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1 Introduction

After discussion of 3 meeting cycles, there are 5 candidate solutions in connected mode under high speed scenarios are remained. In this paper further analysis is provided on the leftover candidate solutions.
	· 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 behavior 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 7: Reduce RLM (out of sync monitoring) window and RLF timers to enable quick RRC re-establishments in the target cell (Qualcomm [R4-157272])


2 Discussion
2.1 Benefit of Candidate solution 2
Solution 2 was first proposed in [R4-155792], the main idea is to reduce the cell identification delay and measurement period requirements without additional wake up activity in DRX. For example, the cell identification is reduced to 5*DRX cycle and measurement period is reduced to 3*DRX cycle. It doesn’t mean that UE need to additionally wake up in DRX OFF in order to achieve fast cell identification and measurements. It means that UE has the capability to complete the cell identification and measurement without additional power consumption within the decreased duration. 
 [1] gives the link level evaluation of cell identification delay. The simulation results validate that UE could fast complete cell detection at least within 5*DRX cycles.
For connected mode, regarding measurement accuracy in Rel-8 the baseline assumption is that 5 samples would be sufficient to meet the measurement accuracy requirements. Back to high speed scenario, the raising concern is that whether the enhanced measurement period could satisfy the measurement accuracy. To address the question, the link level evaluation for measurement is given in [2]. The simulation results show that the at most 3 measurement samples could satisfy the measurement accuracy requirements. Furthermore the system level evaluation are given [3], the mobility performance is good with enhanced cell identification and measurement requirements. In summary, solution 2 performs well from the link level and system level evaluation perspective. 
Proposal 1: Solution 2 performs well from the link level and system level evaluation perspective.
2.2 Candidate solution3
· 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]);
Solution 3 was first proposed in [R4-156050]. The biggest challenge of the solution is the robustness. Although the UE is moving along the rail track, it is hard to draw the conclusion that the received power (e.g., RSRP) is absolutely predictable, since the propagation environment is complicated.

In order to investigate the RSRP fluctuation, one simple simulation is carried out. In the simulation, one UE is moving along the railroad track from point A to point B. Cells are distributed along the tracks (only cell1 are cell2 are considered) and the ISD is 1000m. The network topology is shown in Figure 1. 20 drops are simulated. DRX cycle is 160ms, and the measurement period is 5*160ms. No handover is allowed.  The RSRP distributions of the 20 drops for cell 1 and cell2 respectively are shown Figure 2.
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Figure 1 Network topology for high speed scenario
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Figure 2a. RSRP of cell1
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Figure 2b. RSRP of cell2


Figure 2 RSRP distribution
It is observed from the simulation result, the range of RSRP amplitude fluctuates very large. So according to solution 2, it is hard to find the suitable RSRP threshold. 
If UE is responsible to trigger the fast measurement, the potential risk is the fast measurement activity could not be triggered in time. That would finally result in mobility performance degradation. So the robustness of this solution is questionable. Some companies think network shall be responsible to trigger the fast measurement activity. However we think it is difficult to configure a suitable RSRP threshold. If the threshold is set lower, the benefit of power consumption is not outstanding; if the RSRP threshold is set higher, the fast measurement activity may be triggered later, and then the benefit of the fast measurement may be not distinct. Based on these reasons, we suggest that solution 3 is not studied further.
Proposal 2: Candidate solution 3 is not studied further.
2.3 Candidate solution 4
In last meeting [R4-163242] proposed that the network could signal the limited neighbor cell list to UE. The assistant information is the cell ID of the candidate cells. From UE implementation point of view, the cell list information can reduce the computational complexity to some extent. However the gain of cell identification delay reduction is not foreseen. In our understanding, if UE doesn’t know the candidate PCI, in order to acquire the timing and frequency synchronization, UE needs to correlate the received signal with three PSS sequences and 168 SSS sequences at synchronization signal instant (sf0 /sf5). If the priori knowledge of PCI is provided, UE have to correlate the received signal with the specific PSS and SSS sequence at the same synchronization signal instant. If the detection threshold is the same in the two cases, the cell identification time is almost the same.
More important, the reliability of the cell identification with priori knowledge is a big issue. For example, due to network re-planing, the cell id may be changed. Once the network indicates the wrong cell id, while UE trusts these information, so the false alarm probability would increase. The mobility performance will be deteriorated seriously. Thus the potential risks the solution would bring can not be neglected. 
Proposal 3: The potential risks solution 4 brings can not be neglected.

2.4 Candidate solution 5
· Candidate solution 5: Enhanced RRM requirements are defined up to the upper bound DRX cycle (Nokia [R4-155854]).
This method could be regarded as candidate solution 2 with an upper bound restriction. As we know a lot of configuration parameters impact the network performance, so it is hard to find the boundary from which the upper DRX cycles are not beneficial to enhance. Furthermore considering all kinds of DRX cycles (exclude eDRX cycles) could provide more freedom and flexibility to operators. So we suggest all DRX cycles (exclude eDRX cycles) could be remained when defining the requirements under high speed scenario.
Proposal 4: For Solution 5 it is hard to find the DRX cycle boundary.
2.5 Candidate solution7
· 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 [3] provides the simulation results of T310=0s. It means no recovery time is reserved for UE when radio problem is detected, and quick cell re-establishment procedure is initiated. The simulation shows that compared with the results when T310=1s, the RLF number in state 1 significantly increases. Accordingly the re-establishment rate significantly increases. The reason is that before UE successfully send out the measurement report, the UE enters to cell re-establishment state without any recovery chance. As we know upon initiation of RRC connection re-establishment procedure, UE performs cell selection procedure. Cell selection procedure includes cell identification, measurement and cell evaluation etc. After attaching a cell, UE needs to read part or all system information depending on UE implementation and capability. Based on the field data and practical testing data, the RRC re-establishment delay is at least 1s. Due to such delay, the data outage accordingly increases. So the benefit of reducing T310 is not observed 
Proposal 5: The benefit of reducing T310 is not observed. Candidate solution 7 is not studied further.
3 Conclusion

This contribution provides further analysis on the candidate solutions in DRX in connected mode under high speed scenarios. The following proposals are provided:

Proposal 1: Solution 2 performs well from the link level and system level evaluation perspective.

Proposal 2: Candidate solution 3 is not studied further.
Proposal 3: The potential risks solution 4 brings can not be neglected.

Proposal 4: For Solution 5 it is hard to find the DRX cycle boundary.
Proposal 5: The benefit of reducing T310 is not observed. Candidate solution 7 is not studied further.
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