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Introduction
During RAN#42, a WI proposal was put forward for a Work Item on 2msec TTI range improvement [1]. The WI proposal was not approved by RAN#42, however it was commented that some elaboration on the technical merits of such a feature would be useful. This paper thus presents some motivation for improving the coverage of the 2msec TTI and some simulation results.
When operating a service such as VoIP in Release 8 networks, payloads of 300-400 bits need to be transmitted in the order of once every 20msec, with fairly strict latency criteria. Although such payloads relate to small data rates, segmentation of VoIP payloads is inefficient and thus, typically the whole payload is transmitted in a single HARQ process. From a link budget point of view, this means that an instantaneous data rate of 50-100kbps must be supported, which can be challenging for power limited UEs near to the edge of large cells.
Conventionally in such cells the HSUPA TTI length for power limited UEs is configured to 10msec in order to ease the link budget constraints. However this requires an increased amount of radio link reconfiguration procedures, incurs a risk of loss of the radio link for reconfigurations that are not performed in time, complicates the Node B scheduler, which must cope with 2 TTI lengths, and limits the usefulness of CPC, which in turn impacts cell capacity and UE battery life.
Thus it would be preferable if it were possible to operate the 2msec TTI consistently for supporting VoIP in all types of cell. To this end, several possibilities for improving 2msec TTI coverage were considered in the spring of last year [2]. In particular, it was noticed that the Release 6 power control behaviour had an unfortunate consequence of adversely impacting the 2msec TTI coverage, and so an update to the power control procedure was agreed for Release 8 [3].

In order to further improve 2msec TTI coverage, it is necessary either to transmit less or transmit for a longer period of time, in order to increase the received signal energy. Since transmitting significantly less is not really an option, then transmitting for a longer period of time has to be considered. However, in order to retain CPC benefits it is preferable not to transmit for longer than the 2msec TTI except for where absolutely necessary.

2msec TTI automatic repetition

One way of increasing the 2msec TTI coverage is to consider automatic repetition; this technique is already available for E-UTRAN. The following operation is considered:

1. Before commencing transmission of a VoIP packet, the UE checks it’s UPH. If there is insufficient power to transmit E-DPDCH, then the UE decides to use automatic repetition
2. If automatic repetition is used, then the payload is repeated for the next N TTIs (N is always fixed). However no retransmissions of a repeated payload are made. (Retransmissions of a non repeated payload may be made up to the maximum delay budget)
3. The Node B is informed (in some way) of the fact that repetition has been used and soft combines the repeated transmissions
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Fast TTI switching

Fast TTI switching could operate in a similar manner to automatic repetition:
1. Before commencing transmission of a VoIP packet, the UE checks it’s UPH. If there is insufficient power to transmit E-DPDCH, then the UE decides to use a longer TTI

2. The Node B is informed (in some way) of the fact that a longer TTI has been used

3. No retransmissions are made when the longer TTI is used
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Issues to consider:

There are a number of observations and issues to consider with the above described possibilities:

· Although described as a UE based decision, the Node B could control the switch between repetition or no repetition. However additional DL signalling would then be required, and also the Node B is not as aware of the UE UPH situation as the UE

· Since there are no retransmissions for repetitions/longer TTIs, the basic 8 TTI HARQ sequence associated with the 2msec TTI is retained.

· Also, no ACK/NACK is needed in DL for coverage limited UEs using repetition or a longer TTI, thus saving DL resources

· The difference between repetition and TTI length switching is only in L1. Although 10msec is illustrated in this paper, the longer TTI could take some other value e.g. 12, 14 or 16msec.
· Further consideration is needed for issues such as how to manage E-TFC selection, how to manage transmission of SRBs or dual VoIP payloads, how to signal the use of repetition to Node Bs, how to multiplex E-DPDCH and E-DPCCH etc.

Simulation results
The following possibilities have been simulated alongside one another:

· Use of the 2msec TTI

· Use of the 10msec TTI

· Fast switching between 2msec and 10msec TTI in the manner described above

· Use of repetition (with N=8 TTIs) as described above

The results in terms of coverage gain are shown in figure 1. Coverage limitation occurs where the link is no longer able to maintain the 1% BLER target. It can be observed that the coverage with 7 times repetition is about 1dB better 10msec TTI and some 8dB better than the 2msec TTI. Coverage with a fast TTI switching between 2/10msec is better than 2msec but about 1dB worse than 10msec (This occurs due to the need to use a non optimal beta_ed setting for the 10msec TTI).
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Figure 1 Coverage extension afforded by repetition and TTI length switching
Figure 2 shows a cdf of UL pathloss in a case 3 LTE cell. Considering figure 1, it can be seen that a 2msec TTI can maintain coverage for pathlosses up to 140 dB. However, due to the need for a radio link reconfiguration to 10msec TTI, there would be a need to be somewhat conservative in setting an RNC threshold for reconfiguring to a 10msec TTI. Consider, for example that 10msec TTI were configured for UEs whose pathloss is worse than 130dB; in this cell that would imply 1/3 of the UEs using the 10msec TTI. These UEs would not benefit from CPC.
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Figure 2 UL pathloss distribution in an LTE case 3 cell

Figure 3 shows the percentage of TTIs in which repetition is used vs pathloss. Comparing Figures 2 and 3, it can be seen that only around 5% of the UEs would need to use repetition more than 10% of the time. Thus, if repetition would be used to allow for coverage limited UEs CPC would be widely available in the cell and the majority of UEs would be using a 2msec TTI most of the time.
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Figure 3 Percentage of TTIs in which repetition is used by a UE in dependency of pathloss

Conclusion:

This paper has presented some simulation results illustrating how introduction of a facility to improve coverage of the 2msec TTI could improve system performance. The main benefits are that CPC use could be extended to most of the cell, thus improving capacity and battery life, radio link reconfigurations with associated overhead and risk of call loss can be avoided and the scheduler only needs to manage a 2msec TTI most of the time.

Some of the issues that will need to be considered in a WI phase have also been briefly outlined.

References
[1] RP-081135
Work Item Description for "UTRAN 2ms TTI uplink range improvement (Nokia Siemens Networks, Nokia)

[2] R1-081517

“EUL coverage enhancements”
Ericsson
[3] R1-083879 25.214 CR0508R1 (Rel-8, B) "Improved EUL power control at UE power limitation"























































































3GPP


_1294144788.vsd
Next transmission 8 processes after 1st TTI


Next transmission 8 processes after 1st TTI



_1294144786.vsd
2ms


2ms


Next transmission 8 processes after start of 1st TTI


Next transmission 8 processes after start of 1st TTI


10ms



