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1. Introduction

The WI on NR support for high speed train scenario was agreed in [1]. The objectives are duplicated as below.
	· Investigate and specify the following scenarios: 

· NR SA single carrier scenario.

· Study the EN-DC scenario considering the LTE HST performance.
· The channel model: 

· HST-SFN scenarios, i.e. multiple RRHs connecting to one BBU. The channel model for HST-SFN will be discussed in this WI.

· HST single tap channel model 
· Other channel models are not precluded

· The maximum Doppler frequency will be investigated and determined based on operating frequency, velocity and the NR design limitations for all UL/DL physical channels.
· The carrier frequency is up to 3.6GHz covering both TDD and FDD.

· The feasibility of supporting speeds of up to a maximum of 500km/h will be investigated. The actual maximum supported velocity at 3.6GHz will be decided in this WI.

· Investigate and specify the UE RRM core requirements for: 
· Idle and inactive mode:
· Cell reselection including cell identification and measurement requirements
· Connected mode

· Cell identification requirements
· Measurement delay requirements
· Study whether to introduce beam management related requirements, e.g. L1-RSRP measurement
· Study the impact on RLM and UL timing.

· If needed other requirements are not precluded. If needed, signalling impact should be discussed in RAN2.

 


This paper provides the RRM impact analysis on NR HST.
2. Discussion
· Cell reselection requirements in idle mode and inactive mode

One objective of the WID is to study the feasibility of supporting 500km/h. Herein we assume if the target speed is 500km/h in NR HST, it means UE will move 138m within 1s. As we know, the cell reselection requirements in idle mode are specified as below (Section 4 in TS38.133),
Table 4.2.2.3-1: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	FR1
	FR2Note1
	
	
	

	0.32
	1
	8
	11.52 x N1 x M2 (36 x N1 x M2)
	1.28 x N1 x M2 (4 x N1 x M2)
	5.12 x N1 x M2 (16 x N1 x M2)

	0.64
	
	5
	17.92 x N1 (28 x N1)
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	
	4
	32 x N1 (25 x N1)
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 x N1)

	2.56
	
	3
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	Note 1:
Applies for UE supporting power class 2&3&4. For UE supporting power class 1, N1 = 8 for all DRX cycle length.
Note 2:
M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1.


Table 4.2.2.4-1: Tdetect,NR_Inter, Tmeasure,NR_Inter and Tevaluate,NR_Inter

	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Inter [s] (number of DRX cycles)
	Tmeasure,NR_Inter [s] (number of DRX cycles)
	Tevaluate,NR_Inter [s] (number of DRX cycles)

	
	FR1
	FR2Note1
	
	
	

	0.32
	1
	8
	11.52 x N1 x 1.5 (36 x N1 x 1.5)
	1.28 x N1 x 1.5 (4 x N1 x 1.5)
	5.12 x N1 x 1.5 (16 x N1 x 1.5)

	0.64
	
	5
	17.92x N1 (28 x N1)
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	
	4
	32 x N1 (25 x N1)
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 x N1)

	2.56
	
	3
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	Note 1:
Applies for UE supporting power class 2&3&4. For UE supporting power class 1, N1 = 8 for all DRX cycle length.


Even taking DRX=1.28s in idle as an example, UE needs 11.52s to perform cell identification and reselection criteria and the corresponding moved distance is 1590m in idle mode. As the collected high speed scenarios in R14 HST SI phase [TR 36.878], 2km ISD between eNBs is a common deployment. 1590m is intolerable compared with 2000m. 
In idle mode, Tdetect,NR comprises Tevaluate,NR and the time for cell identification where the time for cell identification is  20*DRX which is inherent from LTE. The intention of using the value from LTE is to save power consumption. Recalling the cell identification time without SSB index in connected mode, 20 samples for cell detection have some margin. Thus in order to achieve faster Tdetect,NR in idle mode, it may have some room to reduce the time for cell identification.
Proposal 1: It seems feasible to reduce the Tdetect,NR in idle and inactive mode in NR HST.

· Cell identification requirements in connected mode in NR
Firstly in NR HST, the performance of PSS/SSS detection, measurements and PBCH reading in high speed scenario shall be evaluated. Considering the worst case that the velocity is 500km/h and the center frequency is 3.6GHz, the maximum Doppler shift is 1667Hz. UE performs cell identification in the handover range where the Doppler shift from the serving cell is negative and the Doppler shift from the target cell is positive. Since UE always performs frequency offset for the serving cell, the Doppler shift observed from UE is 3334Hz. In our understanding, at least the link level simulation evaluation shall be carried out under AWGN channel with 3334Hz offset between desired and interfering cells. [R4-1911888] gives the preliminary simulation results on the PSS/SSS detection, measurements and PBCH reading. The results show that the high Doppler has slight impact on these requirements.
Secondary the WID focus on FR1 only, then the scaling factor for UE beam sweeping shall not be considered. In current specification, PSS/SSS detection time without SSB index needs at least 5 samples, measurement needs at least 5 samples and SSB index acquisition needs at least 3 samples. The current requirement is stringent and there is almost no room for further enhancement. As from our simulation results that the Doppler shift has no significant degradation on the cell identification performance, we suggest to consider the restriction of DRX cycle applicability or the to-be-monitored frequency number in order to reduce the cell identification time/ measurement period. For example, the long DRX cycle is not appreciate to be configured in NR HST scenario.
Proposal 2: The link level simulation evaluation shall be carried out under AWGN channel with 3334Hz offset between desired and interfering cells for PSS/SSS detection, measurements and PBCH reading.
Proposal 3: It seems not feasible to further reduce the cell identification time with/without SSB index and measurement requirements in NR HST. The restriction on DRX configuration or to-be-monitored frequency number can be discussed.
· Beam management requirements
Whether beam management is needed to be considered depends on the practical high speed scenario deployment. If there are no multiple different transmission beams in each RRH/gNB, the need to consider beam management is not foreseen.
If there are multiple transmission beams in HST deployment, the analysis on L1-RSRP, BFD and CBD are discussed separately.
· L1-RSRP measurement
In R-15, the L1-RSRP period can be one shot if timeRestrictionForChannelMeasurement is indicated or 3 samples filter. In HST scenario, in order to fasten the L1-RSRP measurement, network can configure timeRestrictionForChannelMeasurement to obtain one shot measurement.
· CBD
In R-15, the evaluation period for CBD is 3 available samples. To consider the robust of the CBD evaluation, it is better to remain the current requirements in HST.
· BFD

In general, as the network for high speed train is dedicated network, the channel quality can be guaranteed to a certain extent. Even if the channel quality degraded in some areas, the channel will recover as the route of a train is fixed and the network for high speed is dedicated network. Thus the frequently RLF is not expected in HST. UE can control the BFD evaluation period by configuring appropriate value of “beamFailureDetectionTimer” and “beamFailureInstanceMaxCount”.
In summary, no further enhancement for beam management in HST is foreseen.
Proposal 4: No further enhancement for beam management in HST is foreseen.
· UL transmit timing 
The maximum time adjust step Tq shall consider the impact by mobility speed. [R4-1911889] provides the corresponding analysis.

Proposal 5: Maximum time adjust step Tq shall be discussed in high speed scenario.
· Inter-RAT EUTRA measurement
In high speed scenario, UE still needs to perform NR to EUTRA inter-RAT measurements. The measurement gap shall be applied. In order to guarantee the user experience consistency in both NR and LTE, the enhanced measurement requirements in LTE side shall be considered. The straight forward way is following the R16 EUTRA enhanced measurement requirements in eHST which has complete the core requirements at last RAN4 meeting.
Proposal 6: The enhanced inter-RAT ETURA measurement requirements shall be consider in NR HST.
3. Conclusions

This contribution provides the discussion on RRM impact analysis on NR HST. The proposals are provided as below,
Proposal 1: It seems feasible to reduce the Tdetect,NR in idle and inactive mode in NR HST.

Proposal 2: The link level simulation evaluation shall be carried out under AWGN channel with 3334Hz offset between desired and interfering cells for PSS/SSS detection, measurements and PBCH reading.
Proposal 3: It seems not feasible to further reduce the cell identification time with/without SSB index and measurement requirements in NR HST. The restriction on DRX configuration or frequency number can be discussed.

Proposal 4: No further enhancement for beam management in HST is foreseen.
Proposal 5: Maximum time adjust step Tq shall be discussed in high speed scenario.

Proposal 6: The enhanced inter-RAT ETURA measurement requirements shall be consider in NR HST.
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