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Introduction

At RAN2 #30 several contributions addressing the performance of  MAC-hs protocol for different reliabilities in uplink signalling were presented [1,2].  The purpose was to investigate whether error rate requirements for uplink feedback signalling can be relaxed. Some presentations in RAN WG1 indicate that error requirement for NACK->ACK misinterpretation of 10^-4 may be difficult to achieve. 

This document presents some simulation results on the consequences of increasing NACK->ACK error rate on the end-to-end performance. 
Simulation Assumptions and Results

1. Simulation Assumptions

HSDPA Protocol stack in Radio Access Network has been simulated [3]. RLC AM and MAC-hs sublayer have been implemented, while flow control has been modelled through constant delay. 

Interactive traffic source has been implemented as specified in [4].

Interface with link level performance has been made assuming Chase combining. MCS selection thresholds have been chosen based on maximum throughput criterion. 

The mean transfer delay and variance of transfer delay (jitter) per RLC SDU have been used as performance measures. Since RLC transmitting entity is located in RNC, while MAC-hs transmitting entity is located in Node B, any time RLC retransmission is invoked additional delay due to transfer over Iub interface is introduced. Furthermore,  it should be noted that RLC operates by detecting gaps in sequence numbers of received frames which introduces additional latency in RLC retransmissions 
The HARQ mechanism implemented in MAC-hs delivers feedback synchronously with the reception of the packets.   

2. Simulation Results

Figure 1 plots RLC SDU mean delay parametric curves versus NACK->ACK misinterpretation probability. The parameter is maximum allowed number of transmissions in MAC-hs sublayer. It can be noted that delay is greater for lower maximum number of retransmissions since the probability of unsuccessful combining is larger in this case. However, at some point (starting from probability 10^-3 approximately) the difference in mean delays tend to increase even more. The reason is higher number of RLC retransmissions due to ACK->NACK misinterpretation.    

Figure 3 illustrates RLC SDU jitter curve versus NACK->ACK misinterpretation probability for maximum number of transmissions equal to four. It can be noticed that jitter is relatively increased more than mean delay when error requirement is relaxed from 10^-4 to 10^-3.   
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Figure 1: Mean delay per RLC SDU
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Figure 3: Jitter per RLC SDU

Obtained simulation results can be summarised in the Table 1 containing relative difference between mean delay and jitter incurred for different ACK->NACK misinterpretation probabilities. 

	NACK->ACK probability
	10^-4 -> 10^-3
	10^-3->10^-2


	Mean delay relative difference [%]
	12.5
	55.1

	Jitter  relative difference[%}
	19.2
	33.4


  Table 1: Relative difference between performance measures for different NACK->ACK probabilities 

3. Consequences of Relaxed Uplink Error Requirements on System Performance

It has been shown that relaxation of error requirements cause not only an increase in the mean delay and jitter due to additional RLC retransmissions. High jitter may lead to inadequate settings of TCP retransmission timeout. Due to  independent error recovery mechanism employed by UTRAN, end-to-end packet round trip time will increase, possibly causing TCP to time out. Delay and jitter can be reduced  by reserving one or more HARQ processes in MAC-hs for packets retransmitted by RLC. 

Conclusions
To investigate whether it is feasible to relax NACK->ACK error requirement HSDPA protocol simulations have been performed. Mean delay and delay variance (jitter) per RLC SDU have been used as performance measures. The obtained results indicate that mean delay is less sensitive to relaxing error requirement than jitter. Thus, for certain applications, NACK->ACK error requirement can be relaxed provided that jitter is still tolerable.. 
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Annex: RLC AM Settings for the Simulations

	In Sequence Delivery on/off
	1

	Timer Status Periodic on/off
	0

	Timer Status Periodic Time [s]
	not defined

	Timer Status Prohibit Time [s]
	‘TTI’

	Timer Poll Prohibit Polling on/off
	1

	Timer Poll Prohibit Time [s]
	80 ms

	Every Poll SDU Polling on/off
	0

	Poll SDU
	not defined

	Every Poll PU Polling on/off
	1

	Poll PU
	2

	Poll Timer Polling on/off
	1

	Timer Poll Time [s]
	80 ms

	Last PU in Retransmission Buffer Polling on/off
	1

	Last PU in Buffer Polling on/off
	1

	Poll Window Polling on/off
	1

	Poll Window
	70

	Timer Discard Function on/off
	0

	Timer Discard Time [s]
	not defined

	MaxDAT Discard Function on/off
	1

	MaxDAT
	3

	MaxMRW
	5

	Timer MRW [s]
	30

	Initial Send Window Size [PDU]
	2048

	Initial Receive Window Size [PDU]
	2048

	RLC PDU Data Size [bits]
	340
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