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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In last meeting, RAN4 discussed NeedForGaps requirement [1]. In this contribution, we will continue to discuss the requirement on NeedForGaps measurement.
2 Interruption
The meaning of ‘no gap’
In Rel-17, RAN4 has already introduced NCSG which supports three elements as ‘no gap no interruption’, ‘no gap with interruption’ and ‘gap’. However, UE is only supported to report ‘no gap’ and ‘gap’ in NeedForGaps. Thus, the first issue is to clarify the UE’s behaviour when UE reports ‘no gap’ in NeedForGaps. In last meeting, this issue was widely discussed, but the views are diverse. 
	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 our understanding, when UE reports ‘no gap’, it implies the UE has a spare RF chain to perform the related measurements which is the same as NCSG. In NCSG, due to different band combination and RF architecture design, UE may report ‘no gap no interruption’ or ‘no gap no interruption’ for a band’s measurement. Obviously, the reporting granularity in NCSG is finer than the ‘no gap’ reporting in NeedForGaps. To extend the application bands of the gapless measurement, we propose to define ‘no gap’ in NeedForGaps as a union set of ‘no gap no interruption’ or ‘no gap no interruption’ if UE supports both capabilities. That means when UE reports ‘no gap’ in NeedForGaps, the additional interruption due to RF switching before and after the measurement occasions may be expected.
[bookmark: _Ref110192511]Observation 1:  When UE reports ‘no gap’ in a band, it implies the UE uses a spare RF chain to perform the related measurements in this band without gap.
In last meeting, we also noticed that some companies mentioned UE may not need any interruption in some certain scenarios, such as the frequency distance between the measured frequency and the serving cell is large enough. Thus, whether UE needs additional interruption will fully depend on the target measurement objects and UE’s RF architecture design. 
[bookmark: _Ref118398375]Observation 2: Whether UE needs additional interruption will fully depend on the target measurement objects and UE’s RF architecture design. 
In Rel-17 NCSG, companies have already discussed the possibility about reusing the NeedForGaps’ structure to add new element. The conclusion is that the current NeedForGaps signalling structure is not extensible and new NCSG signalling is defined. Thus, we don’t think adding new indication in the exist UE capability is workable. Instead of changing the signaling structure for NeedForGaps, we propose to introduce a new bit to indicate whether interruption is needed. When UE reports the gap status for each band, UE can further report whether interruption is needed. When UE doesn’t report the new ‘interruption’ indication, the default value can be ‘interruption’. It will have no back compatible impact to R16 NeedForGaps signalling once this new interruption indication bit introduced with such default value.
[bookmark: _Ref115043108]Proposal 1: RAN4 to introduce a new one-bit signalling ‘NoGapIndication-r18’ to further indicate whether interruption is needed together with UE reporting ‘NeedForGapsInfoNR’.
· When UE doesn’t report the new interruption indication, the default value means interruption is expected.
[bookmark: _Ref118398674]Proposal 2: Rel-16 UE is assumed always to need interruption since no new interruption indication bit will be reported.
Interruption ratio or location
When UE reports ‘no-gap’ measurements with interruption for frequency layers, it implies the interruption may be expected before and after any SMTC outside gap because the network doesn’t know the dedicated SMTC occasions in which UE performs the ‘no-gap’ measurements. For example, UE may perform inter-frequency with ‘no-gap’ in each inter-frequency’s SMTC. If RAN4 allows the interruption ratio to follow the SMTC periodicity of inter-frequency, it will result in too much performance degradation once several inter-frequency measurements are configured with ‘no gap’. Thus, RAN4 needs to further discuss how to control the total interruption ratio for NeedForGaps. 
In last meeting, two possible approaches were proposed. One solution is to define the total interruption ratio. Another solution is to define the dedicated location for interruption. We think both solutions can have a good control for the total interruption ratio. 
	Issue 1-1-3: Requirements on the interruption location, if allowed 
· 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 
·  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.


 However, in current stage, we think it’s unnecessary to define the dedicated pattern for NeedForGaps which means NeedForGaps capability is similar to NCSG since NCSG pattern is used to define the dedicated location for the interruption. We’re open to further discuss which solution will be used, but before that RAN4 should agree to control the total interruption ratio other than allowing the measurement in each SMTC occasion.
[bookmark: _Ref115043097]Observation 3: The total interruption ratio can be controlled by VIRP and ML in NCSG.
[bookmark: _Ref115043129]Proposal 3: RAN4 to agree that the total interruption ratio for NeedForGaps should be controlled other than allowing measurement for each possible SMTC occasion. 
Both interruption length and the interruption ratio are defined for deactivated SCell measurement in the specification. From our understanding, the measurement behaviour for NeedForGaps is similar as deactivated SCell measurement. Thus, we suggest to define the total interruption ratio as 0.5% as deactivated SCell measurement.
	Interruptions on PCell or activated SCell(s) due to measurements when an SCell is deactivated are allowed with up to 0.5% probability of missed ACK/NACK when the configured measCycleSCell [2] is 640 ms or longer.
· If the PCell or activated SCell(s) is not in the same band as the deactivated SCell, the UE is only allowed to cause interruptions on PCell or activated SCell(s) immediately before and immediately after an SMTC. Each interruption shall not exceed requirement in Table 8.2.2.2.2-1.
· If the PCell or activated SCell(s) is in the same band as the deactivated SCell, the UE is only allowed to cause an interruption on PCell or activated SCell(s) no earlier than X slots before TSMTC_duration and no later than X slots after TSMTC_duration, provided the cell specific reference signals from the active serving cells and the deactivated SCell are available in the same slot, where X and TSMTC_duration are given by Table 8.2.2.2.3-1. The interruption shall not exceed requirements in Table 8.2.2.2.3-1.
Table 8.2.2.2.3-1: Interruption duration for measurement on deactivated SCell for intra-band CA
	[image: ]
	NR Slot length (ms)
	X (slots)
	Interruption length (slots)

	0
	1
	1
	2 + TSMTC_duration * 

	1
	0.5
	1
	2 + TSMTC_duration * 

	2
	0.25
	2
	4 + TSMTC_duration * 

	3
	0.125
	4
	8 + TSMTC_duration * 

	5
	0.03125
	16
	32 + TSMTC_duration * 

	6
	0.015625
	32
	64 + TSMTC_duration * 

	NOTE 1:	TSMTC_duration measured in subframes is the longest SMTC duration among all above active serving cells and the deactivated SCell to be measured;
NOTE 2:	 is as defined in TS 38.211 [6].






[bookmark: _Ref118398680]Proposal 4: The total interruption ratio 0.5% for deactivated SCell measurement can be a good reference for NeedForGaps interruption if RAN4 agrees to define the interruption ratio other than a dedicated pattern.
To control the total interruption ratio, a possible solution is to define a lower bound of measurement period. Another trade-off method is to add an additional scaling factor to relax the measurement requirement for NeedForGaps’ measurement.
[bookmark: _Ref115043133]Proposal 5: The trade-off solutions to control the total interruption ratio can be defined as follow.
· Introduce a lower bound for NeedForGaps measurement, such as [80]ms
· Introduce a scaling factor KNeedForGaps to reduce the total interruption ratio, such as KNeedForGaps =[2]
Interruption length
In last meeting, another important issue is to define each interruption length. As we discussed before, the UE behaivour for NeedForGaps measurement is the same as deactivated SCell measurement. Thus, the interruption length for deactivated SCell measurement can be reused.
	 
Issue 1-1-2: Requirements on the interruption length, if allowed 
· 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. 


[bookmark: _Ref118398687]Proposal 6: The interruption length equalling 0.5ms for deactivated SCell measurement can be reused for NeedForGaps measurement. 
3 Measurement delay requirement
In last meeting, some open issues are related to measurement delay requirement. One of options is to define the NeedForGaps requirement based on NCSG. A typical measurement period for NCSG measurement is as follow.
T SSB_measurement_period_intra  = max(200ms, 5 x max(VIRP, SMTC period)) x CSSFintra
We can see that the measurement period is related to a clear VIRP pattern in NCSG, but NeedForGaps doesn’t have any pattern. Thus, RAN4 cannot follow NCSG to define NeedForGaps’ measurement requirement directly.
[bookmark: _Ref115043137]Observation 4: RAN4 cannot follow NCSG to define NeedForGaps’ measurement requirement since no pattern design for NeedForGaps.
Another candidate option is to define NeedForGaps requirement following intra-frequency measurement without gap. A typical measurement period for intra-frequency measurement without gap is as follow.
T SSB_measurement_period_intra  = max(200ms, ceil( 5 x Kp) x SMTC period) x CSSFintra
We can see that the measurement period is related to SMTC period. As we discussed before, if it allows to perform NeedForGaps’ measurement in each SMTC with the union of all frequency layers supporting ‘no gap’ in NeedForGaps, the total interruption ratio will be unacceptable since different frequency layers may configure different SMTCs. Thus, RAN4 cannot follow intra-frequency measurement without gap to define NeedForGaps’ measurement requirement directly.
[bookmark: _Ref115043151]Observation 5: RAN4 cannot follow intra-frequency measurement without gap to define NeedForGaps’ measurement requirement since it will result in unacceptable interruption ratio in the system.
In Rel-15, deactivated SCell is measured without gap but with interruption. The deactivated SCell is counted in CSSF outside gap and the interruption requirement is also defined. In Rel-17, when UE supports NCSG capability and NW configures NCSG, the deactivated SCell will be measured within NCSG and the existing interruption requirements are not applicable if the SMTC on the deactivated Scell is partially or fully overlapping with NCSG. From our understanding, the frequency layer with ‘no gap’ can follow the same behaviour as deactivated SCell measurement.
[bookmark: _Ref110192503]Observation 6: Deactivated SCell measurement requirement is defined without gap but with interruption ratio. 
[bookmark: _Ref115043165]Proposal 7: The deactivated SCell measurement except the measCycleSCell can be a start point to define the NeedForGaps measurement requirement.
4 Scheduling restriction
The intention of scheduling restriction is to allow NW to schedule the data outside the SSB symbols to-be-measured. However, the scheduling restriction for NeedForGaps measurement may happen in any of SMTC if no specific measurement occasions are defined. As we mentioned before, to trade off the interruption ratio and the measurement delay, UE is not expected to perform measurement in each SMTC occasion. Thus, we think the default SMTC pattern should be defined to restrict the measurement occasions for scheduling restriction if RAN4 doesn’t define a dedicated measurement pattern to restrict the interruption occasions.
[bookmark: _Ref118398693]Proposal 8: Default SMTC pattern should be defined to restrict the scheduling restriction occasions if RAN4 doesn’t define a dedicated measurement pattern for interruption occasions.
5 NeedForGaps and NCSG mapping
For example, if UE supports both NeedForGaps and NCSG, UE reports the following gap status in NCSG.
Table 1. The example of gap status indication for UE supporting NCSG
	CC
	B1
	B2
	B3
	B4
	B5
	B6

	B1+B2 (Pcell+Scell)
	2
	1
	0
	0
	0
	1


Note: (‘0’: gap, ‘1’: NCSG, ‘2’: no gap no interruption)
The gap status indication in NeedForGaps should have 1-to-1 mapping with the gap status in NCSG with the following rules.
· 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
[bookmark: _Ref110192536]Proposal 9: 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.
When UE indicates NoGapIndication-r18 as ‘interruption’ with the gap status reporting of NeedForGaps,
· 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

6 Mismatch configuration
There is a possible mismatch issue between NW and UE with different gapless capability. In real field, both UEs supporting R18 NeedForGaps and R16 NeedForGaps exist in a NW which may only support Rel-16 NeedForGaps capability. In this case, both UEs will be believed as R16 NeedForGaps with interruption since R16 NW doesn’t understand the new bit to indicate whether interruption is needed. On the contrary, if both UEs supporting R18 NeedForGaps and R16 NeedForGaps exist in a Rel-18 NW, the NW can understand the addition interruption indication bit. Thus, NW can differentiate the R16 UE(always need interruption) with the R18 UE(may no interruption)
[bookmark: _Ref110192552][bookmark: _Ref118399553]Proposal 10: The additional interruption indicator bit ‘NoGapIndication-r18’ can be used to differentiate R16 UE and R18 UE. 

7 Conclusion
In the contribution, we discuss the NeedForGaps in Rel-18. We have the following proposals:
Observation 1:  When UE reports ‘no gap’ in a band, it implies the UE uses a spare RF chain to perform the related measurements in this band without gap.
Observation 2: Whether UE needs additional interruption will fully depend on the target measurement objects and UE’s RF architecture design.
Observation 3: The total interruption ratio can be controlled by VIRP and ML in NCSG.
Observation 4: RAN4 cannot follow NCSG to define NeedForGaps’ measurement requirement since no pattern design for NeedForGaps.
Observation 5: RAN4 cannot follow intra-frequency measurement without gap to define NeedForGaps’ measurement requirement since it will result in unacceptable interruption ratio in the system.
Observation 6: Deactivated SCell measurement requirement is defined without gap but with interruption ratio.
Proposal 1: RAN4 to introduce a new one-bit signalling ‘NoGapIndication-r18’ to further indicate whether interruption is needed together with UE reporting ‘NeedForGapsInfoNR’.
· When UE doesn’t report the new interruption indication, the default value means interruption is expected.
Proposal 2: Rel-16 UE is assumed always to need interruption since no new interruption indication bit will be reported.
Proposal 3: RAN4 to agree that the total interruption ratio for NeedForGaps should be controlled other than allowing measurement for each possible SMTC occasion.
Proposal 4: The total interruption ratio 0.5% for deactivated SCell measurement can be a good reference for NeedForGaps interruption if RAN4 agrees to define the interruption ratio other than a dedicated pattern.
Proposal 5: The trade-off solutions to control the total interruption ratio can be defined as follow.
· Introduce a lower bound for NeedForGaps measurement, such as [80]ms
· Introduce a scaling factor KNeedForGaps to reduce the total interruption ratio, such as KNeedForGaps =[2]
Proposal 6: The interruption length equalling 0.5ms for deactivated SCell measurement can be reused for NeedForGaps measurement.
Proposal 7: The deactivated SCell measurement except the measCycleSCell can be a start point to define the NeedForGaps measurement requirement.
Proposal 8: Default SMTC pattern should be defined to restrict the scheduling restriction occasions if RAN4 doesn’t define a dedicated measurement pattern for interruption occasions.
Proposal 9: 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.
When UE indicates NoGapIndication-r18 as ‘interruption’ with the gap status reporting of NeedForGaps,
· 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
Proposal 10: The additional interruption indicator bit ‘NoGapIndication-r18’ can be used to differentiate R16 UE and R18 UE.
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