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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The outcome of RAN4#97-e was work plan [1] on enhancement for NR high speed train scenario in FR1. 
· [bookmark: _GoBack]Discuss and identify which RRM requirements need to be enhanced to support carrier aggregation with the target speed of up to 500km/h and carrier frequency of up to 3.6 GHz
· PSS/SSS detection, time index detection, and measurement period for deactivated SCell
· PSS/SSS detection, time index detection, and measurement period for activated SCell
· SCell activation/deactivation delay requirement
· If needed other requirements are not precluded.
· Discuss the candidate solution for the RRM enhancement
In this contribution, we discuss further the open issues on above items
Discussion
For SCell with highSpeed SCell signalling, TPSS/SSS_sync_intra, TSSB_time_index_intra and T SSB_measurement_period_intra are discussed and specified.
[bookmark: _Hlk61502371]Proposal 1:  RAN4 assume a new signaling for highspeed SCell is configurable to trigger SCell RRM enhancement for NR high speed train.

 Intrafrequency measurements without measurement gaps
When high speed signaling for SCell is configured, Chapter 9.2.5  in TS 37.133 needs to extend to cover high speed case. 
Intrafrequency measurement period requirements specified in below tables, with highlighted modifications which are specific when high speed case, compared with specified in existing TS 38.133.

[bookmark: _Hlk61503119]PSS/SSS detection, time index detection, and measurement period for deactivated Scell

[bookmark: _Hlk61503142]Proposal 2: For intrafrequency measurements without measurement gaps, TPSS/SSS_sync_intra,  TSSB_time_index_intra and TSSB_measurement_period_intra  with deactivated Scell are specified in below tables: 
Table 9.2.5.1-7: Time period for PSS/SSS detection when high speed SCell is configured (deactivated SCell) (FR1)
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	5 x measCycleSCell x CSSFintra

	DRX cycle≤ 320ms
	 5 x max(measCycleSCell, 1.5x DRX cycle) x CSSFintra

	DRX cycle> 320ms
	5 x max(measCycleSCell, DRX cycle) x CSSFintra



Table 9.2.5.1-8: Time period for time index detection when high speed SCell is configured (deactivated SCell) (FR1)
	DRX cycle
	[bookmark: _Hlk61502893]TSSB_time_index_intra

	No DRX
	3 x measCycleSCell x CSSFintra

	DRX cycle≤ 320ms
	 3 x max(measCycleSCell, 1.5x DRX cycle) x CSSFintra

	DRX cycle> 320ms
	3 x max(measCycleSCell, DRX cycle) x CSSFintra



Table 9.2.5.2-6: T SSB_measurement_period_intra when high speed SCell is configured (deactivated SCell) (FR1)
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX Note 2
	max(200ms, ceil( 5 x Kp) x max(measCycleSCell, ,SMTC period)Note 1

	DRX cycle≤ 160ms
	max(200ms, ceil(5 x M2 Note 2 x Kp) x max(SMTC, measCycleSCell, period,DRX cycle)) 

	160ms < DRX cycle≤ 320ms
	ceil(4 x M2 Note 2 x Kp) x max(SMTC period, measCycleSCell, DRX cycle)

	DRX cycle>320ms
	ceil( Y Note 3 x Kp ) x max(measCycleSCell,  DRX cycle)

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
NOTE 2:	M2 = 1.5 if SMTC periodicity > 40 ms, otherwise M2=1
NOTE 3:	Y=3 when SMTC <= 40ms, Y=5 when SMTC > 40ms




PSS/SSS detection, time index detection, and measurement period for activated SCell

Proposal 3:  For intrafrequency measurements without measurement gaps, TPSS/SSS_sync_intra,  TSSB_time_index_intra  with activated Scell are specified in below tables.
Table 9.2.5.1-9: Time period for PSS/SSS detection, when high speed SCell is configured (activated SCell) (FR1)
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max( 600ms, ceil( 5 x Kp) x SMTC period )Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max( 600ms, ceil(M2 Note 2x 5 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil(5 x Kp) x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
NOTE 2:	When RRM enhancement when high speed is not configured, M2 = 1.5; When high speed SCell is configured, M2 = 1.5 if SMTC periodicity > 40 ms;,otherwise M2=1.



Table 9.2.5.1-10: Time period for time index detection, when high speed SCell is configured (activated SCell) (FR1)
	DRX cycle
	TSSB_time_index_intra

	No DRX
	max(120ms, ceil( 3 x Kp ) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(120ms, ceil (M2 Note 2 x 3 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	Ceil(3 x Kp) x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
NOTE 2:	When RRM enhancement when high speed is not configured, M2 = 1.5; When high speed SCell is configured, M2 = 1.5 if SMTC periodicity > 40 ms;,otherwise M2=1




Proposal 4: For Intrafrequency measurements without measurement gaps, T SSB_measurement_period_intra with activated SCell uses Table 9.2.5.2-5.

[bookmark: _Hlk60912958]
Intra-frequency measurements withmeasurement gaps
[bookmark: _Hlk61487495]When high speed signaling for SCell is configured, Chapter 9.2.6  in TS 37.133 needs to extend to cover high speed case. 
Intrafrequency measurement period requirements specified in below tables, with highlighted modifications which are specific when high speed case, compared with specified in existing TS 38.133.

PSS/SSS detection, time index detection, and measurement period for activated SCell

Proposal 5: For Intrafrequency measurements with measurement gaps, TPSS/SSS_sync_intra,  TSSB_time_index_intra  with activated SCell are specified in below tables.
Table 9.2.6.2-4: Time period for PSS/SSS detection, when high speed SCell is configured (activated SCell) (FR1)
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max(600ms, 5 x max(MGRP, SMTC period)) x CSSFintra

	DRX cycle≤ 320ms
	max(600ms, ceil(M2Note 1x 5) x max(MGRP, SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	5 x max(MGRP, DRX cycle) x CSSFintra

	NOTE 1:	When RRM enhancement when high speed is not configured, M2 = 1.5; When high speed SCell is configured, M2 = 1.5 if SMTC periodicity > 40 ms, otherwise M2=1.



Table 9.2.6.2-5: Time period for time index detection when high speed SCell is configured (activated SCell) (Frequency range FR1)
	DRX cycle
	TSSB_time_index_intra

	No DRX
	max(120ms, 3 x max(MGRP, SMTC period)) x CSSFintra

	DRX cycle≤ 320ms
	max(120ms, ceil(M2Note 1x 3) x max(MGRP, SMTC period,DRX cycle) x CSSFintra)

	DRX cycle>320ms
	3 x max(MGRP, DRX cycle) x CSSFintra

	NOTE 1:	When RRM enhancement when high speed is not configured, M2 = 1.5; When high speed SCell is configured, M2 = 1.5 if SMTC periodicity > 40 ms, otherwise M2=1.



[bookmark: _Hlk61502729]Proposal 6: For Intrafrequency measurements with measurement gaps, T SSB_measurement_period_intra with activated SCell uses Table 9.2.6.3-3.


SCell Activation and Deactivation Delay
[bookmark: _Hlk61505539]Proposal 7: SCell activation and deactivation delay keeps fulfilling Chapter8.3.2.3 in TS 38.133 SCell Activation and Deactivation Delay.
Open issue 1: In high speed scenario, SCell could need shorter delay, before channel changes too much. In the other hand, longer cooling down of SCell state may bring benefit to UE power saving. 



Summary
· Proposal 1:  RAN4 assume a new signaling for highspeed SCell is configurable to trigger SCell RRM enhancement for NR high speed train.

· Proposal 2: For intrafrequency measurements without measurement gaps, TPSS/SSS_sync_intra,  TSSB_time_index_intra and TSSB_measurement_period_intra  with deactivated Scell are specified in below tables: 
Table 9.2.5.1-7: Time period for PSS/SSS detection when high speed SCell is configured (deactivated SCell) (FR1)
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	5 x measCycleSCell x CSSFintra

	DRX cycle≤ 320ms
	 5 x max(measCycleSCell, 1.5x DRX cycle) x CSSFintra

	DRX cycle> 320ms
	5 x max(measCycleSCell, DRX cycle) x CSSFintra



Table 9.2.5.1-8: Time period for time index detection when high speed SCell is configured (deactivated SCell) (FR1)
	DRX cycle
	TSSB_time_index_intra

	No DRX
	3 x measCycleSCell x CSSFintra

	DRX cycle≤ 320ms
	 3 x max(measCycleSCell, 1.5x DRX cycle) x CSSFintra

	DRX cycle> 320ms
	3 x max(measCycleSCell, DRX cycle) x CSSFintra



Table 9.2.5.2-6: T SSB_measurement_period_intra when high speed SCell is configured (deactivated SCell) (FR1)
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX Note 2
	max(200ms, ceil( 5 x Kp) x max(measCycleSCell, ,SMTC period)Note 1

	DRX cycle≤ 160ms
	max(200ms, ceil(5 x M2 Note 2 x Kp) x max(SMTC, measCycleSCell, period,DRX cycle)) 

	160ms < DRX cycle≤ 320ms
	ceil(4 x M2 Note 2 x Kp) x max(SMTC period, measCycleSCell, DRX cycle)

	DRX cycle>320ms
	ceil( Y Note 3 x Kp ) x max(measCycleSCell,  DRX cycle)

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
NOTE 2:	M2 = 1.5 if SMTC periodicity > 40 ms, otherwise M2=1
NOTE 3:	Y=3 when SMTC <= 40ms, Y=5 when SMTC > 40ms



· Proposal 3:  For intrafrequency measurements without measurement gaps, TPSS/SSS_sync_intra,  TSSB_time_index_intra  with activated Scell are specified in below tables.
Table 9.2.5.1-9: Time period for PSS/SSS detection, when high speed SCell is configured (activated SCell) (FR1)
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max( 600ms, ceil( 5 x Kp) x SMTC period )Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max( 600ms, ceil(M2 Note 2x 5 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil(5 x Kp) x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
NOTE 2:	When RRM enhancement when high speed is not configured, M2 = 1.5; When high speed SCell is configured, M2 = 1.5 if SMTC periodicity > 40 ms;,otherwise M2=1.



Table 9.2.5.1-10: Time period for time index detection, when high speed SCell is configured (activated SCell) (FR1)
	DRX cycle
	TSSB_time_index_intra

	No DRX
	max(120ms, ceil( 3 x Kp ) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(120ms, ceil (M2 Note 2 x 3 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	Ceil(3 x Kp) x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
NOTE 2:	When RRM enhancement when high speed is not configured, M2 = 1.5; When high speed SCell is configured, M2 = 1.5 if SMTC periodicity > 40 ms;,otherwise M2=1



· Proposal 4: For Intrafrequency measurements without measurement gaps, T SSB_measurement_period_intra with activated SCell uses Table 9.2.5.2-5.

· Proposal 5: For Intrafrequency measurements with measurement gaps, TPSS/SSS_sync_intra,  TSSB_time_index_intra  with activated SCell are specified in below tables.
Table 9.2.6.2-4: Time period for PSS/SSS detection, when high speed SCell is configured (activated SCell) (FR1)
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max(600ms, 5 x max(MGRP, SMTC period)) x CSSFintra

	DRX cycle≤ 320ms
	max(600ms, ceil(M2Note 1x 5) x max(MGRP, SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	5 x max(MGRP, DRX cycle) x CSSFintra

	NOTE 1:	When RRM enhancement when high speed is not configured, M2 = 1.5; When high speed SCell is configured, M2 = 1.5 if SMTC periodicity > 40 ms, otherwise M2=1.



Table 9.2.6.2-5: Time period for time index detection when high speed SCell is configured (activated SCell) (Frequency range FR1)
	DRX cycle
	TSSB_time_index_intra

	No DRX
	max(120ms, 3 x max(MGRP, SMTC period)) x CSSFintra

	DRX cycle≤ 320ms
	max(120ms, ceil(M2Note 1x 3) x max(MGRP, SMTC period,DRX cycle) x CSSFintra)

	DRX cycle>320ms
	3 x max(MGRP, DRX cycle) x CSSFintra

	NOTE 1:	When RRM enhancement when high speed is not configured, M2 = 1.5; When high speed SCell is configured, M2 = 1.5 if SMTC periodicity > 40 ms, otherwise M2=1.



· Proposal 6: For Intrafrequency measurements with measurement gaps, T SSB_measurement_period_intra with activated SCell uses Table 9.2.6.3-3.

· Proposal 7: SCell activation and deactivation delay keeps fulfilling Chapter8.3.2.3 in TS 38.133 SCell Activation and Deactivation Delay.

· Open issue 1: In high speed scenario, SCell could need shorter delay, before channel changes too much. In the other hand, longer cooling down of SCell state may bring benefit to UE power saving. 
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