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1. Introduction

In the previous WG1 meetings there have been several papers on benefits somewhat related to fast HARQ/ARQ, and somewhat related to only the TTI length. In this paper we give our understanding on the main benefits from fast HARQ/ARQ both from capacity point of view and delay point of view, for delay sensitive services. 

There is a separate paper from us, [2] where we discuss the benefits due to shorter TTI.  Thus one purpose of this paper is to give some background to the [2] explaining, what is our understanding with what kind of settings (BLER target etc ) we think rel99 RLC retransmissions, and L1 HARQ are used for delay sensitive services. These assumptions are then used in [2]. 

The other point that we raise in this paper, is that it might make sense to discuss the HARQ /ARQ benefits,  and especially what parameterisation is used to get the benefits , separately for different traffic classes. We have no strong opinion on that, but just wanted to raise it up , since it has not yet been discussed very much.

2. Fast HARQ/ARQ benefits for delay sensitive services

We would like to first clarify, that the text in this whole chapter assumes a traffic class which has relatively strict delay requirements. That has not been explicitly mentioned by us earlier, which may have led to some misunderstandings. 

The traffic classes are conversational, streaming, interactive , background. The traffic class what we have been mainly thinking about here, when analyzing HARQ benefits, is interactive (some TCP/IP delay sensitive service), since that is probably the most challenging service to be coped with. 

Naturally, for more delay tolerant services , e.g. background traffic class, the situation is somewhat different. Then the cell capacity can be increased by using a high BLER target in air interface, all the way up to e.g. 50 % , since then the delay is not the main/only parameter to be optimised. There might be however some other issues to be considered then. In general , it might make sense that the issue of HARQ benefits would be discussed separately in WG1 for different traffic classes. 

Anyway, here we would like to clarify clearly, that here in this paper, we only discuss the HARQ benefits for delay sensitive services, in order to keep the discussion clear.  
2.1 Capacity benefits

The first benefit of fast HARQ/ARQ for delay sensitive services comes from the fact that the BLER target can be bigger for the first transmission, since that will not deteriorate the delay budget (the maximum delay, say with 95% probability). In current systems the main method to maintain a strict delay budget, is to have a small enough BLER target in L1, around 1%. If Enhanced DCH will allow fast L1 retransmissions, the target BLER of the 1st transmission can be increased, e.g. from 1 % to 10 % (or to 20%). Relaxing the BLER target, will give sensitivity gain in the order of 0.5 dB with 3km/h and 1 dB at 50km/h, as can be seen from Figure 1, when comparing the required Eb/No at 1 % BLER level to 10 % BLER level. This means 10-25% capacity increase for uplink, which can either be utilized by having more simultaneous users in the cell, or allowing increased bit rates for each user. It should be noted that this capacity benefit is achieved both with and without soft combining (here the intention is not to attack against soft combining, this is just a note). Thus the benefit of soft combining can be then still studied further separately at these operation points.
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Figure 1. Required Eb/No as a function of BLER target, where Required Eb/No = Eb/N0 /(1-BLER), Veh A channel, 64 kbit/s, 10 ms TTI, with PC

2.2 Robustness

The second performance benefit of fast HARQ for delay sensitive services , is the robustness that it gives against the power errors. The transmit power errors were explained in more detail in [1] in the previous meeting. This means that if UE e.g. uses too small transmit power level, due to transmit power errors, L1 retransmissions will ensure that the delay budget is still kept for delay sensitive services. In this kind of case soft combining can also provide performance gain, since due to possible transmit power errors the BLER target can occasionally be larger than the original target BLER 10 %. From [2], e.g. it can be seen that when BLER target is around 50 %, there is benefit from soft combining compared to simple type I L1 retransmissions.

2.3 Delay benefits

When talking about delay, a distinction has to be made between average delay and maximum delay (maximum with a given probability, say 95% probability). We think that the maximum delay is more important to look at in the Enhanced DCH study item, than the average delay, since that is the limiting factor for most delay sensitive services.

The delay benefit from L1 retransmissions can be looked at in two ways - using two alternative philosophies:

a) keep draftly the current rel99 delay budget (maximum delay with 95% probability) but increase the capacity

As said already in the section 2.1, L1 retransmissions enable us to relax the BLER target in the first transmission, in order to get the capacity gain. So in one way, here the so called “delay benefit” is actually a tool to get the capacity gain. The maximum allowed delay (with, e.g., 95% probability) could still be kept about the same as in rel99 system, but the Eb/No target for the users can be decreased from 1 % to 10 %, and thus the capacity increased. This would be possible , if traffic class is such that the delay budget is moderately strict, but not the strictest one. It is noted that the different levels of strictness of delay already exists in the current specification, i.e. under the interactive traffic class there are three different THP , traffic handling priorities, which define different levels of delay sensitiveness and other QoS parameters [3] . So this philosophy could be used for interactive traffic class with delay budgets not being the strictest.

b) reduce the maximum delay (95% probability of delay) compared to rel99 systems:

Here it is assumed that RLC retransmission probability is reduced from the currently used 1 % down to close to 0%, i.e. not to use RLC retransmissions much at all. Thus L1 retransmissions are the retransmission method that is used almost only. In order to get really reduced delays in absolute value compared to rel99 (where RLC retransmissions already might use 1 % probability for delay sensitive services) , then BLER target also when using L1 retransmission should be around 1 %.  RLC retransmissions could be used e.g. only in case of NACK to ACK transmission errors which should happen very rarely anyway, so they will then not contribute to 95 % probability of the delay. In this case it can be concluded that the maximum delay could be reduced compared to rel99 systems.

3. CONCLUSIONs

The benefits of lower layer fast HARQ/ARQ for delay sensitive services were discussed in this paper. 

One purpose of this paper is to give some background info for our contribution in [2] , what kind of parameterisation (BLER targets etc) we think should be used with Rel99 RLC retransmissions and L1 HARQ. In our contribution [2] we discuss the benefits of shorter TTI, and use there some of the assumptions explained in this paper.

The other purpose of this paper was also to clarify that most of our comments earlier given for HARQ/ARQ benefits, are given , using the assumption of dealing with delay sensitive services, i.e. interactive traffic class. 

One purpose of this paper could also be  to generate a discussion ,that probably the HARQ/ARQ benefits , and the philosophy (i.e. parameterisation) how HARQ/ARQ is utilized, should be discussed separately for different traffic classes. The similar kind of analysis should be made for background services. Is the idea not to care about the delay at all, when background traffic class is in question. What  does that mean for the user throughput etc? Also , the different UE capabilities should be involved in that kind of studies.
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