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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#78bis, companies continued the analysis on the candidate solutions identified during the SI phase. As the outcome of the discussions, WF [2] was agreed with the main points copied below.
	WI scope
· Intra-frequency requirements are the top priority for enhancement;
· eDRX configuration is not considered;
· Only 2Rx RRM requirements are considered in high speed scenario;
· FFS: deactivated SCell measurements and DRS based measurements
For idle mode
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.
For connected mode candidate solutions
· Candidate solution 1 and 6 are not studied further.

· Some solutions are complementary, and combination of some solutions may be considered.
· Further evaluation work for the remaining solutions is needed


The solution to enhance RRM requirements was considered as the most important one, as it can help to improve the mobility performance in high speed without heavily affecting UE power consumption, which motivates the use of DRX. Several aspects related to enhanced requirements were discussed, but there are still many open issues. 
In this paper, based on agreed WF we will provide our views on the WI scope, and also discuss the open issues related to enhanced requirements.    
2 Discussion
WI scope

In [2] it is agreed that intra-frequency requirements are top priority for enhancement, while whether measurement requirements for deactivated SCell and DRS are FFS. 
Ideally, all DRX related measurement requirements should be enhanced for high speed, including inter-frequency, inter-RAT, deactivated SCell and DRS based measurements. However, considering the limited time of the WI and the specification impacts, it would be good to define a priority for different types of measurements.
In our understanding, the mobility related measurements should be prioritized. It is expected that high speed scenario would be very likely to be covered by dedicated network deployed along the railway and possibly on a dedicated carrier frequency. Therefore, intra-frequency HO would be the most useful mobility mechanism. 
As LTE is a relative new technology, operators may have provided coverage along the railway with 2G/3G technologies. In order to protect the investment and provide a fallback for LTE network, it is reasonable to consider the mobility with other technologies, so we think inter-RAT measurements should be on the 2nd priority.

In some deployments, operator may deploy the high speed network on multiple carrier frequencies, especially when the communication demands are increasing with the modern high speed trains. The fact that a lot of UEs are concentrated within a small area (train) puts more challenges to the network capacity if only a single carrier frequency is used. Therefore, inter-frequency measurements should also be enhanced and we think it can take the 3rd priority. 

For inter-frequency and some inter-RAT measurements, IncMon requirements have been defined to enable UE to monitor a larger number of carrier frequencies. For high speed scenario, we don’t expect the number of deployed carriers can exceed the limit set by Rel-8 UE monitoring requirement, so IncMon requirements should not be enhanced for high speed scenarios. 

DRS measurements were introduced by Rel-12 SCE feature. Although the feature is usually working with CA, the measurement requirements for also defined for intra- and inter-frequency. In high speed scenario, it is possible that there is no UE in a cell without the train passing through, and in this case, network may stop transmission of CRS to save power. The intra- and inter-frequency mobility would be based on DRS, so the measurement requirements should be also enhanced, and take the 4th priority. 
For measurement of SCC with deactivated SCell, the main purpose is to enable UE to report a better cell on the SCC. As in high speed scenario the multi-carrier cells are most likely co-located and mobility is on PCell, we don’t see a strong need to enhance the measurement requirement.

Proposal 1: RAN4 to enhance the RRM measurement requirements with the priority: Intra-frequency, inter-RAT, inter-frequency, DRS. 

Proposal 2: Measurement requirements for deactivated SCell are not enhanced. IncMon requirements are not enhanced.

Enhanced requirements
In [2] it is agreed that for idle mode cell reselection, Tmeas (how frequent UE should measure) is enhanced to 1 DRX cycle, and Tevalute (how long UE shall be able to evaluate an identified cell against cell reselection criteria) is enhanced to 3 DRX cycles. 

For connected mode, there is no Tmeas as UE shall measure in every DRX cycle. Tevaluate is similar to measurement period, as this is the time period during which UE can average the measurement samples to get an accurate result. Therefore, we think the measurement period for connected mode can be also enhanced to 3 DRX cycle. 

In RAN4#78bis, some companies proposed that some trade-offs may be needed in order to meet the enhanced requirements. For example, requirements on measurement accuracy and number of monitored cell may be relaxed. In our view, measurement accuracy is still important for high speed mobility, as inaccurate measurement results could also leads to incorrect HO decisions. Also our simulation results in [3] show that it is feasible to fulfil the current accuracy requirements with the enhanced measurement period requirements. Therefore, we think the measurement accuracy requirement should not be impacted due to the enhanced measurement period requirements.

In current spec UE is required to monitor 8 cells on intra-frequency carrier and 4 cells on inter-frequency carriers. For high speed scenario, such a number may not be needed, as UE may only see one neighbour cell along the railway, so this requirement may be relaxed. The network signalling of neighbour cell list and related UE behaviour were also discussed, and some companies proposed that in high speed scenario, UE only monitors the cell in the network indicated list to improve the RRM measurement performance. We understand the motivation of the proposal, but we also think we should be careful with the UE behaviour as in normal LTE UE measurement is not limited by the configured neighbour cell list. The proposed solution will put special requirement on network deployment and implementation, so we think it is too restrictive to be used as the assumption for requirements.  
Proposal 3: Connected mode measurement period is enhanced to 3 DRX cycles. Measurement accuracy requirement should not be impacted. 
Proposal 4: Requirements on number of monitored cells could be relaxed, but UE behaviour regarding the configured neighbour cell list should not be changed.

Above discussions are for measurement period requirement, but another limiting factor for high speed mobility is the cell detection requirement. It is not clear what is the feasible level of enhancement and what is the possible trade-off, so RAN4 should continue to discuss this issue. 
Applicability of the enhanced requirements
Network controlled applicability of the enhanced requirements has been also discussed, e.g. Candidate Solution 2 for idle mode and Candidate Solution 3 for connected mode. As the enhanced requirements may come at some cost (e.g. relaxed requirement on number of monitored cells), we think it is meaningful that the enhanced requirements are applied under network control, in order to minimize the negative impacts to high speed UEs (e.g. when UE is not in HO region), and more importantly non-high speed UEs.
When designing controlling mechanism, one issue to be discussed is whether network can distinguish high speed and non-high speed UEs. If network can do this, it can control the applicability of enhanced requirements per UE basis (i.e. only for high speed UEs). It is clear that with some implementation network can support this, but on one hand we should not enforce any implementation options and on the other hand there is no requirement how well it can be done. Also it would be desirable to define a common controlling mechanism for both idle and connected mode, and it is clear that in idle mode the network control can only be done in cell-specific manner.
In RAN4#78bis, we proposed a solution that the enhanced requirements that network controls all UEs to apply the enhanced requirements for a certain time period after inbound HO or reselection. There were some comments to this solution, e.g. whether it is necessary for high speed UE to apply the enhanced requirements immediately after inbound HO or reselection. We think it can be up to network to decide when and for how long UEs should apply the enhanced requirements.  

While this solution ensures the robust mobility for high speed UEs, it will at the same time have limited impact on non-high speed UEs. In addition, the solution is very simple in the sense that it does not require network to distinguish high speed and non-high speed UEs.  
Proposal 5: The enhanced requirements should be applied under network control. Network is not assumed to distinguish high speed and non-high speed UEs.
Proposal 6: Consider the solution that network controls all UEs to apply the enhanced requirements for a certain time period after inbound HO or reselection.  
3 Conclusions 

In this paper, we discussed several issues for high speed RRM work. For the WI scope we analysed different types of measurements, and provided a priority list for enhancements. We also discussed to what extent the measurement period requirements can be enhanced, and when the enhanced requirements should apply.
Specifically, we have the following proposals.

Proposal 1: RAN4 to enhance the RRM measurement requirements with the priority: Intra-frequency, inter-RAT, inter-frequency, DRS. 

Proposal 2: Measurement requirements for deactivated SCell are not enhanced. IncMon requirements are not enhanced.   
Proposal 3: Connected mode measurement period is enhanced to 3 DRX cycles. Measurement accuracy requirement should not be impacted. 
Proposal 4: Requirements on number of monitored cells could be relaxed, but UE behaviour regarding the configured neighbour cell list should not be changed.

Proposal 5: The enhanced requirements should be applied under network control. Network is not assumed to distinguish high speed and non-high speed UEs.

Proposal 6: Consider the solution that network controls all UEs to apply the enhanced requirements for a certain time period after inbound HO or reselection.
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