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1 Introduction
At RAN plenary meeting #66, the new study item “Study on performance enhancements for high speed scenario in LTE” was approved [1]. One of the objectives of the study item is to:
· Comprehensively enhancing of the requirements for UE RRM, UE demodulation and BS demodulation under existing high speed scenario.
· UE RRM: Cell identification, measurement reporting delay, RLM, Cell selection/reselection, and measurement accuracy performance
This contribution is intended to analyze the content of RRM requirements under existing 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 herein we try to revisit the existing RRM requirements and analyse whether they could be applied in such high speed (350km/h).
2.1 System level evaluation on RRM requirements

2.1.1 RRC_IDLE state mobility
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 5724m during cell reselection procedure in case of DRX cycle is 2.56s. Thus the existing cell reselection requirements in Table 4.2.2.3-1 are meaningless since the requirements are not suitable under high speed scenario.
Of course in practical implementation, the cell reselection time could be reduced. For example, an idle state UE could re-select a cell with several times (less than 20 times) PSS/SSS detection and 3~4 DRX cycles for evaluation with side condition Es/Iot= -4dB. Although the reselection time in practical is less than the requirements as defined in specification, the cell reselection time still can’t be tolerant especially DRX cycle is more than  0.32s when the UE velocity is 350km/h.

Another approach to reduce the cell identification time and evaluation time is to configure a shorter DRX cycle. However as we know, the DRX cycle is configured not only for mobility performance but also for traffic characteristics. So without accurate speed estimation, shorter DRX cycle configuration is not an appropriate method. Besides even shorter DRX cycle is configured, e.g., 0.32s, the cell reselection time is still intolerant. Of course the power consumption is another important factor to be considered when shorter DRX is configured.

2.1.2 RRC connected state

· Measurement period
The existing requirements for measurement reporting delay are defined in chapter 8 in TS 36.133. Herein take FDD intra-frequency measurement with DRX as an example, and duplicate the specified requirements as below.
Table 8.1.2.2.1.2-2: Requirement to measure FDD intrafrequency cells

	DRX cycle length (s)
	Tmeasure_intra (s) (DRX cycles)

	≤0.04
	0.2 (Note1)

	0.04<DRX-cycle≤2.56
	Note2 (5)

	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, the measurement period has significant impact on mobility performance. The preliminary system simulation results are given in Figure 1 and Table 1. In the evaluation, UE velocity is 350km/h and the network topo is macro deployment. As shown in Figure 1 the handover failure rate increases with the measurement period. The handover failure rate is intolerable. In addition, the RLF number is enormous which would bring bad user experience as well. With the current measurement period, UE perform measurements infrequently, and UE possibly run out of the cell without reporting measurement report, so this results in the late handover and RLF. 
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Figure 1 handover failure rate with different measurement periods
Table1 measurement periods impact

	measurement period (ms)
	HO numb.
	RLF numb.
	Pingpong numb.
	failure rate
	failure numb.

	200
	7304
	54
	175
	8.00%
	584

	400
	6906
	225
	158
	15.49%
	1070

	800
	4171
	2279
	0
	45.26%
	1888

	1600
	1322
	4182
	0
	66.11%
	874


It is clear that the existing requirements for measurement period are not suitable under high speed scenario especially in DRX cases.
· Cell identification delay

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. 
Observation 1: The existing RRM requirements both for idle and connected state (e.g., cell reselection, measurement period and cell identification requirements) are not appropriately applied to high speed scenario.

Proposal1: The existing RRM requirements (e.g., cell reselection, measurement period and cell identification delay) need to be enhanced under existing high speed scenario. 
2.2 Link level evaluation for enhanced requirements

In section 2.1, the analysis of the existing requirements is based on the UE mobility performance. The key performance indicators are handover failure rate, handover number, RLF number, ping-pong number etc which are based on system level simulation campaign. If the requirements proposed in 2.1 are verified need to be tighten, the corresponding link level evaluation campaign will carry out. 
· Parameters
The operating bands in LTE are from 700MHz to 3.6GHz. Take CMCC as an example, band 39 (1.9GHz) and band 41(2.6GHz) are deployed for high speed train. Take 350km/h as the target speed, the Doppler shift 850Hz needs to be considered. Higher Doppler shift shall be considered if operators have requirements.
Maximum Doppler shift (DL): 850Hz;
Velocity: 350km/h.
· RRM requirements
The following RRM requirements need to be evaluated under high Doppler (e.g., 850Hz) to satisfy the enhanced requirements.
· RSRP/ RSRQ accuracy
· RLM

· Cell identification delay
Proposal2: RSRP/RSRQ accuracy, RLM and cell identification shall be evaluated whether satisfy the enhanced requirements under existing high speed scenario.
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,
Proposal1: The existing RRM requirements (e.g., cell reselection, measurement period and cell identification delay) need to be enhanced under existing high speed scenario. 
Proposal2: RSRP/RSRQ accuracy, RLM and cell identification shall be evaluated whether satisfy the enhanced requirements under existing high speed scenario.
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