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1. Introduction

The FR1 HST RRM requirements were discussed in last RAN4 meeting, the progress and open issues are captured in [1]. This contribution continues to discuss the RRM core requirements for CA scenario in FR1 high speed. 
2. Discussion
2.1. Kp issue in deactivated SCell measurement requirement
In R15, the PSS/SSS detection, time index detection and measurement period requirements for intra-frequency without gap are specified as below. These requirements are applied for activated serving cells including PCell and activated SCells.
Table 9.2.5.1-1: 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


Table 9.2.5.1-3: 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




Table 9.2.5.2-1: Measurement period for intra-frequency measurements without gaps(FR1)

	DRX cycle
	T SSB_measurement_period_intra  

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

	DRX cycle≤ 320ms
	max(200ms, ceil(1.5x 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


The measurement requirements for deactivated SCell are specified as below,
Table 9.2.5.2-3: 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 following observations are observed:

1. For activated cells, Kp is scaled to consider the case SMTC and gap are partially overlapped. In order to save power, even with large DRX cycle Kp is scaled as well.
2. For deactivated SCell measurement requirement, no Kp is scaled in existing specification. Although UE performs measurements on deactivated SCell without gap, the SMTC occasion may be partially overlapped with gap as well. For the partial overlapping case, it is reasonable to scale Kp where Kp = 1/(1- (SMTC period /MGRP)).
One can argue that when measCycleSCell is larger or equal to 160ms, there is sufficient opportunity for measurement on deactivated SCell during measCycleSCell. Thus the necessity of adding Kp scaling factor is not clear. However it is a principle that the measurement on deactivated SCell can not be tighten than on activated cells. It is observed that in some cases, the measurement delay on deactivated SCell without scaling Kp is smaller than that of activated cells, which is contradictory with the principle. Therefore the Scaling factor Kp shall be added for deactivated SCell measurement requirements without gap. 
As R17 FR1 HST focus on the CA enhancement, the deactivated SCell requirement is a critical part in the WI. The enhancement on deactivated SCell shall be based on correct requirements, therefore Kp modification shall also apply for R17 HST to keep consistence.
Proposal 1: Kp shall also apply for measurement requirements on deactivated SCell in R17 FR1 HST, where Kp = 1/(1- (SMTC period /MGRP)).
It is agreed in the last meeting [1],
	· M2 defined in Rel-16 HST is reused for PSS/SSS detection delay requirements for deactivated Scell

· M2 defined in Rel-16 HST is reused for time index detection delay requirements for deactivated Scell

· Enhancement to PCell measurement in R16 HST can be reused for measurement period enhancement on deactivated Scell




Then the requirements for PSS/SSS detection, time index and measurement period for deactivated SCell in HST are defined as below,
Table 9.2.5.1-4: Time period for PSS/SSS detection, deactivated SCell (FR1)
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	Ceil(5 x Kp) x measCycleSCell x CSSFintra

	DRX cycle≤ 320ms
	 Ceil(5 x Kp) x max(measCycleSCell, M2 Note 1xDRX cycle) x CSSFintra

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

	NOTE 1:
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 9.2.5.1-6: Time period for time index detection, deactivated SCell (FR1)
	DRX cycle
	TSSB_time_index_intra

	No DRX
	Ceil(3 x Kp) x measCycleSCell x CSSFintra

	DRX cycle≤ 320ms
	 Ceil(3 x Kp) x max(measCycleSCell, M2 Note 1xDRX cycle) x CSSFintra

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

	NOTE 1:
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 9.2.5.2-6 (new): T SSB_measurement_period_intra When highSpeedMeasFlag-r16 is configured  (deactivated SCell) (Frequency range FR1)
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	ceil( 5 x Kp) x measCycleSCell x CSSFintra

	DRX cycle≤ 160ms
	ceil(5 x M2 Note 1 x Kp) x max(measCycleSCell, DRX cycle) x CSSFintra

	160ms < DRX cycle≤ 320ms
	ceil(4 x M2 Note 1 x Kp) x max(measCycleSCell, DRX cycle)

	DRX cycle>320ms
	ceil( Y Note 2 x Kp ) x DRX cycle x CSSFintra

	NOTE 1:
M2 = 1.5 if SMTC periodicity > 40 ms, otherwise M2=1

NOTE 2:
Y=3 when SMTC <= 40ms, Y=5 when SMTC > 40ms


2.2. Inter-frequency measurement in high speed scenario

In the last meeting, it is agreed to support inter-frequency measurement depending on UE capability.
	· Inter-frequency measurement

· Define RRC Connected state inter-frequency measurement enhancements

· Support of HST inter-frequency measurement enhancements is up to UE capability. Details are FFS

· FFS whether enhancements for RRC IDLE inter-frequency measurements are needed


A straight forward way to enhance inter-frequency measurement is using the same principle as intra-frequency.
· M2 defined in Rel-16 HST is reused for inter-frequency PSS/SSS detection delay requirements,

· M2 defined in Rel-16 HST is reused for inter-frequency time index detection delay requirements,

· Regarding legacy inter-frequency measurement period, 8 samples are applied where 3 additional samples are for AGC setting. As for intra-frequency measurement period in HST, sample numbers are reduced from 5 to 4 for 160ms < DRX cycle≤ 320ms, and reduced to 3 for DRX cycle>320ms and SMTC <= 40ms. It is suggested that 3 samples are still remained for AGC settling. Thus for inter-frequency measurement period with high speed
-7samples for 160ms < DRX cycle≤ 320ms
-6 samples for DRX cycle>320ms and SMTC <= 40ms
Proposal 2: The HST enhanced inter-frequency measurement requirements can be defined as,
· M2 defined in Rel-16 HST is reused for inter-frequency PSS/SSS detection delay requirements,

· M2 defined in Rel-16 HST is reused for inter-frequency time index detection delay requirements,

· Inter-frequency measurement period with high speed

-7 samples for 160ms < DRX cycle≤ 320ms
-6 samples for DRX cycle>320ms and SMTC <= 40ms
If there are HST inter-frequency layers and non-HST inter-frequency layers to be measured, the measurement period shall follow the principle as 

NHST_inter-f carrier  * THST_interf + NnonHST_inter-f carrier  * TnonHST_interf
The above principle is applied in R16 HST inter-RAT cell reselection in idle mode.
Proposal 3: If RAN4 decided to specify inter-frequency measurement enhancement in FR1 HST, the requirements shall follow the principle:

NHST_inter-f carrier  * THST_interf + NnonHST_inter-f carrier  * TnonHST_interf
2.3. SCell link recovery
In R16 eMIMO WI, BFD and CBD are extended to be performed on SCell. There is a restriction that UE is required to perform beam failure detection on no more than 1 serving cell per band. The scaling factor “PBFD” and “PCBD” are introduced for BFD and CBD requirements respectively. In ENDC or NEDC or SA, the “PBFD” and “PCBD” is Z for SCell where Z is the number of band(s) on which UE is performing beam failure detection only for SCell. 

In R17 HST, the same limitation on SCells can be reused for SCell link recovery.
Proposal 4: The same limitation on the number of band(s) on which UE is performing beam failure detection for SCell in R16 can be reused in R17 HST.

3. Conclusion
This contribution provides the preliminary analysis on RRM core requirements for CA scenario in high speed. Below we summarize our proposal:

Proposal 1: Kp shall also apply for measurement requirements on deactivated SCell in R17 FR1 HST, where Kp = 1/(1- (SMTC period /MGRP)).
Proposal 2: The HST enhanced inter-frequency measurement requirements can be defined as,

· M2 defined in Rel-16 HST is reused for inter-frequency PSS/SSS detection delay requirements,

· M2 defined in Rel-16 HST is reused for inter-frequency time index detection delay requirements,

· Inter-frequency measurement period with high speed

-7 samples for 160ms < DRX cycle≤ 320ms
-6 samples for DRX cycle>320ms and SMTC <= 40ms
Proposal 3: If RAN4 decided to specify inter-frequency measurement enhancement in FR1 HST, the requirements shall follow the principle:

NHST_inter-f carrier  * THST_interf + NnonHST_inter-f carrier  * TnonHST_interf
Proposal 4: The same limitation on the number of band(s) on which UE is performing beam failure detection for SCell in R16 can be reused in R17 HST.
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