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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN4#74bis, a WF [1] was agreed for on RRM requirements for high speed scenarios. 

· RRC_IDLE state
· Cell re-selection requirements (including Tdetect, Tmeasure and Tevaluate ) for intra-frequency and inter-frequency in DRX mode
· RRC_Connected state
· Cell identification delay for intra-frequency and inter-frequency;
· Qout / Qin evaluation period for RLM

In this paper, we discuss the first bullet of cell-reselection requirements when UE in RRC_IDLE  state for high speed scenarios.

RRC_IDLE State
The high speed scenarios [2] agreed in RAN4#74bis may be summarized in the following table  

Table 1: Summary of high speed train (HST) scenarios 
	Scenarios
	Environment
	Method for extending eNB signals
	RRH IDs
	Repeater/CPE in Carriage

	1
	Open space
	RRHs
	Same
	No

	3
	
	No
	N/A
	Repeater with leaky cable

	4
	
	No
	N/A
	No

	2a
	Tunnel
	RRHs
	Same
	Repeater with leaky cable

	2b
	
	RRHs
	Different
	Repeater with leaky cable

	2c
	
	Leaky cables
	N/A
	Repeater with leaky cable

	2d
	
	RRHs
	Same
	No

	2e
	
	RRHs
	Different
	No

	2f
	
	RRHs
	Same
	CPE 

	2g
	
	Leaky cables
	N/A
	No



The distances between RRHs were identified can be 1km or less [2].

[bookmark: _Toc383690648]Measurements of E-UTRAN cells	
Cell re-selection requirements are defined based on following three criteria [3]:
· Tdetect,EUTRAN: time for a UE to evaluate whether a newly detectable cell meets the reselection criteria
· Tmeasure,EUTRAN: time for a UE to measure RSRP and RSRQ at least every Tmeasure,EUTRAN for detected cell
· Tevaluate,EUTRAN: time for a UE to evaluate if a detected cell has met reselection criterion
The cell re-selection requirements for intra-frequency E-UTRAN cells and inter- frequency E-UTRAN cells are currently defined in Table 4.2.2.3-1 and Table 4.2.2.4-1 in TS 36.133, respectively.  The intra-frequency cell reselection requirements (Tdetect,EUTRAN_intra, Tmeasure,EUTRAN_intra, and Tevaluate,EUTRAN_intra) are actually defined to be the same as inter-frequency cell reselection requirements (Tdetect,EUTRAN_inter, Tmeasure,EUTRAN_ inter, and Tevaluate,EUTRAN_ inter) 
.
Table 1: Tdetect,EUTRAN, Tmeasure,EUTRAN and Tevaluate, E-UTRAN
(Ref. Table 4.2.2.3-1/ Table 4.2.2.4-1 in TS 36.133)
	DRX cycle length [s]
	Tdetect,EUTRAN_Intra
Tdetect,EUTRAN_Inter [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra
Tmeasure,EUTRAN_Inter [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra
Tevaluate,E-UTRAN_Inter
[s] (number of DRX cycles)

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

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

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

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



The above table shows the shortest Tdetect,EUTRAN, Tmeasure,EUTRAN and Tevaluate,EUTRAN are respectively  11.52s, 1.28s and 5.12s. Thus, for a newly dateable cell, the shortest time for cell re-selection procedure, including cell detection and RSRP/RSRQ measurement, will then be 11.52s+1.28s=12.8s, not including higher layer signalling delays. Even for a detected cell, the shortest time for cell re-selection will be 5.12s+1.28s=6.4s.
According to the identified HST scenarios [2], the distances between two RRHs that belong to neighbouring eNBs can be 1km or less. With the train speed of 350km/h, the UE will travel from one RRH to another in about 10 seconds. Normally, the RF coverage overlapping of two RRHs will be much smaller than the distance between two RRHs. If we further assume the RF coverage overlapping distance is half of the distance between the two RRHs, the maximum time allows the UE to complete the whole handover procedure, starting from cell reselection to the end of handover will then be about 5s. However, the shortest cell detection time Tdetect,EUTRAN alone in Table 1 is already more than twice of 5s, even with the shortest DRX cycle. Therefore, the Tdetect,EUTRAN, Tmeasure,EUTRAN and Tevaluate, E-UTRAN defined in above table are obviously not meaningful for HTS scenarios. 
Observation 1: Tdetect,EUTRAN, Tmeasure,EUTRAN and Tevaluate, E-UTRAN  currently defined in TS 36.133 for both intra- and inter-cell reselection  are not suitable for HST scenarios. Even with the shortest DRX cycle, the Tdetect,EUTRAN  alone has far exceed the time allowed for the UE to complete the whole handover procedure.
As shown in Table 1, the Tdetect,EUTRAN, Tmeasure,EUTRAN and Tevaluate, E-UTRAN  are associated with both “DRX cycle length” and “number of DRX cycles”. In general, for shorter “DRX cycle length”, more “number of DRX cycles” is given as shown in Table 1. For example, the “number of DRX cycles” of 36 is defined for “DRX cycle length” 0.32s while number of DRX cycles” of 23 is for DRX cycle length” 2.56s. 
The reason for giving more “number of DRX cycles” for shorter “DRX cycle length” might be based on providing UE with more opportunity for power saving, but not based on cell reselection performance. However, from the performance of cell reference signal detection and measurement point of view, shorter “DRX cycle length” does not necessarily need to have more “number of DRX cycles”. The same “number of DRX cycles” of 23 can be used for DRX cycle length 0.32s without reducing the cell detection performance. Similarly, for Tmeasure,EUTRAN and Tevaluate,EUTRAN, the smallest “number of DRX cycles” is 1 and 3 respectably for DRX cycle length of 2.56s. From performance of RSRP/RSRQ measurement and cell evaluation point of view, these numbers can also be used for shorter DRX cycle lengths.
Observation 2: From the cell-reselection performance (cell detection, evaluation and RSRP/RSRQ measurement) point of view, the number of DRX cycles defined for Tdetect,EUTRAN, Tmeasure,EUTRAN and Tevaluate, E-UTRAN  for longest “DRX cycle length” can also be used for other DRX cycle lengths without degradation of the performance.
The above discussion leads to the following proposal:
Proposal 1: For HTS scenarios, the investigation of the “number of DRX cycles” for the three cell reselection criteria, namely, Tdetect,EUTRAN, Tmeasure,EUTRAN and Tevaluate, E-UTRAN, may start from the “number of DRX cycles” currently defined for the longest DRX cycle lengths in Tables 4.2.2.3-1 and Table 4.2.2.4-1 in TS 36.133.





Table 2: Tdetect,EUTRAN, Tmeasure,EUTRAN and Tevaluate, E-UTRAN if the shortest number of DRX cycles” in Table 1 is adopted
	DRX cycle length [s]
	Tdetect,EUTRAN_Intra
Tdetect,EUTRAN_Inter [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra
Tmeasure,EUTRAN_Inter [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra
Tevaluate,E-UTRAN_Inter
[s] (number of DRX cycles)

	0.32
	≤7.36 (23)
	0.32 (1)
	≤0.96 (3)

	0.64
	≤14.72 (23)
	0.64 (1)
	≤1.92 (3)

	1.28
	≤29.44 (23)
	1.28 (1)
	≤3.84 (3)

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



If Proposal 1 is acceptable, the Tmeasure,EUTRAN and Tevaluate, E-UTRAN will be reasonable for HTS scenarios. However, the Tdetect,EUTRAN is still too long, especially for DRX cycles that are more than  0.32s. General speaking, there is no need for a UE to measure PSS/SSS for 23 times in order to complete the cell reselection. It will be desirable for UE to complete the detection of PSS/SSS within 5 times. If this is feasible, the Tdetect,EUTRAN would be the values shown Table 3. In this case, the Tdetect,EUTRAN corresponds to DRX cycle length of 0.32s would likely be suitable for HST scenario,  while Tdetect,EUTRAN corresponds to DRX cycle length of 0.64s would be in gray area. Tdetect,EUTRAN corresponding to DRX cycle lengths of 1.28s and 2.56s may still too long for HTS scenarios.
Table 3: Tdetect,EUTRAN, Tmeasure,EUTRAN and Tevaluate, E-UTRAN 
	DRX cycle length [s]
	Tdetect,EUTRAN_Intra
Tdetect,EUTRAN_Inter [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra
Tmeasure,EUTRAN_Inter [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra
Tevaluate,E-UTRAN_Inter
[s] (number of DRX cycles)

	0.32
	≤ 1.6 (5)
	0.32 (1)
	≤0.96 (3)

	0.64
	≤ 3.2 (5)
	0.64 (1)
	≤1.92 (3)

	1.28
	≤ 6.4 (5)
	1.28 (1)
	≤3.84 (3)

	2.56
	≤12.8 (5)
	2.56 (1)
	≤7.68 (3)



Proposal 2: For HTS scenarios, it will be necessary to further reduce the number of DRX cycles for Tdetect,EUTRAN in order for UE to complete cell detection in 1-2s.

UE Power Consumption
It goes without saying that UE power consumption is always an important factor when defining the RRM requirements. For cell-reselection, the most important parameter will then be the DRX cycle length, since the UE has to wake up at the DRX ON duration for every DRX cycle. Thus, from UE power saving point of view, it may not be desirable to introduce shorter DRX cycle length unless the UE cannot completes the cell reselection within 2s with the shortest DRX cycle length of 0.32s.
Summary 
In this paper, we discussed the cell-reselection requirements when UE in RRC_IDLE  state for high speed scenarios. It was proposed that 

Proposal 1: For HTS scenarios, the investigation of the “number of DRX cycles” for the three cell reselection criteria, namely, Tdetect,EUTRAN, Tmeasure,EUTRAN and Tevaluate, E-UTRAN, may start from the “number of DRX cycles” currently defined for the longest DRX cycle lengths in Tables 4.2.2.3-1 and Table 4.2.2.4-1 in TS 36.133. 

Proposal 2: For HTS scenarios, it will be necessary to further reduce the number of DRX cycles for Tdetect,EUTRAN in order for UE to complete cell detection in 1-2s.
References
1. R4-152527, Way forward on RRM requirements for high speed scenarios, Huawei, HiSilicon, NTT DOCOMO INC., ITRI, Ericsson, CMCC, Intel, TelecomItalia, Alcatel-Lucent, MediaTek
1. R4-151712, TP: Identified Scenarios, Huawei, HiSilicon
1. 3GPP TS 36.133, “E-UTRA: Requirements for support of radio resource management”.
1. R4-151710, RRM requirements for the high speed scenarios, Huawei,HiSilicon


