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Introduction
At RAN4#97-e, the work plan for enhancement for NR high speed train scenario in FR1 was agreed and the topics for discussion at this meeting were as follows: 
RAN4#98-e
· 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
 This contribution provides our views and proposals on the above topics. 
Discussion
Background 
In Rel-16 NR HST, cell identification measurement requirements were enhanced for the single component carrier case. Tables 1, 2 and 3 summarize such enhancements for time period for PSS/SSS detection, time period for time index detection and measurement period without gaps, respectively.   
Table 1: Time period for PSS/SSS detection, (Frequency range 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 for high speed is not configured, M2 = 1.5; When RRM enhancement for high speed is configured, M2 = 1.5 if SMTC periodicity > 40 ms;,otherwise M2=1.



Table 2: Time period for time index detection (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 for high speed is not configured, M2 = 1.5; When RRM enhancement for high speed is configured, M2 = 1.5 if SMTC periodicity > 40 ms;,otherwise M2=1



Table 3: T SSB_measurement_period_intra When highSpeedMeasFlag-r16 is configured (Frequency range FR1)
	DRX cycle
	T SSB_measurement_period_intra  

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

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

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

	DRX cycle>320ms
	ceil( Y Note 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:	M2 = 1.5 if SMTC periodicity > 40 ms, otherwise M2=1
NOTE 3:	Y=3 when SMTC <= 40ms, Y=5 when SMTC > 40ms



From the above tables, two key observations can be made concerning cell identification enhancements for Rel-16 NR HST, which are
In the case of no DRX, TPSS/SSS_sync_intra, TSSB_time_index_intra and T SSB_measurement_period_intra requirements with and without measurement gaps are not enhanced for Rel-16 NR HST. 
In the case of DRX, T SSB_measurement_period_intra requirements with and without measurement gaps are defined for a higher level of granularity of DRX cycles as compared with non-HST. 

Deactivated Scells
From Section 9.2.5 in Rel-16 TS 38.133, the intra-frequency measurement requirement of secondary component carriers with deactivated SCells are summarized in Tables 4-6. measCycleSCell takes the values of 160, 256, 320, 512, 640, 1024 or 1280 ms. 
Table 4: Time period for PSS/SSS detection, deactivated SCell (FR1)
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	5 x measCycleSCell x CSSFintra

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

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



Table 5: Time period for time index detection, deactivated SCell (FR1)
	DRX cycle
	TSSB_time_index_intra

	No DRX
	3 x measCycleSCell x CSSFintra

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

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



Table 6: Measurement period for intra-frequency measurements without gaps, deactivated SCell (FR1)
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	5 x measCycleSCell x CSSFintra

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

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



The same methodology used to enhance the intra-frequency measurement requirements for PCells can be applied to deactivated SCells. Based on Observations 1 and 2, we can make the following proposals:
For intra-frequency cell identification with no DRX, the deactivated SCell requirements (TPSS/SSS_sync_intra, TSSB_time_index_intra and T SSB_measurement_period_intra) are reused for Rel-17 NR HST.
For intra-frequency cell identification with DRX, the TPSS/SSS_sync_intra and TSSB_time_index_intra requirements for deactivated SCells are reused for Rel-17 NR HST. 
For intra-frequency cell identification with DRX, the T SSB_measurement_period_intra requirements for deactivated SCells are defined as follows:     
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	5 x measCycleSCell x CSSFintra

	DRX cycle ≤ 160ms
	5 x max(measCycleSCell, 1.5xDRX cycle) x CSSFintra

	160ms < DRX cycle ≤ 320ms
	4 x max(measCycleSCell, 1.5xDRX cycle) x CSSFintra

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



Activated SCells
Since there is no separate measurement requirement for activated SCells for non-HST scenarios, it is recommended to adopt the same measurement requirement enhanced for Rel-16 HST PCells to SCells.
 For activated SCells under HST scenarios, the measurement requirement enhanced for Rel-16 HST PCells can be adopted for SCells.  

Conclusion
The document has discussed the measurement requirement for SCells under HST scenarios. Based on the discussion, proposals are as follows:
1. For intra-frequency cell identification with no DRX, the deactivated SCell requirements (TPSS/SSS_sync_intra, TSSB_time_index_intra and T SSB_measurement_period_intra) are reused for Rel-17 NR HST.
For intra-frequency cell identification with DRX, the TPSS/SSS_sync_intra and TSSB_time_index_intra requirements for deactivated SCells are reused for Rel-17 NR HST. 
For intra-frequency cell identification with DRX, the T SSB_measurement_period_intra requirements for deactivated SCells are defined as follows:     
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	5 x measCycleSCell x CSSFintra

	DRX cycle ≤ 160ms
	5 x max(measCycleSCell, 1.5xDRX cycle) x CSSFintra

	160ms < DRX cycle ≤ 320ms
	4 x max(measCycleSCell, 1.5xDRX cycle) x CSSFintra

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



For activated SCells under HST scenarios, the measurement requirement enhanced for Rel-16 HST PCells can be adopted for SCells.  
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