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1 Introduction
Rel-14 WI [1] on performance enhancements for high speed was approved at RAN#70, and has been discussed in several RAN4 meetings. For RRM, the focus is the mobility performance with DRX, as the current DRX requirements, which are scaled with DRX cycles, are not suitable for high speed scenarios.

In RAN4#79, the candidate solutions identified during the SI phase were further discussed, and it was agreed that solution down-selection is needed for connected mode.
In addition, companies had extensive discussions on Candidate solution 2 (Enhance cell identification and measurement requirements in DRX for high speed scenarios) as it was considered as the most promising solution which can help to improve the mobility performance in high speed without heavily affecting UE power consumption. However, no agreement can be reached regarding this solution. 
In this paper, we will provide our views on the candidate solution down-selection for high speed mobility with DRX.    
2 Discussion
Idle mode
	As captured in [2] there are 2 candidate solutions identified for idle mode.

●
Candidate solution 1: tightening UE requirements (Huawei [R4-154763])
●
Candidate solution 2: providing the indication to UE and when UE is operating in the high speed UE should follows the tightened requirements(Ericsson [R4-154562]).


Both Candidate Solutions (CSs) are suggesting tightened RRM requirements. In RAN4#78bis, the following was already agreed 
	The enhanced requirements for Tmeas, Tevaluate and Tdetect shall be enhanced. As a starting point, the following values could be regarded as baseline:
· Tmeas=[1]*DRX cycle length
· Tevaluate=[3] *DRX cycle length
· Tdetect shall be further studied and the enhanced detection time under high side condition (SINR≥0db) shall be studied further.
The network assisted signalling needs further discussion.


The difference between the two CSs is whether the application of the tightened requirements is controlled by network indication. The issue was discussed in RAN4#78bis and RAN4#79, and as application of the tightened requirements would be at some cost or relying on the characteristic of high speed scenario (otherwise they should be applicable in generic manner), we think it is necessary to have the network control. 
Proposal 1: Adopt CS2 for idle mode.
Connected mode
7 CSs have been identified during the SI phase. In RAN4#78bis, it was already agreed that CS1 and CS6 are not studied further. 
	•
Candidate solution 1: UEs would need to perform cell search and measurement more frequently than once per DRX cycle;
•
Candidate solution 2: Enhance cell identification and measurement requirements in DRX for high speed scenarios (Huawei [R4-155792]);
•
Candidate solution 3: Trigger the active measurements, e.g., the UE could increase the measurement activity if the serving cell RSRP falls below a certain threshold(Qualcomm [R4-156050]);
•
Candidate solution 4: Network provides the assistant information to UE such that UE have different behaviour compared to the legacy UE (Intel);
•
Candidate solution 5: Enhanced RRM requirements are defined up to the upper bound DRX cycle (Nokia [R4-155854]).

•
Candidate solution 6: Enhance RRM requirements based on the estimated UE relative distance changes by the use of previous UE measurements at previous DRX ON durations (Alcatel-Lucent [R4-158183]).
•
Candidate solution 7: Reduce RLM (out of sync monitoring) window and RLF timers to enable quick RRC re-establishments in the target cell (Qualcomm [R4-157272])


CS2, in our view, should be the baseline solution for the high speed enhancement to support mobility with DRX. It is clear from the system level simulations that tightened RRM requirements (cell detection and RRM measurement) can help to improve the mobility performance with DRX. Also the link level simulations show that current requirements can be tightened based on some conditions. It should be noted that requirements tightening is the only solution for idle mode.

On the other hand, there are some open issues with the solution. 
First, what is the cost or condition for the tightening should be further discussed. In previous discussions, there are many proposals. For example, the tightening of measurement period requirement may be at the cost of measurement accuracy or number of monitored cells. Also the tightening of cell detection requirement might be conditioned on network providing the neighbour cell list. 
Second, the side condition of the tightened requirements still needs study. Currently two tightened cell detection requirements, i.e. 5 DRX cycles at -6dB and 1 DRX cycle at 0dB, have been evaluated via system level simulations. There is, however, no clear conclusion which tightening is more helpful/critical for the high speed mobility; on the other hand, RAN4 cannot specify requirements for too many side conditions considering the testability.  
Proposal 2: Adopt CS2 as baseline for connected mode. RAN4 to further study the cost/condition of the requirement tightening, as well as the side condition of the tightened requirements.
CS3 essentially means UE would perform cell detection or RRM measurement more frequently than once per DRX cycle when in HO region. It should be noted that with some long DRX cycle (e.g. >512ms) this will be mandatory to support mobility even with the tightened requirements. Unlike CS1 where UE is always required to search or measure more frequently than once per DRX cycle, CS3 only requires UE to do this when needed, so that configuring UE with long DRX is still meaningful. The reduced impact (to power saving) includes both non-high speed UE and high speed UE not in HO region.
Similar to CS2, there are also open issues with CS3. Particularly, the robustness of determining the RSRP threshold is questioned by companies. We have proposed an alternative solution where instead of using the RSRP as the trigger for the active measurement, network can control the time period during which active measurement is performed. In our view, this is more robust as the HO region can be well estimated with the knowledge of the cell range and train speed.[image: image1]
Proposal 3: CS3 or its variants is adopted if high speed support for long DRX is seen as needed. RAN4 to further discuss the trigger of the active measurement.
CS4 is about network assistant information. The issue was already discussed in RAN4#79, and we have a companion paper [3] to address all the signalling related issues.
CS5 is about whether to have an upper bound of DRX cycle to which high speed mobility is supported in terms of RRM requirements. We want to highlight that CS5 is closely related to CS3 as they are both about long DRX cycles. If CS3 is adopted there is then no need to define the upper bound DRX cycle – if mobility is an issue with once-per-DRX-cycle measurement, active measurement can be triggered. On the other hand, if CS3 is not adopted, there may be no sense to define the enhanced requirements for long DRX cycles if mobility is anyway problematic.
If CS5 is to be adopted, one issue to be further discussed is the exact bound of DRX cycle. This would depend on a lot of factors in the real deployment like the planned train speed, cell range and level of acceptable performance. We think the scenario under system level evaluation could be viewed as a typical case, and 512 or 640ms DRX may be selected as the boundary based on the results contributed by companies.
Proposal 4: CS5 is adopted if CS3 is not adopted. Exact upper bound of DRX cycle should be discussed. 
CS7 is different from all the other solutions in that it works in the RLM/RLF area (other solutions are in the area of cell detection and measurement). With the solution, UE would trigger RLF earlier due to reduced L1 evaluation time. Although late RLF triggering is a possible problem with high speed UE, in our view CS7 should not be adopted for the following 3 reasons.

First, there are other alternatives to solve the problem of late RLF without impacting RLM requirements. For example, network can configure a shorter value for T310, or enable T312. 
Second, HO based mobility is preferred over the RLF based mobility considering both the signalling overhead and user experience. Too early trigger of RLF may kill opportunity for performing HO. It is observed in our previous simulation that use of T312 only leads to marginal gain on outage ratio with 640ms DRX cycle.
Last, RLF triggering may be unreliable since it’s based on measurement of 1 sample..
Proposal 5: CS7 is not adopted.
3 Conclusions 

In this paper, we provided our view on each candidate solution identified during SI phase for RRM requirements, in order to support high speed mobility with DRX.
Based on the analysis, we have the following proposals.

Proposal 1: Adopt CS2 for idle mode.
Proposal 2: Adopt CS2 as baseline for connected mode. RAN4 to further study the cost/condition of the requirement tightening, as well as the side condition of the tightened requirements. 
Proposal 3: CS3 or its variants is adopted if high speed support for long DRX is seen as needed. RAN4 to further discuss the trigger of the active measurement.
Proposal 4: CS5 is adopted if CS3 is not adopted. Exact upper bound of DRX cycle should be discussed.

Proposal 5: CS7 is not adopted.
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