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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. 

Also, since the delay issue is touched here, we would like to also clarify some issues related to benefits from 2 ms TTI, since some of them are related to L1 retransmissions, some of them not. For this reason, issues should be discussed in a careful manner, so that clearly separate issues are also discussed separately. 

2. Fast HARQ/ARQ benefits 

2.1 Capacity benefits

The first benefit of fast HARQ/ARQ 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). With fast L1 retransmissions the target BLER of the 1st transmission can be increased, e.g. from 1 % to 10 %. Relaxing the BLER target, will give sensitivity gain 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.
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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 is the robustness that it gives against the power errors. The transmit power errors are explained in more detail in [1]. This means that if UE 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 be larger than originally planned 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. The power errors are typically more significant for shorter TTI since there is not enough time for the power control to react.

2.3 Delay benefits

When talking about delay, a distinction has to be made between average delay and maximum delay (with a given probability, say 95% probability). We think that the maximum delay is more important than the average delay for most services.

The delay benefit from L1 retransmissions can be looked at in two ways.

First way to look at it is to say that the L1 retransmissions enable us to relax the BLER target in the first transmission, in order to get the capacity gain. So in one way, the delay benefit is a tool to get the capacity gain. The maximum 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 and thus the capacity increased. 

The other way to look at it, is to assume that RLC retransmission probability is reduced significantly from the currently used and assume that L1 retransmissions are the retransmission method that is used almost only. RLC retransmissions are used only in case of NACK to ACK transmission errors. In this case it can be concluded that the maximum delay can be clearly reduced compared to rel99 systems without decreasing the number of users.

3. Delay benefits ANALYSIS in enhanced Uplink 

In the previous meeting, there was a contribution discussing delay benefits as a function of different TTI lengths from Ericsson [2]. It is unclear whether the delay discussed in [2] is an average delay or a maximum delay. The shorter TTI of 2 ms was claimed to have 30 % gain over a TTI of 10 ms. It is difficult to interpret the results since all the assumptions are not given. Our understanding is that the values given in [2] are unrealistic and require highly unrealistic assumptions. 

We discuss here first what issues affect average delay and maximum delay, in subsections 3.1 and 3.2 below. In section 3.3 we then conclude what is our understanding of the delay benefit of the shorter TTI, and in which of the delays the benefit is seen.

3.1 Average delay

The average delay can be calculated, e.g., for a transport block, an RLC PDU or a TCP segment. The average delay is mainly dictated by one-way delay but it is also affected by the retransmission delay of the ARQ scheme, i.e., whether the retransmission scheme is at RLC level or at MAC/physical layer, especially with higher BLER. For low BLER, the average delay can be reduced in practice only by reducing the TTI length (the retransmissions have very little effect) and thus low layer ARQ is not important whereas for higher BLER, also the retransmission delay is important. Shorter TTI thus reduces both one-way delay and retransmission delay.

3.2 Maximum delay

The maximum delay is defined through the delay distribution, e.g., as the 95% point of the cumulative distribution function (cdf) of the delay. The maximum delay is affected a lot by the retransmission delay and, therefore, depends more on the selected ARQ scheme. A retransmission at RLC level increases the maximum delay much more than a retransmission at MAC/physical level. Shorter TTI reduces also the maximum delay but not as much as lower layer ARQ.

3.3 Our understanding of the delay benefit due to shorter TTI

As we already said in 3.1 and 3.2, our understanding is that shorter TTI has some effect both in the average delay and in the maximum delay. The key issue, which should however be mainly discussed, is how big is the effect of only the shorter TTI and how big is the effect of having simply lower layer HARQ/ARQ. For this reason each analysis should show separately the delay benefit in average delay and in maximum delay both due to TTI length and the lower layer HARQ/ARQ, so that it is understood from which feature the delay benefit is obtained, and to which delay the delay benefit is affecting.

Our understanding is that the introduction of a shorter TTI has clearly smaller effect on delays compared to the introduction of the lower layer ARQ. The reason for this is that the round trip times are significantly shorter with lower layer ARQ than achieved with RLC level ARQ in Rel99.

Table 1 and 2 show some simulation results for both maximum and average delay. The cases simulated were:

· R’99 retransmissions with a retransmission time of 100 ms. BLER of 10 % and 5 % have been used and TTI=10 ms. Names :  These are called RLC 10 % and RLC 5 %
· L1 H-ARQ with soft combining; retransmission time = 40 ms (10 ms TTI) and 14 ms (2 ms TTI). BLER is 10% for the first transmission and 0% for the first retransmission (always goes through). TTI lengths of 2 and 10 ms have been considered. Names: These are called HARQ (10%, 0%), 10 ms and HARQ (10%, 0%), 2 ms
Other parameters:

· Bit rate: 384 kbit/s

· RLC block size: 320 bits

· RLC window size: 1024 blocks (=328 kbit)

· RTT= 160 or 60 ms plus air interface delays.

· Initial cwnd=2
· MSS = 1500 B
It can be seen from table 1 and 2 that the introduction of a shorter TTI will mean less than 10 % additional reduction in the maximum and average delay. Also it can be seen that especially the maximum delay can significantly be reduced by introducing simply a lower layer (H)ARQ with 10 ms. That already gives 24-34 % delay reduction for the maximum delay, depending on the RTT used.

Table 1. The delay reduction assuming a RTT of 160ms + air interface. The size of the document is 10 kB.

	Method 
	Average delay
	Maximum delay

	RLC 10 %
	Reference 
	Reference

	RLC 5 %
	8 %
	10 %

	HARQ (10%, 0%), 10 ms
	12 %
	24 %

	HARQ (10%, 0%), 2 ms
	16 %
	30 %


Table 2. The delay reduction assuming a RTT of 60ms + air interface. The size of the document is 10 kB.

	Method 
	Average delay
	Maximum delay

	RLC 10 %
	Reference 
	Reference

	RLC 5 %
	13 %
	17 %

	HARQ (10%, 0%), 10 ms
	21 %
	34 %

	HARQ (10%, 0%), 2 ms
	24 %
	40 %


4. CONCLUSIONs

The benefits of lower layer fast HARQ/ARQ were discussed in this paper. It is concluded that fast HARQ/ARQ brings both capacity benefit and delay benefit. On delay, it can be concluded that most of delay benefit is obtained by simply introducing lower layer HARQ/ARQ. The contribution of shorter TTI into delay reduction is clearly less than 10 %.  
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