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1      Introduction
During the last RAN2 meeting (RAN2#83), an email discussion [83#13] was started to understand different results/trends from different companies regarding the use of short T310 or terminating T310 early under different conditions. It has been agreed to investigate the following:

· Discuss the different variants of T310 early termination

· Discuss and understand the simulation results and in particular why different simulations came to different conclusions. 

· Think about impact of coverage holes.

· More HOF/RLF with more pico cells? More gain with early termination?

In this contribution, we further study the performance of early T310 termination in comparison with short T310 and how measurement report modeling affects the performance results. 
2      Discussion
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Figure 1:
Timing relations between T310 running and A3 event [1]
Figure 1 shows four events of RLF timer T310 and TTT sequences. Below is the scenario when T310 is running regularly and expires (without early termination):
· Case 1: When TTT expires, the UE sends the measurement report before RLF starts

· If the HO command arrives at A, the HO is completed. 
· If the HO command arrives at B, HOF occurs in state 2. But target cell is prepared.
· Case 2 and 3: After TTT expires, since the channel condition at the UE is bad and no UL grant can be received by the UE, the UE can’t send the measurement report. Target cell is not prepared. When T310 expires, RLF is declared. 
· Case 4: Radio link Failure is declared before TTT expires. The UE can’t send the measurement report. Same as Case 2 and 3.

Observation 1: Target cell is not prepared if T310 is started before TTT expires.

3      Simulation Results

We have implemented the interruption time (RRC delay) agreed during the email discussion. That is: 250ms when the target cell is prepared and 450ms when the target cell is not prepared. Outage is defined as when Qout is < -8dB and not overlapping with interruption time. The measurement report model is based on Qout >= -8dB. When the TTT expires, and Qout <-8dB, the UE cannot get UL grant and no measurement report can be sent. In this case, the target cell is not prepared. We have implemented different T310 values for 30km/h and 120km/h UE. In addition, we have further investigated whether there is benefit to early termination of T310 under different schemes [6,10] in comparison to using a shorter T310. 
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Figure 2: Outage + interruption time for T310 and early T310 termination schemes
Figure 2 shows the outage + interruption time distribution among prepared and unprepared cells per UE per second over a simulation of 2000s. The outage time decreases when a shorter TTT and early T310 (labelled as “ET”) are used. ,ET is also same as RLFoffset = 2dB. Labels “5dB” and “10dB” are the RLFoffset early T310 termination scheme in [10]. The results show that early T310 termination and RLFoffset both indeed reduce the outage time and hence the overall outage and interruption time. 

Observation 2: Short T310, early T310 termination and RLF offset reduces outage time and hence the overall outage and interruption time.
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Figure 3: Potential gain if all target cells are prepared

Figure 3 shows the potential gain if all target cells are prepared. It can be seen that the gain is not significant and it comes at the cost of additional signalling overhead. 

Observation 3: There is very little gain if all cells are prepared at a cost of extra signalling.
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Figure 4: Number of RRC re-establishments
There is discussion regarding false alarm T310 termination and coverage-hole scenarios which are hidden from the current simulation assumptions:

1. T310 starts due to true bad channel condition: 
This scenario describes the case where the UE is really facing RLF regardless of whether a long or short T310 is used. In this case, a short TTT or early T310 termination will reduce outage time. This can be shown in Figure 4. The number of RRC re-establishments does not change when early T310 or RLF offset are applied in slow moving UE (30km/h).
2. T310 starts due to fast fading or temporary bad channel condition:  
In this scenario, a longer T310 will result in T310 stopping when the channel conditions become good again. This may be caused by a fast moving UE passing a pico cell or fast fading. In this case, short TTT and early T310 termination will also reduce outage time but will cause an unnecessary increase of interruption time. This can be seen in the interruption time increases in Figure 2 when short T310 is used.
Figure 4 (right) shows the increases in RRC re-establishment when early T310 is used in comparison to T310 = 1s. This shows the unnecessary RLF and RRC re-establishment (false alarm).
3. Short T310 is used under coverage-hole scenario (not captured in current simulation): 
In this case, the channel may be temporarily bad due to a coverage hole. Using short T310 will declare RLF too soon before the link can recover on its own. This is similar to scenario 2. 
Observation 4: Short T310 increases the number of RRC re-establishments.

Observation 5: Early T310 termination and RLFoffset do not increase the number of RRC re-establishments for slow moving UE (30km/h).

Observation 6: Early T310 termination and RLFoffset increase the number of RRC re-establishments for fast moving UE (120km/h).
Observation 7: There may be some problems due to false T310 termination or too short T310 used under fast fading channel or coverage-hole scenarios.
Potential RLF enhancement under false alarm and coverage-hole scenarios
Figure 2 shows the total outage + interruption time of a slow moving UE (30km/h) and fast moving UE (120km/h). Fast moving UE experience 100 times the total interruption time of slow moving UE. One of the reasons is that the channel condition is a lot worse for a fast moving UE than a slow moving UE. If different T310 can be applied based on UE mobility state, the case of false alarm can be eliminated. This can be seen in Figure 4. The number of RRC re-establishments does not change when T310 = 200ms and 500ms are used in slow moving UE (30km/h). T310 = 200ms and 500ms will increase the number of RRC re-establishment for fast moving UE. Another option is that early T310 termination could be applied only to slow moving UE but not fast moving UE to reduce the false alarm case. 
Proposal 1: Early T310 termination should only apply for low mobility UE.

Proposal 2: A different T310 should be applied for different UE mobility state.
4      Conclusion

A detailed simulation and analysis is presented in this contribution. We show that outage and interruption time can have different trends under different conditions. Based on our analysis, we believe that early T310 termination may benefit slow moving UE but not fast moving UE. In addition, some benefit can be achieved by using different T310 based on the UE mobility states. 

Observation 1: Target cell is not prepared if T310 is started before TTT expires.

Observation 2: Short T310, early T310 termination and RLF offset reduces outage time and hence the overall outage and interruption time.

Observation 3: There is very little gain if all cells are prepared at a cost of extra signalling.
Observation 4: Short T310 increases the number of RRC re-establishments.

Observation 5: Early T310 termination and RLFoffset do not increase the number of RRC re-establishment for slow moving UE (30km/h).

Observation 6: Early T310 termination and RLFoffset increase the number of RRC re-establishments for fast moving UE (120km/h).
Observation 7: There may be some problems due to false T310 termination or too short T310 used under fast fading channel or coverage-hole scenarios.
Proposal 1: Early T310 termination should only apply for low mobility UE.

Proposal 2: A different T310 should be applied for different UE mobility state.
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