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1. Introduction
NeedForGap requirement was widely discussed during the previous RAN4 meetings. The last agreements can be found in [1], in which there are quite many open issues. In this contribution, we continue discussing the open issues.
2. Discussion
The first issue is about signalling design:
	Issue 1-1-1: Whether interruption is expected when UE reports ’no-gap’ in ‘NeedForGapsInfoNR' 
< Agreement >: 
· Introduce additional Rel-18 UE signalling to differentiate UE supporting no gap with interruption (Case 2) 
· Signalling details are FFS.


As we all know, RAN2 is the best place to discuss signalling details. Since RAN4 already has agreement on the technical part, i.e. Introduce additional Rel-18 UE signalling to differentiate UE supporting no gap with interruption, we suggest not spending too much time in RAN4 on the signalling details.
[bookmark: _Ref127179056]Proposal 1: since RAN4 has already agreed to introduce additional Rel-18 UE signalling to differentiate UE supporting no gap with interruption, there is no need for RAN4 continue discussing this issue. Signalling details can be up to RAN2.
[bookmark: _Ref127179065]Proposal 2: RAN4 shall inform RAN2 about additional R18 UE signalling.

Next issue is about interruption requirements:
	Issue 1-1-2: Requirements on the interruption length 
< Way forward >: 
· 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 VIL=1ms in FR1 and VIL=0.75ms in FR2.
· When UE reporting “others[TBD]” in [NeedForGapInfoNR] no interruption allowed 
· Option 1b: 
· As a starting point, when UE reporting “no-gap [TBD]” 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.
· Option 1c: 
· The interruption length equalling 0.5ms for deactivated SCell measurement can be reused for NeedForGaps measurement.
· Option 1d: 
· Smaller interruption than these for NCSG is expected.
· Option 2: 
· No need define interruption length but total interruption ratio.
Issue 1-1-3: Requirements on the interruption location 
< 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 
< Way forward >: 
· Option 1:  
· RAN4 needs to define the total interruption ratio 
· Option 1a: 
· the total interruption ratio shall not exceed 1.25%.
· Option 1b: 
· The total interruption ratio 0.5% for deactivated SCell measurement can be a good reference
· Option 2:  
· RAN4 needs NOT to define total interruption ratio when the requirements on interruption length and location are specified 
· Other options are not precluded


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 3: interruption length in NeedForGap is same as that defined in NCSG, i.e. 1ms in FR1 and 0.75ms in FR2.
As mentioned, 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. 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. 
On the other hand, interruption ratio based solution may result in increase on UE power consumption. Some company proposed 0.5% interruption ratio in the previous RAN4 meeting. Take FR1 for example, for every measurement occasion UE may cause 2ms interruption (VIL1+VIL2), which has been widely discussed in NCSG design. If 0.5% interruption is agreed, then UE can only switch on/off the RF chain every 2ms/0.5%=400ms. In other word, if actual measurement sample interval is shorter than 400ms, UE may have to keep the RF chain on most of the time during this 400ms window even if it is not doing measurement.
[bookmark: _Ref118315185]Observation 1: interruption location based solution can avoid waste of network resource, compared with interruption ratio based solution.
[bookmark: _Ref127179088]Observation 2: interruption location based solution may result in increase of UE power consumption, compared with interruption ratio based solution.
[bookmark: _Ref118311756]Proposal 4: RAN4 shall specify interruption location for NeedForGap.

Next issue is other aspect on whether to allow interruption
	Issue 1-1-5: Other aspect on whether to allow interruption 
< Way forward >: 
· FFS on: 
· Proposal 1: 
· When UE reports ‘ [TBD1 upon issue 1-1-1]’ to indicate the interruption allowed, the interruption should be allowed for each of intra- and inter-frequency measurements for which UE reports ‘[TBD1 upon issue 1-1-1]’. 
· The interruption will impact all the serving cells if UE does not support per-FR gap, and all the serving cells in the same FR as the measurement if UE supports per-FR gap.
· Proposal 2: 
· When UE reports ‘[TBD2 upon issue 1-1-1]’ to indicate NO interruption allowed, the interruption isn’t allowed for each of intra- and inter-frequency measurements for which UE reports ‘[TBD2 upon issue 1-1-1]’.


In our view the two proposals are not mutual exclusive. However, current wording in P1/P2 is not very accurate. According to existing RAN2 design, feedback of NeedForGap for intra frequency and inter-frequency are indicated separately. But in general the idea is OK, i.e. when interruption is allowed it, it shall apply to all the serving cells if UE does not support per-FR gap, and all the serving cells in the same FR as the measurement if UE supports per-FR gap. Therefore, we propose:
[bookmark: _Ref127179071]Proposal 5: on other aspect on whether to allow interruption:
· When UE reports ‘ [TBD1 upon issue 1-1-1]’ to indicate the interruption allowed, the interruption should be allowed for all the serving cells if UE does not support per-FR gap, and all the serving cells in the same FR as the measurement if UE supports per-FR gap.
· When UE reports ‘[TBD2 upon issue 1-1-1]’ to indicate NO interruption is needed, the interruption is not allowed for the corresponding measurement
· Note: 
· Case 1: without gap and no interruption (e.g. ’[TBD1]’ indicated in [TBD new signaling])
· Case 2: without gap but interruption allowed (e.g. ’[TBD2]’ indicated in [TBD new signaling] 

Next issue is about requirement for intra/inter-freq measurement without gap when interruption allowed (case 2)
	Issue 1-2-1 Requirement for intra/inter-freq measurement without gap when interruption allowed (case 2) 
< Way forward >: 
· Option 1: 
· Take requirements NCSG requirements in TS38.133 clause 9.3.10 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 in case of interruption location is unknown.
· Option 2a: 
· The deactivated SCell measurement except the measCycleSCell can be a start point 
· To reduce the total interruption ratio, some trade-off solutions for extending the measurement can be
· introducing a lower bound, such as [80]ms, or 
· introducing a scaling factor KNeedForGaps, such as KNeedForGaps =[2]
· Option 3: 
· Take requirements in 38.133, clause 9.3.9 as a starting point


This issue highly depends on how the interruption will be defined for NeedForGap in previous issues, e.g. whether to define interruption location or interruption ratio. We suggest RAN4 postpones this issue until corresponding issues are resovled.
[bookmark: _Ref127179073]Proposal 6: Requirement for intra/inter-freq measurement without gap when interruption allowed (case 2) can be discussed after decisions are made on interruption length/location/ratio.

Next issue is about mapping between NeedForGap and NCSG capabilities when UE supports both of them
	Issue 1-3-1: Mapping between NeedForGap and NCSG capabilities when UE supports both of them
< Way forward >: 
· Option 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 capabilities.
· The exact mapping of the reports in NeedForGaps, NeedForGapNCSG and/or other new signaling options is FFS 
· Option 1a: 
· 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 capabilities.
· UE should report ‘no gap’ in the same band for NeedForGaps if reporting ‘no gap no interruption’ or ‘no gap no interruption’ in a band for NCSG
· UE should report ‘gap’ in the same band for NeedForGaps if reporting ‘gap’ in a band for NCSG
· Option 2: 
·  No need to establish the mapping between UE’s indication for NeedForGaps and NCSG
· Option 2a: 
· NeedForGaps and NeedforGapsNCSG are not expected to be enabled for the same UE.


This issue may also depend on how the interruption is defined. If it is defined in the same/similar way as NCSG, then 1 to 1 mapping is expected. Otherwise, NW may be confused if UE reports differently in NCSG and NeedForGap for the same measurement. If interruption ratio based solution is agreed, then exact 1 to 1 mapping may not be needed since UE measurement behaviours may be different. Nevertheless, there is still some linkage between these two reporting. For instance, if UE can support no gap no interruption for measurement on certain band, UE shall indicate no-gap in both NCSG and NeedForGaps feedback, if supported.
[bookmark: _Ref127179090]Observation 3: whether 1 to 1 mapping is needed depends on how the interruption for NeedForGap is defined.
[bookmark: _Ref127179075]Proposal 7: If interruption is defined in the same way as NCSG, then 1 to 1 mapping is expected. Even if interruption for NeedForGap is defined differently, e.g. ratio-based, there shall still be some restriction between reporting in these two features, e.g. UE shall not indicate interruption is needed in one reporting while interruption is not needed in the other reporting.

Next issue is about scheduling restriction:
	Issue 1-4-1: General principles to define scheduling restriction requirements 
< Way forward/ >: 
· FFS on: 
· Proposal 1:
· [bookmark: _Toc118644736][bookmark: _Toc118614885][bookmark: _Toc118748537]whether the UE supports simultaneousRxTxInterBandCA in FR1. 
· [bookmark: _Toc118122550][bookmark: _Toc118748538][bookmark: _Toc118644737][bookmark: _Toc118614886][bookmark: _Toc118120845][bookmark: _Toc118122623]whether deriveSSB-IndexFromCellInter-r17 is enabled and supported by the UE in FR1 and FR2.
· [bookmark: _Toc118122624][bookmark: _Toc118122551][bookmark: _Toc118748539][bookmark: _Toc118614887][bookmark: _Toc118644738]whether IBM is supported in FR2.

Issue 1-4-2: On top of which existing requirements to define scheduling restriction requirements 
< Way forward >: 
· Option 1: 
· take the similar requirements for NCSG (TS38.133 v17.6.0 9.3.10.3) as baseline to define scheduling availability 
· Option 1a: 
· The scheduling restriction applies regardless of whether interruption is allowed
· FFS on deriveSSB-IndexFromCell-inter
· Option 2: 
· Reuse the scheduling availability requirements from intra-frequency without gaps 9.2.5.3 for UEs reporting no-gap but with interruption.
· Option 3: 
· If RAN4 agrees to define total interruption ratio without specifying location and length, no need to define scheduling restriction
Issue 1-4-3: Default SMTC pattern
< Way forward >: 
· FFS on: 
· Proposal 1: 
· Default SMTC pattern should be defined to restrict the scheduling restriction occasions if RAN4 doesn’t define a dedicated measurement pattern for interruption occasions


Since NeedForGap is quite similar with NCSG, and scheduling restriction for NCSG has been widely discussed, we propose to use existing requirement for NCSG as baseline, and then make some specific update due to distinctiveness. Such as default SMTC and so on.
[bookmark: _Ref127179077]Proposal 8: regarding scheduling restriction for NeedForGaps, RAN4 can take the similar requirements for NCSG as baseline. Specific update can be discussed once interruption scheme is stable, e.g. whether interruption location and length will be clearly defined.

3. Conclusion
In this contribution, we provide further discussion on NeedForGap requirements. After discussion, the following conclusions are provided:
Proposal 1: since RAN4 has already agreed to introduce additional Rel-18 UE signalling to differentiate UE supporting no gap with interruption, there is no need for RAN4 continue discussing this issue. Signalling details can be up to RAN2.
Proposal 2: RAN4 shall inform RAN2 about additional R18 UE signalling.
Proposal 3: interruption length in NeedForGap is same as that defined in NCSG, i.e. 1ms in FR1 and 0.75ms in FR2.
Observation 1: interruption location based solution can avoid waste of network resource, compared with interruption ratio based solution.
Observation 2: interruption location based solution may result in increase of UE power consumption, compared with interruption ratio based solution.
Proposal 4: RAN4 shall specify interruption location for NeedForGap.
Proposal 5: on other aspect on whether to allow interruption:
· When UE reports ‘ [TBD1 upon issue 1-1-1]’ to indicate the interruption allowed, the interruption should be allowed for all the serving cells if UE does not support per-FR gap, and all the serving cells in the same FR as the measurement if UE supports per-FR gap.
· When UE reports ‘[TBD2 upon issue 1-1-1]’ to indicate NO interruption is needed, the interruption is not allowed for the corresponding measurement
· Note: 
· Case 1: without gap and no interruption (e.g. ’[TBD1]’ indicated in [TBD new signaling])
· Case 2: without gap but interruption allowed (e.g. ’[TBD2]’ indicated in [TBD new signaling] 
Proposal 6: Requirement for intra/inter-freq measurement without gap when interruption allowed (case 2) can be discussed after decisions are made on interruption length/location/ratio.
Observation 3: whether 1 to 1 mapping is needed depends on how the interruption for NeedForGap is defined.
Proposal 7: If interruption is defined in the same way as NCSG, then 1 to 1 mapping is expected. Even if interruption for NeedForGap is defined differently, e.g. ratio-based, there shall still be some restriction between reporting in these two features, e.g. UE shall not indicate interruption is needed in one reporting while interruption is not needed in the other reporting.
Proposal 8: regarding scheduling restriction for NeedForGaps, RAN4 can take the similar requirements for NCSG as baseline. Specific update can be discussed once interruption scheme is stable, e.g. whether interruption location and length will be clearly defined.


4. References
[1] R4-2220360, WF on NR_MG_enh2 Part 2, Intel Corporation
