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1. Introduction
In RAN plenary 95 meeting, a new WID[1] for Rel-18 was approved to identify further enhancement on NR and MR-DC Measurement Gaps and Measurements without Gaps. Two aspects were included by this WID. The 1st aspect oriented towards the joint consideration of pre-configured MGs, concurrent MGs and NCSG. We discuss this in another document. The 2nd aspect focus on RRM measurements without gap. For this aspect, the objective in the WID is as follows:
	(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


In this document, we provide some analysis for the 2nd aspect, i.e. RRM measurements without gap. 
2. Discussion
2.1 Measurement without gap for UE reporting ‘NeedForGapsInfoNR' 
Background:
NeedForGap mechanism was introduced from Rel-16. The motivation is that whether gap is needed by RRM measurement, which can be adaptive according to the MO, CC, BWP reconfiguration. So if UE can report the demand of gap to NW, then NW can decide whether configuring gap and configuring gap oriented to which band/BC. But the requirements of NeedForGap have not been finished during Rel-16. In Rel-17, not any related WID existed. So this Rel-18 WID oriented towards to finish the remaining of NeedForGap requirements. 
From the perspective of UE report, UE can report gap demand for intra-f measurement and inter-f measurement respectively after RRC reconfiguration. For the former, the report is per-serving cell type, and for the latter, the report is per-band type. To reduce the report, NW can configure requestedTargetBandFilterNR-r16 to ask UE only report the target band.
It should be noted that the Rel-16 NeedForGap mechanism is only applicable to CA, not applicable to DC(NE-DC, EN-DC, NR-DC), and only support SSB based, not support CSI-RS based.
In Rel-16, RRM requirements for UEs supporting NeedForGaps feature are specified for intra-frequency SSB based measurements without gaps, while requirements for inter-frequency measurements without gaps are missing. Further more, RRM requirements for intra-frequency and inter-frequency SSB based measurements without gaps do not assume interruptions, related requirements such as CSSF, measurement period, scheduling restriction etc, which may be required. 
Observation 1: In Rel-16, RRM requirements for UEs supporting NeedForGaps feature are specified for intra-frequency SSB based measurements without gaps, while requirements for inter-frequency measurements without gaps are missing. 

Analysis for Rel-18:
In Rel-18, based on the current Rel-16 NeedForGap status, we believe the following aspects should be studied:
· Aspect 1: How to add interFreq-needForGap into the condition of inter-f measurement without gap(similar with intra-f measurement without gap).
· Aspect 2: When UE reports intra-f/inter-f NeedForGap, whether additional interruption is needed. If needed, how to define the detailed interruption requirements.
· Aspect 3: If UE reports intra-f/inter-f NeedForGap to NW, then the measurement would switch between with gap and without gap, then considering such transition, how to define the measurement period, CSSF, scheduling restriction etc.
For Aspect 1
We believe the condition of inter-f measurement without gap should be added into Section 9.3.1 in TS38.133, similar as the condition for intra-f measurement without gap. For example:
	9.3	NR inter-frequency measurements
9.3.1	Introduction
A measurement is defined as an SSB based inter-frequency measurement provided it is not defined as an intra-frequency measurement according to clause 9.2.
The UE shall be able to identify new inter-frequency cells and perform SS-RSRP, SS-RSRQ, and SS-SINR measurements of identified inter-frequency cells if carrier frequency information is provided by PCell or PSCell, even if no explicit neighbour list with physical layer cell identities is provided.
For the UE supporting nr-NeedForGap-Reporting-r16, The UE can perform inter-frequency SSB based measurements without measurement gaps if
   -   the UE indicates ‘no-gap’ via interFreq-needForGap for inter-frequency measurement, and
   -   the SSB is completely contained in the active BWP of the UE
For the UE supporting interFrequencyMeas-Nogap-r16 [15], The UE can perform inter-frequency SSB based measurements without measurement gaps if 
-	the UE supports  interFrequencyMeas-Nogap-r16 [15],  and
-	interFrequencyConfig-NoGap-r16 [15] is indicated, and 
-	the SSB is completely contained in the active BWP of the UE.
For inter-frequency SSB based measurements without measurement gaps, UE may cause scheduling restriction as specified in clause 9.3.5.3.


Proposal 1: Similar as the case of intra-f measurement without gap, the condition of inter-f measurement without gap should be added into Section 9.3.1 in TS38.133.
For Aspect 2
We believe the interruption cased by UE report of intra-f/inter-f NeedForGap is similar as pre-configured MG enhancement in Rel-17. When UE reports intraFreq-needForGap-r16 and/or interFreq-needForGap-r16, which means the demand of gap changes along with the RRC Reconfiguration, i.e. change from ‘no-gap’ to ‘gap’, or change from ‘gap’ to ‘no-gap’. We analysis the interruption requirements for intra-f measurement and inter-f measurement respectively.
· For intra-f measurement:
‘No-gap’ status means ‘no-interruption’. ‘Gap’ status means ‘interruption’.
So only when UE reports ‘gap’ status, the corresponding interruption is necessary. But it should be noted that the UE report of intraFreq-needForGap-r16 is per serving cell type, so it is possible that UE would report different status for different serving cells. So for the scope impacted by the corresponding interruption, there are two candidates:
· Candidate 1:
For UE not capable of per-FR-gap, only when UE reports ‘no-gap’ for all serving cells, no interruption exists; Otherwise, interruption exists for all serving cells.
For UE capable of per-FR-gap, only when UE reports ‘no-gap’ for all serving cells within this FR, no interruption exists for this FR; Otherwise, interruption exists for all serving cells within this FR.
· Candidate 2: 
The interruption is per-serving cell type. If UE reports ‘gap’ for a serving cell, interruption exists for this serving cell; if UE reports ‘no-gap’ for a serving cell, no interruption exists for this serving cell.
This candidate requires UE to decide how to report cautiously. Not only depend on whether all BWPs of the target serving cell can totally contain the SSB, but also needs to consider RF architecture. If single RF chain used for all active serving cells, once one serving cell needs gap, UE should report ‘gap’ for all active serving cells.
For intra-band CA, Candidate 2 is preferred. For inter-band CA, both Candidate 1 and 2 are possible, depend on the RF architecture under CA. For MR-DC case, similar as the CA case.
For the case of interruption existence, for the detailed interruption length, reusing the legacy interruption requirement for gap.
Proposal 2: For intra-f measurement, only when UE reports ‘gap’ status, the corresponding interruption is necessary.
Proposal 3: For intra-f measurement, for the scope impacted by the corresponding interruption, above two candidates are possible. For intra-band CA, Candidate 2 is preferred. For inter-band CA, both Candidate 1 and 2 are possible, depend on the RF architecture under CA. For MR-DC case, similar as the CA case.
· For inter-f measurement:
Since the UE report is per band type, so for the scope of corresponding interruption, the following two candidates should be considered:
· Candidate 1:
For UE not capable of per-FR-gap, only when UE reports ‘no-gap’ for all bands, no interruption exists; Otherwise, interruption exists for all reported bands.
For UE capable of per-FR-gap, only when UE reports ‘no-gap’ for all reported bands within this FR, no interruption exists for this FR; Otherwise, interruption exists for all reported bands within this FR.
· Candidate 2: 
The interruption is per-band type. If UE reports ‘gap’ for a band, interruption exists for this band; if UE reports ‘no-gap’ for a band, no interruption exists for this band.
This candidate requires UE to decide how to report cautiously. Not only depend on whether all BWPs of the target band can totally contain the SSB, but also needs to consider RF architecture. If single RF chain used for multiple bands, once one band needs gap, UE should report ‘gap’ for the multiple bands.
For the case of interruption existence, for the detailed interruption length, reusing the legacy interruption requirement for gap.
Proposal 4: For inter-f measurement, for the scope impacted by the corresponding interruption, above two candidates are possible. 
For Aspect 3
· Measurement period
Since the measurement period for measurement with gap and measurement without gap are different, so how to determine the measurement period considering the status transition between ‘gap’ and ‘no gap’, which should be considered.
In our opinion, this issue is very similar as the same issue in pre-configured MG but with one obvious difference that: in pre-configured MG, a transition delay is necessary between two status switching. So the solution discussed during pre-configured MG can be reference here, for example:
· Tmeasure, total = Tmeasure, basic+ N* TNeedForGap_message
· Where
· K=total number of NeedForGap messages during the measurement period.
· Tmeasure, basic = MAX(Tmeasure,BWP, Tmeasure,MG); where:
· Tmeasure,BWP=It is measurement period when the measurement is fully performed without measurement gap
· Tmeasure,MG =It is measurement period when the measurement is fully performed with measurement gap.
Proposal 5: If UE reports intra-f/inter-f NeedForGap to NW, While discussing the measurement period, since similar with the same issue in pre-configured MG, some solution proposed during pre-configured MG discussion can be used for reference.
· CSSF
We can not see the necessity of additional CSSF enhancement. Reusing legacy CSSFwithin_gap,i, CSSFoutside_gap,i is fine. When UE reports ‘no-gap’, then the CSSF belongs to CSSFoutside_gap,i, otherwise, the CSSF belongs to CSSFwithin_gap,i. 
Proposal 6: If UE reports intra-f/inter-f NeedForGap to NW, for the requirement of CSSF, re-using legacy CSSFwithin_gap,i, CSSFoutside_gap,i is fine.  
2.2 Inter-RAT measurements without gaps
In fact, during R17 NCSG, the NeedForNCSG has considered E-UTRA. Which can be referenced when we considering NeedForGap for E-UTRA. The UE reporting is as follows in NCSG:
RRCReconfigurationComplete-v1700-IEs ::=    SEQUENCE {
    needForGapNCSG-InfoNR-r17           NeedForGapNCSG-InfoNR-r17          OPTIONAL,
    needForGapNCSG-InfoEUTRA-r17       NeedForGapNCSG-InfoEUTRA-r17       OPTIONAL,
    selectedCondRRCReconfig-r17        CondReconfigId-r16                   OPTIONAL,
    nonCriticalExtension                SEQUENCE {}                            OPTIONAL
}
needForGapNCSG-InfoEUTRA
This field is used to indicate the measurement gap and NCSG requirement information of the UE for E‑UTRA target bands. 
needForGapNCSG-InfoNR
This field is used to indicate the measurement gap and NCSG requirement information of the UE for NR target bands. 
Further more, it should be noted that during R17, the NeedForGapNCSG has been decoupled with NCSG itself, i.e. a UE not capable of NCSG can also report NeedForNCSG-EUTRA-r17, of course only two status ‘gap’ and ‘nogap-noncsg’ are possible. So whether need to introduce NeedForGap-EUTRA report is uncertain.
Observation 2: During Rel-17 NCSG, the NeedForNCSG has already considered E-UTRA.
Observation 3: During Rel-17 NCSG, the NeedForGapNCSG has been decoupled with NCSG itself.
If UE reports ‘nogap-noncsg’ or ‘no-gap’ for an E-UTRA band, at the same time, the measurement RS of such E-UTRA band is fully contained in the active BWP, then UE can perform measurement without gap for this E-UTRA band. The requirements including interruption, measurement period, CSSF and scheduling restriction are similar as inter-f NeedForGap case.
Proposal 7: Re-using the UE reports defined in NCSG for E-UTRA bands to identify inter-RAT measurement with gap or without gap.
3. Conclusion
In this contribution, we have the following proposals for RRM requirements for measurement without gaps:
Observation 1: In Rel-16, RRM requirements for UEs supporting NeedForGaps feature are specified for intra-frequency SSB based measurements without gaps, while requirements for inter-frequency measurements without gaps are missing. 
Observation 2: During Rel-17 NCSG, the NeedForNCSG has already considered E-UTRA.
Observation 3: During Rel-17 NCSG, the NeedForGapNCSG has been decoupled with NCSG itself.
Proposal 1: Similar as the case of intra-f measurement without gap, the condition of inter-f measurement without gap should be added into Section 9.3.1 in TS38.133.
Proposal 2: For intra-f measurement, only when UE reports ‘gap’ status, the corresponding interruption is necessary.
Proposal 3: For intra-f measurement, for the scope impacted by the corresponding interruption, above two candidates are possible. For intra-band CA, Candidate 2 is preferred. For inter-band CA, both Candidate 1 and 2 are possible, depend on the RF architecture under CA. For MR-DC case, similar as the CA case.
Proposal 4: For inter-f measurement, for the scope impacted by the corresponding interruption, above two candidates are possible. 
Proposal 5: If UE reports intra-f/inter-f NeedForGap to NW, While discussing the measurement period, since similar with the same issue in pre-configured MG, some solution proposed during pre-configured MG discussion can be used for reference.
Proposal 6: If UE reports intra-f/inter-f NeedForGap to NW, for the requirement of CSSF, re-using legacy CSSFwithin_gap,i, CSSFoutside_gap,i is fine.  
Proposal 7: Re-using the UE reports defined in NCSG for E-UTRA bands to identify inter-RAT measurement with gap or without gap.
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