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1 Introduction

In RAN2#81, with regards to the SI “Study on Further EUL Enhancements” some initial considerations were done concerning methods for increasing the 2ms TTI coverage..

This paper provides further considerations and possible schemes in order to implement these methods
2 Discussion

As described in [2], in current 3G networks, there is still a substantial amount of large macro cells where supporting 2ms in the entire cell may be a challenge. In such environments, it may be necessary to fall back to the 10ms TTI when a user approaches the cell boundary. The switch to the 10ms TTI, however, should be made as late as possible in order to retain the advantage of the 2ms TTI and to avoid back-and-forth reconfigurations.
An efficient 2ms to 10msTTI switch is directly related to the accuracy of the coverage measurement and to the speed and robustness of the switching procedure. In case of non-optimal measurement triggers and slow switching procedures, some conservative safety margins have to be taken into account (e.g. long activation time for the switching procedure, leading to an early switch), resulting in further loss of 2ms coverage (Figure 1).
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Figure 1

2.1 Coverage measurements
The switch from 2ms to 10ms TTI is triggered by UL coverage measurements. Common methods for measuring the UL coverage are based on Measurement Report event 6A or 6D and UPH.

Event 6A and 6D, when configured, are triggered respectively when the UE Tx power becomes larger than an absolute threshold and when the UE Tx power reaches its maximum value. As for other measurements configured by L3, event 6A and 6D have the advantage of making use of filtering, hysteresis, time-to-trigger etc. which improve stability and avoid fluctuations of the measurements.
On the other hand the tuning of these measurements may be challenging due to the necessity of avoiding  too early triggers (i.e. when the UE is still under a good 2ms TTI coverage) or too late triggers (i.e. the UE has already lost the 2ms TTI coverage and the measurement report cannot be received by the network).

An example of an event triggered too early is when UE Tx power increase is due to a high rate transmission when the UE is still under a good 2ms TTI coverage. An example of an event triggered too late is when the UE is moving out of 2ms TTI coverage when not transmitting data and the UL DPCCH power is still below the reporting threshold. When eventually the DPCCH power triggers the event, the UE will not have enough power to transmit the Measurement Report. 
The UPH, UE power headroom, indicates the ratio of the maximum UE transmission power and the DPCCH code power, averaged over a 100 ms period. The UPH is sent as part of the MAC Scheduling Information. Compared to the event 6A and 6D, UPH provides a better coverage indication since it is based not only on the maximum UE Tx power but also on the UL DPCCH power. However this measurement does not make use of filtering, time to trigger and hysteresis, hence it is subject to fluctuation. Furthermore the measurement is not available in the RNC, which takes the decision on when to initiate the switch. One more issue is that the UPH doesn’t have its own triggers but it is sent only when the SI is triggered. Even though the SI can be configured periodically, in Cell_DCH state it cannot be sent if the TEBS (Total EDCH Buffer Status) is equal to zero, i.e. it cannot be sent if there’s no data to send. 

Proposal 1 Discuss methods for improving UL coverage measurements.
2.2 Switching procedure

The switching procedure needs to be synchronized in order for the UE and the network to know exactly when the switch takes place. As a synchronized procedure, there is some risk associated with each execution, especially in situations where coverage may be an issue. Furthermore, the activation time is usually set rather conservatively to guard against occasional loss of the reconfiguration message or its acknowledgement. The consequence of an activation time not sufficiently long might be that the NodeB and the UE do not switch at the same time, remaining misaligned for one or more CFN cycles.
Figure 2 gives an example of misalignment of E-DCH TTI lengths in the UE and in the network in case of retransmissions of the reconfiguration message.

                                            
[image: image2]
Figure 2

The network sends a reconfiguration message with an activation CFN taking into account at most one retransmission. Both the transmission and the first retransmission of the reconfiguration message are not received by the UE, whereas the NodeB has correctly received the reconfiguration order (including the activation CFN). At activation time, the NodeB switches to 10ms TTI, whereas the UE still hasn’t received the reconfiguration message and continues operating at 2ms TTI for one more CFN cycle. Data transmitted in the meanwhile will be lost. If SRB2/SRB3/SRB4 are transmitted, the loss of the data will lead to an RLC unrecoverable error.  
The case outlined herein describes some limitations related to the switching procedure, resulting in substantial loss of 2ms TTI coverage. Improvements aimed at reducing the switching procedure lead time and at increasing the procedure robustness would on the other hand allow gaining 2ms TTI coverage.

2.3 Possible improvements

A way to delay the 2ms to 10ms TTI switch, hence gaining 2ms TTI coverage, may be achieved by improving the accuracy of the UL coverage measurements as well as the robustness and speed of the switching procedure.

Regarding the coverage measurement, as described in 2.1, the UPH may be used as trigger, since it provides an indication of the UL DPCCH and not only of the UE Tx power. In order to overcome the limitations listed in 2.1, some mechanisms based on triggering threshold, hysteresis margins, time to trigger, etc. may be introduced. The UPH may be transmitted as in legacy (i.e. as part of a SI) or a new MAC-i format and or header may be considered for this purpose. The UPH measurements received by the NodeB may be forwarded to the RNC by introducing some new Iub signalling, if needed.
Regarding the TTI switch, one of the issues highlighted in 2.2 is the necessity of having a synchronized switch which in turn leads to a trade-off between the choice of a short activation time, to gain coverage, and a more conservative activation time, to guarantee robustness. The example in 2.2  shows how, in some cases and regardless of the choice of the activation time, there might be a misalignment between the UE and the network. The current switching procedure doesn’t guarantee the required robustness.

The speed and robustness of the switching procedure may be improved by introducing a lower layer handshake (MAC or L1) between UE and NodeB allowing the network not to determine beforehand the activation time (i.e. the activation time would be “now”), but guaranteeing at the same time that both NodeB and UE are synchronized. For instance, when the reconfiguration message is received by the UE, it is applied as soon as possible. When the UE is ready to switch the TTI, it may start, e.g., a 2- or 3-way handshake with the NodeB. When the handshake is completed, both NodeB and UE switch to the new TTI. 
Whereas the robustness is improved by the handshake between UE and NodeB (with the handshake achievable in several alternative ways), the speed may be further improved by use for instance of (1) pre-configurations and L1 orders or (2) reducing the needed signaling between the NodeB and RNC, for instance letting the NodeB determine when to switch the TTI. Concerning the second approach, a layer 2 coverage indication (e.g. UPH carried in SI) may be easily combined with a NodeB switch decision, by-passing the signaling between NodeB and RNC and reducing significantly the signaling delays.
Proposal 2 Discuss UPH based measurement improvements

Proposal 3 Discuss methods for a faster and more robust EUL TTI switch. 
3 Conclusion

Sections 2.1 and 2.2 describe issues related to the determination of proper trigger for the 2ms to 10ms TTI switch and to the non-optimal speed and robustness of the TTI switch procedure.

Section 2.3 describes some high level methods in order to improve the issues identified in the previous sections.

Based on the discussion in section 2 we propose the following:

Proposal 1
Discuss methods for improving UL coverage measurements.
Proposal 2
Discuss UPH based measurement improvements
Proposal 3
Discuss methods for a faster and more robust EUL TTI switch.
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