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1. Introduction
RAN4 had initial discussion on improvement on R18 gap enhancement – NCSG with agreements captured in [1]. In this contribution, we continue discussion with focus on the agreements and way forward approved in [1].
2. Discussion
The first issue is about interruption when UE reports ‘no-gap’.
	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


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, where 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 necessary to align the necessity of interruption between UE and network. According to the progress in the RAN4#104e, there are three options on the table regarding whether interruption is expected when UE reports ’no-gap’:
· Option 1: Yes
· Option 2: No
· Option 3: Introduce additional UE capability to differentiate whether UE needs interruption
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 introduces high bar for UE to support this feature. UE can only indicate support of this feature on band(s) interruption is not necessary.
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 to differentiate whether UE needs interruption

Based on P1, we need to discuss the interruption length:
	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).


As mentioned above, 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 about requirement for intra/inter-frequency measurement in NeedForGap
	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.


As discussed in P1, UE may or may not cause interruption when reports ‘no-gap’. Correspondingly, RAN4 requirements shall cover both cases, i.e. with and without interruption.
For band(s) without interruption, it is straightforward that existing RRM requirements for gap-less scenario can still apply. Note that NeedForGap doesn’t change the definition of intra-frequency measurement and inter-frequency measurement. 
[bookmark: _Ref115256593]Proposal 3: for measurement on band(s) with no interruption, existing requirements of intra-frequency measurement without gap and inter-frequency measurement without gap shall still apply.
For band(s) with interruption, existing requirements cannot be directly reused. NCSG requirements can be used as a starting point. One difference we would like to highlight is that in NCSG NW can follow the NCSG pattern to do scheduling. In other word, both UE and NW know when interruption is allowed to occur. However, in NeedForGap design, there is no concept of ‘pattern’. RAN4 shall study how to align understanding between UE and NW on when interruption is allowed. There could be two different scenarios:
1) Gap is not configured 
In this scenario, UE is only required to perform measurement on band(s) on which UE report ‘no-gap’. In other word, UE doesn’t need to measure other band(s) on which UE cannot support ‘no-gap’.
Technically, UE would cause interruption before and after SMTC window. 
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However, it is possible that SMTC on different carriers may be different in MO configuration. For instance, if SMTC in MO2 is 5ms while SMTC is 3ms in MO1 and they have the same time offset. It is unclear to NW on which SMTC occasion UE would measure MO1 and on which UE would measure MO2. Therefore, in order to avoid waste of network scheduling, UE needs to align interruption location (by align the time location when to switch on/off the RF chain and baseband resource) on all the carriers even though the SMTC length is different on different carriers.
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[bookmark: _Ref115256596]Proposal 4: for measurement on band(s) with interruption, when measurement gap is not configured, UE needs to align interruption location (by align the time location when to switch on/off the RF chain and baseband resource) on all the carriers even though the SMTC length is different on different carriers.
2) Gap is configured 
In this scenario, UE is not only required to perform measurement on band(s) on which UE report ‘no-gap’, but also to measure other band(s) on which UE cannot support ‘no-gap’. To measure those bands UE reports ‘gap’, NW needs to configure measurement gap. There are two sub-scenarios:
Scenario 2-1: the interruption length and SMTC to be measured on all carriers from the bands on which UE indicates ‘no-gap’ can be fully covered by measurement gap.
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In this scenario, UE shall measure all the carriers within gap. No additional interruption is allowed outside measurement gap. It is assumed that UE shall switch on/off the RF chain and baseband resource at the beginning and the end of each gap occasion.
Scenario 2-2: the SMTC to be measured on all carriers from the bands on which UE indicates ‘no-gap’ can NOT be fully covered by measurement gap.
[image: ]
This scenario is similar with UE support inter-frequency measurement without gap, but NW configures gap for inter-frequency measurement. In R16 design, we introduced a NW controlled flag (interFrequencyConfig-NoGap-r16) to indicate whether UE shall perform the measurement with or without gap. This is beneficial for defining RRM measurement requirements. 
It is also beneficial if we can borrow the outcome here for scenario 2-2.
[bookmark: _Ref115256599]Proposal 5: for measurement on band(s) with interruption, when measurement gap is configured:
· If the interruption length and SMTC to be measured on all carriers from the bands on which UE indicates ‘no-gap’ can be fully covered by measurement gap, UE shall measure all the carriers within gap. No additional interruption is allowed outside measurement gap.
· If the SMTC to be measured on all carriers from the bands on which UE indicates ‘no-gap’ can NOT be fully covered by measurement gap, introduce network signaling to indicate whether UE shall measure the band(s) with ‘no-gap’ with or without measurement gap (similar to interFrequencyConfig-NoGap-r16).

3. Conclusion
In this contribution, we continue discussion on RRM requirement for NeedForGap. 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 to differentiate whether UE needs interruption
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.
Proposal 3: for measurement on band(s) with no interruption, existing requirements of intra-frequency measurement without gap and inter-frequency measurement without gap shall still apply.
Proposal 4: for measurement on band(s) with interruption, when measurement gap is not configured, UE needs to align interruption location (by align the time location when to switch on/off the RF chain and baseband resource) on all the carriers even though the SMTC length is different on different carriers.
Proposal 5: for measurement on band(s) with interruption, when measurement gap is configured:
· If the interruption length and SMTC to be measured on all carriers from the bands on which UE indicates ‘no-gap’ can be fully covered by measurement gap, UE shall measure all the carriers within gap. No additional interruption is allowed outside measurement gap.
· If the SMTC to be measured on all carriers from the bands on which UE indicates ‘no-gap’ can NOT be fully covered by measurement gap, introduce network signaling to indicate whether UE shall measure the band(s) with ‘no-gap’ with or without measurement gap (similar to interFrequencyConfig-NoGap-r16).
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