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1. Introduction

At RAN#17, the study item “Uplink Enhancements for Dedicated Transport Channels” [1] was agreed upon. Among the techniques considered for enhancing the uplink are hybrid ARQ and reduced TTI. Delay is one important aspect for an enhanced uplink and the current contribution discusses the choice of TTI and hybrid ARQ signaling from this perspective.

2. TTI and Hybrid ARQ Signaling

Low processing delays are essential for efficient operation of higher layer protocols such as TCP, especially at higher data rates. Reduced delay due to the use of a short TTI and fast hybrid ARQ is one of the main advantages with the HS-DSCH and it is of interest to investigate how similar techniques can be utilized to enhance the uplink.

Two different TTIs have been mentioned in conjunction with uplink enhancements: either reusing the existing R99 10 ms TTI or introducing a shorter (e.g., 2 ms) TTI:

· Using a 10 ms TTI allows for reusing the R99 DPDCH structure, including baseband processing and TFCI signaling. The drawback is the, compared to a shorter TTI, larger delays.

· Using a 2 ms TTI allows for reduced delays. The drawback is the need for a new physical layer frame structure and TFCI-like signaling. The most straightforward way of supporting a short (2 ms) TTI seems to be the introduction of a new code multiplexed physical channel in the uplink, “HS-DPDCH”. Using additional codes in the uplink can lead to an increase in PAR, although the value of the PAR increase remains to be investigated.

If Node B-based hybrid ARQ is utilized, there is a need for transmitting ACK/NAK from the Node B to the UE. Similarly to the TTI discussed above, the duration of the ACK/NAK signal can take several different values, e.g., 10 ms or 2 ms.

· A 10 ms ACK/NAK signaling interval could allow for reduced power consumption of the ACK/NAK (and any other required signaling). The drawback is an increase in roundtrip time, negatively affecting performance and the required hybrid ARQ soft buffer sizes. A 10 ms ACK/NAK duration is not of interest if a 2 ms TTI is used.

· A 2 ms ACK/NAK allows for a reduced roundtrip time. In this case, the ACK/NAK could be combined with other required signaling that might benefit from a more frequent update than once per 10 ms.

The details on how to transmit the ACK/NAK are to be studied further. One possibility, both for 10 ms and 2 ms ACK/NAK durations, is to embed it into the downlink DPCH, requiring modifications to the current DPCH downlink. Using the HS-SCCH for 2 ms ACK/NAK signaling is less attractive as the number of UEs that can be simultaneously acknowledged is limited due to the relatively small number of HS-SCCHs in a cell.

Assuming a similar hybrid ARQ protocol as for the HS-DSCH, the number of hybrid ARQ processes and the resulting minimum roundtrip delay can be roughly estimated. With 10 ms TTI and ACK/NAK duration, the number of hybrid ARQ processes must at least be 3, resulting in a minimum roundtrip time of 30 ms. If a 2 ms ACK/NAK duration is used with 10 ms TTI, the minimum number of hybrid ARQ processes is two, reducing the minimum roundtrip time to 20 ms. Using 2 ms TTI with 2 ms ACK/NAK duration will allow for even further reduction in roundtrip time. As an example, 12 ms roundtrip time will result if 6 hybrid ARQ processes are used.

As low processing delays are of great importance when enhancing the uplink, the performance gain and the implementation complexity should be carefully evaluated prior to any decision on the TTI and ACK/NAK duration. 

3. Conclusion

The choice of TTI and ACK/NAK duration from a delay perspective has been discussed. At this stage, it is recommended that both 2 ms and 10 ms are considered for TTI and ACK/NAK duration and that this is reflected in TR25.986.

4. References

[1] RP-0202658, “Uplink Enhancements for Dedicated Transport Channels”

