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1. Introduction
In the last meeting, a way forward on RRM NR FR2 HST was approved in [1]: 
	Requirements for long DRX configurations
· Use 350kmph as a reference maximum train speed and define RRM requirements to guarantee that.
Beam search scaling factor N
· FFS: to be discussed depending on the outcomes of the deployment scenarios and when the number of RX beams is determined
Requirements for long DRX configurations in CONNECTED state
· Option 1: Apply existing R16 requirements
· Option 2: Apply requirements for short DRX configurations
· Option 3: 
· FFS the upper bound of DRX cycle which is determined based on the maximum target CPE speed. 
· Enhancements are defined for small DRX cycle ≤  the upper bound; for DRX cycle > the upper bound, existing Rel-16 FR2 requirements are reused
Connected state mobility requirements
· Connection Mobility Control 
· RRC Release with Redirection
· Not applicable to FR2 HST
· RRC re-establishment
· FFS: Definition of criteria of known cell for FR2
· FFS: Enhancement of requirements on Connection Mobility Control - RRC re-establishment.
· Handover
· FFS: A need for enhancements based on the agreements about RX beam sweep number reduction.
Cell reselection enhancements in IDLE/INACTIVE mode
· Cell reselection requirements in IDLE/INACTIVE mode are enhanced
· FFS enhancement details 
· upper bound of DRX cycle 
· scaling factor N1
· others are not precluded


Based on the conclusion in 99 meeting, it was agreed that network will indicate a flag to UE to differentiate between the HST and non-HST scenarios, which is similar with Rel-16 FR1 HST flag highSpeedMeasFlag-r16. For the mobility requirements of CONNECTED state and IDLE/INACTIVE state, some issues are still open, we provide our analysis for the following issues:
·  For CONNECTED state
· [bookmark: OLE_LINK7]Requirements for long DRX configurations
· Handover
· RRC re-establishment
· For IDLE/INACTIVE state
· Cell re-selection
2. Discussion
2.1 CONNECTED state
[bookmark: OLE_LINK1]2.1.1 Requirements for long DRX configurations
For this issue, three options were discussed during 99 meeting:
· Option 1: Apply existing R16 requirements
· Option 2: Apply requirements for short DRX configurations
· Option 3: 
· FFS the upper bound of DRX cycle which is determined based on the maximum target CPE speed.
· Enhancements are defined for small DRX cycle ≤ the upper bound; for DRX cycle > the upper bound, existing Rel-16 FR2 requirements are reused
It has been agreed that using 350kmph as a reference maximum train speed during 99 meeting. Hence for the RRM requirements enhancement consideration, use the velocity of 350kmph as the baseline assumption. Based on the discussion in Scenario，only focusing on train roof-mounted high-power devices in the WI, for such type of UE, power consumption issue is no longer a bottleneck. Therefore, the demand for long DRX configuration is very low. Only considering how to define requirements to support FR2 HST for short DRX configuration is enough. It is not necessary to consider whether and how to enhance RRM requirements for long DRX configuration. 
One issue is to define the upper bound of DRX cycle, such as 80ms. Once the upper bound determined, for DRX cycle > the upper bound case, there are two candidate choice: 
· Apply requirement for short DRX configuration;
· Reuse existing R16 requirements for long DRX configuration, but network should avoid configure long DRX configuration for HST FR2 enable case. 
In order to follow the similar principle used in FR1 HST, we propose to apply the second choice, i.e. reuse existing Rel-16 requirements for long DRX configuration , but network should avoid configure long DRX configuration for HST FR2 enabled case. 
[bookmark: OLE_LINK3]Proposal 1: Firstly the upper bound of DRX cycle should be determined.
Proposal 2: Requirements enhancement should be defined for small DRX cycle ≤ the upper bound. For the DRX cycle > the upper bound, reuse existing Rel-16 requirements, but network should avoid configured long DRX configuration for HSR FR2 enabled case.
2.1.2 Handover
According to [2], handover delay includes two parts: Dhandover = TRRC_delay + Tinterrupt, where Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms. If the target cell is a known cell, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = 8* Trs ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = 8*3* Trs ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
In RAN4 98bis e-meeting, it was agree that the existing FR2 requirements should be applicable to the HST FR2 deployments when the target cell is known. However, the requirements when the target cell in unknown and a potential need to reduce FR2 scaling factor left open.
Firstly, if RX beam number is determined, the scaling factor defined here needs to be aligned. Align the assumption of existing Rel-16 scaling factor N=8, the intra-frequency handover delay, inter-frequency handover delay based on the different SMTC assumption are given in the following Table 1 and Table 2. 
Table 1  Intra-frequency handover for N=8
	TSMTC, ms
	5
	10
	20
	40
	80
	160

	Dhandover, ms
	253
	282
	372
	552
	912
	1632

	Distance traveled (m)
	25
	27
	36
	54
	88
	158



Table 2  Inter-frequency handover for N=8
	TSMTC, ms
	5
	10
	20
	40
	80
	160

	Dhandover, ms
	333
	442
	692
	1192
	2192
	4192

	Distance traveled (m)
	32
	43
	67
	116
	213
	408


With the general assumption that:
T∆ = Trs, Trs is TSMTC
TIU,max = (160 + 10) ms
Tprocessing = 20ms, Tmargin = 2ms
TRRC_delay =16ms
Reducing scaling factor into N=1, then the corresponding intra-frequency handover delay and inter-frequency handover delay are shown as in Table 3 and Table 4.
Table 3  Intra-frequency handover for N=1
	TSMTC, ms
	5
	10
	20
	40
	80
	160

	Dhandover, ms
	218
	212
	232
	272
	352
	512

	Distance traveled (m)
	21
	21
	23
	26
	34
	50



Table4  Inter-frequency handover for N=1
	TSMTC, ms
	5
	10
	20
	40
	80
	160

	Dhandover, ms
	228
	232
	272
	352
	512
	832

	Distance traveled (m)
	22
	23
	26
	34
	50
	81


Comparing Table 1/2 with Table 3/4, it is shown that when reducing the scaling factor N, the handover process can be greatly accelerated, so as to decrease the handover delay. Hence the restriction on SMTC periodicity configuration can be alleviated, i.e. the SMTC periodicity configuration is more flexible for intra-frequency and inter-frequency measurements. 
Observation 1: The scaling factor for handover to unknown cell needs to be aligned with the conclusion from RX beam number discussion. 
Observation 2：Limits for intra-frequency/inter-frequency SMTC periodicity can be relaxed for the small scaling factor.
2.1.3 RRC re-establishment
According to chapter 6.2.1 in [2], there isn’t any definition of known FR2 cell. So we believe it is necessary to define criteria of known cell for FR2, including intra-frequency and inter-frequency. 
[bookmark: OLE_LINK9]Table 6.2.1.2.1-1: Time to identify target NR cell for RRC connection re-establishment to NR intra-frequency cell
	Serving cell 
	FR of target NR 
	Tidentify_intra_NR [ms]

	SSB Ês/Iot (dB)
	cell
	Known NR cell
	Unknown NR cell

	≥ -8
	FR1
	MAX (200 ms, 5 x TSMTC)
	MAX (800 ms, 10 x TSMTC)

	≥ -8
	FR2
	N/A
	MAX (1000 ms, 80 x TSMTC))

	< -8
	FR1
	N/A
	800Note1

	< -8
	FR2
	N/A
	[bookmark: _Hlk521492617]3520Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR frequency layer when TSMTC > 20 ms and serving cell SSB Ês/Iot < -8 dB.



Table 6.2.1.2.1-2: Time to identify target NR cell for RRC connection re-establishment to NR inter-frequency cell
	Serving cell SSB Ês/Iot (dB)
	FR of target NR cell
	Tidentify_inter_NR, i [ms]

	
	
	Known NR cell
	Unknown NR cell

	≥ -8
	FR1
	MAX (200 ms, 6 x TSMTC, i)
	MAX (800 ms, 13 x TSMTC, i)

	≥ -8
	FR2
	N/A
	MAX (1000 ms, 104 x TSMTC, i))

	< -8
	FR1
	N/A
	[bookmark: _Hlk521492632]800Note1

	< -8
	FR2
	N/A
	4000Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR frequency layer when TSMTC,i > 20 ms and serving cell SSB Ês/Iot < -8 dB.


Proposal 3: Define criteria of known cell for FR2.
For unknown case, comparing the requirements between FR1 and FR2, from 10 x TSMTC to 80 x TSMTC, and from 13 x TSMTC, i to 104 x TSMTC, i, it can be shown that requirements for FR2 is based on the assumption of scaling factor N=8 in Rel-16. Once the RX beam sweep number determined for HST FR2 In the future, then the Table 6.2.1.2.1-1 can be modified as Table 5, and the Table 6.2.1.2.1-2 can be modified as Table 6. Where N means the updated scaling factor.
Table 5 Time to identify target NR cell for RRC connection re-establishment to NR intra-frequency cell
	Serving cell 
	FR of target NR 
	Tidentify_intra_NR [ms]

	SSB Ês/Iot (dB)
	cell
	Known NR cell
	Unknown NR cell

	≥ -8
	FR1
	MAX (200 ms, 5 x TSMTC)
	MAX (800 ms, 10 x TSMTC)

	≥ -8
	FR2
	N/A
	MAX (1000 ms, 10 x N x TSMTC))

	< -8
	FR1
	N/A
	800Note1

	< -8
	FR2
	N/A
	3520Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR frequency layer when TSMTC > 20 ms and serving cell SSB Ês/Iot < -8 dB.



Table 6 Time to identify target NR cell for RRC connection re-establishment to NR inter-frequency cell
	Serving cell SSB Ês/Iot (dB)
	FR of target NR cell
	Tidentify_inter_NR, i [ms]

	
	
	Known NR cell
	Unknown NR cell

	≥ -8
	FR1
	MAX (200 ms, 6 x TSMTC, i)
	MAX (800 ms, 13 x TSMTC, i)

	≥ -8
	FR2
	N/A
	MAX (1000 ms, 13 x N x TSMTC, i))

	< -8
	FR1
	N/A
	800Note1

	< -8
	FR2
	N/A
	4000Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR frequency layer when TSMTC,i > 20 ms and serving cell SSB Ês/Iot < -8 dB.


Proposal 4: Enhance requirements for unknown cell and align with the RX beam sweep number reduction.
2.2 IDLE/INACTIVE state
[bookmark: OLE_LINK28]Based on [1], it has been approved that the cell reselection requirements in IDLE/INACTIVE state should be enhanced. However the details are still not determined yet. 
In our opinion, the enhancement for FR1 HST in Rel-16 can be as a reference for the FR2 HST enhancement. In Rel-16 FR1 HST, Table 4.2.2.3-1 is the requirements in legacy FR1, whereas Table 4.2.2.3-2 is the enhanced requirements for FR1 HST in Rel-16.
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 or 5, 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 4.2.2.3-2: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra for UE configured with highSpeedMeasFlag-r16 (Frequency range FR1)
	DRX cycle length [s]
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	
	
	

	0.32
	2.56 x M2 (8 x M2)
	0.32 x M3 (1 x M3)
	0.96 x M4 (3 x M4)

	0.64
	5.12 (8)
	0.64 (1)
	1.92 (3)

	1.28
	8.96 (7)
	1.28 (1)
	3.84 (3)

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

	Note 1:	when SMTC < = 40 ms, M2 = M3 = M4 = 1; and when SMTC > 40 ms, M2 = 1.5, M3 = M4 = 2


For HST FR2, comparing with HST FR1, one obvious difference lies in the RX beam sweep number. So we suggest introducing scaling factor N1 upon the HST FR1 enhancement, so as the HST FR2 requirements, which can be shown in Table 8.
Table 8: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra for FR2 HST  
	DRX cycle length [s] 
	Tdetect,NR_Intra [s] (number of DRX cycles) 
	Tmeasure,NR_Intra [s] (number of DRX cycles) 
	Tevaluate,NR_Intra 
[s] (number of DRX cycles) 

	
	
	
	

	0.32 
	2.56 x N1 x M2 (8 x N1 x M2) 
	0.32 x N1 x M3 (1 x N1 x M3) 
	0.96 x N1 x M4 (3 x M4) 

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

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

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

	Note 1: when SMTC < = 40 ms, M2 = M3 = M4 = 1; and when SMTC > 40 ms, M2 = 1.5, M3 = M4 = 2 


[bookmark: OLE_LINK2]Proposal 5: Acquiring the HST FR2 requirements based on the HST FR1 enhancement, i.e. introducing scaling factor N1 upon the HST FR1 enhancement in Rel-16.
3. Conclusion
In this contribution, we have the following proposals for CONNECTED and IDLE/INACTIVE state requirements enhancement:
Observation 1: The scaling factor for handover to unknown cell needs to be aligned with the conclusion from RX beam number discussion. 
Observation 2：Limits for intra-frequency/inter-frequency SMTC periodicity can be relaxed for the small scaling factor.
Proposal 1: Firstly the upper bound of DRX cycle should be determined.
Proposal 2: Requirements enhancement should be defined for small DRX cycle ≤ the upper bound. For the DRX cycle > the upper bound, reuse existing Rel-16 requirements, but network should avoid configured long DRX configuration for HSR FR2 enabled case.
Proposal 3: Define criteria of known cell for FR2.
Proposal 4: Enhance requirements for unknown cell and align with the RX beam sweep number reduction.
Proposal 5: Acquiring the HST FR2 requirements based on the HST FR1 enhancement, i.e. introducing scaling factor N1 upon the HST FR1 enhancement in Rel-16.
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