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1 Introduction
Till now, after discussion of 5 meeting cycles, there are 4 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]).


2 Discussion
· Time-limitation based solution
[1] proposed a time-limitation based solution. In the solution, 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.
So the following issues arise:

· It is hard to distinguish the high speed and non-high speed UE accurately. 
Although from early Rel-8, UE is expected to estimate its mobility state as specified in section 5.2.4.3 of 36.304,  the moving track of the UE is complicated. In our understanding, both network and UE are not able to estimate UE’s velocity accurately.
· It is hard to configure an appropriate time period. 

Since the UE velocity is not able to be estimated accurately, how network configure a timer for the “velocity- agnostic” UE? For the sake of mobility robustness, the conservative method is to configure the same time duration for high speed and non-high speed UE. In this case, UE starts to apply the enhanced HST requirements after in-bound HO and stops to apply the HST requirements after the timer. In other words, the timer shall work from the time UE in-bound handover to the cell to the time UE out-bound handover from the cell. If this, the benefit of the solution of introducing timer is not foreseen.

So the simple way is that when the network signals a high speed indicator, both high speed and non-high speed UEs perform the enhanced RRM requirements without related timer. 

Proposal 1: The time-limitation based solution is not studied.

· Cell list solution
The cell list solution has been discussed for several meetings. The solution [2] is that the network could signal the limited neighbor cell list to UE. The assistant information is the cell ID of the candidate cells. 
The intuitive thinking of the solution is that UE detects the cell(s) which is/are in the cell list then the searching space of the cell detection is reduced. In the cell detection algorithm, the lower threshold could be set for UE to find the correlation peak. So at the first sight the power consumption is reduced with this solution. However the following aspects shall be carefully considered as well.

-What is payload of the cell list? As we know in UTRA, the NCL is provided to UE. In LTE UE measures all the cells it detects and cell detection is not assuming presence of neighbour cell list. The motivation of the detection principle in LTE is to relieve the burden of network planning and configuration. So if we go back to the NCL idea, the payload of the signaling shall be carefully considered.

- What is the UE behavior if the target cell is not in the cell list? In some cases, the target cell may be not in the cell list. For example, due to network re-planing, the cell id may be changed, and the target cell is not in the cell list configuration. One possible behavior is that UE only detects the cell which is in the cell list and ignores the other cells out of the cell list. If this, UE will handover/reselect to a wrong cell. Consequently the mobility performance would degrade severe. Another possible behavior is that UE detects not only the cell which is in the cell list with the lower detection threshold but also the other cells out of the cell list with the higher threshold. In this case, it is possible that UE handover/reselects to a cell which is in the cell list but is not the real cell which UE will move to. So similarly the mobility performance will deteriorate. In other hand, in this case, the benefit of the power saving is limited.
- How to guarantee the robustness? This is the extension of issue 2. UE is not able to recognize the above risk and only trusts the information which the network provided. So for UE, the conservative and robust way is to search all the cells on one frequency and use the same detection threshold for all the cells.
 Consequently based on the analysis, we suggest the cell list solution is not studied.
Proposal 2: The cell list solution is not studied further.
· HST requirements applicability-DRX cycles
The question that whether the upper bound DRX cycle is needed when the enhanced RRM requirements are specified has been discussed for several meetings. However no consensus is achieved so far.
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 3: The maximum DRX cycle is 2.56s when specifying the enhanced requirements under high speed scenario.

Based on the above analysis, the enhanced cell identification and measurement period/evaluation period requirements for UEs both in idle mode and in RRC Connected state with DRX shall be specified. The DRX cycles considered when specifying the corresponding requirements are up to 2.56ms. Other solutions are not studied.
· Enhanced measurement requirements
An LS [3] was sent to RAN2 to ask RAN2 to design the corresponding signaling. The LS implies that e RRM requirements shall be enhanced under high speed scenarios. The remaining issue in RAN4 is how to define the cell identification and measurement requirements in DRX under high speed scenario. In the last meeting there is an agreement captured in chairmen report which is duplicated as below,

For Side condition, cell identification delay, measurement period and measurement period, it is agreed that the following options should be considered:
· Option 1: Es/Iot = 0dB, 6*DRX cycles for cell identification, 3*DRX cycles for measurement period
· Option 1a: Es/Iot = 0dB, 8*DRX cycles for cell identification, 3*DRX cycles for measurement period
· Option 2: Es/Iot = -6dB, [10]*DRX cycles for cell idenfication, [3]*DRX cycles for measurement period
· Option 3: Es/Iot = -3dB, 8*DRX cycles for cell idenfication, 3*DRX cycles for measurement period
No conclusion was drawn in the last meeting. In our understanding UE is able to identify a detectable cell when the side condition is not less than -6dB. A simple way under high speed scenario is to reuse the legacy side condition.  In RAN4#79 meeting and RAN4#80 meeting, [4] [5] provided elaborate simulation results of PSS/SSS detection. The simulation results clearly show that PSS/SSS detection delay shall be within 5* DRX cycles when 
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. Considering the measurement period (3*DRX cycles), total 8*DRX cycles is needed for cell identification. 2 DRX margin is added in option 2. 

Proposal 4: The enhanced RRM requirements in DRX in connected mode under high speed scenario is

Es/Iot = -6dB, [10]*DRX cycles for cell identification, [3]*DRX cycles for measurement period
· How to specify enhanced requirements

It is agreed in RAN4 that only intra-frequency requirement is considered in connected mode. The agreement is captured in RAN4-80bis chairmen report. Providing that the option 2 above is agreed, we discuss how to design the requirements when DRX is used in the following.
The legacy requirements for cell identification are duplicated as below. 

Table 8.1.2.2.1.2-1: Requirement to identify a newly detectable FDD intrafrequency cell

	DRX cycle length (s)
	Tidentify_intra (s) (DRX cycles)

	≤0.04
	0.8 (Note1)

	0.04<DRX-cycle≤0.08
	Note2 (40)

	0.128
	3.2 (25)

	0.128<DRX-cycle≤2.56
	Note2(20)

	Note1: Number of DRX cycle depends upon the DRX cycle in use

Note2: Time depends upon the DRX cycle in use


In high speed scenario, when the cell identification delay is reduced to 10*DRX cycles, the non-decreasing principle shall be considered. So in order to comply with the non-decreasing principle, we propose that for the DRX cycle length 64ms and 80ms, 15*DRX cycles are scaling. For the DRX cycle length which is larger than 128ms, 10*DRX cycles are used. Table 1 gives the legacy cell identification delay and the enhanced cell identification delay.
Table 1. Legacy cell identification delay and the enhanced cell identification delay
	DRX cycle length (s)
	Legacy DRX number
	Legacy Tidentify
(s)
	Enhanced DRX number
	Enhanced Tidentify
(s)

	0.04
	
	0.8
	
	0.8

	0.064
	40
	2.56
	15
	0.96

	0.08
	40
	3.2
	15
	1.2

	0.128
	25
	3.2
	10
	1.28

	0.16
	20
	3.2
	10
	1.6

	0.256
	20
	5.12
	10
	2.56


 Similar the enhanced measurement requirements (3*DRX), the requirements could be designed as Table 2.
Table 2. Legacy measurement period and the enhanced measurement period
	DRX cycle length (s)
	Legacy DRX number
	Legacy Tmeas
(s)
	Enhanced DRX number
	Enhanced Tmeas
(s)

	0.04
	
	0.2
	
	0.8

	0.064
	5
	0.32
	4
	0.256

	0.08
	5
	0.4
	4
	0.32

	0.128
	5
	0.64
	3
	0.384

	0.16
	5
	0.8
	3
	0.48

	0.256
	5
	1.28
	3
	0.768


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: The time-limitation based solution is not studied.
Proposal 2: The cell list solution is not studied further.

Proposal 3: The maximum DRX cycle is 2.56s when specifying the enhanced requirements under high speed scenario.

Proposal 4: The enhanced RRM requirements in DRX in connected mode under high speed scenario is

Es/Iot = -6dB, [10]*DRX cycles for cell identification, [3]*DRX cycles for measurement period
For the enhanced cell identification and measurement requirements, the accompany CR is provided in [R4-1610106].
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