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1 Introduction
During RAN4#79 further discussion took place on high speed train. The “way forward” document [1] was noted and some agreements are captured in the meeting report.

Deactivated SCell measurements is not considered in the WI work scope;
· Solutions in Connected mode
· Solution down-selection is needed;
There are also agreements from RAN4#78bis [2] which was approved and which should be taken into account in the work.
2 Discussion

2.1 RRC connected mode with DRX

The main agreement from RAN4#79 is that solution down-selection is needed; solutions 1 and 6 are already agreed not to be studied further, however downselection is needed from solutions 2,3,4,5 and 7. Since the core work on high speed requirements is planned to be completed by Q4 2016, downselection is essential so that the requirements and CRs can be discussed and agreed for the remaining solutions.
Candidate solution 2: Enhance cell identification and measurement requirements in DRX for high speed scenarios (Huawei [R4-155792]);

We think that this is a key solution for high speed scenarios, especially as it has strong synergies with the approach already agreed as a baseline for idle mode.

Proposal 1 (Candidate solution 2) : Cell identification and measurement requirements in DRX for high speed scenarios are enhanced
Our expectation is that similar enhancements to those proposed for idle mode in section 2.1 could be applied, resulting in a minimum  measurement rate of once per DRX cycle,  measurement period of 3*DRX cycle and cell identification at high SINR (≥0dB) of 3*DRX cycle.
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]);

One drawback of this solution is that it takes a 2 stage process to trigger faster measurements. We assume that under this proposal, if serving RSRP is good, all cells are measured once per DRX cycle and if serving cell is poor all cells are measured more frequently. This does address the power consumption concern of candidate solution 1; on the other hand the difficulty is that if there is a sudden degradation in serving cell, this is not noticed by the UE for approximately one measurement period, at which point the faster measurements are triggered. The proposal assumes that measurements change in a relatively gradual manner such that it is possible to configure a threshold to trigger the faster measurements before they are needed and still have time to do this. While the proposal could work in certain scenarios, it does not seem particularly robust to have the UE switching measurement rate and it is questionable how well it would work in practical high speed train deployments. Of course, even if the faster measurements are not triggered the measurement rate should be the same as that implied by current requirements, so in that sense the performance will not be harmed under this proposal but on the other hand, if the switching does not work robustly, then the options from a NW perspective are either to configure a higher switching threshold (which makes the proposal work more like candidate solution 1) or to configure a shorter DRX cycle to get faster measurements (which is already possible without this enhancement).  For this reason, we prefer to concentrate on other candidate solutions. 
Proposal 2 (Candidate solution 3) : Candidate solution 3 is not evaluated further

Candidate solution 4: Network provides the assistant information to UE such that UE have different behaviour compared to the legacy UE (Intel);

The wording of this candidate solution is quite generic. To evaluate this candidate solution further, additional detail is needed on the assistance information, the different behaviour in the UE and the performance enhancement which it provides. In RAN4#78bis, there was discussion on giving a neighbour cell list (PCI of the neighbouring cells) to a UE. Further detail would be needed on how having the PCI information in advance helps cell detection. Naturally, if there are fewer candidate hypotheses to search then detection performance should, theoretically, be better. However details of the scheme and a proper analysis of the gains are necessary to make an informed decision on the inclusion of this scheme in the work item, considering that provision of a neighbour list in LTE also takes significant effort. Similarly, any other network assistance schemes should be evaluated in the same way.

Proposal 3 (Candidate solution 4) : Candidate solution 4 is discussed in more detail.

Candidate solution 5: Enhanced RRM requirements are defined up to the upper bound DRX cycle (Nokia [R4-155854]).

The motivation for this proposal is that certain RRC connected DRX cycles would not be suitable for high speed train scenarios, and therefore are not beneficial to enhance. The main aspect which needs to be considered is which DRX cycles to exclude. Our analysis for idle mode indicates that reselection would be possible at 350km/h for 1.28s and 2.56s DRX cycles. Our expectation is that it would also be possible to use network controlled mobility with the same DRX cycles. It was decided in [1] that –
eDRX configuration is not considered; in our view the eDRX configuration is not suitable for speeds of 350km/h and there is nothing more to do on this candidate solution. Since DRX cycles up to 2.56s are considered for idle mode, we think it would be reasonable to define enhanced requirements for cycles up to 2.56s for RRC connected state as well. 

Proposal 4 (candidate solution 5) : This candidate solution is addressed already by the decision that eDRX configuration is not considered in the WI. DRX cycles up to 2.56s should be addressed.
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])

This candidate solution is somewhat different from others, in that it does not seek to reduce the incidence of radio link failure, but attempts to enable faster recovery once RLF occurs. Certainly, if the UE detects that conditions are below Qout (out of sync) it is less likely that conditions will improve if the UE is moving with high speed compared with the non-high speed case, and so there does seem to be some justification for reducing the out of sync monitoring window. 

A partial evaluation was performed in [3], especially with using a shorter T312 to enable faster recovery from failures. The paper concluded: “Observation 5: T312 can help to reduce the outage time, in particular at long DRX, but the gain is limited.”
Due to the limited time remaining in the work for detailed evaluation, and because the solution addresses a somewhat different area (receovery from RLF), we propose:
Proposal 5 (candidate solution 7) : Candidate solution 7 is not studied further.
2.2 RRC connected mode with DRS

Multiple companies have expressed an interest[3],[4] in DRS enhancements for high speed train scenarios. Although DRS was introduced to allow small cells to be switched off in release12, there is no strong technical reason why a macro cell could not use a similar on/off procedure to a small cell, for example to save power when it is not being used. When we think of a high speed train scenario with dedicated track side eNBs, it is very likely that these eNB are not constantly under high load but are highly loaded when trains are passing and are completely unloaded at other times when no train is passing. Therefore, it could be extremely beneficial to put them into a low power state when trains are not passing and use the same mechanism that was developed in release 12 for small cell on/off. This is in contrast to a normal macro cell, for example in an urban area, which will have a much more constant load.

From a UE perspective, DRS involves scheduling measurements every DMTC window periodicity (eg 160ms), so the functionality and requirements are quite similar to DRX measurements, and enhancements which are applicable to DRX measurements should also be applicable to measurements which are performed periodically at DMTC periodicity. Based on this, we do not envisage any technical concern with applying similar enhancements in DRS-based measurements as would be agreed for DRX measurements and the work for RAN4 should not be significantly increased.

The main difference between DRS based measurements and DRX based measurements is that in DRS based it is the network availability of reference signals which gates the measurement opportunities, whereas in DRX based measurements it is the UE (and power saving opportunities) which gates the measurement opportunities. In DRS based measurements, a shorter measurement period (3 * TDMTC_periodicity) is specified for measurement BW ≥25RB.

If it is technically feasible to enhance the DRX requirements for cell identification and measurement period (under solution 2/) then it should also be technically feasible to enhance the DRS based requirements in the same way. The enhanced requirements could be
	Measurement bandwidth [RB]
	Discovery signal occasion duration (ds-OccasionDuration) [ms]
	TMeasurement_Period intra_FDD_CRS[ms]

	
[image: image1.wmf]³

6
	≥1
	3 * TDMTC_periodicity

	
[image: image2.wmf]³

25
	≥1
	3 * TDMTC_periodicity


Tidentify_intra_SCE =  TMeasurement_Period _intra_FDD_CRS at SINR≥0dB.

Proposal 6 : Similar enhancements to those agreed for DRX measurements are also agreed for DRS based measurements.
One other concern may be that a short DMTC periodicity needs to be configured on eNB serving high speed UEs which may harm the power consumption of any normal/low speed UE connected to the eNB even if the enhanced requirements are not enabled. It is true that the short DMTC periodicity would be beneficial for the high speed UEs and the DRS would ideally be transmitted more frequently by eNBs serving high speed UEs. Howeve, it would be possible to configure low/normal speed UEs with a longer DMTC periodicity, eg 120ms and the UE would follow the RRC signalling not then be aware that the eNB is transmitting DMTC more frequently. This assumes that the eNB is aware of which UEs are high and normal/low speed UEs, however the eNB needs to have some knowledge of UE speed for other aspects of the high speed enhancements. Various methods exist for categorising UEs such as historic handover rate, and the classification does not need to determine an accurate speed but just to separate high speed from normal speed UEs.
Proposal 7 : Use of a longer DMTC periodicity configuration for low/normal speed UEs should be discussed further.
3 Conclusions
In this contribution we discuss further aspects of RRM for high speed scenarios for RRC connected state and make the following proposals:
Proposal 1 (Candidate solution 2) : Cell identification and measurement requirements in DRX for high speed scenarios are enhanced
Proposal 2 (Candidate solution 3) : Candidate solution 3 is not evaluated further

Proposal 3 (Candidate solution 4) : Candidate solution 4 is discussed in more detail.

Proposal 4 (candidate solution 5) : This candidate solution is addressed already by the decision that eDRX configuration is not considered in the WI. DRX cycles up to 2.56s should be addressed.
Proposal 5 (candidate solution 7) : Candidate solution 7 is not studied further.
Proposal 6 : Similar enhancements to those agreed for DRX measurements are also agreed for DRS based measurements.
Proposal 7 : Use of a longer DMTC periodicity configuration for low/normal speed UEs should be discussed further.
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