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1   Introduction
In RAN4 #99e meeting, the WF[1] was approved. In this contribution, we discuss the remaining open issues.
2   Discussion
2.1   Enhancement for Inter-frequency measurement

While the motivation of the inter-frequency measurement enhancement is for searching Scells, the enhancement applies to the inter-frequency measurement for neighboring cells. However, the inter-frequency measurement for neighboring cells is not feasible without idle mode enhancement, and the operators can’t deploy multiple frequencies for HST. Since we already have intra-frequency idle/connected mode and inter-frequency connected mode enhancement in place, adding inter-frequency enhancement for idle mode is a marginal effort for RAN4, making the HST enhancement specification much more complete. From UE power consumption perspective, since UE performs enhanced intra-frequency measurement in idle mode in HST scenario already, the additional power consumption with inter-frequency measurement enhancement is marginal. Therefore, we support the enhancement for inter-frequency measurement in idle mode.
Proposal 1: RAN4 to define the enhancement for inter-frequency measurement in idle mode.
Before discussing the requirement for inter-frequency measurement enhancement, we propose a principle for setting measurement periods in intra/inter-frequency and inter-RAT measurement requirements. Since the inter-frequency measurement requires AGC gain acquisition/adjustment but intra-frequency measurement doesn’t, the intra-frequency measurement period is shorter or not longer than the inter-frequency measurement period. When UE is operating in NR, it is preferred to find NR inter-frequency cells earlier than LTE cells since handover to NR cell is more preferred than to LTE cells. Therefore, the inter-frequency measurement period should be shorter or not longer than the inter-RAT measurement period.
Observation 1: When UE is operating in NR, it is preferred to find NR inter-frequency cells earlier than LTE cells since handover to NR cells is more preferred than handover to LTE cells.
Proposal 2: The principle of ordering measurement period lengths in neighboring cell search/measurement requirements (from short to long):

1. Intra-frequency measurement

2. Inter-frequency measurement

3. Inter-RAT measurement

Following this principle, we discuss the inter-frequency measurement requirement for HST in the following.
For idle mode, we propose to follow R15, using the same requirement for intra-frequency and inter-frequency measurement. In idle mode, UE has enough margin in HST intra-frequency measurement requirement for AGC adjustment. Hence no extra search/measurement time is needed for the inter-frequency measurement requirement for HST.
	DRX cycle length [s]
	Tdetect,NR_Inter [s] (number of DRX cycles)
	Tmeasure,NR_Inter [s] (number of DRX cycles)
	Tevaluate,NR_Inter
[s] (number of DRX cycles)

	
	
	
	

	0.32
	2.56 x M2 (8 x M2)
	0.32 x M3 (1 x M3)
	0.96 x M4 (3 x M4)

	0.64
	5.12 (8)
	0.64 (1)
	1.92 (3)

	1.28
	8.96 (7)
	1.28 (1)
	3.84 (3)

	2.56
	58.88 (23)
	2.56 (1)
	7.68 (3)

	Note 1:
when SMTC < = 40 ms, M2 = M3 = M4 = 1; and when SMTC > 40 ms, M2 = 1.5, M3 = M4 = 2


Table 2‑2 Idle mode inter-frequency measurement requirement for HST

Proposal 3: Set HST idle mode inter-frequency measurement requirement as Table 2-2.
For connected mode, R15 intra-frequency and inter-frequency measurement requirements are different. Note that the difference between inter-frequency and intra-frequency measurement is the interference from the serving cell. When neighboring cell SSB is inside the serving band, the measurement is interfered by signals from the serving cell. Since the inter-frequency measurement is not on the serving band, less interference is expected. Therefore, UE can detect the inter-frequency neighboring cell earlier, and therefore more time is allowed to detect and measure the cell. Besides, inter-frequency measurement needs to perform AGC adjustment before search and measure the SSBs, to set the appropriate gain state. Therefore, we propose to allow one additional DRx cycle to get one more sample of SSB for AGC adjustment, on top of the intra-frequency measurement requirement for HST. Note that the measurement report requirement for DRx cycle length > 320ms is kept the same to ensure inter-frequency measurement runs faster than inter-RAT measurement.
	Condition NOTE1,2
	TPSS/SSS_sync_inter

	No DRX
	 Max(600ms, 6 ( Max(MGRP, SMTC period)) ( CSSFinter

	DRX cycle ≤ 320ms
	Max(600ms, Ceil(6*M2 Note 3) ( Max(MGRP, SMTC period, DRX cycle)) ( CSSFinter

	DRX cycle > 320ms 
	6 ( DRX cycle ( CSSFinter

	NOTE 1:
DRX or non DRX requirements apply according to the conditions described in clause 3.6.1

NOTE 2:
In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.
NOTE 3:
M2 = 1.5 if SMTC periodicity > 40 ms, otherwise M2=1




Table 2‑3 PSS/SSS detection time for inter-frequency measurement requirement in HST
	Condition NOTE1,2
	T SSB_measurement_period_inter

	No DRX
	Max(200ms, 6 ( Max(MGRP, SMTC period)) ( CSSFinter

	DRX cycle≤ 160ms
	max(200ms, ceil(6 x M2 Note 3) x max(SMTC period,DRX cycle)) x CSSFintra

	160ms < DRX cycle≤ 320ms
	ceil(5 x M2 Note 3 x Kp) x max(SMTC period,DRX cycle)

	DRX cycle>320ms
	ceil( Y Note 4 x Kp ) x DRX cycle x CSSFintra

	NOTE 1:
DRX or non DRX requirements apply according to the conditions described in clause 3.6.1

NOTE 2:
In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.
NOTE 3:
M2 = 1.5 if SMTC periodicity > 40 ms, otherwise M2=1

NOTE 4:
Y=3 when SMTC <= 40ms, Y=5 when SMTC > 40ms


Table 2‑4 SSB measurement time for inter-frequency measurement requirement in HST
	Condition NOTE1,2
	TSSB_time_index_inter

	No DRX
	Max(120ms, 3 ( Max(MGRP, SMTC period)) ( CSSFinter

	DRX cycle ≤ 320ms
	Max(120ms, Ceil(3 ( M2 Note 3) ( Max(MGRP, SMTC period, DRX cycle)) ( CSSFinter

	DRX cycle > 320ms
	3 ( DRX cycle ( CSSFinter

	NOTE 1:
DRX or non DRX requirements apply according to the conditions described in clause 3.6.1

NOTE 2:
In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.
NOTE 3:
M2 = 1.5 if SMTC periodicity > 40 ms, otherwise M2=1


Table 2‑5 SSB index reading time for inter-frequency measurement requirement in HST
Proposal 4: Set HST connected mode inter-frequency measurement requirement as Table 2-3~5.
Many options listed in WF[1] violate the principle in proposal 2 because the derivation of the requirement proposals are based on LTE to NR inter-RAT measurement enhancement. While from the UE operation perspective this is reasonable, requirements based on this approach might be harmful to system performance as it may trigger more NR to LTE handovers while there are inter-frequency NR cells available for handover. 

Observation 2: When inter-frequency measurement requirement is slower than inter-RAT measurement requirement, it may trigger more NR to LTE handovers while there are inter-frequency NR cells available to switch to, which is harmful to system performance.
2.2   Deactivated Scell measurement

Number of Scells (NSCC_SSB) in CSSF calculation was discussed in RAN4#99e. Since CSSF is based on searcher resource constraint, it should be consistent across non-HST and HST cases. Therefore, our preference is to correct the requirement from R15. However, to address the concern of R15/R16 UE behavior differences, which might lead to network implementation complexity, fixing this from R17 and keeping the consistency between non-HST and HST cases is an option that we can support.

Proposal 5: NSCC_SSB for non-HST and HST should be consistent. Correction can be applied to R15, or R17 if legacy UE behavior is a concern.
Since Kp relaxation is for overlapping gap and SMTC, UE needs to perform additional measurements, probably during DRx off time, if we remove Kp. Even in Pcell measurement, we keep Kp for HST enhancement. Therefore, we should follow R15 deactivated Scell measurement for Kp relaxation factor.
Proposal 6: Follow Kp setting in R15 deactivated scell measurement requirement for HST enhancement.

2.3   Network Signaling

Since highSpeedMeasFlag-r16 in ServingCellConfigCommon is provided to UE during Scell configuration already, we agree that this signaling can be reused for HST CA support. However, RAN4 also agreed to enhance inter-frequency measurement in R17 HST WI. Therefore, clarification is needed on whether highSpeedMeasFlag-r16 covers inter-frequency measurement enhancement, or a separate network flag is needed.

Proposal 7: Reusing highSpeedMeasFlag-r16 for Scell measurement is feasible. Inter-frequency measurement enhancement signaling needs to be discussed separately.

Note that a per carrier flag is introduced for inter-RAT measurement HST enhancement in idle mode. A similar flag for inter-frequency measurement enhancement in idle mode is needed if RAN4 agrees the enhancement.

3   Conclusion
Proposal 1: RAN4 to define the enhancement for inter-frequency measurement in idle mode.

Observation 1: When UE is operating in NR, it is preferred to find NR inter-frequency cells earlier than LTE cells since handover to NR cells is more preferred than handover to LTE cells.

Proposal 2: The principle of ordering measurement period lengths in neighboring cell search/measurement requirements (from short to long):

1.
Intra-frequency measurement

2.
Inter-frequency measurement

3.
Inter-RAT measurement

Proposal 3: Set HST idle mode inter-frequency measurement requirement as Table 2-2.
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	Tmeasure,NR_Inter [s] (number of DRX cycles)
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[s] (number of DRX cycles)
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	2.56 x M2 (8 x M2)
	0.32 x M3 (1 x M3)
	0.96 x M4 (3 x M4)

	0.64
	5.12 (8)
	0.64 (1)
	1.92 (3)

	1.28
	8.96 (7)
	1.28 (1)
	3.84 (3)

	2.56
	58.88 (23)
	2.56 (1)
	7.68 (3)

	Note 1:
when SMTC < = 40 ms, M2 = M3 = M4 = 1; and when SMTC > 40 ms, M2 = 1.5, M3 = M4 = 2


Table 2‑2 Idle mode inter-frequency measurement requirement for HST

Proposal 4: Set HST connected mode inter-frequency measurement requirement as Table 2-3~5.
	Condition NOTE1,2
	TPSS/SSS_sync_inter

	No DRX
	 Max(600ms, 6 ( Max(MGRP, SMTC period)) ( CSSFinter

	DRX cycle ≤ 320ms
	Max(600ms, Ceil(6*M2 Note 3) ( Max(MGRP, SMTC period, DRX cycle)) ( CSSFinter

	DRX cycle > 320ms 
	6 ( DRX cycle ( CSSFinter

	NOTE 1:
DRX or non DRX requirements apply according to the conditions described in clause 3.6.1

NOTE 2:
In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.
NOTE 3:
M2 = 1.5 if SMTC periodicity > 40 ms, otherwise M2=1




Table 2‑3 PSS/SSS detection time for inter-frequency measurement requirement in HST

	Condition NOTE1,2
	T SSB_measurement_period_inter

	No DRX
	Max(200ms, 6 ( Max(MGRP, SMTC period)) ( CSSFinter

	DRX cycle≤ 160ms
	max(200ms, ceil(6 x M2 Note 3) x max(SMTC period,DRX cycle)) x CSSFintra

	160ms < DRX cycle≤ 320ms
	ceil(5 x M2 Note 3 x Kp) x max(SMTC period,DRX cycle)

	DRX cycle>320ms
	ceil( Y Note 4 x Kp ) x DRX cycle x CSSFintra

	NOTE 1:
DRX or non DRX requirements apply according to the conditions described in clause 3.6.1

NOTE 2:
In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.
NOTE 3:
M2 = 1.5 if SMTC periodicity > 40 ms, otherwise M2=1

NOTE 4:
Y=3 when SMTC <= 40ms, Y=5 when SMTC > 40ms


Table 2‑4 SSB measurement time for inter-frequency measurement requirement in HST
	Condition NOTE1,2
	TSSB_time_index_inter

	No DRX
	Max(120ms, 3 ( Max(MGRP, SMTC period)) ( CSSFinter

	DRX cycle ≤ 320ms
	Max(120ms, Ceil(3 ( M2 Note 3) ( Max(MGRP, SMTC period, DRX cycle)) ( CSSFinter

	DRX cycle > 320ms
	3 ( DRX cycle ( CSSFinter

	NOTE 1:
DRX or non DRX requirements apply according to the conditions described in clause 3.6.1

NOTE 2:
In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.
NOTE 3:
M2 = 1.5 if SMTC periodicity > 40 ms, otherwise M2=1


Table 2‑5 SSB index reading time for inter-frequency measurement requirement in HST
Observation 2: When inter-frequency measurement requirement is slower than inter-RAT measurement requirement, it may trigger more NR to LTE handovers while there are inter-frequency NR cells available to switch to, which is harmful to system performance.

Proposal 5: NSCC_SSB for non-HST and HST should be consistent. Correction can be applied to R15, or R17 if legacy UE behavior is a concern.

Proposal 6: Follow Kp setting in R15 deactivated scell measurement requirement for HST enhancement.

Proposal 7: Reusing highSpeedMeasFlag-r16 for Scell measurement is feasible. Inter-frequency measurement enhancement signaling needs to be discussed separately.
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