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1 	Introduction
In the last RAN4 meeting, Rel18 NR measurement gap enhance WI was initially discussed. In this paper, the objective 2 below in [1] was further discussed.
	The following objectives are considered in this WI:
(1) Enhancements of pre-configured MGs, multiple concurrent MGs and NCSG 
[bookmark: _Hlk95412263]…
(2) 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]
· Inter-RAT measurements without gaps [RAN4]
i. Inter-RAT NR measurements
ii. Inter-RAT LTE measurement




2 Discussion
2.1. [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Clarifications on using scenario
Over previous meetings, all proposed possible using scenarios for inter-RAT NR/LTE measurements without gap can summarized as[2].:
a. the inter-RAT NR measurements without gap in Rel18 includes the two scenarios below.
· Case a-1: UE performing the measurements without gap in NR carriers as there is vacant RF chains for UE measurements
· Case a-2: NR reference signal to be measured are fully contained within UE’s LTE channel bandwidth 
 
b. the inter-RAT LTE measurements without gap in Rel18 includes the two scenarios below.
· Case b-1: UE performing the measurements without gap in LTE carriers as there is vacant RF chains for UE measurements 
· Case b-2: LTE CRS are fully contained within UE’s active BWP 
 
2.2. Capabilities
In the last RAN4 meeting, the following options under these different cases were agreed:
	Issue 2-2-1: On top of which UE capability to support the inter-RAT NR measurement without gap when UE has vacant RF chain available (Case a-1)
< Agreement >: 
· Option 1: 
· ONLY on top of ‘interRAT-NeedForGapsNR-r16’ capability to support case a-1. 
· The exact value to be reported can be FFS. E.g. 
· after RAN4 concludes NeedForGapsNR requirements design 



In the parallel discussion on without gaps when UE reporting NFG, the indication when UE performing measurement without interruption can be based on the extended IE of “NeedForGapInforNR”. We suggest that the value list for the capability to support case a-1 for inter-RAT can be same as these for NR measurement without gap, e.g. 
	UE-EUTRA-Capability information element [5]
-- ASN1START

[bookmark: OLE_LINK112][bookmark: OLE_LINK113]UE-EUTRA-Capability ::=			SEQUENCE {
	……
}

……
InterRAT-BandInfoNR-r18 ::=			SEQUENCE {
	interRAT-NeedForGapsNR-r18			ENUMERATED {gap, no-gap, nogap-nointerruption }
}







Proposal 1: The exact value of UE capability to support Case a-1 to be reported can be FFS after RAN4 concludes NeedForGapsNR requirements design. 

	Issue 2-2-3: On top of which UE capability to support the inter-RAT LTE measurement requirements when UE has vacant RF chain available(Case b-1)
< Way forward >: 
· Option 1:  
· ONLY on top of ‘nogap-noncsg’ in NeedForNCSG-InfoEUTRAN to define the UE capability to support Case b-1 
· Option 2:  
· Both NeedForNCSG-InfoEUTRAN and NeedForGap shall be considered also




In RAN4, the necessary requirements for measurements with ‘NeedForNCSG-InfoEUTRAN’ to indicate case b-1 was agreed. The motivation to introduce b-1 is completely same as these for NCSG in Rel17. It seems unnecessary to use other capability indication, which may lead some redundancy and ambiguity. 
Proposal 2: UE capability to support the inter-RAT LTE measurement without gap case b-1 can be the indication of ‘nogap-noncsg’ in NeedForNCSG-InfoEUTRAN IE [4] ONLY.


	Issue 2-2-4: On top of which UE capability to support the inter-RAT LTE measurement requirements when LTE CRS to be measured is contained in UE’s active BWP(Case b-2)
< Way forward>: 
· Option 1a:  
· extend the capability of NeedForGaps
· Option 1b:  
· extend the capability of NeedForNCSG
· Option 2:, 
· A new UE capability should be defined the capability of NeedForGaps for inter-frequency measurement wo gap in Rel16 can be taken as the baseline



More specially, if the target scenario of inter-RAT LTE measurement without gap is LTE CRS is completely contained in the active BWP, it is feasible to use the approach below. That is it is much straightforward to extend “NeedForGapsInfoNR” IE as:.
	NeedForGapsInfoNR information element[TS38.331 v17.1.0]
-- ASN1START
-- TAG-NeedForGapsInfoNR-START

NeedForGapsInfoNR-r16 ::=        SEQUENCE {
    intraFreq-needForGap-r16      NeedForGapsIntraFreqList-r16,
    interFreq-needForGap-r16      NeedForGapsBandListNR-r16
}

NeedForGapsInfoNR-r18 ::=        SEQUENCE {
interRAT-needForGap-r18[or other extended indications]   …
}




Proposal 3: For UE capability to support the inter-RAT LTE measurement without gap case b-2, RAN4 can take the capability to support Rel-16 inter-frequency measurement without MG as a baseline. 

	Issue 2-2-5: Additional capability to support inter-RAT measurement without gap with mixed numerology 
< Way forward >: 
· Option 1:  
· No additional UE capability is defined for inter-RAT measurement with mixed numerology; instead it can be considered for scheduling restriction
· Option 2:  
· a UE capability can be defined (FFS)



If UE support the basic capability which allow the mix numerology, we believe the inter-RAT LTE measurement is feasible. However, in inter-RAT NR measurement, the new capability seems needed.
Proposal 4: For inter-RAT NR, the new capability defined in TS36.133[5] to support the mixed numerology is needed.
2.3. RRM requirements 
In this section, we can provide some initial views on the necessary RRM requirements because of inter-RAT measurement without gap below.
	Issue 2-3-1: Frameworks used to define inter-RAT NR measurement without gap 
< Way forward >: 
· Option 1:  
· For the inter-RAT NR measurements without gap (case a-1), the requirements can be based on NR inter-frequency measurement without gap in TS38.133 
· Option 2:  
· RAN4 to discuss whether to follow the requirements from NR intra- and inter-frequency requirements based on NeedForGaps, or to define requirements based on the assumption that no interruption is expected.





For case a-1, as UE capability and behavior when inter-RAT NR measurement (case a-1) is similar as these for UE support ‘NeedForGaps’. Thus, we can propose that: 
Proposal 5: For the inter-RAT NR measurements without gap (case a-1), the requirements can be based on NR inter-frequency measurement without gap in TS38.133 9.3.9 [3] 


	Issue 2-3-2: Framework used to define inter-RAT LTE measurement without gap
< Way forward >: 
· Option 1: 
· For the inter-RAT LTE gap-less measurement, the requirements can be based on the existing inter-RAT LTE measurement requirements in TS38.133[3] 9.4.
· Option 2: 
· For the inter-RAT LTE gap-less measurement, the requirements can be based on the measurement requirements for LTE inter-frequency measurement in TS36.133.
· Option 2a: 
· For inter-RAT LTE measurement without gap requirements (case b-2), the requirements can be based on the measurement requirements for LTE inter-frequency measurement in TS36.133.
· Option 2b: 
· For inter-RAT LTE measurement without gap requirements (case b-2), LTE intra frequency measurement requirements in TS36.133 is considered as baseline. Details needs to be updated. 





The existing inter-RAT LTE measurement requirements in TS38.133 9.4. [3] for cell identification and measurement reporting are only based on the measurements within gap as given below. 
	

Parameter TInter1 used in inter-RAT requirements in clause 9.4 is specified in Table 9.4.1-11 1 when measurement gap is used, and in Table 9.4.1-2 when NCSG is used.

Table 9.4.1-1: Minimum available time for inter-RAT measurements 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.
NOTE 2:	Measurement gaps pattern configurations applicability is as specified in Table 9.1.2-1.
NOTE 3:	When this gap pattern is used, the Tinter for E-UTRA inter-frequency measurements is 48 ms corresponding to the first 3 ms of the 4 ms gap.
NOTE 4:	When this gap pattern is used, the Tinter for E-UTRA inter-frequency measurements is 24 ms corresponding to the first 3 ms of the 4 ms gap.
NOTE 5:	When this gap pattern is used, the Tinter for E-UTRA inter-frequency measurements is 12 ms corresponding to the first 3 ms of the 4 ms gap.
NOTE 6:	This gap pattern is applicable for E-UTRA inter-frequency measurements only if gap based NR measurements are also configured.
NOTE 7:	If multiple concurrent gaps are configured, the MGRP is the periodicity of the MG pattern associated to the E-UTRA inter-RAT frequency layers.



Table 9.4.1-2: Minimum available time for inter-RAT measurements when NCSG is configured
	NCSG Pattern Id
	Measurement Length (ML, ms)
	Visible Interruption Repetition Period
(VIRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480 ms period
(Tinter1, ms)

	0
	5
	40
	60

	1
	5
	80
	30

	2
	2
	40
	24Note 1

	3
	2
	80
	12Note 1

	4
	5
	20
	120 Note 1

	6
	3
	20
	72 Note 1,3

	7
	3
	40
	36 Note 1,3

	8
	3
	80
	18Note 1,3

	10
	2
	20
	48 Note 1

	NOTE 1:	When determining UE requirements using Tinter1 for NCSG pattern IDs 2, 3, 4, 6, 7, 8, 10, Tinter1 = 60 for NCSG pattern IDs 2, 4, 6, 7, 10, and Tinter1 = 30 for NCSG pattern IDs 3 and 8 shall be used.
NOTE 2:	NCSG pattern configurations applicability is as specified in Table 9.1.2C-1.
NOTE 3:	This NCSG pattern is applicable for E-UTRA inter-frequency measurements only if NCSG based NR measurements are also configured.








For inter-RAT LTE measurement without MG(case b-2), the requirements on the cell identification and measurement reporting can be independent with measurement pattern. Therefore, we can propose that: 
Proposal 6: A new requirements on the cell identification and measurement reporting for inter-RAT LTE measurement without MG in TS38.133 (case b-2) can be defined based on the existing inter-RAT LTE measurement requirements in TS38.133 9.4. 
	Issue 2-3-2: Scheduling restriction 
< Way forward >: 
· FFS on the scheduling restriction 
· Proposal 1:  
·  The existing scheduling availability specified for intra-frequency measurements in TS 38.133 section 9.2.5.3 can also be applied to the inter-RAT measurement without measurement gaps as a start point.
· Proposal 2: 
· When the target inter-RAT E-UTRAN frequency layers belong to an inter-band with the serving cells, no scheduling restriction is expected.
· When the target inter-RAT E-UTRAN frequency layers belong to an inter-band with the serving cells, scheduling restriction is expected, such as UE performing measurements in TDD bands or with different SCS.
· RAN4 to discuss how to apply the scheduling restriction based on LTE measurement RSs.
Others are not precluded


As discussed in Rel16 and Rel17, the scheduling restriction was introduced due to 3 fundamental issues.
1. Simultaneous Tx on the serving cell and Rx (e.g. for measurements) on the target carrier 
2. Mix-numerology between data and measurement objects
3. The need of Rx beam sweeping in FR2
Therefore, we can propose that:
Proposal 7: The existing scheduling availability specified for intra-frequency measurements in TS 38.133 section 9.2.5.3 can also be applied to the inter-RAT measurement without measurement gaps as a start point.

3 Conclusion
In this contribution, serval issues related to the measurement gap enhancement WI are discussed. The proposals can be summarized as:
Proposal 1: The exact value of UE capability to support Case a-1 to be reported can be FFS after RAN4 concludes NeedForGapsNR requirements design. 
Proposal 2: UE capability to support the inter-RAT LTE measurement without gap case b-1 can be the indication of ‘nogap-noncsg’ in NeedForNCSG-InfoEUTRAN IE [4] ONLY.
Proposal 3: For UE capability to support the inter-RAT LTE measurement without gap case b-2, RAN4 can take the capability to support Rel-16 inter-frequency measurement without MG as a baseline. 
Proposal 4: For inter-RAT NR measurements, the new capability defined in TS36.133[5] to support the mixed numerology is needed.

Proposal 5: For the inter-RAT NR measurements without gap (case a-1), the requirements can be based on NR inter-frequency measurement without gap in TS38.133 9.3.9 [3] 
Proposal 6: A new requirements on the cell identification and measurement reporting for inter-RAT LTE measurement without MG in TS38.133 (case b-2) can be defined based on the existing inter-RAT LTE measurement requirements in TS38.133 9.4. 
Proposal 7: The existing scheduling availability specified for intra-frequency measurements in TS 38.133 section 9.2.5.3 can also be applied to the inter-RAT measurement without measurement gaps as a start point.
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