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1. Introduction
In RAN plenary 97 meeting, a revised WID was approved in [1] for Rel-18 to identify further enhancement on NR and MR-DC Measurement Gaps and Measurements without Gaps as follows:
	(1) Enhancements of pre-configured MGs, multiple concurrent MGs and NCSG 
· [bookmark: _Hlk114141673]Define RRM requirements for UEs configured with a combination of pre-configured MGs, and/or concurrent MGs and/or NCSG [RAN4]
· Prioritize at least joint requirements for UE configured with
· Case 1: Pre-configured MG(s) and concurrent MG(s) (i.e., the network has provided UE with multiple measurement gap patterns where at least one gap pattern is a Pre-configured MG)
· Case 2: NCSG and concurrent MG(s) (i.e., the network has provided UE with multiple measurement gap patterns where at least one gap pattern is a NCSG)
· Note 1: Gaps that are configured for NTN are precluded in Case 1 and Case 2
· Note 2: The requirement discussions on the scenarios that NCSG is considered in Case 1 and that Pre-configured MG is considered in Case 2 will be started after RAN#99.
· Note 3: Prioritization among other possible combinations of pre-configured MG, concurrent MG, NTN gaps and NCSG can be discussed after RAN#99
· Note 4: This WID does not include any inter-working with MUSIM gaps


Based on the revised WID achieved in RAN plenary 97, it seems that the scenario for current stage is more clear, i.e. NTN MG is not considered in Case 1 and Case 2. NCSG is not considered in Case 1 before RAN#99, and pre-configured MG is not considered in Case 2 before RAN#99. Further more, it is clear that MUSIM gap is not considered in this WI.
Around Case 2 in the WI, the following agreements were achieved in [2] during104bis meeting:
	· Issue 3-6: Potential changes on how to determine the priority
< Agreement >: 
 For case 2, how to determine the priority is reused from Rel-17


Still multiple issues were suspending. In this document, we provide some further analysis on the Case 1 of the joint consideration of enhancements of pre-configured MGs, multiple concurrent MGs and NCSG, focus on the following aspects.
· Detailed combinations
· Potential changes to Rel-17 proximity condition
· Potential changes to UE behavior upon gap collision
· Potential changes to gap association
· Network configuration
2. Discussion
During Rel-17 phase, three topics i.e. pre-configured MGs, multiple concurrent MGs and NCSG  about measurement gap enhancement were discussed to achieve different aspects of enhancements. To consider more comprehensive, joint of the three topics were proposed during Rel-17 phase. However due to the timeline pressure, the joint consideration of the three topics was deprioritized in Rel-17.
In our opinion, pre-configured MG and NCSG are both enhanced measurement gap. Pre-configured MG can realize flexible activation/deactivation of MG according to the dynamic active BWP switching or some RRC re-configuration. NCSG is a “light” MG which can highly reduce the impact of interruption and scheduling restriction lead by measurement operation. 
The enhancements of pre-configured MG and NCSG have respective motivations and can be applied to achieve specific performance gains. At the same time, to keep compatibility with existing legacy MG, supporting multiple concurrent MGs is necessary, so that UE can support pre-configured MG or NCSG, on the base of legacy MG supporting.
Observation 1: Supporting concurrent MG is the precondition to realize performance gain caused by pre-configured MG or NCSG and keep compatibility with existing legacy MG simultaneously.
Detailed combinations
In last meeting, for the sake of convenience, the following two definitions were identified:
	· Type-1 MG: Gap(s) configured via GapConfig without suffix
· Type-2 MG: Gap(s) configured via GapConfig-r17 without preConfigInd-r17 or ncsgInd-r17 


So we call the legacy R15/16 gap as Type-1 MG and the R17 concurrent gap as Type-2 MG. In our opinion, Case 2 can cover the following combinations between Type-1 MG, Type-2 MG and pre-configured MG.
· Type-1 MG + NCSG
· Type-2 MG + NCSG
· NCSG + NCSG
Regarding to the per-FR or per-UE supporting, we can not see any necessity to preclude any case. In our opinion, the main reason to configure multiple gaps is that the reference signals on different frequency layers cannot be covered by one single gap. In order to further realize ‘light’ gap on condition that the RF architecture can support, so as to relieve the unnecessary interruption cased by Type-1 or Type-2 MG, NCSG can be configured with replace of Type-1/Type-2 MG. So two gaps in an FR is possible, including two per-FR gaps or a per-FR gap + a per-UE gap. For each component gap, whether it is a per-FR or per-UE type, just depends on the measurement demand and interruption demand. Even under R17 concurrent gap, two concurrent gaps in a same FR is still supported. So we believe no matter one of the component gaps is NCSG or both of them are NCSG, they can be configured in the same FR.
Proposal 1: Case 2 can cover the following combinations between Type-1 MG, Type-2 MG and NCSG:
· Type-1 MG + NCSG
· Type-2 MG + NCSG
· NCSG + NCSG
Proposal 2: No matter one of the component gaps is NCSG or both of them are NCSG, they can be configured in the same FR.
Potential changes to Rel-17 proximity condition and UE behavior upon gap collision
Regarding to the proximity condition itself, in last meeting, RAN4 has approved that the baseline requirement considers the total NCSG duration, including both ML and VILs, so based on such agreement, reusing legacy proximity condition is enough to identify whether collision happens or not.
In addition, we believe RAN4 can further check whether canceling is always necessary for each collision occasion between NCSG and another MG since NCSG capable UE would have an idle RF chain besides the RF chain used for data reception, and such idle RF chain can be used to perform NCSG based RRM measurement. But if another Type-1 or Type2 MG configured to the UE, it is a bit complicated since the necessity of NCSG is per band. So whether UE can simultaneously perform NCSG based measurement and Type-1 or Type2 MG based measurement at the overlapping case, in our opinion, which depends on the band of the associate MO. 
Take the following figure. 1 as an example. NCSG+Type-1/-2 MG are configured for the UE. MO1 and MO2 are associated with the NCSG, therein MO1 is in band A, and MO2 is in band B. UE reports ‘NCSG’ for band A, however reports ‘no NCSG no gap’ for band B. During the three overlapping instance{#0, #1, #2}, in fact for Instance#1, neither of NCSG and Type-1/-2 MG needs to be canceled since UE has enough RF chains to perform RRM measurement for MO1 and MO3. 
But for Instance #0 and #2, whether one of NCSG and Type-1/-2 MG should be canceled or not, which should be discussed. From the perspective of NCSG, during ML, UE can simultaneously perform MO2 measurement and data reception, then UE can not perform MO3 measurement since of no RF chain, i.e. the Type-1/-2 MG should be canceled. While from the perspective of legacy MG, during Type-1/-2 MG, the interruption of data reception would exist due to MO3 measurement. In fact the NCSG based MO2 measurement degrades to legacy MG based measurement since the interruption exists within the whole ML+2VIL. But neither Type-1/-2 MG nor NCSG should be canceled. It seems that two different results are both possible, i.e. canceling Type-1/-2 MG or keeping both NCSG and Type-1/-2 MG but the degradation of NCSG would happen in fact. 
Maybe we can decide between the two possibilities depending on the priority. If NCSG has higher priority, which means the handling should come from the perspective of NCSG, i.e. Type-1/-2 MG should be canceled. While if Type-1/-2 MG has higher priority, the handling should come from the perspective of Type-1/-2 MG, i.e. neither NCSG nor Type-1/-2 MG is to be canceled but degradation of NCSG happens.
[image: ]
Figure. 1
Based on above analysis on Figure.1, we have the following proposals.
Proposal 3: For Case 2, the collision handling can be further checked since in fact the gap canceling is not always necessary when collision happens since of the necessity of NCSG is per band for the UE capable of NCSG. 
· For the collision instance, if no MO needs NCSG, no need to cancel any one between NCSG and another MG(NCSG);
· For the collision instance, if at least one MO needs NCSG, there are two possible solutions of collision handling: 
· keep both NCSG and another MG(NCSG) at the price of NCSG degradation to legacy MG;
· Cancel the another MG or the lower priority of NCSG.
· Which solution should be applied, it can be decided by the priority order. If the NCSG has higher priority than the another MG, then cancel the MG; Otherwise, neither of them would be canceled but at the price of NCSG degradation to legacy MG.
Potential changes to gap association
Regarding to the gap association, in our opinion reusing the Rel-17 association rule is the baseline. Besides this, some other consideration related with the activated/deactivated SCell was referred by some companies. The following options were kept in the WF[2]:
	· Option 1: RAN4 to further discuss the issue of association of SCell MO in following cases.
· Case a: the MO requires MG when SCell is activated
· Case c: the MO does not require MG or NCSG when SCell is activated
· Option 2: When NW configures a NCSG and a Con-MG in ConMGs, RAN4 to further discuss how to handle the scenario when a deactivated SCell(within NCSG) transfers to an activated SCell and the related MO had to be measured within MG.
· The deactivated SCell’s MO can be implicitly associated with the NCSG if no explicitly association is configured.
· After SCell activation, the deactivated SCell’s MO can be measured within MG autonomously if the related SSB is outside the active BWP.
· Option 3: Reuse Rel-17 association rule 
· Others are not precluded.


It seems that both Option 1 and 2 focus on the MO accompanied with the SCell activation/deactivation change. Since in Rel-17, the deactivated SCell is agreed to be measured within NCSG instead of outside gap if NW configures NCSG. However, when NW configures SCell activation, the related SSB to be measured may be outside active BWP. In such case, the MO can’t be measured in the NCSG, then how to address the MO association, which should be identified.
In our opinion, two solutions can be used to address the association of MO in deactivated SCell with the consideration of the SCell activation/deactivation switching.
1) Solution 1: Some implicit association rules are introduced;
2) Solution 2: Instead of introducing any implicit association rule, but to provide some additional clarification for the NCSG capability with the consideration of activation/deactivation switching.
For Solution 1, similar as the proposal in Option 2, after the SCell activation, if the deactivated SCell’s MO can not be measurement within NCSG, then it is autonomously associated with another MG(Type-1/-2 MG). If the SCell keeps in deactivation, the MO can be measured within the NCSG as originally configured.
For Solution 2, it demands that if UE cannot support NCSG when the SCell is activated and the MO cannot be covered by at least one of the BWPs, UE shall not claim support of NCSG for this band. So once the UE report NCSG is capable for a certain band, which means no matter the SCell in this band is activated or deactivated, the MO belonging to the SCell can always be measured within NCSG.
Comparing Solution 1 and Solution 2, we prefer Solution 2, which is more reliable. Since according to Rel-17 NCSG, the report of ‘no-gap-no-ncsg’, ‘ncsg’ and ‘gap’ is per band type, so if UE report different capabilities for multiple bands, which type of MG would be configured, it is completely up to NW. The UE report can only be triggered by RRC reconfiguration, while some NW configuration update can be MAC CE based, such as the SCell activation referred here. So in fact the UE report can not update in time with such MAC CE based NW configuration update. Request UE to be responsible for the capability report considering all possible MAC CE triggered NW configuration update, which is the most reliable and simple solution comparing with to discuss all potential implicit association rule.
Observation 2: According to Rel-17 NCSG, the report of ‘no-gap-no-ncsg’, ‘ncsg’ and ‘gap’ is per band type, so if UE report different capabilities for multiple bands, which type of MG would be configured, it is completely up to NW. The UE report can only be triggered by RRC reconfiguration, while some NW configuration update can be MAC CE based, such as the SCell activation referred here. So in fact the UE report can not update in time with such MAC CE based NW configuration update.
Proposal 4: Request UE to be responsible for the capability report considering all possible MAC CE triggered NW configuration update, which is the most reliable and simple solution comparing with to discuss all potential implicit association rule.

Network configuration
Regarding to this issue, the following option was kept in the WF[2]:
	· Option 1:
· Network shall configure all measurement gaps within the concurrent MGs as NCSG when UE can support NCSG capability 


We understand the motivation of Option 1, so as to further discuss the NW configuration accompanied with the UE reported of NCSG capability. But in our opinion, even in Rel-17 NCSG, RAN4 does not discuss and identify any restriction on the relation between UE report and NW configuration. So which type of MG is configured and how many MGs would be configured to UE, both of them should depend on NW decision based on the MO demand and the reported UE capability. We do not intend to add any restriction for the single NCSG scenario in Rel-17 and the scenario of concurrent MGs including NCSG here. 
Further the NCSG capability is per band type, so the wording of “when UE can support NCSG capability” is ambiguous, does it means the UE can support NCSG for all bands it can supported or for at least one band? 
In a word, it is better to not introduce any configuration restriction similar as Option 1.
Observation 3: Even in Rel-17 NCSG, RAN4 does not discuss and identify any restriction on the relation between UE report and NW configuration. So which type of MG is configured and how many MGs would be configured to UE, both of them should depend on NW decision based on the MO demand and the reported UE capability.
Proposal 5: We do not intend to add any restriction for the single NCSG scenario in Rel-17 and the scenario of concurrent MGs including NCSG here. 
3. Conclusion
In this contribution, we have the following observation and proposals for joint consideration between pre-MG, concurrent MG and NCSG on NR and MR-DC:
Observation 1: Supporting concurrent MG is the precondition to realize performance gain caused by pre-configured MG or NCSG and keep compatibility with existing legacy MG simultaneously.
Proposal 1: Case 2 can cover the following combinations between Type-1 MG, Type-2 MG and NCSG:
· Type-1 MG + NCSG
· Type-2 MG + NCSG
· NCSG + NCSG
Proposal 2: No matter one of the component gaps is NCSG or both of them are NCSG, they can be configured in the same FR.
Proposal 3: For Case 2, the collision handling can be further checked since in fact the gap canceling is not always necessary when collision happens since of the necessity of NCSG is per band for the UE capable of NCSG. 
· For the collision instance, if no MO needs NCSG, no need to cancel any one between NCSG and another MG(NCSG);
· For the collision instance, if at least one MO needs NCSG, there are two possible solutions of collision handling: 
· keep both NCSG and another MG(NCSG) at the price of NCSG degradation to legacy MG;
· Cancel the another MG or the lower priority of NCSG.
· Which solution should be applied, it can be decided by the priority order. If the NCSG has higher priority than the another MG, then cancel the MG; Otherwise, neither of them would be canceled but at the price of NCSG degradation to legacy MG.
Observation 2: According to Rel-17 NCSG, the report of ‘no-gap-no-ncsg’, ‘ncsg’ and ‘gap’ is per band type, so if UE report different capabilities for multiple bands, which type of MG would be configured, it is completely up to NW. The UE report can only be triggered by RRC reconfiguration, while some NW configuration update can be MAC CE based, such as the SCell activation referred here. So in fact the UE report can not update in time with such MAC CE based NW configuration update.
Proposal 4: Request UE to be responsible for the capability report considering all possible MAC CE triggered NW configuration update, which is the most reliable and simple solution comparing with to discuss all potential implicit association rule.
Observation 3: Even in Rel-17 NCSG, RAN4 does not discuss and identify any restriction on the relation between UE report and NW configuration. So which type of MG is configured and how many MGs would be configured to UE, both of them should depend on NW decision based on the MO demand and the reported UE capability.
Proposal 5: We do not intend to add any restriction for the single NCSG scenario in Rel-17 and the scenario of concurrent MGs including NCSG here. 
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