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1 Introduction
Rel-14 WI [1] on performance enhancements for high speed was approved at RAN#70. The objective of the WI is to define performance requirements applicable to existing and new high speed scenarios, by resolving the technical issues identified during the SI [2].
The requirements to be enhanced include UE RRM (core and performance), UE demod and BS demod. In this paper our focus is UR RRM requirements. For this aspect, the specific objectives in [1] are

	· Issues:
· For RLM requirements under the existing scenarios, PDCCH performance difference between the existing high speed scenarios and Rel-8 test channels shall be observed. Therefore new test cases of RLM under HST channel shall be specified.

· For RLM requirements under the identified scenarios, PDCCH performance in SFN channel has degradation compared with ETU70 in Rel-8, which implies the performance enhancement needs to be considered.

· For latency requirements under DRX configuration;

· In RRC idle state, the existing latency requirements under DRX configuration are not suitable for high speed scenario;

· In RRC connected state, cell identification time and measurement period in long DRX (no less than 160ms) for connected mode would result in performance degradation under high speed scenario.

· Core:
· 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 higher-layer signalling if the final solution introduces signalling in the above two bullets. (RAN2)
· Perf:
· 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

· Specify RLM test cases for existing high speed scenarios based on the outcome of the discussion of core requirements, if needed

· Specify RLM test cases under SFN channel with enhanced UE receiver based on the outcome of the discussion of core requirements, if needed

· Receiver robustness in other scenarios/channels should be considered.


In this paper, we will provide general view on the UE RRM requirements for high speed.
2 Discussion
RLM
For RLM UE will measure the SINR from serving cell CRS, and compare it with thresholds Qin and Qout to claim L1 IS and OoS indication. The values of Qin and Qout are up to UE implementation, and shall correspond to 2% and 10% BLER of hypothetical PDCCH transmissions. 
It is clear that the Qin and Qout values depends on UE PDCCH demod performance, which is further impacted by the propagation conditions. Current RLM test cases are defined for 3 channels: AWGN, ETU30 and ETU70. Going to high speed channels like EVA875 or SFN, the demod performance is expected to be different.

However, in real deployments UE does not know the exact propagation conditions, and it is up to UE implementation to set properly the values for Qin and Qout based on channel estimation. In RLM tests, SNR levels are derived from Qin and Qout with implementation margins. The margins account for the inaccuracy in the CRS SINR measurement, but also the UE adjustment for different propagation conditions. The margins used for current RLM test cases are as below. 
· For AWGN: margin1 = 2 dB and margin2 = 2 dB
· For ETU 70Hz: margin1 = 3 dB and margin2 = 2.5 dB
For existing high speed scenarios, the simulation results for the accuracy of RSRP/RSRQ measurement in [2] show that the measurement performance in high speed channels (EVA875, HST875 and HST Scenario 3) are similar to AWGN, so the same margins should be used if high speed RLM test cases would be developed. 
On the other hand, the RLM test cases for high speed channels are meaningful only when there is an obvious difference in the PDCCH demod performance compared to currently used channels. In the SI the PDCCH demod performance in existing high speed scenarios was not extensively studied, and only one company provided the simulation results. We think in the WI the evaluation work should continue, in particular considering the Qin and Qout values are based on averaging of results from more than one company.
For new high speed scenario, in particular SFN, we understand that some solutions would be defined to improve the UE demod performance. It is therefore not so meaningful to discuss the RLM core requirements or test cases before the solution is fixed.
Proposal 1: For existing scenarios, RAN4 should evaluate the PDCCH demod performance in high speed channels, and define new RLM test cases if big performance difference is observed compared to currently used channels. Same implementation should be used if new RLM test cases are to be defined.

Proposal 2: For SFN scenario, RAN4 should discuss RLM core requirements or test cases after solution is fixed in the UE demod discussion.

RRM
For RRM, the main issue is the delay requirements for cell identification and measurement with DRX. In current specification, the delay requirements for DRX are defined assuming UE only takes one sample per each DRX cycle, and it is clear that with long DRX there would be mobility problems as the UE does not have sufficient information to detect the changes in radio channel condition of serving cell and neighbour cells in a timely manner. Additionally identifying new cells in a timely manner becomes challenging. 
For connected mode, 7 candidate solutions were captured in [2].

	•
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])


In our view, the baseline and most straightforward solution is that network configures UE with no or only utilizes DRX configurations with rather short DRX cycles. According to Candidate solution 5 we proposed in the SI, UE can then follow the current mobility behavior in terms of triggering RLM and sending measurement reports, with the delay requirements as defined in today’s spec. The problem of this solution is the break point, i.e. for which DRX duty cycles UE can follow the existing behavior and requirements. In [2] 160ms was identified, but it is also noted that shorter DRX may also be problematic. 

	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].


We think R4-155792 [3] provided a good simulation study of high speed mobility with DRX, and the observations there should be further checked by all interested companies. We think this is the first thing RAN4 should check. 

Proposal 3: RAN4 should first check the proper break point between short and long DRX cycles, i.e. below which DRX cycle the current mobility behaviour and requirements can be followed. 
Once the break point is confirmed, RAN4 can further discuss if solutions for long DRX cycles (those larger than the break point) should be developed. We are basically supportive of this work if any meaningful solution can be found, and next we will also provide our views.

The high speed mobility with DRX is actually similar to normal mobility with eDRX, and we think same solution can be used. For example, UE should check if the serving cell is still valid when waking up from DRX, and try to find the next target cell if serving cell is no longer available. UE should finish this process quickly, i.e. not following the DRX configuration of the serving cell. This is the solution we proposed for eDRX idle mode [4], and it is similar to the combination of Candidate solution 3 and 7. 

For idle mode, UE is always with long DRX. The candidate solutions identified in [2] are
	•
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 are based on enhanced UE requirements. In general we support looking into further enhancement or tightening of UE measurement requirements, but we also think concrete techniques should be studied. For example, Candidate solution 6 for connected mode could be a possible approach, but whether it can be taken as assumptions for performance requirements remains to be discussed. Additionally the impact on the UE power consumption needs to be considered.
On the other hand, the same solution as for connected mode can be also considered for idle mode. This is our preferred solution for idle, because a consistent UE behaviour and requirements can be then defined for both idle and connected.

Proposal 4: For long DRX, UE should check if the serving cell is still valid when waking up from DRX, and try to find the next target cell if serving cell is down. UE should finish this process without following DRX. This solution is used for both idle and connected mode.
3 Conclusions 

In this paper, we provided our general view on the open issues of UE RRM requirements for high speed as listed in the WID.  
We have the following proposals:

Proposal 1: For existing scenarios, RAN4 should evaluate the PDCCH demod performance in high speed channels, and define new RLM test cases if big performance difference is observed compared to currently used channels. Same implementation should be used if new RLM test cases are to be defined.

Proposal 2: For SFN scenario, RAN4 should discuss RLM core requirements or test cases after solution is fixed in the UE demod discussion.
Proposal 3: RAN4 should first check the proper break point between short and long DRX cycles, i.e. below which DRX cycle the current mobility behaviour and requirements can be followed.
Proposal 4: For long DRX, UE should check if the serving cell is still valid when waking up from DRX, and try to find the next target cell if serving cell is down. UE should finish this process without following DRX. This solution is used for both idle and connected mode.
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