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1 Introduction
In RAN#70 meeting, the WI of “Performance enhancements for high speed scenario” had been approved. The objective of the work item is to “specify the requirements for UE RRM, UE demodulation and BS demodulation which were identified in SI stage. Target moving speed is at least 350km/h and at most 750km/h, depending on candidate solution. Supporting more than 350km/h is only considered for the unidirectional RRH arrangement and the frequency pre-compensation solution.” [1] The objectives of the WI for core parts and performance parts of RRM requirements in DRX are:

· Specify enhanced RRM requirements, under DRX configuration for idle mode in high speed scenarios. The evaluation of the candidate solutions shall be carried out. (RAN4)
· Specify enhanced RRM requirements in long DRX (no less than 160ms) for connected mode. The evaluation of the candidate solutions shall be carried out. (RAN4)
· Specify new test cases for enhanced RRM requirements in idle mode

· Specify new test cases for enhanced RRM  requirements in DRX in connected mode based on the outcome of the discussion of core requirements, if needed
In RAN4 #78 meeting, the RRM requirements in DRX for idle mode and connected state under high speed scenarios had been discussed. However, there is no consensus reached. In this paper, we will share our views on the evaluation of RRM requirements in DRX under high speed scenarios.
2 Candidate solutions for RRM enhancements in DRX under high speed scenarios
2.1 RRM in DRX for idle mode
RRM in DRX for idle mode had been studied in SI, and the following candidate solutions were provided in TR.36.878[2]:

· RRM in DRX for idle mode:

The existing latency requirements under DRX configuration for idle mode are not suitable for high speed scenario;
· 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]).

The difference of the two candidate solutions is whether the requirements are tightened for all UEs. For both candidate solutions, UE shall follow the tightened requirements when it is under the high speed conditions. 

Observation 1: For the candidate solutions of RRM in DRX for idle mode provided in SI, UE shall follow the tightened requirements when it is under the high speed conditions.

2.2   RRM in DRX for connected mode
RRM in DRX for connected mode had been studied in SI, and the following candidate solutions are provided:

The following latency requirements in long DRX (no less than 160ms) for connected mode would result in performance degradation under high speed scenario:

· Cell identification time 

· Measurement period 

Note: There is no consensus on short DRX configuration. Some companies provide the analysis showing in short DRX the existing latency requirements would result in performance degradation under high speed scenario [R4-155792].

The following candidate solutions are provided,

· 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])
For candidate solution 1, UE performs cell search and measurement more frequently under the high speed conditions. For this solution, power consumption of UE will increases significantly. As we known, long DRX cycles are used for the purpose of saving power consumption. If the power consumption can’t be saved for the long DRX cycle, shorter DRX cycle shall be considered. 

For candidate solution 2, as explained in [3], the cell identification delay and measurement period requirements are reduced without additional wake up activity in DRX. For this solution, UE’s capability should be considered. Simulations are needed to find the proper cell identification delay and measurement period requirements reduction. 

Candidate solution 3 can be seen as candidate solution 1 with a trigger condition. It increases power consumption under high speed scenarios compared to legacy UE, but reduces the power consumption compared to candidate solution 1. This solution also will increase the power consumption under low speed scenarios. In order to reduce the influence to the legacy scenarios, this solution shall be combined with other solutions.
Candidate solution 4 is a scenario-specific solution. For this solution, there is no need for UE to detect the scenarios. UE can have different behaviour under different scenarios. As current measurement delay requirements for long DRX cycles are too long for UE to guarantee mobility performance under the high speed scenarios, this solution shall be combined with other solutions.

For some long DRX cycle configurations, the RRM performance under high speed conditions may not acceptable even when the cell identification delay is reduced to be a fairly small value. Therefore, candidate solution 5 can be considered and combined with other solutions. The upper bound of the DRX cycle needs more evaluation and discussion.
For candidate solution 6, the accuracy of the estimation of UE relative distance change and received DL power may hard to be guaranteed, which may degrade the performance in the real implementation. It is difficult for UE to ensure the performance under this solution.
Candidate solution 7 can reduce the RRC re-connected time for UE under the high speed train scenarios. However, it may harmful to the robustness of radio link monitoring, and harmful to the UE in the low speed scenarios. More evaluations and discussions are needed.
Proposal 1: Candidate solution 5 combined with other solutions can be considered for the RRM enhancement in long DRX for connected mode.
3 Evaluations for RRM under high speed scenarios
With the discussions in section 2 on the candidate solutions provided in SI, evaluations are needed for the candidate solutions. In previous meetings, several system level simulation results had been provided by interested companies. [4] provided the analysis on outage rate and paging loss probability of the enhanced and legacy cell detection requirements in idle mode. [5] provided the handover failure rate and outage percentage for the legacy cell re-selection requirements in RRC connected mode. [6] calculated the SINR at the time earlier than the ideal handover time, to see if the target cell is detectable at this point in time. [7] analysised the handover failure rate and RRC connection re-establishment rate for the legacy and enhanced cell re-selection delay requirements in RRC connected mode. 
System level simulation is necessary for the study on the enhancement. It shall be used to verify the candidate solution. For a given cell detection delay and RSRP measurement period, the mobility performance of system shall be investigated, only the configurations with acceptable performance is feasible.

For the investigation of the system level performance, some conclusions derived by the link level simulations shall be considered. For example, for the system level simulations for RRM in DRX under high speed scenarios, the assumptions of measurement error of RSRP and SINR for UE Qout are needed. Based on the simulation results in the previous meetings, the PDCCH performance difference between the existing high speed scenarios and Rel-8 test channels is observed. In TS36.133, the RSRP measurement accuracy requirements are looser under the high speed scenarios compared to the Rel-8 requirements. Therefore, it may unreasonable to use current requirements in TS36.133 to be the assumptions under high speed scenarios, more link level evaluations are needed. 

Another importance of link level simulations is to ensure the capability of UE. For example, the mobility performance of the system may acceptable under an assumption of cell identification time delay and RSRP measurement period. However, under that assumption, the probability of cell detection may not high enough, and the RSRP measurement accuracy may unacceptable. In order to avoid such situation, the link level simulations shall be carried out to providing a guideline on the range of cell identification time delay and RSRP measurement period with the consideration of UE’s capability.

Based on the discussions above, for the study on the enhancement of RRM in DRX under the high speed scenarios, both system level simulations and link level simulations are needed. For the evaluation of the enhancement, the following steps can be considered:
· Step 1: Link level evaluations for cell identification, RSRP accuracy, Qin, Qout, etc. For the purpose of :

· Providing guideline on the range of cell identification delay and RSRP/RSRQ measurement period for different DRX cycles with the consideration of UE’s capability;
· Providing necessary parameter assumptions for system level evaluations, the parameters include SINR of Qout, RSRP accuracy, etc.

· Step 2: System level evaluations for the mobility performance, for the purpose of verifying the mobility performance of the enhancement solution. Based on the system level evaluations, the upper bound of DRX cycle can be achieved.
· Step 3: Specify the enhanced requirements based on the alignment simulations results provided by interested companies.
As the system link evaluation is mainly used to verify the performance of the enhancement solution, the simulation methodologies with high complexity shall be avoid.

Proposal 2: The above steps are considered for the evaluation of the enhancement of RRM in DRX under high speed scenarios.
4 Conclusions
In this contribution we discuss the candidate solutions for RRM requirements in DRX under the idle mode and RRC connected mode and the evaluation methodology for the RRM under the high speed scenarios. It is observed that:

Observation 1: For the candidate solutions of RRM in DRX for idle mode provided in SI, UE shall follow the tightened requirements when it is under the high speed conditions.
We propose that

Proposal 1: Candidate solution 5 combined with other solutions can be considered for the RRM enhancement in long DRX for connected mode.

As evaluations are needed for all candidate solutions, we propose a guideline on the evaluations for RRM enhancement in DRX, including the following steps:

· Step 1: Link level evaluations for cell identification, RSRP accuracy, Qin, Qout, etc. For the purpose of :

· Providing guideline on the range of cell identification delay and RSRP/RSRQ measurement period for different DRX cycles with the consideration of UE’s capability;

· Providing necessary parameter assumptions for system level evaluations, the parameters include SINR of Qout, RSRP accuracy, etc.

· Step 2: System level evaluations for the mobility performance, for the purpose of verifying the mobility performance of the enhancement solution. Based on the system level evaluations, the upper bound of DRX cycle can be achieved.

· Step 3: Specify the enhanced requirements based on the alignment simulations results provided by interested companies.

As the system link evaluation is mainly used to verify the performance of the enhancement solution, the simulation methodologies with high complexity shall be avoid.

We propose that:
Proposal 2: The above steps are considered for the evaluation of the enhancement of RRM in DRX under high speed scenarios.
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