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1. Introduction
The discussion on mobility performance for the high speed train study item has been ongoing for a few meetings. The scenarios to be studied were agreed and tentatively included in the corresponding TR [1]. In [2], [3] we presented some analysis of the RRM limitations in some scenarios with long DRX. In this paper we present another possible solution to improve mobility performance with longer DRX cycles.
2. Discussion

In previous papers [2], [3] it was shown that mobility performance degrades with longer DRX cycles. In order to solve this issue some proposals to increase the UE measurement activity for these cycles were made. In [4] it was noted that the main purpose of longer DRX cycles is to enable lower batter consumption, as such, simply increasing the UE measurement may not be the most appropriate solution. Below we propose another possible solution.

In long DRX cycles the UE has increased measurement delays and radio link monitoring window. Most likely, the UE discovers the next cell that should be the hand over target after it is already out of the coverage of the serving cell. This makes it impossible to perform HO and the re-establishment in the target cell is also delayed by the length of the RLM window and other RLF timers. In order to reduce the re-establishment delay, one possible solution would be to trigger the re-selection as soon as possible. As such, it would be useful to reduce the RLM window length and trigger a cell search as soon as the UE realizes that the serving cell level is too low. Considering the relative predictability of the high speed train scenarios identified so far, the probability that the UE will trigger RLF too early or that this kind of behavior leads to ping-pongs between cells is very low. 

Taken to the limit, the RLM window could be reduced to 1 sample for long DRX cycles in HST scenarios(the UE should be aware that it is in such a scenario). When the UE wakes up for DRX on duration, it will trigger Qout if the serving cell level is too low. This will in turn trigger a neighbor cell search immediately and the target cell for re-establishment (most likely the next cell along the railroad tracks) will be identified with minimal delay. 

The feasibility of the proposal described above was evaluated through some simple simulations. The simulation assumptions are the same as the ones used in previous analysis [2], [3]. The simulation results for the Qout duration are shown in Figures 1-4 for different scenarios and DRX cycle length. The RLM window is configured to be 1 sample(if the UE detects that the serving cell is below the OoS threshold when it wakes up for DRX on duration it triggers a search). A cell is considered detectable on the first search attempt if the SNR is above -3dB. After OoS is triggered, the UE searches for new cells every 40ms until a new cell is found. After the cell is identified, the RRC re-establishment is triggered. 
As can be seen from the results, the UE is able to detect the target cell on the first attempt with a very high probability. This is expected given that by the time the UE is out of the coverage of the serving cell it is already well within the coverage of the target cell. 
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Figure 1. Qout duration in scenario 1 with 320ms DRX cycle
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Figure 2. Qout duration in scenario 1 with 640ms DRX cycle 
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Figure 3. Qout duration in scenario 4 with 320ms DRX cycle 
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Figure 4. Qout duration in scenario 4 with 640ms DRX cycle 
It should be noted that the proposed solution has less impact on battery life compared to simply increasing the UE measurement activity since the UE will only trigger a search when this is actually needed.

3. Conclusion
 In this paper we proposed a possible solution to improve the mobility performance in high speed train scenarios with longer DRX cycles(>160ms). Our proposal is to reduce the RLM window(even to 1 sample) and trigger a neighbor cell search as soon as the UE triggers out of sync. Based on our simulation results this proposal has the potential to greatly reduce the Qout duration for such scenarios.
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