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1. Introduction

The WI [1] on NR HST was approved during last meeting. This contribution provides further discussion on the remaining open issues.
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.


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 has some room to reduce the time for cell identification.
During last meeting, one option proposed in the approved WF[1] is that cell re-selection requirements specified in Rel-16 LTE HST WI can be considered for NR HST, that is,

	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
	2.56 x N1 x M2 (8 x N1 x M2)
	0.32 x N1 x M2 (1 x N1 x M2)
	0.96 x N1 x M2 (3 x N1 x M2)

	0.64
	
	5
	5.12 x N1 (8 x N1)
	0.64 x N1 (1 x N1)
	1.92 x N1 (3 x N1)

	1.28
	
	4
	8.96 x N1 (7 x N1)
	1.28 x N1 (1 x N1)
	3.84 x N1 (3 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.


If the enhanced cell reselection is specified as above, the PSS/SSS detection time is 5*DRX which is the same as in RRC connected mode. Then the power assumption is the same as in RRC connected mode as well. Regarding DRX=0.32s, there is additional scaling factor M2. The M2 considers the scenario that SMTC is far from DRX-ON and UE needs to additional wake up for AGC adjustment. Thus we think M2 shall be remained considering power saving.
Proposal 1: Cell re-selection requirements specified in Rel-16 LTE HST WI can be considered for NR HST and M2 shall be remained.
· Cell identification requirements in connected mode in NR
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 for non-HST scenario. These sample values were sufficiently discussed at R15.
In non-DRX case, the requirement for non-HST is already stringent and there is almost no room for further enhancement for HST scenario. In HST, in order to guarantee the robustness of mobility, the measurement accuracy shall be satisfied. Thus it seems not feasible to further reduce the cell identification time with/without SSB index and measurement requirements in NR HST.
In DRX case, if multiple SMTCs are covered by one DRX cycle, it is possible for UE to perform measurements on SSB occasion during DRX-off. It can’t not simply reduce the existing sample number to one certain value for certain DRX cycle, as this depends on DRX and SMTC periodicity configuration combination. Considering the worst case, SMTC periodicity is 160ms, then when DRX cycle is 320ms and larger, the sample number can be reduced. And when the DRX cycle is not larger than 320ms, the situation is alike non-HST cases, it is hard for UE to reduce the sample number without accuracy degradation.

Proposal 2: No enhancements of the cell identification time with/without SSB index and measurement requirements is needed for non-DRX and DRX<320ms cases in NR HST. 
Proposal 3: The enhancement for cell identification and measurement requirements can be considered for DRX≥ 320ms cases in NR HST.
· Beam management requirements 
One of the typical HST-SFN scenarios is that one RRH has two SSB beams and the two SSB are transmitted to opposite directions. One cell has multiple RRHs. Under such deployment, beam management can be considered although the railway track is fixed and the beam number is limited. 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 without timeRestrictionForChannelMeasurement indication. In HST scenario, in order to fasten the L1-RSRP measurement, network can configure timeRestrictionForChannelMeasurement to obtain one shot measurement.
Proposal4: In HST scenario, network is suggested to configure timeRestrictionForChannelMeasurement to perform L1-RSRP 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

UE needs to monitor the downlink radio link quality of beams in serving cell. For HST scenario, we don’t think the evaluation sample can be reduced since the existing evaluation period for BFD has already considered the performance robustness and time validity. The possible scheme is to configure the appropriate SSB periodicity and DRX cycles.
In addition, as the network for high speed train is dedicated network, even if the channel quality degraded in some areas, the channel will recover latter. For example UE can configure appropriate value of “beamFailureDetectionTimer” and “beamFailureInstanceMaxCount”. Thus the new scheme for BFD enhancement is not expected for HST scenario.
In summary, the existing requirements for L1-RSRP measurement, CBD and BFD can be reused for HST (including SSB and CSI-RS based).
Proposal 5: The existing requirements for L1-RSRP measurement, CBD and BFD can be reused for HST (including SSB and CSI-RS based).
· TCI state switching
Under multiple beams scenario, TCI state switching is an essential functionality. As we know, the DCI-based TCI state switching is the fastest method to change transmission beam. Especially in HST scenario, in the two beam overlapping area, DCI based TCI switching is a prefer method. 
Proposal 6: DCI based TCI switching is typical and preferred in multiple beams HST scenario.
· Inter-RAT EUTRA measurement
In high speed scenario, UE still needs to perform NR to EUTRA inter-RAT measurements (in NR SA) and the EUTRA-NR measurement (before EN-DC). In the initial phase of NR deployment, the NR coverage may be not so sufficient. Thus in order to guarantee the coverage continuity, the inter-RAT measurement between EUTRA and NR is important. 
The straight forward way is,

-NR to EUTRA inter-RAT measurements (in NR SA) follows the R16 EUTRA enhanced measurement requirements,
-EUTRA-NR inter-RAT measurement (before ENDC) follows the R16 HST NR measurement requirements.

Proposal 7: The enhanced inter-RAT ETURA measurement requirements shall be considered 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: Cell re-selection requirements specified in Rel-16 LTE HST WI can be considered for NR HST and M2 shall be remained.
Proposal 2: No enhancements of the cell identification time with/without SSB index and measurement requirements is needed for non-DRX and DRX<320ms cases in NR HST. 

Proposal 3: The enhancement for cell identification and measurement requirements can be considered for DRX≥ 320ms cases in NR HST.

Proposal4: In HST scenario, network is suggested to configure timeRestrictionForChannelMeasurement to perform L1-RSRP measurement.

Proposal 5: The existing requirements for L1-RSRP measurement, CBD and BFD can be reused for HST (including SSB and CSI-RS based).
Proposal 6: DCI based TCI switching is typical and preferred in multiple beams HST scenario.
Proposal 7: The enhanced inter-RAT ETURA measurement requirements shall be considered in NR HST.
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