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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, network signaling for high speed scenario have been extensively discussed, and the following were agreed in [2].
	Background 

· Currently, RAN4 identified that legacy channel estimation and RRM measurement needs to be improved for HST support. 
· It is important for a UE to accurately know about HST environments for enabling HST UE behaviours. 
· Intentions of signalling introduction are 
 1. to prevent regular UEs from enabling HST UE behaviours
 2. to utilize effectively HST UE functions in HST running circumstances
HST RRM

Companies’ preferences on RRM signaling are provided in the next meeting.

· HST scenario indicator options :

· Option 1 : Introduce a new HST indicator

· Option 2 : reuse an existed signaling

· Option 3: others

· Neighbor cell list signaling options :

· Option 1 : Introduce a new signaling for HST neighbor cell list 

· Option 2 : reuse existed signaling  

· Option 3: others

Notes: UE behavior to limit the measurement within this list could be FFS.

· Other signaling introduction or reuse for HST scenario indication is not precluded.


In this paper, we will discuss the open issues regarding network signaling for high speed from RRM perspective, including cell v.s. UE specific signaling as well as UE measurement behavior with the network signaling.
2 Discussion
There are 2 kinds of signalling under discussion. One is HST scenario indicator. As mentioned in [2] the signalling is used “to prevent regular UEs from enabling HST UE behaviours” and “to utilize effectively HST UE functions in HST running circumstances”. The other one is neighbour cell list (called as HST cell list to differentiate from the neighbour cell list currently used in LTE). The signalling is used to provide assistant information to UE about the neighbour cells, so that UE reduce the search space in cell detection, thus improving the detection delay. 
HST scenario indicator

In LTE there is existing signalling of high speed indicator highSpeedFlag. The signalling is included in IE PRACH-ConfigInfo and is particularly used to control whether PRACH root sequences that can be used in the cell is limited or not. It is signalled in cell specific manner. In our view, although the motivation of the existing signalling has nothing to do with the application of HST requirements, it may still be re-used for HST scenario indicator since in most cases the two mechanisms will be enabled simultaneously to ensure overall performance in HST scenario. 
In RAN4#79, there were some discussions on whether HST scenario indicator should be cell or UE specific. The discussion was focused on whether network should distinguish HST and non-HST UEs. It is true that network can to some extent distinguish HST UE by checking the mobility history information of the UE, but it should be noted that network can do this only for UEs in connected mode, and there was no consideration on idle mode UE.
In our view, similar as existing signalling highSpeedFlag, cell specific signalling of HST scenario indicator is anyway needed so that UE can behave correctly in idle mode. Otherwise UE (both HST and non-HST) will always apply the HST requirements, which essentially makes the HST requirement generically applicable to all scenarios. Broadcasting of the HST scenario indicator can ensure UE (both HST and non-HST) applying HST requirements only in cells used to provide coverage along the railway track and being properly planned. 
However, non-HST UE in idle mode will also apply the HST requirements following the broadcasted HST scenario indicator. To solve this problem, some efforts from UE side is needed so that UE can autonomously determine whether it is on HST. For example, UE can make the determination based on the mobility history information and/or estimation of Doppler shift. This can be done in a network controlled manner as defined in section 5.2.4.3 of 36.304.
For connected mode UE, as discussed before, network can determine whether it is an HST UE or not and provide the HST scenario indicator accordingly in a UE specific manner. However, whether the UE specific control can provide benefits depends on whether network can do better determination than UE, e.g. if the network determination is based on UE mobility history, there may be no difference compared to UE autonomous determination. Therefore, we think the UE specific HST scenario indicator should be optional depending on network implementation. 
Proposal 1: Existing signalling (highSpeedFlag) may be re-used as HST scenario indicator. 
Proposal 2: HST scenario indicator is signalled in cell specific manner and optionally in UE specific manner.

Proposal 3: UE autonomous determination of HST state should be considered.
HST cell list
In LTE there is existing signalling of neighbour cell list. The motivation is to provide the cell individual offset for the HO threshold, and it has no impact on the UE measurement, i.e. the cells which UE measures has nothing to do with the list. HST cell list, however, will impact UE measurement (the UE measurement behaviour will be discussed later), so the motivation is completely different. From signalling design point of view, it would be better to introduce separate means for indicating HST cell list for UE while maintaining the existing neighbour cell list function as well. In the end the actual signalling solution will be up to RAN2 to decide. 
If we only consider connected mode UE and the case where HST scenario indicator is signalled in UE specific manner, it is possible to re-use the existing signalling, i.e. network can provide dedicated information for HST and non-HST UE if needed. HST UE (UE received HST scenario indicator) will interpret the signalling as HST cell list while non-HST UE will interpret the signalling as neighbour cell list. 
However, if we consider idle mode UE, re-using the existing signalling is then not possible because network can only provide a single list that is to be used by all UEs - HST and non-HST UEs. In this case, a new signalling will be needed. HST UE (by UE autonomous determination) will use HST cell list, and non-HST UE will use neighbour cell list. Therefore, we think a new signalling should be introduced for HST cell list.
On whether the signalling should be cell or UE specific, it is clear that it should be cell specific for idle mode. On the other hand, we don't think there is a need to define the signalling in UE specific manner.
· First, unlike the HST scenario indicator which is controlling whether a UE should apply HST requirements or not, HST cell list is mainly assistant information. Of course, UE measurement behaviour may be different when provided the HST cell list, but in our understanding, if desired, the new measurement behaviour should apply to all HST UEs, and it seems not meaningful if some HST UEs use the new measurement behaviour while some others not. In addition, it is straightforward that non-HST UEs would not use the new measurement behaviour even provided the HST cell list.

· Second, the list should be on cell level, as all HST UEs in the cell should see the same potential neighbours along the railway track. Currently neighbour cell list can be signalled in UE specific manner, but the motivation is different. 
Proposal 4: A new signalling is introduced for HST cell list. 
Proposal 5: HST cell list is signalled in cell specific manner.
UE measurement behaviour
In RAN4#79 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), the motivation of which is to relieve the burden of network planning and configuration. 
A good compromise in our view is to prioritize the cells on the HST cell list when UE performs cell detection, and not limiting UE measurements to the cells on the list. Of course, UE behaviour regarding the prioritization and corresponding requirements need to be discussed, e.g. one possibility is to define different cell detection requirements for cells on the list and cells not. With this proposal, cell detection delay can be reduced by UE utilizing the HST cell list, while the risk of fully relying on network configuration to ensure mobility in HST scenario is avoided.
Proposal 6: UE prioritized the cells on the HST cell list for cell detection, but still searches and measures cells not on the list.
3 Conclusions 

In this paper, we provided our view on the open issues for HST signalling, namely whether new signalling is needed or existing signalling can be re-used, whether the signalling should be cell or UE specific, and the UE measurement behaviour regarding the HST cell list.
Based on the analysis, we have the following proposals.

Proposal 1: Existing signalling (highSpeedFlag) may be re-used as HST scenario indicator. 
Proposal 2: HST scenario indicator is signalled in cell specific manner and optionally in UE specific manner.

Proposal 3: UE autonomous determination of HST state should be considered.
Proposal 4: A new signalling is introduced for HST cell list. 
Proposal 5: HST cell list is signalled in cell specific manner.
Proposal 6: UE prioritized the cells on the HST cell list for cell detection, but still searches and measures cells not on the list.
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