TSG-RAN WG1 #37
R1-040560
Montreal, Canada, May 10-14, 2004

Source:
Ericsson

Title:
On the Choice of TTI for the Enhanced Uplink

Agenda Item:
8

Document for:
Discussion and Decision

1. Introduction

During the study item phase, several techniques were considered for enhancing the uplink performance [2], resulting in an agreement to consider hybrid ARQ, Node B controlled scheduling and a short TTI in the work item phase [1].

Extensive simulations were carried out in the study item phase to evaluate the benefits of the various enhancements considered. Compared to R99/Rel4/Rel5, improvements in the order of 50%-70% increase in system capacity, 20%-55% reduction in end-user packet call delay and around 50% increase in user packet call throughput was seen. These numbers are based on the simultaneous use of Node B controlled scheduling, hybrid ARQ with soft combining and a short 2 ms TTI and it is important to keep in mind the interaction of these three techniques to obtain the gains quoted above. It is also worth pointing out that improved uplink performance can benefit the downlink traffic as well due to the feedback mechanisms in TCP, although this aspect was not studied in the study item phase.

This contribution aims at summarizing the benefits found with a short (2 ms) TTI and motivate why a short TTI is desirable for the enhanced uplink.

2. Impact of TTI on the total delay

When discussing the TTI length it is important to remember that the total delay is affected not only by the TTI length itself. The TTI alignment (random waiting time until the next TTI starts) needs to be considered and is in average one half of the TTI. Further, parts of the physical layer processing time (e.g. coding and decoding) are proportional to the TTI. 

The total TTI dependent delay, consisting of TTI alignment, Uu transmission delay, and encoding/decoding delays, can be in the order of 2.5-3.5 times the TTI length. Note that even though the encoding and decoding times are proportional to the TTI, their absolute values are implementation dependent. If the TTI is reduced from 10 ms to 2 ms the gain in delay equals 20-28 ms with the assumptions above.

3. Benefits with a short TTI

Employing a short 2 ms TTI for the enhanced uplink has several benefits when supporting packet data applications.

· Improved end-user performance. A shortened TTI will allow for a substantially reduced end-to-end delay, resulting in an improved end-user service experience. This is true for both uplink and downlink traffic since the performance of e.g. TCP applications is dependent on the round trip time rather than the one-way delay.  For TCP based applications an increasing data rate requires a lower round-trip-time if it should be possible to utilize the data rate of the link. Also the performance of many applications that do not use TCP, such as gaming or instant messaging, is directly affected by the round-trip-time. A reduction of the round trip time in the order of 20-28 ms is significant when end-to-end delays in the order of 30-80 ms are targeted, a fully realistic value for future networks as discussed in Appendix A.
· Faster hybrid ARQ retransmissions. By shortening the TTI, hybrid ARQ retransmissions can be significantly faster. With a 10 ms TTI, at least 3 hybrid ARQ processes are required, resulting in a hybrid ARQ roundtrip time of at least 30 ms. This can be compared with a typical value of less than 12 ms for a 2 ms TTI (6 processes, a number than is likely to be reduced as implementations improve). A short hybrid ARQ roundtrip time is important if the gains of hybrid ARQ are to be fully exploited. If the roundtrip time is too large, retransmissions will be costly and has to be avoided. This will result in reduced tolerance for unpredictable interference variations, reduced robustness to power control errors, and call for larger power margins. As a result, the capacity will be degraded and performance suffers.
· Improved system capacity. Capacity can be improved by using hybrid ARQ with soft combining for implicit link adaptation, i.e., targeting more than one transmission attempt and rely on the hybrid ARQ mechanism to fine-tune the amount of energy required for successful decoding [2]. This way of using the hybrid ARQ benefits strongly from a reduced hybrid ARQ roundtrip time. Note that the specifications does not mandate a certain operating point for the hybrid ARQ mechanism, but by reducing the hybrid ARQ roundtrip time, there is a possibility for the operator to set the appropriate system parameters to improve the system capacity. 
· Reduced interference variations. The use of a shorter TTI can lead to significant reduction in interference variations, in addition a lower interference level in general, as shown in [2]. This translates into a more stable system operation and reduced outage probability for voice users.

· Reduced buffering requirements. For a given data rate, the buffering requirements are smaller for a shorter TTI. This is a benefit from an implementation point of view, especially taking into account the relatively high data rates possible to support with the enhanced uplink.
4. Discussion on delay assumptions

In the evaluations during the study item phase it has been found that the performance gain related to improved end user performance is strongly dependent on the delay assumptions for the rest of the network. It is clear that the importance of a delay reduction in the order of 20-28 ms from a shortened TTI depends on the other delays in the network.

It should be pointed out that even if some early WCDMA networks may experience a relatively large delay, this delay is expected to be reduced over time. It should be considered that:

· Network implementations are continuously improved and the implementation dependent delays (processing delays) will reduce over time

· When E-DCH is used in combination with HS-DSCH, the transport and core network anyway need to be dimensioned with a rather high capacity link to achieve sufficient performance. This will mean that the network delays typically will be lower than for R99 based systems. 

· When E-DCH is used in combination with HS-DSCH, no delay related to frame synchronization for soft handover is needed, which can otherwise be a cause of a significant delay

· In scenarios where the server (or proxy) is located in the operators network, the CN delay to the server is very small 

Considering the round trip times measured in existing WCDMA systems and taking the above issues into account, we see no reason why the end-to-end round-trip-time in future network deployments cannot be in the order of 30-80 ms with a 2 ms TTI. A detailed breakdown of the delays is shown in Appendix A.

5. Conclusions

The introduction of a short TTI will lead to significant benefits, both from an end-user perspective and from a network perspective. With the expected increase in demanding packet data applications, it is crucial to design the enhanced uplink such that it is prepared to meet the future demands in an efficient way. It is therefore recommended to adopt a 2 ms TTI for the E-DCH.
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7. Appendix A: Delay breakdown of round trip time

The delays discussed in Section 4 consist of the components shown in Figure 1. The values of the different delay components are shown in Table 1. The values are chosen to reflect a good but not unrealistic system implementation achievable in a few years time. 
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Figure 1: Delay model. Yellow-colored boxes denote delays affected by the choice of uplink TTIUL.

Table 1 Delay breakdown of system round trip time

	Parameter
	Value
	Comment

	UE uplink processing delay, L2 and L1
	2.5 ms + TTIUL + 0.5(TTIUL
	TTI alignment is on average 0.5(TTIUL 

	Uu delay, uplink
	TTIUL
	2 or 10 ms 

	Node B, uplink processing
	2.5 ms  + TTIUL
	

	Iub and RNC delay
	3 ms (3 hops assumed)
	Identical delays in UL and DL assumed. No need for frame sync delay

	Node B, downlink processing
	3 ms
	

	HS-DSCH scheduling delay
	3 ms
	Median scheduling delay for low load is insignificant [3]

	Uu delay, downlink
	2 ms
	HS-DSCH is assumed

	UE downlink processing delay, L1 and L2
	4.5 ms
	

	Internet Delay
	Low and high delays approximated by 0 or 50 ms, respectively.
	0 ms correspond to the case with a server in the operators network
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