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1. Introduction
NeedForGaps RRM requirement was widely discussed during the previous RAN4 meetings. The last agreements can be found in [1]. In this contribution, we continue discussing the open issue.
2. Discussion
The first issue is about the framework of the interruption requirements:
Issue 1-1-1: Framework of the interruption requirements
< Agreement/Way forward >: 
· Define interruption length and ratio
· FFS on possible restrictions for interruptions
· Option 1: The UE is only allowed to cause interruptions on PCell or activated Scell(s) immediately before and after an SMTC. The UE is not expected to cause interruption on each SMTC occasion.
· Option 2: The UE is only allowed to cause interruptions on Pcell or activated Scell(s) in the certain time window before and after an SMTC. 
· Other options are not precluded.
Regarding the FFS on the restriction for interruption, as we mentioned in previous RAN4 meeting, the benefit of this restriction is not observed either from NW scheduling or UE flexibility perspectives. Note that SMTC configuration on different carrier may be different. 
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Figure 1 interruption location 1
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Figure 2 interruption location 2
In above example, NeedForGaps capable UE is configured to measure inter-frequency carrier 2 and 3. The SMTC on carrier 2 and 3 are with different time offset and duration. Therefore, interruption location would be different when UE is measuring carrier 2 and 3, assuming UE switches on/off the additional RF chain immediately before and after the SMTC to measure, as in option 1. Note that when to measure carrier 2 or 3 is up to UE implementation, thereby it is unknown to NW. 
[bookmark: _Ref134431743]Observation 1: restriction such as ‘interruptions immediately before and after an SMTC’ cannot benefit the system considering 1) SMTC configuration of different MO can be different. 2) It is up to UE on which MO to measure during each SMTC occasion.
Regarding option 2, i.e., UE is only allowed to cause interruptions on Pcell or activated Scell(s) in the certain time window before and after an SMTC, the intention may be to let NW avoid scheduling the UE during this window. Since UE could be configured with multiple MOs and SMTC configuration would be different, the window is expected to be large enough to cover interruption location due to measurement on all carriers. For instance,
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Figure 3 interruption window ‘W’ covering all possible interruption location
It is unclear to us how the window W is going to be introduced. Is it a window specified in RAN4 requirements or configured by NW? If it is specified in RAN4 interruption requirement, then RAN4 needs to discuss how to design it so that it could cover all the cases, including scenario wherein SMTC offset, periodicity and duration are different among different MOs. If it is configured by NW, e.g. NW indicates interruption periodicity and starting time offset, it would be become something similar to NCSG, which has already been supported in R17.
[bookmark: _Ref134431747]Observation 2: restriction such as ‘UE is only allowed to cause interruptions on Pcell or activated Scell(s) in the certain time window before and after an SMTC’ needs more study. If the window is specified in RAN4 interruption requirement, then RAN4 needs to discuss how to design it so that it could cover all the cases, including scenario wherein SMTC offset, periodicity and duration are different among different MOs. If it is configured by NW, e.g. NW indicates interruption periodicity and starting time offset, it would be become something similar to NCSG, which has already been supported in R17.
Considering workload and timeline, we propose not to define any restriction in this release. Any enhancement can be considered in future release.
[bookmark: _Ref134431725]Proposal 1: not define any restriction on interruption location in this release. Any enhancement can be considered in future release.

Next issue is about interruption length:
Issue 1-1-2: Requirements on the interruption length , if allowed 
< Way forward >: 
· FFS on: 
· Option 1:  
· As a starting point, the interruption length can be same as VIL defined for NCSG,e.g.
· When UE reporting “[no-gap,TBD]” in [NeedForGapInfoNR, TBD]  the interruption length can be VIL=1ms in FR1 and VIL=0.75ms in FR2.
· When UE reporting “[others,TBD]” in [NeedForGapInfoNR, TBD] no interruption allowed 
· Option 2: 
· As a starting point, when UE reporting “no-gap [TBD]” in [NeedForGapInfoNR, TBD]  , 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: _Ref134431728]Proposal 2: interruption length shall be same as VIL defined for NCSG, e.g.
· When UE reporting “[no-gap,TBD]” in [NeedForGapInfoNR, TBD]  the interruption length can be VIL=1ms in FR1 and VIL=0.75ms in FR2.
· When UE reporting “[others,TBD]” in [NeedForGapInfoNR, TBD] no interruption allowed 

Next issue is about interruption ratio requirements:
Issue 1-1-5: Requirements on the interruption ratio, if allowed 
< Way forward/Agreement >: 
· Interruption ratio is defined as follows: 
· 80ms ≤ Tcycle < 160ms: up to [2.50%] probability of interruption
· 160ms ≤ Tcycle < 320ms: up to [1.25%] probability of interruption
· 320ms ≤ Tcycle: up to [0.625%] probability of interruption
· FFS if the interruption rate can be captured in equation format
· Do not define requirement for the case Tcycle < 80ms
· FFS if interruption ratio applies to a single frequency layer or all frequency layers
· Tcycle definition is FFS
· Option 1: Tcycle = SMTC x CSSF x Kp
· Other options are not precluded
Regarding the first FFS on equation, since it has already been agreed to define exact interruption ratio, it is unnecessary to further capture related equation in RAN4 spec. As for the second FFS, it depends on how Tcycle is defined. We propose to define Tcycle based on sampling interval on MO(s) which would cause interruption. With this, the interruption ratio is the total ratio, i.e. it shall apply for all frequency layers.
[bookmark: _Ref134431750]Observation 3: whether interruption ratio applies to a single frequency layer or all frequency layers depends on how Tcycle is defined.
[bookmark: _Ref134431730]Proposal 3: define Tcycle based on sampling interval on all MOs which would cause interruption. With this, the interruption ratio is the total ratio, i.e., it shall apply for all frequency layers.
One thing we would like to highlight is that total interruption ratio shall reflect that interruptions are allowed on some of the MOs, which are known by both UE and NW according to UE feedback.
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Figure 4 two serving CCs + one inter-freq CC
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Figure 5 one serving CC + two inter-freq CCs
In above example, CSSF for inter-frequency would be the same but total interruption ratio would be different. In Figure 4 UE only causes interruption when measuring carrier 3 while in Figure 5 it causes interruption when measuring either carrier 2 or 3. 
[bookmark: _Ref134431753]Observation 4: total interruption ratio shall reflect that some MOs need interruption while other do not.
A straightforward solution is to update CSSF for this case. However, a simpler way is to keep CSSF unchanged but introduce a new scaling factor, e.g. Kinterruption, which is the number of carriers on which the measurement may cause interruption.
[bookmark: _Ref134431733]Proposal 4: Tcycle = SMTC x CSSF x Kp x Kinterruption, where is the number of carriers on which the measurement may cause interruption. 

The next issue we would like to discuss is potential impacts on the legacy UE behavior
Issue 1-3-3: Impacts on the legacy UE behavior 
< Way forward >: 
· FFS on when RAN2’s signalling design is stable 
· For the legacy UEs, whether RAN4  needs to further clarify the meaning of value ‘no-gap’ in Rel-16 NeedForGap signalling.
From 3GPP procedure point of view, RAN4 cannot clarify the meaning of ‘no-gap’ in R16 NeedForGap signalling since 1) that signaling was introduced solely in RAN2 in R16. 2) R16 spec has been frozen. 3) in R18 RAN4 can only define behaviors for R18 UE and NW.
[bookmark: _Ref134431736]Proposal 5: RAN4 shall not spend time to further clarify the meaning of value ‘no-gap’ in Rel-16 NeedForGap signalling. 

3. Conclusion
In this contribution, we provide further discussion on NeedForGaps requirements. After discussion, the following conclusions are provided:
Observation 1: restriction such as ‘interruptions immediately before and after an SMTC’ cannot benefit the system considering 1) SMTC configuration of different MO can be different. 2) It is up to UE on which MO to measure during each SMTC occasion.
Observation 2: restriction such as ‘UE is only allowed to cause interruptions on Pcell or activated Scell(s) in the certain time window before and after an SMTC’ needs more study. If the window is specified in RAN4 interruption requirement, then RAN4 needs to discuss how to design it so that it could cover all the cases, including scenario wherein SMTC offset, periodicity and duration are different among different MOs. If it is configured by NW, e.g. NW indicates interruption periodicity and starting time offset, it would be become something similar to NCSG, which has already been supported in R17.
Proposal 1: not define any restriction on interruption location in this release. Any enhancement can be considered in future release.
Proposal 2: interruption length shall be same as VIL defined for NCSG, e.g.
· When UE reporting “[no-gap,TBD]” in [NeedForGapInfoNR, TBD]  the interruption length can be VIL=1ms in FR1 and VIL=0.75ms in FR2.
· When UE reporting “[others,TBD]” in [NeedForGapInfoNR, TBD] no interruption allowed 
Observation 3: whether interruption ratio applies to a single frequency layer or all frequency layers depends on how Tcycle is defined.
Proposal 3: define Tcycle based on sampling interval on all MOs which would cause interruption. With this, the interruption ratio is the total ratio, i.e., it shall apply for all frequency layers.
Observation 4: total interruption ratio shall reflect that some MOs need interruption while other do not.
Proposal 4: Tcycle = SMTC x CSSF x Kp x Kinterruption, where is the number of carriers on which the measurement may cause interruption.
Proposal 5: RAN4 shall not spend time to further clarify the meaning of value ‘no-gap’ in Rel-16 NeedForGap signalling.
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