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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#80, there are further discussion on the candidate solutions, scope of the WI in terms of which requirements are to be enhanced and the network signaling. In particular, the following was agreed in Chairman’s Notes.
	· Cell identification and measurement requirements in DRX for high speed scenarios are enhanced

· Candidate solution 7 is not studied further

· DRS will not be included in this WI


In addition, an LS to RAN2 [2] was agreed on the introduction of HST indicator. The details are coped below.

	Under the release 14 work item on Performance enhancements for high speed scenario (LTE_High_Speed), RAN4 has agreed to specify enhanced cell identification and measurement period/evaluation period requirements for UEs both in idle mode and in RRC Connected state with DRX.

As RAN4 expects that the enhanced performance may have other implications such as increased UE power consumption, RAN4 considers that it would be beneficial to indicate to UEs that the enhanced requirements are enabled using per-cell signalling. The indication is needed both for idle mode UEs and for RRC connected UEs, so needs to be available in both states (for example it could be broadcast in system information and also provided in the handover command).


There are, however, still many open issues remaining in the HST RRM, including at least the applicability of the HST requirements, candidate solutions on handling of long DRX cycles, side condition for the enhanced requirements as well as possible introduction of HST cell list to help UE cell detection.
In this paper, we will provide our views on the remaining issues of HST RRM.    

2 Discussion
Applicability of the HST requirements
It is clear that the application of HST requirements will have some implications to the UE, such as increased power consumption as mentioned in [2], and other implications may be increased ping-pongs in HO and increased false alarm in cell detection depending on the exact RRM solution agreed for HST. 

Therefore, it is beneficial that the HST requirements only apply to HST UE and when necessary. As HST indicator will be using per-cell signalling, denoting the cell broadcasting HST indicator as HST cell (e.g. cells deployed along the railway track), it is highly likely that there are non-HST UEs in an HST cell. The applicability rule of the HST requirements should be defined to minimize the application of HST requirements by a non-HST UE.
To solve the problem, the time-limitation based solution as we have been proposing for Candidate Solution (CS) 3 should be considered.

In the proposal, the UE (both HST and non-HST) would apply HST requirements for a limited time period after entering an HST cell. The network can control the time period during which HST requirements are applied. The proposal works due to the fact that network can well estimate time period it would take for an HST UE to pass the cell with the knowledge of the cell range and train speed. For non-HST UEs there will be some increase in power consumption but it will be limited due to the time limitation. Figure 1 below gives an illustration of the proposal. In the example, the HST requirements apply immediately after the in-bound HO and stops T after the HO. 
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Figure 1 Example of UE performing additional active measurement in for a limited period
Another aspect that needs to be addressed for the applicability rule of HST requirements is the UE speed estimation. Early from Rel-8, UE is expected to be able to estimate its mobility state as specified in section 5.2.4.3 of 36.304. One possible approach to handle non-HST UEs in an HST cell could be that if UE estimates its mobility state as “high”, it will apply the HST requirements; if the mobility state estimated by the UE is “medium” or “low”, UE will ignore the HST indicator and not apply HST requirements. On the other hand, it may not be the case that all UEs are capable of reliably estimating its moving speed, so for the sake of mobility robustness, network may also want HST indicator to take high priority than UE mobility state estimation. In this case, all UEs in an HST cell will apply HST requirements but only for a limited time as proposed above. In short, RAN4 could discuss such UE autonomous application of HST requirements based on speed estimation and whether there is a need for network control.
Proposal 1: Applicability rule of the HST requirements should be defined to minimize the application of HST requirements by a non-HST UE.
Proposal 2: Time-limitation based approach could be considered to control the application of HST requirements.
Proposal 3: RAN4 could discuss UE autonomous application of HST requirements based on speed estimation and the need for network control.
Candidate solutions for long DRX cycles
Based on the discussions so far, CS2 (enhancing the cell detection and RRM measurement requirements for HST) will be adopted as baseline solution, and the remaining solutions are CS3 (trigger active measurements in HO region) and CS5 (define upper bound DRX cycle for enhancement requirements). The reason why CS3 and CS5 are left open is that they are proposed to handle long DRX cycles. 

It is clear that some long DRX cycles like 1024ms or 2048ms are not suitable for most HST scenarios. One way to solve the problem is that network could avoid using such DRX cycles for HST UEs if it expects mobility robustness issues with long DRX. However, such network implementation based solution cannot work for Idle mode, nor for the case where network cannot estimate the moving speed of all UEs. Therefore, we think some solutions are needed in the performance requirements.
With CS3 UE would perform cell detection or RRM measurement more frequently than once per DRX cycle (demoted as active measurement) 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. There are problems with CS3 as raised up by companies during the previous discussions. Two main issues are the inaccuracy and delay in the RSRP estimation. The latter is a big problem i.e. if we have long DRX we will also have long delay in determining the RSRP and thereby when the threshold is reached, so the active measurement will not start timely (especially for HST UEs).

In Proposal 2, we suggest a time-limitation based approach should be considered to control the application of HST requirements. The same approach can be used to control the application of active measurement for the case of long DRX. In our view, this approach is more robust as the active measurements will already be applied once the UE enters the HO region. There would not need to be a triggering threshold (like RSRP threshold) signalled to the UE and there would be no additional evaluation criteria uncertainty and complexity on UE side. 

With CS5, a hard upper bound of DRX cycle will be specified, and enhanced cell detection and measurement requirements will not be defined for DRX cycles larger than this threshold. The solution is simple and provide a clear message that DRX cycles longer than the threshold should not be used in HST scenario. However, the problem with this solution is that the threshold will be depending on many factors such as network deployment and target mobility performance, so it is very difficult to select a fixed threshold.
In our view, either CS3 or CS5 should be adopted as otherwise there will be mobility issues when HST UE is configured with long DRX. Comparing CS3 and CS5, we slightly prefer CS3. One reason is that CS5 may put a hard limit to the operators when selecting the DRX cycles to be used in HST scenario. Another reason is that if the time-limitation based approach could be agreed to control the application of HST requirements, it is straightforward to use it to control the active measurement.

Proposal 4: Either CS3 or CS5 should be adopted to handle long DRX. CS3 is slightly preferred.

Side condition for the enhanced requirements
In RAN4#80, although it is agreed that cell identification and measurement requirements in DRX for high speed scenarios are enhanced, under which condition the enhanced requirements should be defined is still open. There are 2 options:

Option 1: PSS/SSS detection delay shall be within 5* DRX cycles when SINR>=-6dB; Measurement period shall be within 3* DRX cycles when SINR>=-6dB;

Option 2: PSS/SSS detection delay shall be within 1*DRX cycles when SINR>=0dB; Measurement period shall be within 2* DRX cycles when SINR>=0dB.  
In our companion paper [3], we compared the mobility performance with these 2 options via system simulation. It is found that option 2) performs better than option 1), so our proposal is to adopt option 2) when defining enhanced cell detection and measurement requirements for HST. However, we also observed in [3] that there are ping-pongs due to the short measurement time, and this should be also considered in defining the exact enhanced requirements.  
Proposal 5: Adopt option 2) (high SINR side condition) when defining enhanced cell detection and measurement requirements for HST and also consider the ping-pongs caused by the short measurement time.
HST cell list
HST cell list has been discussed for several meetings, and it is supposed to be used to provide assistant information to UE about the neighbour cells in HST scenario, so that UE reduce the search space in cell detection, thus improving the detection delay. 

In RAN4#79 and RAN4#80 the UE measurement behaviour regarding the HST cell list was extensively discussed. Some companies proposed that HST UE will only measure the cells on the list as in HST scenario the target cells for HO can be well predicted. We agree that in some HST scenarios this is true, but it should be highlighted that limiting the UE measurement only to a configured list of cells is not aligned with the design principle of LTE measurement (UE will measure all the cells it detects and UE cell detection is not assuming presence of neighbour cell list), the motivation of which is to relieve the burden of network planning and configuration. A good compromise in our view, as we proposed in RAN4#80 in [4], is to prioritize the cells on the HST cell list, if provided, when UE performs cell detection, and not limiting UE measurements to the cells on the list. In our view, the detailed UE cell detection behaviour should be discussed regarding cells on the list and cells not on the list, before the HST cell list can be introduced.
Proposal 6: Before the HST cell list is introduced, detailed UE cell detection behaviour should be discussed regarding cells on the list and cells not on the list.
3 Conclusions 

In this paper, we provided our view on the remaining issues of HST RRM.

Based on the analysis, we have the following proposals.

Proposal 1: Applicability rule of the HST requirements should be defined to minimize the application of HST requirements by a non-HST UE.
Proposal 2: Time-limitation based approach could be considered to control the application of HST requirements.

Proposal 3: RAN4 could discuss UE autonomous application of HST requirements based on speed estimation and the need for network control.
Proposal 4: Either CS3 or CS5 should be adopted to handle long DRX. CS3 is slightly preferred.
Proposal 5: Adopt option 2) (high SINR side condition) when defining enhanced cell detection and measurement requirements for HST and also consider the ping-pongs caused by the short measurement time.
Proposal 6: Before the HST cell list is introduced, detailed UE cell detection behaviour should be discussed regarding cells on the list and cells not on the list.
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