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1. Introduction
[bookmark: OLE_LINK136][bookmark: OLE_LINK137]At RAN4 #75 meeting, a way forward about RRM requirements for high speed scenarios was approved [1]:
· Existing minimum requirements including idle cell re-selection, RLM in DRX and cell identification in DRX are not suitable with some of the DRX cycle lengths for high speed train scenarios at speeds of 350km/h and beyond. 
· The enhanced requirements for cell re-selection, RLM in DRX and cell identification in DRX need to be investigated under the identified high speed scenarios.
· Companies are encouraged to provide possible approaches for the above identified issues for next meeting
This contribution discusses the possible approaches on enhancing RRM requirements for high speed scenarios.
2. Discussion 
In [2], we discussed the RRM requirements in DRX mode under high speed scenario. It is observed that the current requirements on cell re-selection, RLM and cell identification with longer DRX cycle length are not suitable for high speed train scenarios. One straightforward solution is to use shorter DRX configurations. However, the choice of DRX cycle length is a balance between power consumption and latency. Longer DRX cycle length is good for battery saving but with longer delay and shorter DRX cycle length is beneficial to data transmission but with more power consumption. So it is inappropriate to restrict the choice of DRX configuration to a subset with DRX shorter cycle length.
Proposal 1: It is proposed not to restrict the choice of DRX cycle length configuration.
2.1 RRC-IDLE state
[bookmark: OLE_LINK140][bookmark: OLE_LINK141]The current cell re-selection requirements as shown in Table 1 are not suitable for high speed scenarios. Taking scenario1 [3] for example, the inter site distance is 2km. Assuming UE speed is 350km/h, UE will travel around 1100 meters just during Tdetect period in case of DRX cycle length is 0.32 seconds, which may result in failure of reselection. So it is necessary to shorten Tdetect, Tmeasure, Tevaluate to improve UE re-selection requirements.
Table 1: Existing cell re-selection requirements specified in 36.133
	DRX cycle length [s]
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Tdetect,EUTRAN_Intra [s] (number of DRX cycles)
	Moving distance during Tdetect periods
(m)
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra
[s] (number of DRX cycles)

	0.32
	11.52 (36)
	1152
	1.28 (4)
	5.12 (16)

	0.64
	17.92 (28)
	1792
	1.28 (2)
	5.12 (8)

	1.28
	32(25)
	3200
	1.28 (1)
	6.4 (5)

	2.56
	58.88 (23)
	5880
	2.56 (1)
	7.68 (3)


Considering the cell re-selection requirements relate to the number of DRX cycles, it is proposed to enhance cell re-selection requirements by reducing the number of DRX cycles for the following reasons. There are different number of DRX cycles for different DRX cycle length, for example, the Tdetect equals to 36 DRX cycles for 0.32s DRX cycle length, while the number is only 23 for 2.56s DRX cycle length. The difference implies that UE can accomplish cell re-selection during 23 DRX cycles for 0.32s DRX cycle length as well. Besides, there is dedicated network for high speed scenarios and the interference may be smaller than that in the public network, so the cell identification time may be reduced. What’s more, with the development of chipsets, the commercial UE performs better than the specified Rel-8 requirements. So the detection, measurement and evaluation can be performed in a shorter time.
Proposal 2: It is proposed to enhance cell re-selection requirements by reducing the number of DRX cycles.
2.2 RRC-CONNECTED state
As for radio link monitoring, the existing requirements with longer DRX cycle length are not suitable for high speed scenarios as shown in Table 2. For example, it can be found that when DRX cycle length is 2.048s, the moving distance is 1024 meters which may result in late RLF report. So from Table 2, it can be found that the RLM requirements with DRX cycle larger than 40ms need to be enhanced. 
Proposal 3: It is proposed to enhance RLM requirements with DRX cycle larger than 40ms by reducing the number of DRX cycles.  
Table 2: Existing RLM requirements specified in 36.133
	DRX cycle length (s)
	TEvaluate_Qout_DRX  and TEvaluate_Qin_DRX  (s) (DRX cycles)
	Moving distance (m)

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

	0.01 < DRX cycle ≤0.04
	Note (20)
	80m for 0.04s DRX cycle length

	0.04 < DRX cycle ≤0.64
	Note  (10)
	640m for 0.64s DRX cycle length

	0.64 < DRX cycle ≤2.56
	Note  (5)
	640m for 1.28s DRX cycle length
1024m for 2.048s DRX cycle length,
1280m for 2.56s DRX cycle length



Table 3: Existing cell identification requirements specified in 36.133
	DRX cycle length (s)
	Tidentify_intra (s) (DRX cycles)
	Moving distance (m)

	≤0.04
	0.8 (Note1)
	80m

	0.04<DRX-cycle≤0.08
	Note2 (40)
	256m for 0.064s DRX cycle length 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]320m for 0.08s DRX cycle length

	0.128
	3.2 (25)
	320m

	0.128<DRX-cycle≤2.56
	Note2(20)
	512m for 0.256s DRX cycle length
640m for 0.32s DRX cycle length
5120m for 2.56s DRX cycle length



The current cell identification requirements with longer DRX cycle length facing the same issue for the high speed scenarios. For example, the moving distance is 640 meters in case of 0.32 second DRX cycle length is used, which may result in hand over failure. This risk exists in the larger DRX cycle configuration. So as shown in Table 3, when DRX cycle is in the range of [0.128s, 2.56s], the relative cell identification need to be enhanced. Considering the development of chipsets and relatively better channel condition as discussed in section 2.1 for cell re-selection, it is proposed to reduce the number of DRX cycles to enhance the cell identification requirements.
Observation 1: The current cell identification requirements with DRX cycle is in the range of [0.128s, 2.56s] are not suitable for high speed scenarios.
From Table 3, it can be found that shorter DRX cycle length requires larger number of DRX cycles for cell identification, which has the same problem with the requirements of cell re-selection. In order to improve the RRM performance in high speed scenario, it is suggested to consider enhancing the cell identification requirements with DRX cycle length larger than 40ms..
Proposal 4: it is proposed to enhance the cell identification requirements with DRX cycle length larger than 40ms.
3. Conclusion
[bookmark: _GoBack]This contribution discusses the possible approaches on enhancing RRM requirements for high speed scenarios and the proposals are:
Proposal 1: It is proposed not to restrict the choice of DRX cycle length configuration.
Proposal 2: It is proposed to enhance cell re-selection requirements by reducing the number of DRX cycles.
Proposal 3: It is proposed to enhance RLM requirements with DRX cycle larger than 40ms by reducing the number of DRX cycles.
Proposal 4: it is proposed to enhance the cell identification requirements with DRX cycle length larger than 40ms.
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