar applications. If UM RLC is preferred, e.g. in case of  some real time applications, the NACK to ACK error probability puts a lower bound on the SDU error rate that can be achieved (if retransmissions are not performed by a higher layer protocol) in unfavourable radio conditions. As UM RLC causes loss of data in case of Node B change and an error free operation can not be achieved with UM RLC, it is assumed that some degree of data loss needs to be accepted when UM RLC is used.

It shall be noted that in this paper the repetition of ACK/NACKs are not considered. If repetitions of ACK/NACKs are used the impact on performance due to errors in the ACK/NACK signalling will be even less noticeable.

It shall also be noted that the error probabilities in which the system is operated is configurable by the operator by setting the power offset for ACK/NACK signalling. Thus the original error requirements can still be achieved in most situations if desired.

5.  Conclusions / proposals

It is proposed that the requirement for the NACK to ACK error probability is relaxed 
from 10-4 to 10-3. This also implies that the joint probability of not detecting a HS-SCCH transmission and subsequently misinterpreting a DTX as an ACK could be relaxed to 10-3. It is proposed to keep the current requirement for the ACK to NACK error probability of 10-2. 

Currently no additions to the existing MAC-hs protocol are seen as necessary.
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Annex A – Simulation Parameters

	Simulation parameter
	Value

	Channel model
	3G typical urban fast fading

	shadow fading
	5 dB

	Mobile speed
	3 km/h

	Cell radius
	1 km

	MAC-hs RTT
	8 ms

	T1 timer
	50 ms

	RLC RTT (excluding MAC-HS retransmissions)
	90 ms

	feedback error rate
	see Figures

	Probability of  not detecting SCCH
	0

	Channel estimation
	no errors


Table 2 Summary of simulation parameters

