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1 Introduction

Last meeting a way forward on RRM requirements in high speed scenarios was agreed [1].
	· For connected mode candidate solutions
· Candidate solution 1and 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


In this contribution, 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. 
 [2] 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 [3]. The simulation results show that the 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.
As we agreed in last meeting, some solutions are complementary. We suggest that solution 2 could be regarded as a baseline.
Proposal 2: solution 2 could be regarded as a baseline.

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 detailed description is as below,

“In order to achieve good mobility performance the UE should increase the measurement activity around the hand over region. The agreed scenarios are quite predictable so there may be some ways to trigger the measurements appropriately. For example, the UE could increase the measurement activity if the serving cell RSRP falls below a certain threshold. This RSRP threshold could be configured by the network for the specific deployment scenario.”
Last meeting, one concern of this solution is robustness, and another question is who trigger the fast measurement activity, UE trigger or network trigger? 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, for example, due to shadow fading etc. The RSRP amplitude could be variable. 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 3: Candidate solution 3 is not studied further.
2.3 Candidate solution4
Last meeting [4] provided detailed information on what’s the assistant information is. 
“The network assistant information which is used to enhance RRM requirements in HST can include:
· Measurement cell list 

· Neighbor cell list for cell selection/reselection ”
The fundamental idea of the solution is to limit the monitoring cell number. For example ““CellsToAddMod” in “MeasObjectEUTRA” can be specified with the limited HST cells only along the railway”[4].
However it shall be noted, in LTE no cell list for the purpose of cell detection and measurement is configured to UE. Network only configures frequency layer to UE and UE performs cell detection and measurement according to UE capability. For connected mode, the intention of introduction of IE “CellsToAddMod” in “MeasObjectEUTRA” is not for cell detection and measurement, it is for Cell individual offset applicable to a specific cell(“cellIndividualOffset”).UE could easily or hardly handover to the cell with specific “cellIndividualOffset”. So it is not feasible by using “CellsToAddMod” to limit the monitoring cell number.
For legacy UE, performing measurements for 8 identified intra-frequency cells is one of the UE capabilities. The identified cell number is directly written in specification instead of network signaling.  Similar if RAN4 is intend to discuss reducing the number of monitoring cells, no additional signaling is foreseen.

Proposal 4: No need to introduce signaling for the purpose of reduced number of monitoring cells.

2.4 Candidate solution5
· 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 the upper bound restriction. So far as the WI goes, it is hard to guarantee that with the enhanced requirements all DRX cycles could be applicable for high speed scenario. Further evaluations are needed. In fundamentally, whether the enhanced RRM requirements are defined for a part of DRX cycles (not including the very long DRX) or the enhanced RRM requirements are defined for all DRX cycles is how to define the enhanced requirements in high speed scenarios. This work could be discussed in the later phase of the WI till sufficient analysis and evaluation has been done. 
Proposal 5: Solution 5 could be regarded as candidate solution 2 with the upper bound restriction and could be discussed in the stage when defining the enhanced requirements.
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])

The Qout and Qin evaluation periods when DRX is configured are defined as multiple times of DRX cycles shown as below. 
Table 7.6.2.2-1: Qout and Qin Evaluation Period in DRX

	DRX cycle length (s)
	TEvaluate_Qout_DRX  and TEvaluate_Qin_DRX  (s) (DRX cycles)

	≤ 0.01
	Non-DRX requirements in clause 7.6.2.1 are applicable.

	0.01 < DRX cycle ≤0.04
	   Note 1 (20)

	0.04 < DRX cycle ≤ 0. 64
	   Note 1  (10)

	0.64 < DRX cycle ≤ 2.56
	Note 1  (5)

	Note 1:
Evaluation period length in time depends on the length of the DRX cycle in use 

Note 2: 
MCG’s DRX configuration is applied for PCell RLM evaluation and SCG’s DRX configuration is applied for PSCell RLM evaluation


In DRX mode operation, the physical layer in the UE shall once every DRX period assess the radio link quality, evaluated over the previous time period defined in above table, against thresholds (Qout and Qin). Upon detecting physical layer problems for the PCell, i.e. upon receiving N310 consecutive out-of-sync indications from lower layers, UE will start timer T310. When the T310 is running, upon receiving N311 consecutive in-sync indications from lower layers for the PCell, or upon triggering the handover procedure and upon initiating the connection re-establishment procedure, UE will stop the timer T310 and deem to recover from out-of-sync. Otherwise if T310 expiries, UE will go to RRC_IDLE and initiate the connection re-establishment procedure.
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 6: 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: solution 2 could be regarded as a baseline.

Proposal 3: Candidate solution 3 is not studied further.
Proposal 4: No need to introduce signaling for the purpose of reduced number of monitoring cells.

Proposal 5: Solution 5 could be regarded as candidate solution 2 with the upper bound restriction and could be discussed in the stage when defining the enhanced requirements.
Proposal 6: The benefit of reducing T310 is not observed. Candidate solution 7 is not studied further.
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