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1 Introduction
In Rel-18, further work objective to complete the requirements for measurement without gaps is given in the work item description (WID) [1] as below:
	Define RRM requirements for measurement without gaps for the following cases
· NR SSB-based inter-frequency and intra-frequency measurements without gaps for UEs reporting NeedForGapsInfoNR IE [RAN4]
i. Study whether the additional interruption is allowed when UE reporting ‘NeedForGapsInfoNR'. Further define the interruption length, occasion and ratio, if the interruption is allowed
ii. Define related requirements, such as CSSF, measurement period, scheduling restriction etc.
Define RRM requirements for measurement without gaps for the following cases
1. Inter-RAT measurements without gaps [RAN4]
2. Inter-RAT NR measurements
2. Inter-RAT LTE measurement


Furthermore, the open issues from the previous meeting (meeting RAN4#111) are given below [2]:
2 Discussion on NeedForGap issues
2.1. Discussion on DRX specific issues
The open issues from WF:
	Sub-topic 1-1 DRX
Issue 1-1-1: Misalignment between DRX-on duration and SMTC for NFG measurements
· Proposals
· Option 1: UE measures only within SMTC occasions once every DRX cycle and no interruption is allowed.
· Option 1a: interruption can be allowed during the time extended due to drx-inactivityTimer.
· Option 2: UE measures within SMTC occasions when DRX cycle is larger than 320ms and no interruption is allowed; but when DRX cycle is equal or smaller than 320ms interruption is allowed once every DRX cycle according to Tcycle, i. 
· Option 2a: 160ms instead of 320ms. And interruption can be allowed during the time extended due to drx-inactivityTimer.
· Option 3: UE measurements can affect DRX-on duration. Interruption is allowed once every DRX cycle, and it is according to Tcycle,i. 
· Option 5: Interruptions may be allowed during DRX ON duration under the following conditions:
· if DRX ON duration is smaller or equal to [5 or 10] ms and DRX cycle is larger than [40 or 80ms], 
· Interruptions are not allowed in the DRX ON duration, excluding the time extended due to drx-inactivityTimer
· Otherwise 
· interruptions are allowed, except for the last slot containing PDCCH in the DRX ON duration, excluding the time extended due to drx-inactivityTimer
· Option 6: Interruptions may be allowed during DRX ON duration under the following conditions:
· if DRX ON duration is smaller or equal to [5 or 10] ms and DRX cycle is larger than [40 or 80ms], 
· Interruptions are not allowed in the DRX ON duration, excluding the time extended due to drx-inactivityTimer
· Otherwise 
· interruptions are allowed
Issue 1-1-2: Aligned DRX-on duration and SMTC for NFG measurements and DRX cycle is larger than 320ms
· Proposals
· Option 1: UE does not measure within SMTC occasions and no interruption is expected.
· Option 2: Interruption is always allowed, and it is according to Tcycle,i.
Issue 1-1-3: Aligned DRX-on duration and SMTC for NFG measurements and DRX cycle is equal or shorter than 320ms
· Proposals
· Option 1: Interruption is always allowed, and it is according to Tcycle,i.
Issue 1-1-4: Consider DRX-on duration length as conditions to allow interruptions
· Proposals
· [bookmark: _Toc159060500]Option 1: if DRX ON duration is larger than 10 ms, interruptions are allowed, except for the last slot containing PDCCH in the DRX ON duration.
Issue 1-1-5: Consider other DRX cycle length threshold as conditions to allow interruptions
· Proposals
· Option 1: consider 40ms instead of 320ms.
Issue 1-1-6: Consider whether there is interruption on PDCCH reception as conditions to allow interruptions
· Proposals
· Option 1: 
· if it is not possible to place an interruption without affecting first and last PDCCH occasion in the DRX ON duration, it is not allowed to cause interruptions during DRX ON durations.
· Interruptions during inactivity time periods allowing both interruptions and PDCCH allocations shall be placed so that the last PDCCH occasion in the inactivity time is not-interrupted.
Issue 1-1-7: Scaling factor 1.5 when DRX is configured and equal or smaller than 320ms
· Background
· 1.5 is to address frequent measurements in legacy releases when DRX cycle length is smaller than 320ms.
· Proposals
· Option 1: Apply 1.5 to measurement and interruption requirements when DRX is configured and equal or smaller than 320ms.



Issue 1-1-1: The motivation of having no interruption for the scenario of misalignment between DRX-on and SMTC is that the UE can perform measurements within the SMTC occasions that are not overlapped with DRX-on. Thus, the UE can have no interrupted PDCCH reception and hence no loss of PDSCH during DRX-on, which comes at the expense that the UE must wake up as twice as a legacy UE that wakes up within DRX-on only. Nevertheless, when a UE is scheduled for DL data reception then the on-duration, due to drx-inactivityTimer, will be further extended, which could result in having the UE with no off-duration period between two consecutive DRX cycles. Now, if all the SMTC occasions between two consecutive DRX cycles are covered with on-period DRX. Thus, the UE has to either drop the measurement, which results in longer measurement delay or cause interruption to the data reception. Therefore, whether interruption may be allowed during DRX on duration can be based on conditions.
1. [bookmark: _Ref163500216]For DRX based interruption ratio when DRX is configured equal or larger than 160ms, interruption is not allowed in the DRX ON duration, excluding the case of DRX-on period is extended due to drx-inactivityTimer. 

Issue 1-1-2/1-1-3: It is not clear what is the meaning of aligned DRX-on with SMTC. Does it mean that the all SMTC occasions are fully overlapped with DRX-on? In general, when the SMTC and DRX-on are aligned then the UE shall be able to cause interruption during DRX-on. This is to allow the UE to perform measurements during SMTC.
Observation 1: The meaning of aligned DRX-on with SMTC needs further clarification. 
1. [bookmark: _Ref163500233]For aligned DRX-on duration with SMTC, interruption is always allowed and it is according to Tcycle,i. 

Issue 1-1-4/1-1-5: The DRX-on duration can be up to 1.6s and hence having no interruption for any configured DRX-on regardless of its length can lead to longer delay for measurements. Thus, having restrictions for the maximum DRX-on period without interruption is a compromised solution to allow the UE to do measurements. 
Observation 2: The DRX-on duration can be up to 1.6s, which could have impact on measurements delay if the UE can’t cause interruption. 
1. [bookmark: _Ref163385174]Interruption is not allowed in the DRX-on duration, which is equal or smaller than 10ms and DRX cycle is equal or larger than 160ms. 

Issue 1-1-6: It is not clear what is the mechanism that the UE should follow to avoid overlapping measurements with the first and last PDCCH occasions. The main motivation for NFG was to allow the UE to have further relaxed implementation and to cause interruption in one of multiple available SMTC occasions. However, the proposal in here could have major restriction on the UE implementation. Therefore, no restrictions conditions shall be considered regarding which PDCCH could be interrupted. 
Observation 3: Having restriction on which PDCCH occasion can be interrupted in the DRX-on could increases the UE implementation complexity. 
1. [bookmark: _Ref163385185]When the UE is allowed cause interruption in DRX-on then no restriction on which PDCCH occasions shall be interrupted by the UE. 

Issue 1-1-7: The legacy requirements are defined with scaling factor of 1.5 when DRX cycle is configured and equal or smaller than 320ms. The scaling factor is used to allow the UE to skip some SMTC occasions. Hence, the same scaling shall be kept for the condition of DRX cycle is smaller or equal to 320ms. 
Observation 4: The legacy requirements are defined with scaling factor of 1.5 when DRX cycle is configured and equal or smaller than 320ms. 
1. [bookmark: _Ref163385200]Apply 1.5 to measurement and interruption requirements when DRX is configured and equal or smaller than 320ms. 

2. Discussion on interruption requirements
The open issues from WF:
	Sub-topic 1-2 Interruption requirements
Issue 1-2-1: Interruption requirements in 8.2.2.2.19 apply also for NR-DC, EN-DC, and NE-DC 
· Proposals
· Option 1: Yes. Interruption requirements in 8.2.2.2.19 shall also apply for NR-DC, EN-DC, and NE-DC considering that operations in one cell group do not impact operations on another cell group.
· Option 1a: Same interruption requirement defined at 7.8.2.22 in 36.133 and 8.2.2.2.19 in 38.133 are applied for each cell group for UE perform NR measurement without gap with interruption.
· 7.8.2.22 in 36.133 and 8.2.2.2.19 in 38.133 is applied for MCG and SCG, respectively in EN-DC, 
· 7.8.2.22 in 36.133 and 8.2.2.2.19 in 38.133 is applied for SCG and MCG, respectively in NE-DC,
· 8.2.2.2.19 in 38.133 is applied for both MCG and SCG in NR-DC.
· Option 2: NFG requirements are applicable for NR SA only.
· Option 2a: deprioritize MR_DC for NFG in objective 2 of the WI.



Based on legacy requirements, other features such as NCSG is applicable for SA only, hence extending the NFG for DC might require some RAN4 workload. In addition, the NFG signalling is used in NR SA only, as shown below. Thus, we suggest closing this issue with no further extension of requirements to MR-DC. 
	From 38.331:
–	NeedForGapsInfoNR
The IE NeedForGapsInfoNR indicates whether measurement gap is required for the UE to perform SSB based measurements on an NR target band while NR-DC or NE-DC is not configured.



1. [bookmark: _Ref163385211]Deprioritize MR-DC for NFG in Objective 2 of this WI. 
1. Discussion on inter-RAT Gapless
3. Discussion on scheduling restrictions issues
The open issues from WF:
	Sub-topic 2-1 Scheduling restriction
Issue 2-1-1: Scheduling restriction due to mixed numerology for case b-2
· Proposals
· Option 1: The scheduling restriction shall be defined for inter-RAT LTE measurement case b-2 with mixed numerology, -- serving cell and target MO have mixed SCS and they are in the same band, and UE does not support mixed SCS between serving cell and target MO.
· Option 1a: The scheduling restriction will be applied to the whole EMW if UE doesn’t support mix-numerology between LTE measurement and NR data reception.
Issue 2-1-2: Scheduling restrictions and UE capability reporting 
· Proposals
· Proposal 1a: For Cases b-1 and/or b-2: When the UE require NO scheduling restriction for a specific carrier: 
· the UE shall report to the NW that the UE can measure a given/specific carrier frequency of inter-RAT EUTRAN without gap and without interruption; 
· the UE shall not report EMW (i.e. the UE can measure with at any reference signal occasion).
· Proposal 1b: For Cases b-1 and/or b-2: When the UE require scheduling restriction for a specific carrier: 
· the UE reports to the NW that the UE can measure a given/specific carrier frequency of inter-RAT EUTRAN without gap and without interruption, 
· also, the UE shall report the support of effective measurement window (EMW) for inter-RAT EUTRAN capability (i.e. the UE can measure and cause scheduling restrictions only within the EMW occasions).
· Proposal 1c: For Cases b-1 and/or b-2: When the UE reports for inter-RAT EUTRAN measurements without gap and without interruption and the UE doesn’t support EMW capability, the UE shall report NCSG, or gaps.
· Proposal 2 : For case b-1, DL scheduling restriction is not needed for inter-RAT LTE measurement without gap due to mixed numerology. 
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Figure 1: Illustration of Option 1, UE behaviour for measuring inter-RAT EUTRAN without gaps and without interruption.



Issue 2-1-1: In previous meetings, RAN4 RRM reached the following agreement:
	Issue 2-2-1: Scheduling restriction due to mixed numerology for case b-2 when UE does not support crs-IM features
· Background
· Companies claimed that there is no scenario for UE not supporting CRS-IM features to be configured for measurements on 15kHz LTE without gaps for case b-2.
· Though even this is not correct configuration the UE is not guaranteed with undefined behaviour if no scheduling restriction is specified.
· If this is not correct configuration, the UE is allowed to cause any interruption.
· Agreement:
· No scheduling resctriction, with optional UE capability to support the mixed numerologies for case b-2. Othewise, the scheduling resctrction applies.
· Note: this is for non-DSS scenario.


To further clarify the scheduling restrictions for case b-2, RAN4 should support the proposals from the previous meeting, which are:  
· The scheduling restriction shall be defined for inter-RAT LTE measurement case b-2 with mixed numerology, -- serving cell and target MO have mixed SCS and they are in the same band, and UE does not support mixed SCS between serving cell and target MO.
· The scheduling restriction will be applied to the whole EMW if UE doesn’t support mix-numerology between LTE measurement and NR data reception.

1. [bookmark: _Ref163385224]The scheduling restriction shall be defined for inter-RAT LTE measurement case b-2 with mixed numerology, -- serving cell and target MO have mixed SCS and they are in the same band, and UE does not support mixed SCS between serving cell and target MO. The scheduling restriction will be applied to the whole EMW if UE doesn’t support mix-numerology between LTE measurement and NR data reception. 

Issue 2-1-2: Regarding scheduling restrictions for inter-RAT EUTRAN, it is not clear how to define the scheduling restriction without the use of SMTC, therefore, RAN4 agreed to define alike SMTC window for LTE or effective measurement window. Effective measurement window value is equal to 5 ms as agreed in the previous meetings with effective measurements window defined as 40 ms and 80 ms. In addition, RAN4 agreed to introduce additional effective measurement window duration: 2ms and 5.5ms with periodicity 40ms, 80ms, yet UE capability for window duration of 2ms shall be introduced in case of sync is needed. 
Nevertheless, the EMW is only needed when the UE causes scheduling restrictions. Besides, the UE can determine whether the UE in need for scheduling restrictions. Therefore, the following reporting capabilities for case b-1 and case b-2 can applied, as described below and depicted in the figure below. Such that network and UE can align the understand on when to expect scheduling restriction based on EMW configuration.
· When the UE requires NO scheduling restriction for a specific carrier: the UE reports to the NW that the UE can measure the a given/specific carrier frequency of inter-RAT EUTRAN without gap and without interruption, also, the UE needs not report the support of effective measurement window (EMW) for inter-RAT EUTRAN capability.
· When the UE require scheduling restriction for a specific carrier: 
· When the UE support EMW capability, then the UE shall report the support of effective measurement window (EMW) for inter-RAT EUTRAN capability. 
· When the UE doesn’t support EMW capability, the UE shall report NCSG, or gaps. 
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Figure 1: UE behaviour for measuring inter-RAT EUTRAN without gaps and without interruption.

1. [bookmark: _Ref146664151]For Cases b-1 and b-2: When the UE require NO scheduling restriction for a specific carrier: the UE reports to the NW that the UE can measure the a given/specific carrier frequency of inter-RAT EUTRAN without gap and without interruption; the UE shall not report EMW. 
1. [bookmark: _Ref149940687]For Cases b-1 and b-2: When the UE require scheduling restriction for a specific carrier: when the UE support EMW capability, then the UE shall report the support of effective measurement window (EMW) for inter-RAT EUTRAN capability.
1. [bookmark: _Ref159238585]For Cases b-1 and b When the UE require scheduling restriction for a specific carrier: when the UE doesn’t support EMW capability, the UE shall report NCSG, or gaps.

3. Discussion on measurement reporting period requirements
The selected open issues from WF:
	Issue 2-2-1: Overlap between Effective measurement window and SMTC/SSB
· Background
· Previous Agreements
· For case b-2, when EMW is configured overlapped with SMTC/SSB/CSI-RS measurement with scheduling restrictions, inter-RAT LTE measurement will be dropped.
· For case b-1 and b-2, when EMW is partially overlapped with MG (EMW periodicity < MGRP), the EMW occasion colliding physically with MG will be dropped.

· Proposals to: For case b-1 and b-2 inter-RAT LTE measurement causing scheduling restriction, when EMW periodicity is smaller than MGRP,
· Option 1: RAN4 to update the legacy agreements as: after considering EMW dropping rule if EMW is colliding with SMTC/SSB/CSI-RS, when the remaining EMW is fully overlapping with MG, the inter-RAT meas will be performed within MG.
Issue 2-2-1a: Overlap between Effective measurement window and MG
· Background
· Agreements
· For case b-1 and b-2, when EMW is partially overlapped with MG (EMW periodicity < MGRP), the EMW occasion colliding physically with MG will be dropped.
· Note: The proximity rule in Rel-17 does not apply in this case.
· Proposals to: For case b-1 and b-2 inter-RAT LTE measurement causing scheduling restriction, when EMW periodicity is larger than MGRP and all EMW are covered by measurement gaps,
· Option 1: inter-RAT LTE measurement will be dropped.
· Option 2: No UE behaviour is specified.
· Option 3: apply legacy gap-based measurement requirements, i.e. RAN4 requirements should NOT be defined based on EMW.
· Option 4: UE measurement requirements are based on EMW-RP.

Issue 2-2-3: Scaling factor for case a-1: Nfreq definition
· Background
· The principles are different between NR MO outside gap and LTE inter-frequency without MG, where all inter-frequency MOs, regardless if they are measured with or without MG, are counted in the same Nfreq.
· Proposals
· Option 1: number of NR MOs that are measured outside MG (same principle as NR SA).
· Option 2: total number of LTE and NR MOs (same principle as LTE SA).



Issue 2-2-1: The scenario discussed in this issue is a corner case. Besides, all reference signals, EMW, and MG are configured by the NW. Therefore, it should be NW responsibility to ensure avoiding such scenarios and it if such scenarios happen, then it should be left to UE implementation on how to handle that. 
1. [bookmark: _Ref166504086]For case b-1 and b-2 inter-RAT LTE measurement causing scheduling restriction, when EMW periodicity is smaller than MGRP, after considering EMW dropping rule if EMW is colliding with SMTC/SSB/CSI-RS, when the remaining EMW is fully overlapping with MG, the inter-RAT measurements will be left to UE implementation (i.e. no requirements defined for this case). 

Issue 2-2-1a: When the EMW is fully overlapped with the MG, yet the MG periodicity is smaller than that of EMW, the UE should also perform all the measurements within the MG, i.e. RAN4 requirements should not follow EMW configuration.
1. [bookmark: _Ref163385271]When the EMW is fully overlapped with the MG, yet the MG periodicity is smaller than that of EMW, the UE should perform all the measurements within the MG, i.e. RAN4 requirements should not follow EMW configuration. 
Issue 2-2-3: In LTE, the LTE intra-frequency layers measurement delay doesn’t scale up with the number of CCs. Therefore, Option 2 can be updated to be:
· Option 2a: total number of inter-frequency LTE and NR MOs (same principle as LTE SA).
1. [bookmark: _Ref166504109]The scaling factor for case a-1 shall be total number of inter-frequency LTE and NR MOs (same principle as LTE SA). 

3. Discussion on UE capabilities
The selected open issues from WF:
	Issue 2-3-2: Introduction of new general UE capabilities (feature groups) for case b-1: [32-6 inter-RAT EUTRAN measurement without gap and outside active DL BWP]  
· Agreements
· EMW is only needed when scheduling restriction is expected. For measurement delay, RAN4 needs to define a default Tinter1 when EMW is not configured.
· Introduce FG 32-6

Issue 2-3-4: UE supporting Case b-1 or Case b-2 needs to support EMW  
Issue 2-3-5: Introduction of new UE capabilities (feature groups) for mixed numerology for case b-1 and b-2: [32-10 UE support concurrent inter-RAT measurement on EUTRAN and reception from NR serving cell with a different numerology than 15kHz]  
Issue 2-3-6: Introduction of new UE capabilities (feature groups) for EUTRAN feature: [general support of inter-RAT NR measurements without gap with or without interruption] 
Issue 2-3-7: Introduction of new UE capabilities (feature groups) for EUTRAN feature: [UE support concurrent inter-RAT NR measurement with a different numerology than 15kHz and reception from LTE serving cell] 
Issue 2-3-8: Feature list tables for inter-RAT measurements without gap 
· Agreements
· For UE support 32-4, no scheduling restriction is needed due to mix-numerology for CRS fully non-overlapping with UE’s active BWP
· FFS whether to add a FG for scheduling restriction for FG x-y



In the last meeting, RAN4 RRM agreed to introduce UE capability for scheduling restrictions for Case b-2 and Case b-1. Yet, it was FFS whether to extend this to Case a-1. To our understanding, that Case a-1 is similar to that of Case b-1 yet for UE operating in LTE and measuring for NR frequencies, thus, there is a need for UE capability for scheduling restriction. 
1. [bookmark: _Ref163488204]RAN4 shall define an additional UE capability for scheduling restriction of Case a-1. 

4 Summary
In this contribution, discussion on measurement without gaps for UEs reporting measurements without gaps are provided and we have the following proposals:
Proposal 1: For DRX based interruption ratio when DRX is configured equal or larger than 160ms, interruption is not allowed in the DRX ON duration, excluding the case of DRX-on period is extended due to drx-inactivityTimer.
Proposal 2: For aligned DRX-on duration with SMTC, interruption is always allowed and it is according to Tcycle,i.
Proposal 3: Interruption is not allowed in the DRX-on duration, which is equal or smaller than 10ms and DRX cycle is equal or larger than 160ms.
Proposal 4: When the UE is allowed cause interruption in DRX-on then no restriction on which PDCCH occasions shall be interrupted by the UE.
Proposal 5: Apply 1.5 to measurement and interruption requirements when DRX is configured and equal or smaller than 320ms.
Proposal 6: Deprioritize MR-DC for NFG in Objective 2 of this WI.
Proposal 7: The scheduling restriction shall be defined for inter-RAT LTE measurement case b-2 with mixed numerology, -- serving cell and target MO have mixed SCS and they are in the same band, and UE does not support mixed SCS between serving cell and target MO. The scheduling restriction will be applied to the whole EMW if UE doesn’t support mix-numerology between LTE measurement and NR data reception.
Proposal 8: For Cases b-1 and b-2: When the UE require NO scheduling restriction for a specific carrier: the UE reports to the NW that the UE can measure the a given/specific carrier frequency of inter-RAT EUTRAN without gap and without interruption; the UE shall not report EMW.
Proposal 9: For Cases b-1 and b-2: When the UE require scheduling restriction for a specific carrier: when the UE support EMW capability, then the UE shall report the support of effective measurement window (EMW) for inter-RAT EUTRAN capability.
Proposal 10: For Cases b-1 and b When the UE require scheduling restriction for a specific carrier: when the UE doesn’t support EMW capability, the UE shall report NCSG, or gaps.
Proposal 11: For case b-1 and b-2 inter-RAT LTE measurement causing scheduling restriction, when EMW periodicity is smaller than MGRP, after considering EMW dropping rule if EMW is colliding with SMTC/SSB/CSI-RS, when the remaining EMW is fully overlapping with MG, the inter-RAT measurements will be left to UE implementation (i.e. no requirements defined for this case).
Proposal 12: When the EMW is fully overlapped with the MG, yet the MG periodicity is smaller than that of EMW, the UE should perform all the measurements within the MG, i.e. RAN4 requirements should not follow EMW configuration.
Proposal 13: The scaling factor for case a-1 shall be total number of inter-frequency LTE and NR MOs (same principle as LTE SA).
Proposal 14: RAN4 shall define an additional UE capability for scheduling restriction of Case a-1.
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