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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]. The objective of the study item is to:
· Comprehensively enhancing of the requirements for UE RRM, UE demodulation and BS demodulation under existing high speed scenario.
· Associated requirements to be enhanced for deployment scenarios with UE velocity at least up to 350km/h as 1st priority
· Associated requirements to be studied for deployment scenarios with UE velocity above 350km/h
· Identifying other new conditions to affect the system performance for E-UTRA under high speed environment and investigating BS demodulation, UE demodulation, and UE RRM performance under the identified new high speed scenarios. 
· Identify new high speed train scenarios for enhancements
· Investigate the RRM performance in high speed train and identify if the enhanced requirements for RRM are needed under the new identified high speed train scenario
· Investigate the system performance under the legacy mobility framework under the new identified high speed train scenario especially for the mobility performance

· Investigate the link performance under legacy high speed channel models including RLM, cell identification and RRM measurement reporting/accuracy et.al.
· Identify the essential procedure enhancement under high speed train scenario if needed
· Investigate the BS/UE performance in high speed train scenario, and identify the enhanced requirements for demodulation and CSI reporting performance.
· Evaluate the performance of different downlink channels, under the new identified high speed train scenarios, and identify the need of introducing the new demodulation requirements
· Evaluation the performance of the different uplink channels under the new identified high speed train scenarios, and identify the need of introducing the new uplink demodulation performance requirements
· Evaluation the CSI reporting performance under the new identified high speed train scenarios and study the need of introducing the new CSI reporting requirements.
This contribution is intended to analyze the content of RRM performance evaluation under high speed scenarios.
2 Discussion                
2.1 Current requirements limitation
· 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)
	detect distance (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.
· RRC connected state
· Measurement period
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.
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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


· 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 expected. The system level simulation results are welcome if interested companies could provide.
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 Performance evaluation for enhanced requirements

· 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.
2.3 New high speed scenarios
The practical deployment scenario for high speed train coverage should be taken into account for evaluation;

· Scenario1: Dedicated network (such as RRH deployments) is deployed in high speed railway
For scenario1 as shown in Figure 2, multiple RRHs are connected to one BBU with fiber, in other words multiple RRUs shares the same cell ID. Hereinafter the scenario is regarded as SFN scenario. The channel is different with the existing HST channel and other multi-path fading propagation channel. [2] propose the analysis on the SFN channel model. 
Proposal 3: SFN channel model shall be studied.
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Figure2 High speed scenario1

In typical SFN deployments, the distance between RRUs is 1km and 6 RRUs are deployed in a cell. So the cell coverage is enlarged in SFN scenario. The issues caused by measurement delay, cell identification and cell reselection delay as discussed in section 2.2 are not outstanding. So the existing RRM requirements could be applied in SFN scenario.

Proposal 4: No enhanced RRM requirements (e.g., cell reselection, measurement period and cell identification delay) are expected in SFN scenario.

However RSRP/RSRQ accuracy, RLM, CGI reading and transmit timing shall be evaluated since SFN channel is a special channel whose Doppler shift, tap delay and relative power is time variable.

Proposal 5: RSRP/RSRQ accuracy, RLM and cell identification delay shall be evaluated under SFN scenario.
· Scenario2: Separate carriers are utilized for high speed scenario. One carrier with good coverage serves as PCell for mobility management. One carrier at high frequency may provide the good data transmission.

Scenario2 resembles legacy carrier aggregation or dual connectivity scenario in Rel-12 except the high maximum Doppler shift. In our understanding, the RRM requirements in scenario 2 shall satisfy the enhanced requirements. If the enhanced requirements are defined for existing high speed scenarios, not too much work needs to be carried out for scenario2.
Proposal 6: If the enhanced requirements are defined for existing high speed scenarios, not too much work needs to be carried out for scenario2.
· Scenario3: Public network is deployed along the railways and repeaters are installed in carriages
· Scenario4: Dedicated network is deployed along the railways and repeaters are installed in carriages.
For scenario 3 and 4, the install of repeater in the carriages could compensate penetration loss to a certain extent. So from UE perspective, the receive strength become stronger. If the dedicated network is deployed, the cell coverage could be enlarged. If the public network is deployed, the cell coverage shall be the same as legacy macro network since the public network shall serve other users not in high speed train as well. In our understanding, the two scenarios resemble existing macro network, so the RRM requirements in these scenarios shall satisfy the enhanced requirements as existing scenarios.
Proposal 7: If the enhanced requirements are defined for existing high speed scenarios, not too much work needs to be carried out for scenario3 and scenario 4.

· Scenario5: Deployment where coverage inside tunnels is provided by one or more repeaters

For scenario5, the existing HST channel for tunnel in TS 36.101 could be regarded as baseline. Of course, the detailed deployment parameters are welcomed to be provided by interested operators.
Proposal8: For scenario5, the existing HST channel for tunnel in TS 36.101 could be regarded as baseline.

3 Conclusions
In this contribution, we provide the analysis on the content of RRM performance evaluation under high speed scenarios. [R4-150297] provide the related work plan.
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.
Proposal 3: SFN channel model shall be studied.
Proposal 4: No enhanced RRM requirements (e.g., cell reselection, measurement period and cell identification delay) are expected in SFN scenario.

Proposal 5: RSRP/RSRQ accuracy, RLM and cell identification delay shall be evaluated under SFN scenario.
Proposal 6: If the enhanced requirements are defined for existing high speed scenarios, not too much work needs to be carried out for scenario2.

Proposal 7: If the enhanced requirements are defined for existing high speed scenarios, not too much work needs to be carried out for scenario3 and scenario 4.

Proposal8: For scenario5, the existing HST channel for tunnel in TS 36.101 could be regarded as baseline.
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