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1 Introduction
In existing Rel-15/16 NR, two measurement gaps have been identified, which are per-UE and per-FR measurement gap. Then, in Rel-16 NeedForGap feature have been introduced, however, there has been no requirements in RAN4 to support this feature. Later in Rel-17 NR, three measurement gap enhancement have been considered, which are: (i) pre-configured MG pattern(s) per configured BWP (fast MG configuration), (ii) multiple concurrent and independent MG patterns, and (iii) network controlled small gap (NCSG). Now in Rel-18, further work objective to complete the requirements for measurement without gaps is given in the work item description (WID) [1] as below:
	(1) 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.


Furthermore, the open issues from the previous meeting (meeting RAN4#104-bis-e) are given below [2]:
	Sub-topic 3-1: [NFG] NeedForGapsInfoNR
Issue 3-1: [NFG] Whether interruption is expected when UE reports ’no-gap’ 
< Way forward >: 
· Option 1: Yes
· Option 2: No
· Option 3: Introduce additional UE capability to differentiate whether UE needs interruption
Issue 3-2: [NFG] Interruption requirement, if allowed 
< Way forward >: 
· Option 1: (Visible) Take NCSG as a starting point. FFS the exact values
· Option 2: (Invisible) Adopt deactivated SCell’s interruption requirement as a start point. FFS the interruption ratio (data dropping rate).
Issue 3-4: [NFG] Requirement for intra-freq measurement without gap 
< Way forward >: 
· Option 1: Same as requirements in Section 9.2.5 of TS38.133 (intra-freq w/o gap)
· Option 2: Take requirements NCSG requirements as a starting point
· Option 3: Take requirements in Section 9.39 of TS38.133 (inter-freq wo/ gap) as a starting point
· Option 4: The related frequency layer should be counted in CSSF outside gap
· Option 5: 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.
Issue 3-5: [NFG] Requirement for inter-freq measurement without gap 
< Way forward >: 
· Option 1: Take requirements in Section 9.39 of TS38.133 (intra-freq w/o gap) as a starting point
· Option 2: Take requirements NCSG requirements as a starting point
· Option 3: Take requirements in Section 9.3.9 of TS38.133 (inter-freq wo/ gap) as a starting point
· Option 4: The related frequency layer should be counted in CSSF outside gap
· Option 5: 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.


The analysis and discussion are given in the next section. 
2 Discussion
2.1. Discussion on interruption

	Sub-topic 1-1: Interruption
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
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.
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. 
Issue 1-1-5: Other aspect on whether to allow interruption 
< Way forward >: 
· FFS on :  
· 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.
· 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]’.


Issue 1-1-1: Whether interruption is expected when UE reports ’no-gap’ in ‘NeedForGapsInfoNR'
From the existing NR intra-frequency measurement, the following requirements for Rel-16 NeedForGap are ambiguous on whether interruption is needed: 
	The UE can perform intra-frequency SSB based measurements without measurement gaps (either legacy measurement gap or NCSG) if
-	the UE indicates ‘no-gap’ via intraFreq-needForGap for intra-frequency measurement, or
-	the SSB is completely contained in the active BWP of the UE, or
-	the active downlink BWP is initial BWP[3].


Let’s assume the following scenario A, as shown in the figure below, is a UE indicating ‘no-gap’ and operating in an active BWP without SSB during data transmission/reception on non-SSB symbols. Now, in order for the UE to measure the SSB then the UE RF BW shall be increased to cover the SSB outside the active BWP (i.e. to measure the SSB symbols), as depicted in scenario B. Although the UE indicates no need for gap, the UE still need an interruption time to enlarge the RF BW to measure the SSB. Nevertheless, such interruption requirements have not been identified in existing requirements. Therefore, RAN4 shall define the interruption length, occasions and ratio in Rel-18 discussion. 
[image: ]
Figure 1: A UE operating in an active BWP without SSB. Scenario A is when the UE transmitting/receiving data on non-SSB symbols, while scenario B is when the UE measuring SSB symbols.
Another scenario is for inter-frequency measurements. UE may be configured with many inter-frequency MOs but UE only has limited number of RF chains. Even if UE can measure individual inter-frequency layer without gap, UE still needs to measurement all of them one-by-one. Hence, UE has no choice but to retune the RF frequency on some RF chains in order to measure all the inter-frequency layers. 
Observation 1: Existing Rel-16 NeedForGap requirements are not complete regarding the need for interruption and its details.
Proposal 1: [bookmark: _Ref118742419]RAN4 shall allow interruption for the Rel-16 NeedForGap capability when a UE indicates ‘no-gap’. 
Proposal 2: [bookmark: _Ref118742431]RAN4 shall define requirements for the interruption length, occasions and/or interruption ratio to complete Rel-16 NeedForGap requirements.
Issue 1-1-2: Requirements on the interruption length, if allowed
In general, NCSG requirements can be reused as a baseline to define the requirements, hence option 1b can be supported. However, RN4 is still discussing whether NeedForGap capability supports interruption when no-gap is reported and so far, there is a chance of defining a new UE capability. If the latter is outcome of that issue, then we should also support option 1.
Proposal 3: [bookmark: _Ref118742457]RAN4 shall define the interruption length requirements the same as these defined for NCSG in Rel-17. 
Proposal 4: [bookmark: _Ref118742467]For issue 1-1-2, option 1b and option 1 can be supported.
Issue 1-1-3 and issue 1-1-4: 
Firstly, RAN4 needs to make a decision on the interruption form, i.e., on whether the interruption is defined in terms of length and location (similar to that for NCSG) or it is defined in terms of interruption ratio as in SCell dormancy. After consensus is reached, issues 1-1-2, 1-1-3, and 1-1-4 can be discussed in detail. 
Proposal 5: [bookmark: _Ref118742480]RAN4 shall reach consensus on the interruption form, whether to define the interruption in terms of length and location or interruption ratio before going to discuss the requirements in detail. 
Issue 1-1-5: Other aspect on whether to allow interruption
When UE reports ‘no-gap’ in NeedForGap to indicate the interruption allowed, the interruption should be allowed for each of intra- and inter-frequency measurements for which UE reports ‘no-gap’. 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 6: [bookmark: _Ref118742491]For issue 1-1-5 from WF, the first bullet and its sub-bullets can be supported. If the outcome of issue 1-1-1 is to support a new UE capability, then the second bullet can be supported. 

2.2. Discussion on measurement reporting delay requirements

	Sub-topic 1-2: Measurement reporting delay requirements
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


Issue 1-2-2 & Issue 1-2-4: 
Given that the new interruption mechanism for NeedForGap has already been covered in NCSG requirements, therefore, RAN4 shall use the existing Rel-17 NCSG requirements as a baseline to define the interruption related requirements in NeedForGap. In general, for measurements without gap, the overall measurement delay has the following structure: (Delay of a single layer) x CSSFoutside_gap. Now, the delay of a single layer can reuse existing requirements from NCSG requirements. However, this issue depends on the outcome of issues 1-1-2, 1-1-3, and 1-1-4, where the interruption can be defined either as in interruption length and location or interruption ratio. 
Proposal 7: [bookmark: _Ref115405067]RAN4 shall leverage the existing Rel-17 NCSG requirements to define the new interruption requirements for NeedForGap.
Proposal 8: [bookmark: _Ref115405090]RAN4 to wait for the outcome of the interruption type discussion before discussing issues 1-2-2 and 1-2-4.
2.3. Discussion on the UE behaviour

	Sub-topic 1-3: UE behaviour
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.
Issue 1-3-2: UE behaviour mismatch between UE and NW 
< Way forward >: 
· FFS on:  UE’s behaviour in the following mismatch scenarios
· Rel-17 UE which supports NCSG in a Rel-16 NW which only supports NeedForGaps
· Rel-16 UE which supports NeedForGaps in a Rel-17 NW which supports NCSG
· Both UE and NW support NCSG and NeedForGaps
· How to differentiate the Rel-16 UE and Rel-18 UE when both support NeedForGaps in a Rel-16 NW
· How to differentiate the Rel-16 UE and Rel-18 UE when both support NeedForGaps in a Rel-18 NW


Issue 1-3-2: UE behaviour mismatch between UE and NW
When a rel-17 UE supports NCSG in a rel-16 NW that only support NeedForGap or when a rel-16 UE that supports NeedForGap is connected a rel-17 NW that supports then the UE shall not be expected to have a specific behaviour for such cases and there is no need to specify requirements for it, also, existing requirements of NCSG and NeedForGap are not applicable. Now, if both the UE and the NW support NCSG and NeedForGap, then the UE shall follow the NW configuration, yet this issue also depends on whether the NFG and NCSG share the same requirements or not.
Proposal 9: [bookmark: _Ref118742508]When there is a mismatch between the no-gap capability supported by the NW and the UE then the existing requirements are not applicable and RAN4 should not define new requirements for such mismatch cases.
Proposal 10: [bookmark: _Ref118742518]When both the NW and UE support NFG and NCSG then which requirements shall be applied is left to the NW configuration and depends on whether the requirements of NFG and NCSG are the same.

3 Summary
In this contribution, discussion on measurement without gaps for UEs reporting NeedForGapsInfoNR is provided and we have the following proposals

Proposal 1: RAN4 shall allow interruption for the Rel-16 NeedForGap capability when a UE indicates ‘no-gap’.
Proposal 2: RAN4 shall define requirements for the interruption length, occasions and/or interruption ratio to complete Rel-16 NeedForGap requirements.
Proposal 3: RAN4 shall define the interruption length requirements the same as these defined for NCSG in Rel-17.
Proposal 4: For issue 1-1-2, option 1b and option 1 can be supported.
Proposal 5: RAN4 shall reach consensus on the interruption form, whether to define the interruption in terms of length and location or interruption ratio before going to discuss the requirements in detail.
Proposal 6: For issue 1-1-5 from WF, the first bullet and its sub-bullets can be supported. If the outcome of issue 1-1-1 is to support a new UE capability, then the second bullet can be supported.
Proposal 7: RAN4 shall leverage the existing Rel-17 NCSG requirements to define the new interruption requirements for NeedForGap.
Proposal 8: RAN4 to wait for the outcome of the interruption type discussion before discussing issues 1-2-2 and 1-2-4.
Proposal 9: When there is a mismatch between the no-gap capability supported by the NW and the UE then the existing requirements are not applicable and RAN4 should not define new requirements for such mismatch cases.
Proposal 10: When both the NW and UE support NFG and NCSG then which requirements shall be applied is left to the NW configuration and depends on whether the requirements of NFG and NCSG are the same.
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