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1
Introduction
The text below outlines the main objectives of introducing uplink enhancements and is reproduced from [1].

As the use of IP based services becomes more important there is an increasing requirement to improve the coverage and throughput as well as reduce the delay of the uplink.  Applications that could benefit from an enhanced uplink may include services like video-clips, multimedia, e-mail, telematics, gaming, video-streaming etc.
During the SI phase in RAN1, it was seen that Node-B controlled scheduling coupled with HARQ and short TTI allowed the following possible improvements over R99, as captured in TR 25.896.

· 50% to 70% increase in system capacity

· 20% to 55% reduction in end-user packet call delay

· 50% increase in packet call throughput

There is general agreement on the benefits of Node-B controlled scheduling and HARQ. However, the choice of TTI is proving to be a contentious one. The proponents of 2ms TTI claim significant reduction in delays and overall improvement in capacity, while the opponents question the simulation assumptions and point to what they perceive as open questions.
In this document, we highlight the main issues on the TTI discussion.
2
EUL Capacity
EUL capacity was evaluated using different schemes during the SI phase. For a full buffer cell throughput, a percentage comparison between 2ms TTI and 10ms TTI was given in [2]. The absolute difference between both capacities gives us a better understanding of the true benefit. Let us also compare the performance difference relative to what is deployed today, viz, R99.

When comparing the full buffer cell throughput at 4.5 dB RoT, we observe that:

· Cell capacity with 2ms TTI > 10ms TTI by 225 kbps

· R99 full buffer cell capacity = 775 kbps

· Use of 2ms TTI is equivalent of 30% improvement over 10ms TTI measured in terms of current deployment
Further, we note that the end-to-end packet call delay reduction is as follows.
· 15%  reduction for FTP users using 2ms TTI (Fig 9.4.1.2.4 of [2])

· 28% reduction for Gaming users using 2ms TTI (Fig 9.4.1.2.5 of [2])
A caveat mentioned at the beginning of section 9.4.1 states that these simulations assume the same maximum L1 delay equal to 40ms. It is important to realize that extending the maximum L1 delay further only worsens the issue from an absolute end-to-end delay perspective, while the relative difference between 2ms and 10ms might change.
As the network evolves, the capacity can be significantly improved by increasing the Rx diversity. As an example, we evaluated the system performance with 4 Rx antennas in [2] – the performance improvement compared to 2 Rx, and the difference between the performance using 2ms or 10ms TTI with 4 Rx is quite significant.

We now see that:

· Full buffer cell capacity with 2ms TTI > 10ms TTI by 500 kbps

· R99 full buffer cell throughput with 2Rx = 775 kbps

· Use of 2ms TTI is equivalent of 65% improvement over 10ms TTI measured in terms of current deployment

Further, we note that the end-to-end packet call delay reduction is even further improved.

· 24%  reduction for FTP users using 2ms TTI

· 37% reduction for Gaming users using 2ms TTI

For FTP users, the RLC round-trip time was assumed to be 200ms, apart from other scheduling and transmission delays. This is could be rather pessimistic and depends upon the network implementation.

It is seen that the use of 2ms TTI offers better performance than 10ms TTI today and further, a far better way forward for EUL evolution. If we need to further improve EUL, it is possible to do so without another standardization process – the incremental gain with 2ms TTI is much better than with 10ms TTI. As an example of such an approach, HSDPA performance improvements with UE Rx diversity are being considered in RAN4.
3
Other Issues
3.1
Signaling Overhead
For the same reliability, the power offset for E-TFICH needs to be higher with 2ms TTI than with 10ms TTI. What is more important is whether this offset adds a significant overhead or impacts the PA operation. In [4], we show how one can reduce this overhead using a sequential decoding algorithm. 
Similarly, for the same reliability, the Tx power for ACKCH needs to be higher with 2ms TTI than 10ms TTI. However, we need to consider the absolute Tx power overhead as opposed to the relative difference. 

In both cases, the overheads are a function of UE’s geometry and location in the cell. If 2ms TTI is configured for UEs in non-SHO or softer HO regions only, the signaling overhead is a non-issue.
3.2
TFC Selection and Elimination

Irrespective of the TTI choice, E-DCH will be intermittently present due to re-transmissions. The main impact on TFC selection and elimination is due to the intermittent transmissions, rather than due to the TTI choice.
Recall that when HS-DPCCH was introduced in R5, R99 TFC elimination criterion was affected. The ACKCH in HS-DPCCH is inherently probabilistic in nature due to the intermittent transmissions on HS-DSCH in downlink. A solution termed as actual-transmission-based-approach was adopted for R5. 

Nothing precludes the adoption of a similar approach for EUL.
4
Conclusions
The use of 2ms TTI provides a number of significant benefits in terms of system performance, significantly better user QoS and more potential to take advantage of further network improvements. We therefore recommend that 2ms TTI be adopted for the E-DCH, possibly along with 10ms TTI.
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