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1. Introduction
NeedForGap requirements was widely discussed during the previous RAN4 meetings. The last agreements can be found in [1]. There are still quite many open items. In this contribution, we continue discussion on RRM requirement for NeedForGaps.
2. Discussion
The first issue we would like to discuss is about whether interruption is expected when UE reports ’no-gap’ in ‘NeedForGapsInfoNR':
	Issue 1-1-1: Whether interruption is expected when UE reports ’no-gap’ in ‘NeedForGapsInfoNR' 
< Way forward >: 
· Option 1: 
· Yes 
· Option 2
· No
· Option 3: 
· Introduce additional UE capability or the new indication of the existing UE capability (e.g. as part of needForGap) to differentiate whether interruption is expected


From UE architecture perspective, support of NeedForGap is extremely similar with support of NCSG. UE capability reporting is also similar, i.e. whether gap is needed is reported by UE per band in a given band combination. From network scheduling point of view, they are also quite the same. Depending on UE capability feedback, NW may or may not need to configure measurement gap for UE to perform measurement on target band. 
Therefore, the impact on network side (interruption) shall also be the same as that of NCSG. In NCSG design, UE is allowed to report three different capabilities: gap, ncsg, nogap-noncsg, wherein value gap indicates that a measurement gap is needed, value ncsg indicates that NCSG is needed, value nogap-noncsg indicates neither a measurement gap nor a NCSG is needed. Difference between ncsg and nogap-noncsg is that UE would cause interruption for the case of ncsg while no interruption for the case of nogap-noncsg. Depending on UE architecture, UE may report ncsg for some bands while nogap-noncsg for some other bands. For instance, if the two RF chains are very well isolated, interruption is not needed. Otherwise, interruption is needed.
However, in NeedForGap reporting, UE can only choose gap or no-gap. It is unclear whether interruption is needed when UE reporting no-gap. Given that the applicability of interruption has been extensively studied in R17 NCSG discussion, the outcome be borrowed here when discussing requirement for NeedForGap.
[bookmark: _Ref110615600]Observation 1: in existing NeedForGap procedure, when UE indicates “no-gap” on target band, UE may or may not cause interruption when measuring target band. 
It is important to align the necessity of interruption between UE and network. For the three options on the table: 
Benefit of option 1 is that more UE can indicate support of this feature. Drawback is on certain band(s) interruption is not necessary, but NW has to assume interruption is needed and thereby results in some throughput degradation.
Option 2 would make UE supporting NCSG with interruption on certain bands can only indicate ‘gap’, since UE can only indicate support of this feature on band(s) interruption is not necessary. This will jeopardize the benefit of this feature.
Option 3 is the most flexible solution, even though UE capability reporting needs to be updated. 
Option 1 and 3 are preferred from our side.
[bookmark: _Ref110615567]Proposal 1: consider the following two options on interruption design for NeedForGap
· Option 1: interruption is always allowed for “no-gap”
· Option 2: Introduce additional UE capability or the new indication of the existing UE capability (e.g. as part of needForGap) to differentiate whether interruption is expected

The second issue is the interruption length:
	Issue 1-1-2: Requirements on the interruption length , if allowed 
< Way forward >: 
· Option 1:  
· As a starting point, the interruption length can be same as these defined for NCSG,e.g.
· When UE reporting “no-gap[TBD]” in NeedForGapInfoNR  the interruption length can be VIL=1ms in FR1 and VIL=0.75ms in FR2.
· When UE reporting “others[TBD]” in NeedForGapInfoNR no interruption allowed 
· Option 1a: 
· As a starting point, the interruption length can be same as these defined for NCSG,e.g.
· When UE reporting “no-gap[TBD]” in NeedForGapInfoNR  the interruption length can be specified based on the same RTT assumption(1ms in FR1 and 0.75ms in FR2)  as for NCSG interruption occasion.
· When UE reporting “others[TBD]” in NeedForGapInfoNR no interruption allowed 
· Option 1b:  
· As a starting point, the interruption length can be same as these defined for NCSG,e.g.
· When UE signals that interruption is needed for gap-less measurements the interruption length can be VIL=1 ms in FR1 and VIL=0.75 ms in FR2.
· Option 2: 
· Consider smaller interruption length than VIL1+VIL2 from NCSG for a UE that requires additional interruptions for measurements without gaps. 
· Option 3:
· As a starting point, when UE reporting “no-gap” in NeedForGapInfoNR, the interruption length can be specified based on the same RTT assumption as for NCSG (0.5ms in FR1 and 0.25ms in FR2) interruption occasion.


The cause of interruption in NeedForGap is extremely similar with that of NCSG. Typically, UE would use additional RF and BB resource to conduct measurement so that it can keep data Rx/Tx with serving cell(s) concurrently, which has been extensively discussed in R17 NCSG design. Therefore, it is straightforward to reuse the same interruption length as defined in NCSG.
[bookmark: _Ref115256590]Proposal 2: interruption length in NeedForGap (if allowed) is same as that defined in NCSG, i.e. 1ms in FR1 and 0.75ms in FR2.

The next issue is on how to define interruption requirements:
	Issue 1-1-3: Requirements on the interruption location , if allowed 
< Way forward >: 
· Option 1:  
· Interruption location needs to be specified.
· FFS on the specific location of interruption allowed
· Option 2:  
· No need to define the specific interruption location but the total interruption ratio

Issue 1-1-4: Requirements on the interruption ratio, if allowed 
< Way forward >: 
·  FFS on how to control the total interruption ratio for NeedForGaps capability 
· Option 1:  
· RAN4 needs to define the total interruption ratio 
· Option 1a:  
· RAN4 needs to define the total interruption ratio if no specific interruption location was required. 
· Option 2:  
· RAN4 needs NOT to define total interruption ratio when the requirements on interruption length and location are specified. 


Technically, the interruption shall be no difference from that of NCSG. However, since there is no such concept as ‘pattern’ in NeedForGap. There are two options as listed in issue 1-1-3 and 1-1-4. One is to specify interruption location. The other one is to define interruption ratio.
We prefer the first option, i.e. to specify interruption location, for the sake of system throughput. If the interruption location is clearly defined, it will be more like scheduling restriction from NW perspective. NW can choose to schedule other UEs thereby no waste of network resource. If RAN4 defines interruption ratio, NW may keep scheduling the UE thus once interruption happens, network resource would be wasted since NW doesn’t know when the interruption could happen. 
[bookmark: _Ref118315185]Observation 2: interruption location based solution can avoid waste of network resource, compared with interruption ratio based solution.
[bookmark: _Ref118311756]Proposal 3: RAN4 shall specify interruption location for NeedForGap.

The next issue is about requirements for measurement without gap when interruption allowed:
	Issue 1-2-2&Issue1-2-4 Requirement for intra-freq/inter-freq measurement without gap when interruption allowed (case 2) 
< Way forward >: 
· Option 1: 
· Take requirements NCSG requirements as a starting point
· The other aspects can be FFS. e.g.
· The time slot alignment among the measurement objects and interruption location
· Option 2: 	
· The deactivated SCell measurement requirement can be the start point.
· The other aspects can be FFS, e.g.
· The frequency layers in the band for which UE reports ‘no gap’ should be counted in CSSF outside gap
· Option 3: 
· Take requirements in Section 9.2.5 of TS38.133 (intra-freq w/o gap) as a starting point


This is somehow related to previous issue on whether to define interruption location or ratio. As elaborated above, interruption location based solution is preferred from system throughput point of view. Therefore, the design is similar with NCSG. To align with that, here we propose to take NCSG requirements as starting point when defining corresponding requirement for NeedForGap.
[bookmark: _Ref118311760]Proposal 4: for intra-freq/inter-freq measurement without gap when interruption allowed (case 2), take requirements NCSG requirements as a starting point.

The next issue is about UE behaviour when supporting both NeedForGap and NCSG:
	Issue 1-3-1: UE behaviours when UE supports both NeedForGap and NCSG capabilities 
< Way forward >: 
· FFS on:
· Proposal 1: The gap status indication in NeedForGaps should have 1-to-1 mapping with the gap status in NCSG if UE supports both NeedForGaps and NCSG(or other[TBD] ) capabilities.
· Proposal 2: Legacy behavior of existing indication in needForGaps and needForGapsNCSG shall not be changed in Rel 18 NR_MG_enh2
· Other proposals are not precluded.


Technically, if UE supports both NeedForGap and NCSG, NW would expect ‘same’ capability feedback on whether gap and interruption is needed. That’s the spirit of P1. 
Regarding P2, we agree that all discussion in this work item shall apply for R18. However, we are not sure about P2 because ‘legacy behavior of existing indication in NeedForGaps’ is unclear, i.e. whether interruption is needed. we believe that’s one of the most important things to be discussed in this work item. Thus, keeping that unchanged doesn’t make sense to us. we assume that’s not the intention of P2. Maybe clarification from proponent can be helpful to better understand the motivation.
[bookmark: _Ref118311764]Proposal 5: The gap status indication in NeedForGaps should have 1-to-1 mapping with the gap status in NCSG if UE supports both NeedForGaps and NCSG(or other[TBD] ) capabilities.

3. Conclusion
In this contribution, we provide further discussion on NeedForGap RRM requirements. After discussion the following conclusions are provided:
Observation 1: in existing NeedForGap procedure, when UE indicates “no-gap” on target band, UE may or may not cause interruption when measuring target band.
Proposal 1: consider the following two options on interruption design for NeedForGap
· Option 1: interruption is always allowed for “no-gap”
· Option 2: Introduce additional UE capability or the new indication of the existing UE capability (e.g. as part of needForGap) to differentiate whether interruption is expected
Proposal 2: interruption length in NeedForGap (if allowed) is same as that defined in NCSG, i.e. 1ms in FR1 and 0.75ms in FR2.
Observation 2: interruption location based solution can avoid waste of network resource, compared with interruption ratio based solution.
Proposal 3: RAN4 shall specify interruption location for NeedForGap.
Proposal 4: for intra-freq/inter-freq measurement without gap when interruption allowed (case 2), take requirements NCSG requirements as a starting point.
Proposal 5: The gap status indication in NeedForGaps should have 1-to-1 mapping with the gap status in NCSG if UE supports both NeedForGaps and NCSG(or other[TBD] ) capabilities.
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