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1. Introduction

In last meeting, there is discussion on HST RRM enhancement for CA scenario and a WF was approved [1]. This contribution provides further discussion on this topic.
2. Discussion 
2.1Enhancement on CSSFwithin_gap,I for SCell measurement
According to the approved WF [1], PSS/SSS detection, time index detection, and measurement period for activated Scell need to be enhanced and the enhanced requirements specified in R16 HST can be reused, further enhancement can be further studied.
For intra-frequency measurement, including both the case without measurement gap and the case with measurement gap, there is scaling factor of CSSFintra in the requirements of PSS/SSS detection delay, time index detection delay and measurement period. CSSFintra is a carrier specific scaling factor and is determined according to CSSFoutside_gap,i in clause 9.1.5.1 for measurement conducted outside measurement gaps, i.e. when intra-frequency SMTC is fully non overlapping or partially overlapping with measurement gaps,  or according to CSSFwithin_gap,i in clause 9.1.5.2 for measurement conducted within measurement gaps, i.e. when intra-frequency SMTC is fully overlapping with measurement gaps.
According to clause 9.1.5.2 of TS 38.133, for the calculation of CSSFwithin_gap,i, the number of intra-frequency measurement objects, including both SSB and CSI-RS based, which are candidates to be measured in gap, is considered. It means that the configured SCell(s) which need to be measured in the measurement gap are counted in CSSFwithin_gap,i. 
According to clause 9.1.5.1 of TS 38.133, for the calculation of CSSFoutside_gap,i, NSCC_SSB=Number of configured SCell(s) with only SSB based L3 measurement configured is considered. It can be seen that NSCC_SSB is the total number configured SCell(s) with only SSB based L3 measurement configured, including the configured SCell(s) which are measured in MG and the configured SCell(s) which are not measured in MG. However, the SCell(s) which are measured in MG are already considered in the calculation of CSSFwithin_gap. It seems that the SCell(s) which are measured in MG are calculated in both CSSFwithin_gap,i and CSSFoutside_gap,i.
To make it more clearly, taking Figure 1 as an example, According to the clause 9.1.5.1 of TS 38.133, CSSFoutside_gap,i is the number of configured SCell(s) with only SSB based L3 measurement configured, based on this, CSSFoutside_gap,i = 2 in this case. However, SCell 1 is measured with measurement gap, only SCell 2 is measured without MG, CSSFoutside_gap,i should be 1 not 2.
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Figure 1

Observation 1: 
For intra-frequency measurement, based on current spec, the calculation of CSSFoutside_gap,i introduce unnecessary measurement delay:
· According to the clause 9.1.5.1 of TS 38.133, for the calculation of CSSFoutside_gap,i, NSCC_SSB is the number of configured SCell(s) with only SSB based L3 measurement configured, which means except the SCell(s) measured without MG, the SCell(s) measured with MG are also counted in the calculation of CSSFoutside_gap,i
· While the SCell(s) measured with MG are already counted in the calculation of CSSFwithin_gap,i
For high speed train scenario, to support the high velocity up to 500km/h, the measurement performance need to be enhanced. As discussed in observation 1, there is unnecessary delay in the existing calculation of CSSFoutside_gap,i, which need to be updated/revised for the high speed train scenario.

Proposal 1: For the SCell measurement in high speed train scenario, including PSS/SSS detection delay requirements, time index detection delay requirements and measurement period requirements, the calculation of CSSFoutside_gap,I need to be updated. 
2.2 Measurement enhancement for deactivated Scell
For enhancement on PSS/SSS detection and time index detection for deactivated Scell, it was agreed that similar enhancement to PCell measurement in R16 HST can be used as baseline. But for enhancement on measurement period for deactivated Scell, it is FFS and there are two candidate options:
· Option 1: similar enhancement to PCell measurement in R16 HST can be used as baseline for measurement period enhancement on deactivated Scell.
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX Note 2
	5 x measCycleSCell x CSSFintra

	DRX cycle≤ 160ms
	5 x max(measCycleSCell, M2 Note 2xDRX cycle) x CSSFintra

	160ms < DRX cycle≤ 320ms
	4 x max(measCycleSCell, M2 Note 2xDRX cycle) x CSSFintra

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


· Option 2:

	DRX cycle
	T SSB_measurement_period_intra 

	No DRX
	5 x measCycleSCell x CSSFintra

	DRX cycle≤ 320ms
	ceil(5 x M2 ) x max(measCycleSCell, DRX cycle)) x CSSFintra

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

	M2 = 1.5 if SMTC periodicity > 40 ms, otherwise M2=1
Y=3 when SMTC <= 40ms, Y=5 when SMTC > 40ms


The main difference between option 1 and option 2 is the number of samples for the case of DRX cycle = 256ms and DRX cycle = 320ms. For option 1, the number of samples is 4 for 160ms < DRX cycle≤ 320ms, while for option 2, the value is 5, which is a relaxation compared with the PCell measurement enhancement. In order to support CA for high speed train scenario, such relaxation is not preferred. On the other hand, RAN4 spent a lot of effort on the discussion of the measurement enhancement for PCell in Rel-16 HST WI, and option 1 is the compromised solution taking both measurement performance and UE power saving into consideration, we prefer to reuse it for the CA scenario.
Proposal 2: for enhancement on measurement period for deactivated Scell, similar enhancement to PCell measurement in R16 HST can be used as baseline, and the details are:

	DRX cycle
	T SSB_measurement_period_intra  

	No DRX Note 2
	5 x measCycleSCell x CSSFintra

	DRX cycle≤ 160ms
	5 x max(measCycleSCell, M2 Note 2xDRX cycle) x CSSFintra

	160ms < DRX cycle≤ 320ms
	4 x max(measCycleSCell, M2 Note 2xDRX cycle) x CSSFintra

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


2.3 Kp issue

Another consideration is whether to consider Kp for high speed train scenario. Kp is the scaling factor considering the case that intra-frequency SMTC is partially overlapping with measurement gaps. In current spec, Kp only exists in activated SCell measurement, while for deactivated Scell, Kp is not considered. In last meeting, there is discussion to introduce Kp for deactivated SCell measurement for non-high speed train scenario. For non-high speed train scenario, we are OK to introduce Kp for deactivated SCell measurement. But for high speed train scenario, we have different view.
For HST scenario, in order to support the high speed up to 500km/h, measurement performance need to be enhanced. The candidate value of measCycleSCell is {160, 256, 320, 512, 640, 1024, 1280}ms, which is equal to or larger than 160ms, there is other opportunity for measurement on deactivated SCell during measCycleSCell. Based on this consideration, no need to consider Kp for high speed train scenario. Since the measurement delay on deactivated SCell is not expected to be smaller than that of activated cells, it is proposed that, for both activated SCell measurement and deactivated SCell measurement, no need to consider Kp for high speed train scenario.
Observation 2: The candidate value of measCycleSCell is {160, 256, 320, 512, 640, 1024, 1280}ms, which is equal to or larger than 160ms, there is other opportunity for measurement on deactivated SCell during measCycleSCell.
Proposal 3: for high speed scenario, it is proposed not to consider Kp for both activated SCell measurement and deactivated SCell measurement
2.4 Inter-frequency measurement enhancement
Usually, the Pcell change, Scell addition/change will take the measurement results of inter-frequency carrier into account. Without inter-frequency measurement, above configuration can only be performed blindly, which may result in performance degradation. From above perspective, it is proposed to support inter-frequency measurement enhancement under high speed train scenario. 
Proposal 4: it is proposed to specify inter-frequency measurement enhancement under high speed train scenario.
2.5 Release independent
High speed scenario is an important deployed scenario. And the improvement of UE experience is necessary. Rel-16 NR HST focusing on single carrier scenario is release independent from Rel-15. Considering carrier aggregation is necessary to improve the throughput, it is proposed to introduce Rel-17 FR1 HST RRM enhancement from Rel-15.
Proposal 5: it is proposed that Rel-17 FR1 HST RRM enhancement is release independent from Rel-15.
3. Conclusion
This contribution provides discussion on RRM enhancement for NR HST CA scenario. The observations and proposals are:
Enhancement on CSSFwithin_gap,I for SCell measurement
Observation 1: 

For intra-frequency measurement, based on current spec, the calculation of CSSFoutside_gap,i introduce unnecessary measurement delay:
· According to the clause 9.1.5.1 of TS 38.133, for the calculation of CSSFoutside_gap,i, NSCC_SSB is the number of configured SCell(s) with only SSB based L3 measurement configured, which means except the SCell(s) measured without MG, the SCell(s) measured with MG are also counted in the calculation of CSSFoutside_gap,i
· While the SCell(s) measured with MG are already counted in the calculation of CSSFwithin_gap,i
Proposal 1: For the SCell measurement in high speed train scenario, including PSS/SSS detection delay requirements, time index detection delay requirements and measurement period requirements, the calculation of CSSFoutside_gap,I need to be updated. 
Measurement enhancement for deactivated Scell

Proposal 2: for enhancement on measurement period for deactivated Scell, similar enhancement to PCell measurement in R16 HST can be used as baseline, and the details are:

	DRX cycle
	T SSB_measurement_period_intra  

	No DRX Note 2
	5 x measCycleSCell x CSSFintra

	DRX cycle≤ 160ms
	5 x max(measCycleSCell, M2 Note 2xDRX cycle) x CSSFintra

	160ms < DRX cycle≤ 320ms
	4 x max(measCycleSCell, M2 Note 2xDRX cycle) x CSSFintra

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


Kp issue
Observation 2: The candidate value of measCycleSCell is {160, 256, 320, 512, 640, 1024, 1280}ms, which is equal to or larger than 160ms, there is other opportunity for measurement on deactivated SCell during measCycleSCell.
Proposal 3: for high speed scenario, it is proposed not to consider Kp for both activated SCell measurement and deactivated SCell measurement
Inter-frequency measurement enhancement

Proposal 4: it is proposed to specify inter-frequency measurement enhancement under high speed train scenario.
Release independent

Proposal 5: it is proposed that Rel-17 FR1 HST RRM enhancement is release independent from Rel-15.
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