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1 	Introduction
In last meeting, some issues for the measurement in high speed train (HST) are identified and concluded, e.g., intra-frequency measurement with/without measurement gap for activated SCell in Rel-16 and the legacy SCell deactivation delay are reused for Rel-17 HST. On the other hand, several remaining issues, e.g., the intra/inter-frequency measurement for deactivated SCell, SCell activation delay, L1-SINR measurement, link recovery for SCell and CSSF, are still under discussion without conclusion. Our views on these open issues are provided in this paper.
2 Discussion
2.1 intra-frequency measurement without measurement gap
In last meeting, it has been agreed that RAN4 will introduce the enhanced requirement for intra-frequency without measurement gap (MG) for deactivated SCell in HST in FR1 as the following. 
	Agreement in RAN4 #98e
· Deactivated Scell, intra-frequency measurement without measurement gap
· Enhancement on time index detection for deactivated Scell, intra-frequency measurement without measurement gap
· similar enhancement to PCell measurement in R16 HST can be used as baseline for time index detection enhancement on deactivated Scell.
· FFS whether Rel-16 Kp requirements modifications (if any) shall also apply for R17 HST
· Deactivated Scell, intra-frequency measurement without measurement gap
· Enhancement on measurement period for deactivated Scell, intra-frequency measurement without measurement gap
· Option 1: similar enhancement to PCell measurement in R16 HST can be used as baseline for measurement period enhancement on deactivated Scell.
· 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



· Other options are not precluded
Note: FFS whether Rel-16 Kp requirements modifications (if any) shall also apply for R17 HST
· Deactivated Scell, intra-frequency measurement with measurement gap
· Not to introduce the intra-frequency de-activated Scell measurement requirement with MG



Regarding the TPSS/SSS_sync_intra, TSSB_time_index_intra and T SSB_measurement_period_intra, it agreed to take the enhancement on PCell measurement in Rel-16 HST (for PCell) as baseline. In Rel-16, it can be observed the factors, M2 and Y, are introduced to reduce the number of measurement samples to accelerate measurements. 

	The measurement period of PCell for intra-frequency measurements without gaps in clause 9.2.5 in TS 38.133 
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
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 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
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 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



Table 9.2.5.2-5: 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






Note that the scaling factor of 1.5 for max(SMTC period, DRX cycle) in Rel-15 is replaced by the scaling factor of M2 in Rel-16.
[bookmark: _Ref61450204]Observation 1: The scaling factor of 1.5 for max(SMTC period, DRX cycle) in Rel-15 is replaced by the scaling factor of M2 in Rel-16.

For the case when DRX cycle is longer than 320 ms, the scaling factor of 5 in Rel-15 is replaced by the scaling factor of Y in Rel-16.
[bookmark: _Ref67993465]Observation 2: For the case when DRX cycle is longer than 320 ms, the scaling factor of 5 in Rel-15 is replaced by the scaling factor of Y in Rel-16.

Thus, following same logic, for deactivated SCell, we can introduce the scaling factors, M2 and Y, into the TPSS/SSS_sync_intra, TSSB_time_index_intra and TSSB_measurement_period_intra in the similar way as Rel-16 HST to reduce the measurement samples. 
[bookmark: _Ref67993469]Proposal 1: For the intra-frequency measurements without gaps of deactivated SCell in Rel-17 HST, the scaling factors, M2 and Y defined in Rel-16 HST, are introduced into TPSS/SSS_sync_intra, TSSB_time_index_intra and TSSB_measurement_period_intra.

On the other hand, we can observe that the TSSB_measurement_period_intra, the range “DRX cycle≤ 320ms” defined in Rel-15 is divided into two ranges “DRX cycle≤ 160ms” and “160ms < DRX cycle≤ 320ms” for Rel-16 HST.
[bookmark: _Ref67993513]Observation 3: For the TSSB_measurement_period_intra, the range “DRX cycle≤ 320ms” defined in Rel-15 is divided into two ranges “DRX cycle≤ 160ms” and “160ms < DRX cycle≤ 320ms” in Rel-16 HST.

According to Observation 3, we can follow the same logic to define the TSSB_measurement_period_intra for deactivated SCell in Rel-17 HST.
[bookmark: _Ref67993537]Proposal 2: Following the same logic as Rel-16 HST, to define the TSSB_measurement_period_intra for deactivated SCell in Rel-17 HST for the following cases:
(1) No DRX 
(2) DRX cycle≤ 160ms.
(3) 160ms < DRX cycle≤ 320ms
(4) 320ms < DRX cycle

The intra-frequency measurement period for deactivated SCell in Rel-15 are provided as follows for reference.
	The measurement period of deactivated SCell for intra-frequency measurements without gaps in clause 9.2.5 in TS 38.133 
Table 9.2.5.1-4: 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 9.2.5.1-6: 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 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






According to Proposal 1, our views on TPSS/SSS_sync_intra and TSSB_time_index_intra are provided as following proposals: 
[bookmark: _Ref67993540]Proposal 3: For deactivated SCell in Rel-17 HST, the TPSS/SSS_sync_intra can be:
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	5 x measCycleSCell x CSSFintra

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

	DRX cycle> 320ms
	5 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.



[bookmark: _Ref67993542]Proposal 4: For deactivated SCell in FR1 HST, the TSSB_time_index_intra can be:
	DRX cycle
	TSSB_time_index_intra

	No DRX
	3 x measCycleSCell x CSSFintra

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

	DRX cycle> 320ms
	3 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.



According to Proposal 1 and Proposal 2, our view on T SSB_measurement_period_intra is provided as following proposal. Noted that, for the case of “160ms < DRX cycle≤ 320ms”, the number of samples for deactivated SCell can follow the logic in R16 HST, i.e., 4. 
[bookmark: _Ref67993543]Proposal 5: For deactivated SCell in FR1 HST, the T SSB_measurement_period_intra could be:
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	5 x measCycleSCell x CSSFintra

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

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



2.2 inter-frequency measurement
In last meeting, some companies suggest to introduce the inter-frequency measurement for Rel-17 HST. However, the throughput degradation because of the measurement gap will be significant. It is beneficial that UE is only required to measure a Cell after the Cell is configured as the SCell, and thus the deactivation requirement will be sufficient, and UE can measure the deactivated SCell without measurement gap with suffering only a sparse interruption in time domain. To avoid the throughput degradation, we suggest not to define the intra-frequency measurement only in Rel-17 HST.

Observation 4: With inter-frequency measurement, the throughput degradation because of the measurement gap is significant.
[bookmark: _Ref67993544]Proposal 6: No need to define the inter-frequency measurement for Rel-17 HST.
[image: ]
Fig.1 illustration of the interruption for inter-frequency and intra-frequency

2.3 L1-SINR measurement
For the L1-SINR measurement in Rel-17 HST, the similar issue has been discussed in Rel-16 HST. In HST scenario, UE is leaving the serving cell and towards the target cell, the Doppler shift from serving cell and target cell is opposite. Thus, when UE performs SS-SINR measurement on the neighbour cell, the relative frequency error will be doubled and it will result in SS-SINR measurement degradation. To tackle this problem, RAN4 decide to introduce an upper bound to the side condition of the SS-SINR to guarantee the accuracy of the SS-SINR measurement. 
The upper bound of the side condition for SS-SINR measurement in Rel-16 HST is provided as follows.
	Table 10.1.12.1.1-1: SS-SINR Intra frequency absolute accuracy in FR1
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot
	Io Note 1 range

	
	
	Note 3
	NR operating band groups Note 4
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm / SCSSSB
	dBm/BWChannel
	dBm/BWChannel

	
	
	
	
	SCSSSB = 15 kHz
	SCSSSB = 30 kHz
	
	

	
	
	
	NR_FDD_FR1_A, NR_TDD_FR1_A,
NR_SDL_FR1_A
	-121
	-118
	N/A
	-50

	
	
	
	NR_FDD_FR1_B
	-120.5
	-117.5
	N/A
	-50

	
	
	
	NR_TDD_FR1_C
	-120
	-117
	N/A
	-50

	3.0
	4
	-3
	NR_FDD_FR1_D, NR_TDD_FR1_D
	-119.5
	-116.5
	N/A
	-50

	
	
	
	NR_FDD_FR1_E, NR_TDD_FR1_E
	-119
	-116
	N/A
	-50

	
	
	
	NR_FDD_FR1_F
	-118.5
	-115.5
	N/A
	-50

	
	
	
	NR_FDD_FR1_G
	-118
	-115
	N/A
	-50

	
	
	
	NR_FDD_FR1_H
	-117.5
	-114.5
	N/A
	-50

	3.5
	4
	-6
	Note 2
	Note 2
	Note 2
	Note 2
	Note 2

	NOTE 1:	Io is assumed to have constant EPRE across the bandwidth.
NOTE 2:	The same bands and the same Io conditions for each band apply for this requirement as for the corresponding highest accuracy requirement.
NOTE 3:	The requirements apply for SSB Ês/Iot ≤ 25 dB under non-HST scenarios.
NOTE 4:	NR operating band groups in FR1 are as defined in clause 3.5.2.
NOTE 5:	The requirements apply for SSB Ês/Iot ≤5 dB with SCS 15kHz or 30kHz under NR high speed scenarios.






As we know, L1-SINR measurement for CMR only case at least may also suffer the same degradation due to high speed. Thus, we suggest to define the same requirement as SS-SINR measurement in Rel-16 HST for L1-SINR measurement.
[bookmark: _Ref67993545]Proposal 7: For L1-SINR measurement in Rel-17 HST, the upper bound of the side condition SSB Ês/Iot ≤5 dB should be introduced, for CMR only case at least. FFS the cases with dedicated IMR.

2.4 Link recovery for SCell
In Rel-16 eMIMO, RAN4 agreed to introduce a scaling factor PBFD/ PCBD for SCell BFR to avoid the high complexity, where PBFD/ PCBD is the number of band(s) on which UE is performing beam failure/candidate beam detection only for SCell. However, the measurement time may increase with the number of band(s) on which UE is performing beam failure detection only for SCell. Thus, we would like to know how many band(s) may be supported in R17 HST in FR1.
[bookmark: _Ref67993546]Proposal 8: For SCell link recovery, RAN4 needs to study how many band(s) is supported in R17 HST in FR1.

2.5 CSSF
The issue is similar to clause 2.4 in this paper. According to our proposal 3, 4 and 5, the measurement period will increase with the number of the SCell, i.e., UE may not have enough time to perform measurement if the number of the SCell is large. Thus, we would like to know how many SCell(s) may be supported in R17 HST in FR1.
[bookmark: _Ref67993547]Proposal 9: For CSSF, RAN4 needs to study how many SCell(s) is supported in R17 HST in FR1.

3 Summary
In this paper, the discussion of SCell BFR is provided. We have the following proposal:
Observation 1: The scaling factor of 1.5 for max(SMTC period, DRX cycle) in Rel-15 is replaced by the scaling factor of M2 in Rel-16.
Observation 2: For the case when DRX cycle is longer than 320 ms, the scaling factor of 5 in Rel-15 is replaced by the scaling factor of Y in Rel-16.
Proposal 1: For the intra-frequency measurements without gaps of deactivated SCell in Rel-17 HST, the scaling factors, M2 and Y defined in Rel-16 HST, are introduced into TPSS/SSS_sync_intra, TSSB_time_index_intra and TSSB_measurement_period_intra.
Observation 3: For the TSSB_measurement_period_intra, the range “DRX cycle≤ 320ms” defined in Rel-15 is divided into two ranges “DRX cycle≤ 160ms” and “160ms < DRX cycle≤ 320ms” in Rel-16 HST.
Proposal 2: Following the same logic as Rel-16 HST, to define the TSSB_measurement_period_intra for deactivated SCell in Rel-17 HST for the following cases:
(1) No DRX 
(2) DRX cycle≤ 160ms.
(3) 160ms < DRX cycle≤ 320ms
(4) 320ms < DRX cycle
Proposal 3: For deactivated SCell in Rel-17 HST, the TPSS/SSS_sync_intra can be:
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	5 x measCycleSCell x CSSFintra

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

	DRX cycle> 320ms
	5 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.


Proposal 4: For deactivated SCell in FR1 HST, the TSSB_time_index_intra can be:
	DRX cycle
	TSSB_time_index_intra

	No DRX
	3 x measCycleSCell x CSSFintra

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

	DRX cycle> 320ms
	3 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.


Proposal 5: For deactivated SCell in FR1 HST, the T SSB_measurement_period_intra could be:
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	5 x measCycleSCell x CSSFintra

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

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


Proposal 6: No need to define the inter-frequency measurement for Rel-17 HST.
Proposal 7: For L1-SINR measurement in Rel-17 HST, the upper bound of the side condition SSB Ês/Iot ≤5 dB should be introduced, for CMR only case at least.
Proposal 8: For SCell link recovery, RAN4 needs to study how many band(s) is supported in R17 HST in FR1.
Proposal 9: For CSSF, RAN4 needs to study how many SCell(s) is supported in R17 HST in FR1.
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