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Introduction
In this paper, we share our view on the remaining issues for interruption requirements and remaining issues for [R18 needforgap]. 
Discussion
During the last meeting and discussion, we notice that companies have different understanding regarding interruption requirement and measurement delay requirement. In this paper, we focus on how to define Tcycle and where to apply. From UE perspective, interruption and measurement are not decoupled. In other words, for fast measurement cycle UE needs RF tune faster to measure multiple frequency layers which introduce more interruptions in given time. Therefore, measurement requirement and interruption requirement is not decoupled. 
Proposal 1: Tcycle shall not be decoupled from measurement requirement and interruption requirement. 
	Issue 1-1-5: Requirements on the interruption ratio, if allowed 
< Way forward/Agreement >: 
· Interruption ratio is defined as follows: 
· 80ms ≤ Tcycle < 160ms: up to [2.50%] probability of interruption
· 160ms ≤ Tcycle < 320ms: up to [1.25%] probability of interruption
· 320ms ≤ Tcycle: up to [0.625%] probability of interruption
· FFS if the interruption rate can be captured in equation format
· Do not define requirement for the case Tcycle < 80ms
· FFS if interruption ratio applies to a single frequency layer or all frequency layers
· Tcycle definition is FFS
· Option 1: Tcycle = SMTC x CSSF x Kp
· Other options are not precluded




In order to help understanding, we would like to discuss with 4 frequency layers measurement with different SMTC as the worst case example. Here we assume UE report nogap-interruption for all bands, 2ms interruption length.
[image: ]
Figure1.  4 frequency layer measurement with non-DRX case study. Legacy measurement requirement is applied to illustrate (measurement period x CSSF), total interruption ratio is 2.1875% which meets 2.5% interruption ratio requirement with Tcycle = 80ms.
Since interruption requirement allow 2.5% interruption as the maximum interruption with minimum 80ms measurement cycle, UE expect to perform 80ms measurement periodicity instead of SMTC periodicity. UE does not expect to further increase measurement periodicity larger than 80ms unless SMTC is larger than 80ms such as MO4. In MO4, 160ms SMTC is configured. So 80ms Tcycle cannot be applied but 160ms is applied instead. But interruption requirement should be derived by 80ms unless union measurement period is applied for all MO. However, in this example, union measurement cycle is inefficient as UE perform measurement much slower than allowed minimum measurement cycle. 
In this example, actual total interruption ratio during 1280ms measurement period is 2.1875% where 28ms/1280ms, total interruption length is 28ms (4 x 2ms x 3 + 2 x 2ms from MO1, MO2, MO3, and MO4). Total interruption ratio meets the interruption requirement with 80ms of Tcycle. Therefore, the same interruption requirement is applied for multiple layer scenario.
Observation 1: When multiple SMTCs are configured for multiple cells, the smallest SMTC is used to derive Tcycle. Then, the interruption requirement is aligned with the fastest measurement periodicities. Since total interruption ratio cannot exceed the interruption requirement for single frequency layer, RAN4 does not need to define separate interruption ratio for multiple frequency layer. 
Proposal 2: No need to define separate interruption ratio requirements for multiple frequency layer. 
Proposal 3: Tcycle = max(80ms, SMTCmin) for non-DRX, Tcycle = max(80ms, DRXcycle, SMTCmin) for DRX case. SMTCmin = the smallest SMTC periodicity when multiple SMTCs are configured for multiple cells. 
Proposal 4: RAN4 remove bracket in interruption ratio requirement. 
As we observed from the case study, Tcycle is coupled to measurement and interruption requirements. The measurement delay requirement is form of Tcycle and SMTC where measurement periodicity can be replaced by Tcycle. Since Tcycle is used in both measurement delay requirement and interruption requirement, Tcycle should be derived by common parameter such as SMTC. Some companies propose other scaling factor to further reduce total interruption ratio by increasing measurement delay period. But it does not fair to UE as UE can meet the interruption requirement with lower bound measurement period but NW control UE’s measurement behavior on top of lower bound measurement periodicity 80ms.
Proposal 5: Do not introduce other scaling factors to derive Tcycle for reducing interruption ratio which increase measurement period effectively. 
From the previous agreement, RAN4 agreed that when UE indicate nogap-nointerruption, it is not allowed to indicate interruption for all inter or intra-frequency. Thus, RAN4 should not consider optimizing interruption requirement from mixed scenario such as UE report nogap-nointerruption for some bands and nogap-interruption for other bands.
	RAN4 #106, Athens, R4-2303305 
Issue 1-1-6: Other aspect on whether to allow interruption 
< Agreement >: 
· When UE reports ‘ [TBD1 upon RAN2]’ to indicate the interruption allowed, the interruption should be allowed for all the serving cells if UE does not support per-FR gap, and all the serving cells in the same FR as the measurement if UE supports per-FR gap.
· When UE reports ‘[TBD2 upon RAN2]’ to indicate NO interruption allowed, the interruption isn’t allowed for all intra- and inter-frequency measurements.




Observation 2: It is not clear previous RAN4 agreement the interruption is not allowed for all intra- and inter-frequency measurements when UE reports [nogap-nointerruption]. RAN4 needs to clarify previous agreement. 
Proposal 6: RAN4 clarify previous agreement “When UE reports ‘[TBD2 upon RAN2]’ to indicate NO interruption allowed, the interruption isn’t allowed for all intra- and inter-frequency measurements”. RAN4 to confirm whether such condition is only applied when frequencies are in same band.

Measurement requirement
We think the definition of CSSFoutside_gap is nothing about interruption. Some companies think interruption can be further reduced when NW configure gap and UE utilize the gap for interruption handling. However, interruption cannot be specified in terms of location, so it is very difficult to make interruption within any configured gap. Therefore, the legacy CSSFoutside_gap definition is applied for both nogap-interruption and nogap-nointerruption.   
Observation 3: UE measurement without gap behavior is same. UE perform measurement outside gap regardless of interruption is needed or not. So CSSFoustisde_gap can be reused but update the measurement type under 9.1.5.1 is needed.
Proposal 7: Legacy CSSFoutside_gap definition is applied for R18 no-gap regardless of whether interruption is needed or not. RAN4 needs to update supported measurement types for CSSFoutside_gap  at 9.1.5.1 Monitoring of multiple layers outside gaps.
Observation 4: R18 nogap-interruption or nogap-nointerruption is applied regardless whether SSB is compleltly within active BWP or not. Thus, NCSG measurement requirement can be reused to determine required number of samples, minimum lower bound. 
Proposal 7: RAN4 adopts the following Inter frequency Cell identification measurement requirement when UE indicate [nogap-interruption]. RAN4 reuse existing measurement requirement at 9.3.9 for [nogap-nointerruption]
Note : Mmeas_period_inter, MSSB_index_inter,. Mmeas_period_inter are effectively same as NCSG requirement. 
Note : Kp is same as legacy definition 

Time period for PSS/SSS detection, when UE indicate [nogap-interruption] (FR1)
	DRX cycle
	TPSS/SSS_sync_inter

	No DRX
	max( 600ms, ceil(Mpss/sss_sync_inter x Kp) x max(Tcycle, SMTC period) )Note 1 x CSSFinter

	DRX cycle≤ 320ms
	max( 600ms, ceil(M2x Mpss/sss_sync_inter x Kp) x max(Tcycle,SMTC period)) x CSSFinter

	DRX cycle>320ms
	ceil(Mpss/sss_sync_inter x Kp) x Tcycle x CSSFinter

	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:	Void
NOTE 3:	When highSpeedMeasInterFreq-r17 is not configured, M2 = 1.5; When highSpeedMeasInterFreq-r17 is configured, M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2 = 1



 Time period for PSS/SSS detection, when UE indicate [nogap-interruption] (FR2)
	DRX cycle
	TPSS/SSS_sync_inter

	No DRX
	max(600ms, ceil(Mpss/sss_sync_inter  x Kp x Klayer1_measurement)  x max(Tcycle, SMTC period))Note 1 x CSSFinter

	DRX cycle≤ 320ms
	max(600ms, ceil(1.5 x Mpss/sss_sync_inter  x Kp x Klayer1_measurement) x max(Tcycle, SMTC period)) x CSSFinter

	DRX cycle>320ms
	ceil(Mpss/sss_sync_inter  x Kp x Klayer1_measurement)  x Tcycle x CSSFinter

	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:	Void



Time period for time index detection, when UE indicate [nogap-interruption] (FR1)
	DRX cycle
	TSSB_time_index_inter

	No DRX
	max(120ms, ceil(MSSB_index_inter x Kp ) x max(Tcycle,SMTC period))Note 1 x CSSFinter

	DRX cycle≤ 320ms
	max(120ms, ceil (M2 x MSSB_index_inter x Kp) x max(Tcycle, SMTC period)) x CSSFinter

	DRX cycle>320ms
	Ceil(MSSB_index_inter x Kp) x Tcycle x CSSFinter

	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:	Void
NOTE 3:	When highSpeedMeasInterFreq-r17 is not configured, M2 = 1.5; When highSpeedMeasInterFreq-r17 is configured, M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2 = 1



Time period for time index detection, when UE indicate [nogap-interruption] (FR2-2)
	Condition NOTE1,2
	TSSB_time_index_inter

	No DRX
	Max(200ms, Ceil(MSSB_index_inter x Kp)  max(Tcycle, SMTC period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(200ms, Ceil(1.5  MSSB_index_inter x Kp)  Max(Tcycle, SMTC period))  CSSFinter

	DRX cycle > 320ms
	Ceil(MSSB_index_inter x Kp)  Tcycle  CSSFinter

	NOTE 1:	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2:	Kp is applicable for UE supporting [concurrent gaps]



Proposal 8: RAN4 adopts the following measurement period requirement when UE indicate [nogap-interruption]. RAN4 reuse existing measurement requirement at 9.3.9 for [nogap-nointerruption]

Measurement period for inter-frequency measurements without gaps when UE indicate [nogap-interruption] (FR1)
	DRX cycle
	T SSB_measurement_period_inter  

	No DRX
	max(200ms, ceil(Mmeas_period_inter x Kp) x max(Tcycle,SMTC period))Note 1 x CSSFinter

	DRX cycle≤ 320ms
	max(200ms, ceil(1.5x Mmeas_period_inter x Kp) x max(Tcycle, SMTC period)) x CSSFinter

	DRX cycle>320ms
	ceil( Mmeas_period_inter x Kp ) x Tcycle x CSSFinter

	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


Measurement period for inter-frequency measurements without gaps when UE indicate [nogap-interruption (FR2)
	DRX cycle
	T SSB_measurement_period_inter  

	No DRX
	max(400ms, ceil(Mmeas_period_inter x Kp x Klayer1_measurement) x max(Tcycle, SMTC period))Note 1 x CSSFinter

	DRX cycle≤ 320ms
	max(400ms, ceil(1.5x Mmeas_period_inter x Kp x Klayer1_measurement) x max(Tcycle, SMTC period)) x CSSFinter 

	DRX cycle>320ms
	ceil(Mmeas_period_inter xKp x Klayer1_measurement) x Tcycle x CSSFinter

	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



Measurement period for inter-frequency measurements without gaps when highSpeedMeasInterFreq-r17 is configured (FR1), when UE indicate [nogap-interruption]
	Condition NOTE1,2
	T SSB_measurement_period_inter

	No DRX
	max(200ms, 7  Max(Tcycle, SMTC period))  CSSFinter

	DRX cycle ≤ 160ms
	max(200ms, ceil(7 x M2 NOTE3) x max(Tcycle, SMTC period)) x CSSFinter

	160ms < DRX cycle ≤ 320ms
	ceil(7 x M2 NOTE3) x Tcycle x CSSFinter

	DRX cycle>320ms
	4 x M2 NOTE3 x Tcycle x CSSFinter

	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:	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



Observation : R17 nogap-noncsg scheduling restriction is not completed under 9.3.9.3 where the legacy scheduling restriction is only applied when SSB is within active BWP. If R18 NFG new requirement is applied under 9.3.9.3, it may impact to scheduling restriction for R17 for nogap-noncsg. For safety, RAN4 can introduce new clause for R18 NFG as 9.3.11 for inter-frequency measurement without gap where SSB is not completely within active BWP.  
Proposal 9: RAN4 to introduce new clause for R18 inter-frequency measurement e.g (9.3.11 for inter-frequency measurement without gap where SSB is not completely within active BWP.)

<Reply LS>
	1. Overall Description
RAN2 has discussed the corresponding CR for the RAN4 LS on measurements without gap [1]. However, RAN2 would like to get clarification on the meaning of the legacy Rel-16 “no gap” indication. Rel-18 has defined new code points where UE may support no gap with interruption or no gap without interruption, but it is not clear how these are related to the legacy behaviour. Therefore, RAN2 would like to ask RAN4 whether interruption is allowed according to Rel-16 RAN4 specifications when UE reports “no gap” in Rel-16 field for LTE inter-RAT measurement to NR? 

2. Actions:
ACTION: 	RAN2 respectfully asks RAN4 to comment on RAN2 question above.





Since there is no requirement for R16 no-gap, RAN4 cannot specify whether interruption is allowed or not when UE report R16 no-gap. R16 UE may introduce interruption or may not introduce interruption per UE implementation when UE report no-gap on R16.

Proposal 10: Reply LS - Since there is no requirement for reporting no-gap on R16, interruption may or may not be introduced when UE report no-gap for NR inter-freq measurement and LTE inter-RAT measurement to NR on R16. 
Conclusions
Proposal 1: Tcycle shall not be decoupled from measurement requirement and interruption requirement. 
Observation 1: When multiple SMTCs are configured for multiple cells, the smallest SMTC is used to derive Tcycle. Then, the interruption requirement is aligned with the fastest measurement periodicity. Since total interruption ratio cannot exceed the interruption requirement for single frequency layer, RAN4 does not need to define separate interruption ratio for multiple frequency layer. 
Proposal 2: No need to define separate interruption ratio requirements for multiple frequency layer. 
Proposal 3: Tcycle = max(80ms, SMTCmin) for non-DRX, Tcycle = max(80ms, DRXcycle, SMTCmin) for DRX case. SMTCmin = the smallest SMTC periodicity when multiple SMTCs are configured for multiple cells. 
Proposal 4: RAN4 remove bracket in interruption ratio requirement. 
Proposal 5: Do not introduce other scaling factors to derive Tcycle for reducing interruption ratio which increase measurement period effectively. 
Observation 2: During RAN4 #106, RAN4 agreed the interruption is not allowed for all intra- and inter-frequency measurements when UE reports [nogap-nointerruption]. Thus, mixed reporting scenario is not applicable. 
Proposal 6: RAN4 should not discuss optimizing the interruption requirement from mixed reporting nogap-interruption and nogap-nointerruption. 
Observation 3: UE measurement without gap behavior is same. UE perform measurement outside gap regardless of interruption is needed or not. So CSSFoustisde_gap can be reused but update the measurement type under 9.1.5.1 is needed.
Proposal 7: Legacy CSSFoutside_gap definition is applied for R18 no-gap regardless of whether interruption is needed or not. RAN4 needs to update supported measurement types for CSSFoutside_gap  at 9.1.5.1 Monitoring of multiple layers outside gaps.
Observation 4: R18 nogap-interruption or nogap-nointerruption is applied regardless whether SSB is compleltly within active BWP or not. Thus, NCSG measurement requirement can be reused to determine required number of samples, minimum lower bound. 
Proposal 7: RAN4 adopts the following Inter frequency Cell identification measurement requirement when UE indicate [nogap-interruption]. RAN4 reuse existing measurement requirement at 9.3.9 for [nogap-nointerruption]
Note : Mmeas_period_inter, MSSB_index_inter,. Mmeas_period_inter are effectively same as NCSG requirement. 
Note : Kp is same as legacy definition
Table 9.3.9.1-1x: Time period for PSS/SSS detection, when UE indicate [nogap-interruption] (FR1)
	DRX cycle
	TPSS/SSS_sync_inter

	No DRX
	max( 600ms, ceil(Mpss/sss_sync_inter x Kp) x max(Tcycle, SMTC period) )Note 1 x CSSFinter

	DRX cycle≤ 320ms
	max( 600ms, ceil(M2x Mpss/sss_sync_inter x Kp) x max(Tcycle,SMTC period)) x CSSFinter

	DRX cycle>320ms
	ceil(Mpss/sss_sync_inter x Kp) x Tcycle x CSSFinter

	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:	Void
NOTE 3:	When highSpeedMeasInterFreq-r17 is not configured, M2 = 1.5; When highSpeedMeasInterFreq-r17 is configured, M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2 = 1



 Table 9.3.9.1-x: Time period for PSS/SSS detection, when UE indicate [nogap-interruption] (FR2)
	DRX cycle
	TPSS/SSS_sync_inter

	No DRX
	max(600ms, ceil(Mpss/sss_sync_inter  x Kp x Klayer1_measurement)  x max(Tcycle, SMTC period))Note 1 x CSSFinter

	DRX cycle≤ 320ms
	max(600ms, ceil(1.5 x Mpss/sss_sync_inter  x Kp x Klayer1_measurement) x max(Tcycle, SMTC period)) x CSSFinter

	DRX cycle>320ms
	ceil(Mpss/sss_sync_inter  x Kp x Klayer1_measurement)  x Tcycle x CSSFinter

	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:	Void



Table 9.3.9.1-x: Time period for time index detection, when UE indicate [nogap-interruption] (FR1)
	DRX cycle
	TSSB_time_index_inter

	No DRX
	max(120ms, ceil(MSSB_index_inter x Kp ) x max(Tcycle,SMTC period))Note 1 x CSSFinter

	DRX cycle≤ 320ms
	max(120ms, ceil (M2 x MSSB_index_inter x Kp) x max(Tcycle, SMTC period)) x CSSFinter

	DRX cycle>320ms
	Ceil(MSSB_index_inter x Kp) x Tcycle x CSSFinter

	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:	Void
NOTE 3:	When highSpeedMeasInterFreq-r17 is not configured, M2 = 1.5; When highSpeedMeasInterFreq-r17 is configured, M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2 = 1



Table 9.3.9.1-x: Time period for time index detection, when UE indicate [nogap-interruption] (FR2-2)
	Condition NOTE1,2
	TSSB_time_index_inter

	No DRX
	Max(200ms, Ceil(MSSB_index_inter x Kp)  max(Tcycle, SMTC period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(200ms, Ceil(1.5  MSSB_index_inter x Kp)  Max(Tcycle, SMTC period))  CSSFinter

	DRX cycle > 320ms
	Ceil(MSSB_index_inter x Kp)  Tcycle  CSSFinter

	NOTE 1:	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2:	Kp is applicable for UE supporting [concurrent gaps]



Proposal 8: RAN4 adopts the following measurement period requirement when UE indicate [nogap-interruption]. RAN4 reuse existing measurement requirement at 9.3.9 for [nogap-nointerruption]
Table 9.3.9.2-x: Measurement period for inter-frequency measurements without gaps when UE indicate [nogap-interruption] (FR1)
	DRX cycle
	T SSB_measurement_period_inter  

	No DRX
	max(200ms, ceil(Mmeas_period_inter x Kp) x max(Tcycle,SMTC period))Note 1 x CSSFinter

	DRX cycle≤ 320ms
	max(200ms, ceil(1.5x Mmeas_period_inter x Kp) x max(Tcycle, SMTC period)) x CSSFinter

	DRX cycle>320ms
	ceil( Mmeas_period_inter x Kp ) x Tcycle x CSSFinter

	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 9.3.9.2-x: Measurement period for inter-frequency measurements without gaps when UE indicate [nogap-interruption (FR2)
	DRX cycle
	T SSB_measurement_period_inter  

	No DRX
	max(400ms, ceil(Mmeas_period_inter x Kp x Klayer1_measurement) x max(Tcycle, SMTC period))Note 1 x CSSFinter

	DRX cycle≤ 320ms
	max(400ms, ceil(1.5x Mmeas_period_inter x Kp x Klayer1_measurement) x max(Tcycle, SMTC period)) x CSSFinter 

	DRX cycle>320ms
	ceil(Mmeas_period_inter xKp x Klayer1_measurement) x Tcycle x CSSFinter

	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 9.3.9.2-x: Measurement period for inter-frequency measurements without gaps when highSpeedMeasInterFreq-r17 is configured (FR1), when UE indicate [nogap-interruption]
	Condition NOTE1,2
	T SSB_measurement_period_inter

	No DRX
	max(200ms, ceil(7 x Kp)  Max(Tcycle, SMTC period))  CSSFinter

	DRX cycle ≤ 160ms
	max(200ms, ceil(7 x M2 NOTE3 x Kp) x max(Tcycle, SMTC period)) x CSSFinter

	160ms < DRX cycle ≤ 320ms
	ceil(7 x M2 NOTE3) x Tcycle x CSSFinter

	DRX cycle>320ms
	4 x M2 NOTE3 x Tcycle x CSSFinter

	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:	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



Observation : R17 nogap-noncsg scheduling restriction is not completed under 9.3.9.3 where the legacy scheduling restriction is only applied when SSB is within active BWP. If R18 NFG new requirement is applied under 9.3.9.3, it may impact to scheduling restriction for R17 for nogap-noncsg. For safety, RAN4 can introduce new clause for R18 NFG as 9.3.11 for inter-frequency measurement without gap where SSB is not completely within active BWP.  
Proposal 9: RAN4 to introduce new clause for R18 inter-frequency measurement e.g (9.3.11 for inter-frequency measurement without gap where SSB is not completely within active BWP.)

Proposal 10: Reply LS - Since there is no requirement for reporting no-gap on R16, interruption may or may not be introduced when UE report no-gap for NR inter-freq measurement and LTE inter-RAT measurement to NR on R16. 
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