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1 Introduction
In high speed scenarios, the target speed is 350km/h or higher. Under such high speed, the concern whether the existing RRM requirements could be applied comes forth. It is agreed in last meeting [1],

	The following requirements are to be studied for high speed scenario.
· 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


This contribution is intended to analyze the RRM requirements under high speed scenarios.
2 Discussion                
The current RRM requirements are defined under the Doppler frequency up to 70Hz, and the corresponding velocity is about 30km/h. In other words, the existing requirements don’t take the high speed environments into account. So we try to revisit the existing RRM requirements and analyse whether they could be applied in such high speed (350km/h) in this clause.
2.1 High Speed Scenarios

High speed scenarios are identified in [2]. Herein we list the cell range as follows.

Figure1 high speed scenarios summary
	Scenarios
	ISD

	
	

	1 hop
	1: Open space SFN
	2km;3km

	
	2d: Tunnel SFN
	1km

	
	2e: In tunnel: RRH_with different id- UE
	500m

	
	2f: Tunnel SFN CPE
	2km

	
	2g: Leaky cable in tunnel- UE
	3km

	
	4: Open space eNB-UE
	3km

	2 hops
	2a:

Tunnel SFN- RP; RP -UE_with leaky cable
	6km

	
	2b: 
In tunnel: RRH_with different id- RP;

RP -UE_with leaky cable
	3km

	
	2c: 
Leaky cable in tunnel- RP;

RP -UE_with leaky cable
	1.5km

	
	3:

Open space eNB- RP;

RP -UE_with leaky cable
	5km


It is shown that the range of ISD for the applied high speed scenarios is [500, 5000]m. 

2.2 Cell re-selection
In the current TS36.133, the requirements for intra-frequency cell reselection are defined in Table 4.2.2.3-1. The UE shall be able to evaluate whether a newly detectable intra-frequency cell meets the reselection criteria defined in TS36.304 within Tdetect,EUTRAN_Intra when that Treselection= 0 .
Table 4.2.2.3-1 : Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate, E-UTRAN_intra
	DRX cycle length [s]
	Tdetect,EUTRAN_Intra [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra
[s] (number of DRX cycles)
	Distance in case detection procedure (350km/h)

[m]

	0.32
	11.52 (36)
	1.28 (4)
	5.12 (16)
	1120

	0.64
	17.92 (28)
	1.28 (2)
	5.12 (8)
	1742

	1.28
	32(25)
	1.28 (1)
	6.4 (5)
	3111

	2.56
	58.88 (23)
	2.56 (1)
	7.68 (3)
	5724


According to the current requirements when the UE velocity is 350km/h, UE moved 1742m during cell reselection procedure in case of DRX cycle is 0.64s. When the ISD of a high speed scenario is 500m, it seems that  the existing cell reselection requirements in Table 4.2.2.3-1 are meaningless since the requirements are not suitable under such high speed scenario.
· Cell identification delay

Taking FDD intra-frequency cell identification requirements as an example, the corresponding requirements are defined as following, 
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


Similar issue arises when the existing cell identification delay requirements are applied in high speed scenario especially long DRX cycle is configured. The bad mobility performance could be foreseen. 
· Qout / Qin evaluation period for RLM
Table 7.6.2.2-1: Qout and Qin Evaluation Period in DRX [TS 36.133]
	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 high speed scenario, taking 0.64s DRX cycle into account, the evaluation time for Qin and Qout is 6.4s which is approximate corresponding to 640m. When cell ISD is 500ms, the RLM evaluation time seems not appropriate. 
Based on the analysis of cell reselection, cell identification and RLM evaluation period, the three requirements have the same issues when DRX is long, so the straight forward way is that network configures short DRX cycles when UE is in high speed scenarios. 

In RRC-IDLE state, the shortest DRX cycle is 0.32s which corresponds to1120 m distance providing UE velocity is 350km/h. However the cell reselection time when DRX cycle is 0.32s is still intolerant when cell ISD is 500m. 

In RRC-connected state, common DRX configuration is applied for all RRM requirements in connected state. Considering cell identification and RLM together, only DRX cycle less than 0.128s could be configured in the high speed scenario when considering 500 cell ISD. The restriction for DRX configuration seems stringent. Besides, such restriction will impact the power consumption.
Furthermore the DRX cycle is configured not only for mobility performance but also for traffic characteristics. So the approach of shorter DRX configuration in high speed scenarios seems not appropriated. As we know, longer DRX configuration could not be applied in high speed scenarios. That is to say, applying existing requirements including cell re-selection, RLM and cell identification to high speed scenarios is not feasible.
Proposal 1: Applying existing requirements including cell re-selection, RLM and cell identification to high speed scenarios are not feasible.
In order to handle the issue, other enhanced approaches are needed.

Proposal 2: The enhanced requirements for cell re-selection, RLM and cell identification are needed under the identified high speed scenarios.
3 Conclusions
In this contribution, we provide the analysis on the content of RRM performance evaluation under existing high speed scenarios. The following proposals are provided,
Proposal 1: Applying existing requirements including cell re-selection, RLM and cell identification to high speed scenarios are not feasible.
Proposal 2: The enhanced requirements for cell re-selection, RLM and cell identification are needed under the identified high speed scenarios.
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