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1 	Introduction
A new WID on further enhancements on NR measurement gap [1] has been approved in RP#95e. In this paper, the objective 2 below in [1] was considered.
	The following objectives are considered in this WI:
(1) Enhancements of pre-configured MGs, multiple concurrent MGs and NCSG 
· Define RRM requirements for UEs configured with a combination of pre-configured MGs, and/or multiple concurrent MGs and/or NCSG [RAN4]
· Prioritize at least joint requirements for UE configured with
· [bookmark: _Hlk95478656]Case 1: Pre-configured MGs and multiple concurrent MGs (i.e., concurrent MGs where at least one of the gaps is a pre-configured gap)
· Case 2: NCSG and multiple concurrent MGs (i.e., concurrent MGs where at least one of the gaps is NCSG)
· Note: Prioritization among other possible combinations of pre-configured MG, concurrent MG and NCSG can be discussed in WI phase
[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]
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.
· Inter-RAT measurements without gaps [RAN4]
i. Inter-RAT NR measurements
ii. Inter-RAT LTE measurement





2 Discussion
2.1. SSB intra-frequency and inter-frequency measurement without gaps for UE reporting NeedforGapsInfoNR
i. [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Interruption requirements
In Rel17, NCSG was introduced for the measurement enhancements. There were some similar discussions on interruption requirements when UE can support NCSG. It was eventually agreed that the necessary requirements on UE can be dependent on the UE’s capability and NW configuration. 
And the following IE was used to indicate whether UE’s capability to support NCSG. 
NeedForNCSG-InfoNR information element[TS38.331 v17.2.0]
-- ASN1START
[bookmark: _Hlk93783696]-- TAG-NeedForNCSG-InfoNR-START

NeedForNCSG-InfoNR-r17 ::=        SEQUENCE {
    intraFreq-needForNCSG-r17         NeedForNCSG-IntraFreqList-r17,
    interFreq-needForNCSG-r17         NeedForNCSG-BandListNR-r17
}

NeedForNCSG-IntraFreqList-r17 ::= SEQUENCE (SIZE (1.. maxNrofServingCells)) OF NeedForNCSG-IntraFreq-r17

NeedForNCSG-BandListNR-r17 ::=    SEQUENCE (SIZE (1..maxBands)) OF NeedForNCSG-NR-r17

NeedForNCSG-IntraFreq-r17  ::=    SEQUENCE {
    servCellId-r17                    ServCellIndex,
    gapIndicationIntra-r17            ENUMERATED {gap, ncsg, nogap-noncsg}
}

NeedForNCSG-NR-r17  ::=           SEQUENCE {
    bandNR-r17                        FreqBandIndicatorNR,
    gapIndication-r17                 ENUMERATED {gap, ncsg, nogap-noncsg}
}

-- TAG-NeedForNCSGInfoNR-STOP
-- ASN1STOP

	NeedForNCSG-NR field descriptions

	bandNR
Indicates the NR target band to be measured.

	gapIndication
Indicates whether measurement gap or NCSG is required for the UE to perform SSB based measurements on the concerned NR target band while NR-DC or NE-DC is not configured. The UE determines this information based on the resultant configuration of the RRCReconfiguration or RRCResume message that triggers this response. Value gap indicates that a measurement gap is needed, value ncsg indicates that a NCSG is needed, and value nogap-noncsg indicates neither a measurement gap nor a NCSG is needed. 



Therefore, from RAN4 perspective, the interruption requirements when NW configures the different types of gaps can be implicitly applied up to these indication (e.g. “gap, ncsg, nogap-noncsg”). For an example, when UE can support “nogap-noncsg”, there is not any interruption allowed. 
Observation 1: When UE indicates NeedForNCSG-NR the exact interruption requirements can be conducted. 

Similarly, if UE need to support the “NeedForGapsInfoNR” for the measurements without gaps, the necessary interruption requirements for UE can be also defined. For an instance, if the “nogap-notinerruption” reported in NeedForGapsInfoNR, UE behaviors can be defined explicitly:
· Measurement without gap
· No interruption allowed.


Proposal 1: The interruption requirements when UE performing SSB measurements without gap by reporting ‘NeedForGapsInfoNR' can be defined as:
	      NW config         
UE capability
	Case a: 
No MG 
	Case b:
MG 

	gap
	No requirements

	Measurement within gap,
interruption allowed and interruption requirements defined in TS38.133 9.1.2[3] 


	no-gap
	Measurements out of gap,
interruption allowed and interruption requirements defined in TS38.133 9.1.9[3] 
	No requirements on Measurement within/out of gap,
interruption allowed and interruption requirements defined in TS38.133 9.1.2[3] 


	nogap-nointeruption
	Measurements out of gap,
No interruption allowed
	No requirements on Measurement within/out of gap,
interruption allowed and interruption requirements defined in TS38.133 9.1.2[3] 



ii. CCSF
When UE performing SSB measurement, if UE indicates “NeedForGapsInfoNR” as “gap”, the measurement frequency layer shall be counted into CSSF calculation or vice versa. Therefore, we can suggest that:
Proposal 2: When UE performing SSB measurement with the different “NeedForGapsInforNR” indications, the different RRM requirements of CSSF shall be defined in Rel18.

2.2. Inter-RAT measurements without gaps
As discussed in RAN#95e, the following questions should be discussed in WI phase firstly:
	[Q2] Whether to add a note that new UE capability should be introduced for inter-RAT EUTRAN
measurement (according to RP-220438 from vivo)


In the common understanding in RAN#95, the separated UE basic capability to support the inter-RAT measurement without gap shall be defined. Furthermore, there are more UE capabilities need beside the basic UE capability support the inter-RAT measurement. For examples, 
· the UE support the mixed numerology between LTE and NR
· UE searcher processing capability
Proposal 3: Inter-RAT measurements without gaps shall be supported by separate basic UE capability. The other necessary UE capability to support the inter-RAT measurement wo gap can be FFS upon the different UE aspects.

	[Q3] Whether to add the clarification that the inter-RAT EUTRAN measurement only considers the case
when LTE CRS to be measured is contained in UE’s active BWP. (according to RP-220776 from Intel)


In our view, UE can perform the inter-RAT LTE measurement without gap in case of UE has the separated RF chain unused. That is UE can perform the inter-RAT measurement based on NCSG in Rel17. Thus, the other possible scenario beside NSCG can be discussed in Rel18 MG enhancement WI, under which some clarification (e.g. LTE CRS being contained in UE’s active BWP is necessary). In short, the clarification above is needed because this bullet is not about vacant chain and no interruption is allowed for this kind of gap-less measurements on target E-UTRA carrier.
Proposal 4: The inter-RAT EUTRAN measurement only considers the case when LTE CRS to be measured is contained in UE’s active BWP.

Furthermore, the potential using scenario of inter-RAT NR measurement without gap needs to be clarified. 
For an example, especially, one desirable and feasible scenario for inter-RAT NR measurements is for an LTE SA UE to measure FR2 NR frequency layers. However, in Rel16 “interRAT-NeedForGaps” was introduced in E-UTRAN [5,TS36.331 v16.2.0]. That is E-UTRAN UE can perform interRAT measurements on NR reference signals operating in E-UTRAN band without gap if interRAT-NeedForGaps [5] was indicated by UE. 
	interRAT-NeedForGaps
Indicates need for DL measurement gaps when operating on the E‑UTRA band given by the entry in bandListEUTRA or on the E-UTRA band combination given by the entry in bandCombinationListEUTRA and measuring on the inter-RAT band given by the entry in the interRAT-BandList.

	interRAT-NeedForGapsNR
Indicates need for measurement gaps when operating on the E‑UTRA band given by the entry in supportedBandListEUTRA or on the E-UTRA band combination given by the entry in supportedBandCombination-r10 or supportedBandCombinationAdd-r11 or supportedBandCombinationReduced-r13 and measuring on the NR band given by the entry in the InterRAT-BandListNR.



Therefore, in our views, such scenarios of inter-RAT measurement without gap under Rel18 WI scope needs to be differentiated with these indicated by “interRAT-NeedForGaps” in Rel16. 

Proposal 5: The scenarios of inter-RAT NR measurement without gaps in Rel18 needs to be more clarified firstly.  
Secondly, we can provide some initial views on the necessary RRM requirements because of inter-RAT measurement without gap below.
The existing inter-RAT 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 measurement without MG, 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 measurement without MG should be specified. 
Moreover, there is also some impacts on CSSF factor because of the inter-RAT measurement without gap especially for CSSF_outside_gap.
Proposal 7: The updates of CSSF requirements (e.g. CSSF_outside_gap) is needed given the impacts from inter-RAT measurements without MG.
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 8a: For the inter-RAT measurements without gap, the restrictions on the scheduling availability need to be considered. 
Proposal 8b: 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:
Observation 1: When UE indicates NeedForNCSG-NR the exact interruption requirements can be conducted. 

Proposal 1: The interruption requirements when UE performing SSB measurements without gap by reporting ‘NeedForGapsInfoNR' can be defined as:
	      NW config         
UE capability
	Case a: 
No MG 
	Case b:
MG(not NCSG) 

	gap
	No requirements

	Measurement within gap,
interruption allowed and interruption requirements defined in TS38.133 9.1.2[3] 


	no-gap
	Measurements out of gap,
interruption allowed and interruption requirements defined in TS38.133 9.1.9[3] 
	No requirements on Measurement within/out of gap,
interruption allowed and interruption requirements defined in TS38.133 9.1.2[3] 


	nogap-nointeruption
	Measurements out of gap,
No interruption allowed
	No requirements on Measurement within/out of gap,
interruption allowed and interruption requirements defined in TS38.133 9.1.2[3] 



Proposal 2: When UE performing SSB measurement with the different “NeedForGapsInforNR” indications, the different RRM requirements of CSSF shall be defined in Rel18.
Proposal 3: Inter-RAT measurements without gaps shall be supported by separate basic UE capability. The other necessary UE capability to support the inter-RAT measurement wo gap can be FFS upon the different UE aspects.
Proposal 4: The inter-RAT EUTRAN measurement only considers the case when LTE CRS to be measured is contained in UE’s active BWP.
Proposal 5: The scenarios of inter-RAT NR measurement without gaps in Rel18 needs to be more clarified firstly.  
Proposal 6: A new requirements on the cell identification and measurement reporting for inter-RAT measurement without MG should be specified. 
Proposal 7: The updates of CSSF requirements (e.g. CSSF_outside_gap) is needed given the impacts from inter-RAT measurements without MG.
Proposal 8a: For the inter-RAT measurements without gap, the restrictions on the scheduling availability need to be considered. 
Proposal 8b: 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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