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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]During last RAN4 meeting, RAN4 discussed NeedForGaps requirements [1] and the following terminologies were used during the discussion:
	· Case 1: without gap and no interruption (e.g. ’[TBD1]’ indicated in [TBD new signaling])
· Case 2: without gap but interruption allowed (e.g. ’[TBD1]’ indicated in [TBD new signaling])


In this contribution, we will discuss the remaining issues on NeedForGaps requirement.
2 NeedForGaps
Capability
In last meeting, RAN4 triggered some discussion about Rel-16 NeedForGaps capability with the following agreements. 
	Issue 2-3-1a: Relations between interRAT-NeedForGaps-r16 and interRAT-NeedForIntrNR-r18 and UE behaviours
Previous agreements
	Issue 1-1-1: Scenario 1, LTE – NR inter-RAT measurement 
Tentative agreements
0. interRAT-NeedForGaps-r16=FALSE means that the UE support measurement without gaps
1. The UE may or may not cause interruption.
0. if UE causes interruptions when performing measurements without gaps:
2. Support early implementation of Rel-18 NeedForInterruption:
1. Optional since R17
2. FFS mandatory report of the UE capability R18 interRAT-NeedForIntrNR-r18 from Rel-18 UE if the UE reports interRAT-NeedForGaps-r16=FALSE
2. FFS the UE behavior if the Rel-18 UE does not support interRAT-NeedForIntrNR-r18 


· Proposals
· Option 1: A Rel-18 UE indicating support of interRAT-NeedForGapsNR-r16 shall also indicate support of interRAT-NeedForInterruptionNR-r18.
· Option 2: When a Rel-18 UE only supports Rel-16 NFG capability but not supports Rel-18 NFI capability, the UE’s behaviour is the same as Rel-16 UE. 
· Option 2a: When a Rel-18 UE supports both Rel-16 NFG and Rel-18 NFI capabilities, but NW doesn’t configure Rel-18 needForInterruptionConfigNR, the UE’s behaviour is the same as Rel-16 UE.

Issue 2-3-1b: Relations between nr-NeedForGap-Reporting-r16 and nr-NeedForInterruptionReport-r18 and UE behaviours
Previous agreements
	Issue 1-1-2: Scenario 2, NR measurements without gaps
Tentative agreements
0. “no-gap” as part of NeedForGapsInfoNR-r16=FALSE means that the UE support measurement without gaps
1. The UE may or may not cause interruption.
0. if UE causes interruptions when performing measurements without gaps:
2. Support early implementation of Rel-18 NeedForInterruption:
1. Optional since R17
2. FFS the UE behavior if the Rel-18 UE does not support NeedForInterruptionNR-r18


· Proposals
· Option 1: A Rel-18 UE indicating support of nr-NeedForGap-Reporting-r16 shall also indicate support of nr-NeedForInterruptionReport-r18.
· Option 2: When a Rel-18 UE only supports Rel-16 NFG capability but not supports Rel-18 NFI capability, the UE’s behaviour is the same as Rel-16 UE.
· Option 2a: When a Rel-18 UE supports both Rel-16 NFG and Rel-18 NFI capabilities, but NW doesn’t configure Rel-18 needForInterruptionConfigNR, the UE’s behaviour is the same as Rel-16 UE.


In our understanding, currently Rel-16 UE which supports Rel-16 NFG but not supporting Rel-18 NFI can achieve the performance gain due to no gap request from the UEs. However, if we mandatorily require a Rel-18 UE to report both Rel-16 NFG and Rel-18 NFI, it will have negative impact to the Rel-18 UE which has implemented Rel-16 NFG only but does not support Rel-18 NFI report to support Rel-16 NFG. Compared with the Rel-16 UE, the performance degradation due to not allowed to report Rel-16 NFG will be observed for Rel-18 UEs which supports Rel-16 NFG capability only. For example, compared with 2ms interruption, 6ms measurement gap had to be used in this Rel-18 UE. Thus, we propose that UE is allowed to optionally report Rel-18 NFI capability in Rel-18.
[bookmark: _Ref161394939]Observation 1: Rel-16 UE which supports Rel-16 NFG but not supporting Rel-18 NFI can achieve the performance gain due to no gap request from UE.
[bookmark: _Ref161394942]Observation 2: The performance degradation will be observed for the Rel-18 UEs which only supports Rel-16 NFG capability provided that Rel-18 UE is required to support both Rel-16 NFG and Rel-18 NFI as a pair.
Secondly, in last meeting, RAN4 discussed a similar capability issue about Rel-17 and Rel-18 for inter-RAT EUTRAN measurement without gap. The conclusion is to introduce a new capability for the UE to follow the requirement in Rel-18 and up to UE implementation in Rel-17 even if UE supports inter-RAT EUTRAN measurement without gap without interruption Rel-17 capability. In our understanding, this Rel-16 and Rel-18 capability issue are the same as the agreed capability issue. Therefore, we suggest to decouple the capabilities and follow a similar approach to resolve the issue. 
[bookmark: _Ref165735910]Observation 3: RAN4 already agreed to introduce a new capability in Rel-18 for inter-RAT EUTRAN measurement without gap without interruption decoupled with the Rel-17 inter-RAT EUTRAN measurement capability. 
Furthermore, RAN4 needs to clarify UE’s behaviour under different scenarios. In our understanding, when UE only reports Rel-16 NFG capability but not reports Rel-18 NFI capability, the UE’s behaviour is the same as Rel-16 UE which means the UE’s measurement behaviour is undefined in spec if UE reports ‘no gap’. 
The next issue is to clarify the UE’s behaviour when a UE supports both Rel-16 NFG and Rel-18 NFI capabilities in a Rel-16 NW. We understand that if a NW only supports Rel-16 NFG, it cannot identify the Rel-18 NFI capability and won’t request UE to report Rel-18 NFI status. Thus, the UE’s behaviour is also the same as Rel-16 UE in such Rel-16 NW.
[bookmark: _Ref165735822]Proposal 1: In Rel-18, UE is allowed to optionally report Rel-18 NFI capability for both interRAT-NeedForIntrNR-r18 and NeedForInterruptionNR-r18. 
[bookmark: _Ref165735826]Proposal 2: When a Rel-18 UE only supports Rel-16 NFG capability but does not support Rel-18 NFI capability, the UE’s behaviour is the same as Rel-16 UE.
[bookmark: _Ref165735829]Proposal 3: When a Rel-18 UE supports both Rel-16 NFG and Rel-18 NFI capabilities, but NW doesn’t configure Rel-18 needForInterruptionConfigNR, the UE’s behaviour is the same as Rel-16 UE.

Misalignment between DRX-on duration and SMTC for NFG measurements
One of the remaining issues for NeedForGaps measurement is the DRX-based requirement. NeedForGaps capability is defined to not limit the interruption location which means UE can have a more flexible design than other features to perform measurement in any SMTC occasion regardless of NW configuration. Thus, it’s important to trade-off between the NeedForGaps flexible design and the interruption ratio. We see the possibility to introduce a zero interruption in DRX mode.
	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 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 3: UE measurements can affect DRX-on duration. Interruption is allowed once every DRX cycle, and it is according to Tcycle,i.
· Option 4: UE measurements can affect DRX-on duration under certain conditions. 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 10 ms and DRX cycle is larger than [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 10 ms and DRX cycle is larger than [80ms], 
· Interruptions are not allowed in the DRX ON duration, excluding the time extended due to drx-inactivityTimer
· Otherwise 
· interruptions are allowed


Considering SMTC is broadcast signals, but DRX is UE specific configuration, it may happen that the NW configured SMTC duration and the DRX ON duration are misaligned for UEs. Consequently, it is expected the NeedForGaps measurement will misalign with the DRX ON duration. In our understanding, if NW configures SMTC misaligned with DRX ON duration, it is expected zero interruption during DRX ON duration regardless of the DRX ON duration since no RF retuning collides with DRX ON. 
When UE is configured a short DRX cycles, frequent wake-ups will result in additional power consumption in the UE. One possible solution for UE is to utilize the DRX ON duration to perform both data reception and SMTC measurement. However, it means UE had to endure the performance loss due to interruption and inaccurate AGC. Another solution is to wake up before the DRX ON duration for SMTC measurement. After that, UE needs to wake up again for data reception. In Rel-15, this issue was widely discussed and a further scaling factor of 1.5 was introduced to trade-off the additional SMTC wake-up and power consumption. The total measurement delay requirement is extended to allow UE waking up to perform the measurement before the DRX ON duration. Thus, less interruption is expected.
[bookmark: _Ref130306878]Observation 4: In Rel-15, RAN4 had already solved the power consumption issue for short DRX measurement by introducing scaling factor 1.5.
[bookmark: _Ref160892668][bookmark: _Ref160892699]Proposal 4: When configured SMTC occasions are misalignment with DRX ON duration, no interruption is allowed during DRX ON duration.
Furthermore, when NW configures a long DRX(DRX>320ms), multiple SMTC occasions will be contained within one DRX cycle, and UE only needs to measure one of the SMTCs within the DRX cycle. Thus, it’s easy to find a suitable SMTC outside DRX ON duration and no interruption is expected in this case.
[bookmark: _Ref160892671]Proposal 5: When DRX cycle is larger than 320ms, no interruption is expected. 
Another issue is how to define interruption ratio when DRX-ON is configured and aligned with SMTC. 
	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.


In our understanding, we should follow the same interruption ratio rule as non-DRX NeedForGaps , and the Tcycle,i shall be derived based on measurement delay when DRX is equal to or less than 320ms. Tcycle,i =  1.5*max(80ms, SMTC, DRX cycle) x CSSF
[bookmark: _Ref130306917][bookmark: _Ref145436531][bookmark: _Ref160892674]Proposal 6: When configured SMTC occasions are aligned with DRX ON duration and DRX cycle is equal or smaller than 320ms, interruption is allowed and it is according to Tcycle,i =  1.5*max(80ms, SMTC, DRX cycle) x CSSF.
3 Inter-RAT measurement without gaps
Scheduling restriction
In RAN4 meetings, EMW was introduced to control the scheduling restriction positions. However, whether to apply EMW with symbol level granularity is FFS.
	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.


As we know, the benefits to introduce the scheduling restriction implies NW can schedule the data outside the symbols to-be-measured. In NR, the to-be-measured symbols are SSB symbols or CSI-RS symbols. The question is how to apply the scheduling restriction for E-UTRAN measurement. The E-UTRAN measurement is based on CRS/PSS/SSS other than SSB symbols and the measurement can be performed in any CRS without restriction. There is total 4 CRS symbols in one subframe which means at least 12 symbols cannot be scheduled. To simplify the requirement, we can compromise to accept that the scheduling restriction can be applied to the whole EMW if UE doesn’t support mix-numerology between NR data reception and LTE CRS measurement. 
[image: ]
Figure 1. The LTE CRS and NR SSB structure in symbol level 
[bookmark: _Ref115028531][bookmark: _Ref125658291][bookmark: _Ref148772082][bookmark: _Ref118413177]Proposal 7: The scheduling restriction shall be defined when there is with mix-numerology between serving cell and target MO. It shall be applied to the whole EMW if UE doesn’t support mix-numerology between LTE measurement and NR data reception. 
UE capability reporting
One of the remaining issues about UE capability reporting is when UE supports mix-numerology without scheduling restriction, how to report EMW capability. 
	Issue 2-1-2: Scheduling restrictions and UE capability reporting 
· Proposals
· Proposal 1a: For Cases b-1 and 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 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 b-2: When the UE reports for inter-RAT EUTRAN measurements without gap and without interruption and the UE cannot guarantee no scheduling restrictions, the UE shall report NCSG, or gaps.


In current spec., two scheduling restriction scenarios are identified as follow:
· TDD bands uplink restriction
· Mix-numerology with data reception
In our understanding, when UE supports inter-RAT mix-numerology capability, it means NW can schedule data in serving cell even if mix-numerology with LTE MO. Thus, whether UE reports EMW or not can be ignored by NW. However, TDD bands uplink restriction exists always. Thus, NW needs to know the EMW pattern supported by UE and will indicate the EMW.
[bookmark: _Ref160896094]Proposal 8: For case b-1 and b-2, UE shall always report EMW patterns regardless of whether no scheduling restriction is expected due to mix-numerology. 
Collision between EMW and MG/SMTC/SSB/CSI-RS
Currently, when EMW is fully overlapping with MG and the periodicity of MG and EMW is the same, the inter-RAT measurement will be performed within MG. When EMW is partially overlapping with MG and the periodicity of EMW is smaller than MGRP, EMW will be dropped when colliding with MG. At the same time, RAN4 made the agreements when EMW is overlapping with SMTC/SSB/CSI-RS measurement with scheduling restrictions that inter-RAT LTE measurement will be dropped. Based on all these agreements, inter-RAT meas. wo gap won’t be performed when the EMW is fully overlapping with the union of SMTC/MG/SSB/CSI-RS. In our understanding, this case is similar as EMW is fully overlapping with MG, and the inter-RAT meas shall be performed within MG if MG is configured. Thus, we suggest to update the agreement for EMW fully overlapping with MG 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.
[image: ]
Figure 2. EMW fully overlapping with SMTC and MG
[bookmark: _Ref155777588]Proposal 9: 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.
Another collision issue is when NW configures both EMW and MGRP fully overlapping, whether UE shall follow MG or EMW. In our understanding, EMW is similar as SMTC to schedule the UE to perform measurement within the dedicated measurement occasions. Thus, it’s highly possible to configure the EMW by gNBCU(RAN3 discussion is on-going). When DU later checks the status, it may decide to further configure the gap due to BWP switching, the intention from the NW is to require UE to perform measurement within MG other than EMW. Thus, the legacy requirement for inter-RAT measurement with gap shall be applied. We propose only follow the MG configuration and ignore the EMW.
	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.


[bookmark: _Ref160906420] 
Proposal 10: When EMW is fully overlapping with MG, UE performs measurement following legacy gap-based requirement.
Tinter1
The open issue about Tinter1 is shown as follow_
	Issue 2-2-2: EMW configuration #2 and #3: 
Table 2
	EMW Pattern Id
	EMW Length (EMWL, ms)
	EMW Repetition Period
(EMWRP, ms)
	Minimum available time for inter-RAT measurements during 480 ms period
(Tinter1, ms)

	2
	2
	40
	[24]

	3
	2
	80
	[12]


 
 Proposals
· Option 1: Update the Tinter1 for EMW pattern 2/3 to 60/30ms.
	EMW Pattern Id
	EMW Length (EMWL, ms)
	EMW Repetition Period
(EMWRP, ms)
	Minimum available time for inter-RAT measurements during 480 ms period
(Tinter1, ms)

	2
	2
	40
	[60]

	3
	2
	80
	[30]






In LTE, when RAN4 defined Tinter1, only the MGRP is accounted other than the MGL. Only two candidates Tinter1 are used to define the UE requirements in the note. The same rule is also applied to inter-RAT LTE measurement in NR as follow. Thus, we propose to reuse the principle to inter-RAT NR measurement.
	Table 9.4.1-1: Minimum available time for inter-RAT measurements when measurement gap is configured
	Gap Pattern Id
	MeasurementGap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480 ms period
(Tinter1, ms)

	0
	6
	40
	60

	1
	6
	80
	30

	2
	3
	40
	24Note 1

	3
	3
	80
	12Note 1

	4
	6
	20
	120 Note 1

	6
	4
	20
	72 Note 1,3,6

	7
	4
	40
	36 Note 1,4,6

	8
	4
	80
	18Note 1,5,6

	10
	3
	20
	48 Note 1

	NOTE 1:	When determining UE requirements using Tinter1 for gap pattern IDs 2, 3, 4, 6, 7, 8, 10, Tinter1 = 60 for gap pattern IDs 2, 4, 6, 7, 10, and Tinter1 = 30 for gap pattern IDs 3 and 8 shall be used.






[bookmark: _Ref160904709]Proposal 11: RAN4 to agree the following notes for EMW Tinter1.
NOTE 1: When determining UE requirements using Tinter1 for EMW pattern IDs 2, 3, 4, 5, Tinter1 = 60 for gap pattern IDs 2, 4, and Tinter1 = 30 for gap pattern IDs 3 and 5 shall be used.
Case a-1 Nfreq
In last meeting, one remaining issue is to derive scaling factor Nfreq in case a-1. In LTE inter-RAT NR measurement, Nfreq is introduced which equals the total number of MOs. Thus, we think the same principle shall be applied to inter-RAT NR measurement without gap, but the number of MOs shall be outside gap.  
	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).


[bookmark: _Ref160896107]Proposal 12: In case a-1, Nfreq equals the total number of LTE and NR MOs that are measured outside MG. 
4 Conclusion
In the contribution, we discuss the NeedForGaps in Rel-18. We have the following proposals:
Observation 1: Rel-16 UE which supports Rel-16 NFG but not supporting Rel-18 NFI can achieve the performance gain due to no gap request from UE.
Observation 2: The performance degradation will be observed for the Rel-18 UEs which only supports Rel-16 NFG capability provided that Rel-18 UE is required to support both Rel-16 NFG and Rel-18 NFI as a pair.
Observation 3: RAN4 already agreed to introduce a new capability in Rel-18 for inter-RAT EUTRAN measurement without gap without interruption decoupled with the Rel-17 inter-RAT EUTRAN measurement capability.
Observation 4: In Rel-15, RAN4 had already solved the power consumption issue for short DRX measurement by introducing scaling factor 1.5.
Proposal 1: In Rel-18, UE is allowed to optional report Rel-18 NFI capability for both interRAT-NeedForIntrNR-r18 and NeedForInterruptionNR-r18.
Proposal 2: When a Rel-18 UE only supports Rel-16 NFG capability but not supports Rel-18 NFI capability, the UE’s behaviour is the same as Rel-16 UE.
Proposal 3: When a Rel-18 UE supports both Rel-16 NFG and Rel-18 NFI capabilities, but NW doesn’t configure Rel-18 needForInterruptionConfigNR, the UE’s behaviour is the same as Rel-16 UE.
Proposal 4: When configured SMTC occasions are misalignment with DRX ON duration, no interruption is expected during DRX ON duration.
Proposal 5: When DRX cycle is larger than 320ms, no interruption is expected.
Proposal 6: When configured SMTC occasions are aligned with DRX ON duration and DRX cycle is equal or smaller than 320ms, interruption is allowed and it is according to Tcycle,i =  1.5*max(80ms, SMTC, DRX cycle) x CSSF.
Proposal 7: The scheduling restriction shall be defined when there is with mix-numerology between serving cell and target MO. It shall be applied to the whole EMW if UE doesn’t support mix-numerology between LTE measurement and NR data reception.
Proposal 8: For case b-1 and b-2, UE shall always report EMW patterns regardless of whether no scheduling restriction is expected due to mix-numerology.
Proposal 9: 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.
Proposal 10: When EMW is fully overlapping with MG, UE performs measurement following legacy gap-based requirement.
Proposal 11: RAN4 to agree the following notes for EMW Tinter1.
NOTE 1: When determining UE requirements using Tinter1 for EMW pattern IDs 2, 3, 4, 5, Tinter1 = 60 for gap pattern IDs 2, 4, and Tinter1 = 30 for gap pattern IDs 3 and 5 shall be used.
Proposal 12: In case a-1, Nfreq equals the total number of LTE and NR MOs that are measured outside MG.
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