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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. 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 enhance the existing measurement gap is agreed on, which is ‘Enhancements of pre-configured MGs, multiple concurrent MGs and NCSG’, given in the work item description (WID) [1] as below:
	(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
· [bookmark: _Hlk95478656]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


In the previous RAN4 104-e meeting, the issues are captured in the way forward (WF) [2]. The analysis and discussion on the issues from the WF are provided in the next section. 
2 Discussion 
From the WF, the issues are given in five categories, which are: (i) scope and scenarios, (ii) inherit rel-17 framework, (iii) max number of supported gaps, (iv) collision definition and handling, and (v) measurement delay requirements. 
2.1. Discussion for scope and scenarios
The open issues are given as:
	Sub-topic 2-1: Scope and scenarios
Issue 2-1: Whether to define requirements for one Pre-configured MG and one NCSG 
< Way forward >: 
· RAN4 to clarify whether one Pre-configured MG and one NCSG is included in Case 1 and/or Case 2
· FFS to explicitly set the priority of different combinations
Issue 2-3: NR SA and MR-DC 
< Way forward >: 
· FFS whether to deprioritize MR-DC in Rel-18
Issue 2-7: Legacy measurement gaps 
< Way forward >: 
· Proponents are encouraged to clarify the proposal “consider legacy MG, Pre-MG, concurrent MG, and NCSG when we discuss joint MG requirements.” in the next meeting. 
Issue 2-8: Positioning measurement gaps 
< Way forward >: 
· FFS Rel-17 MAC-CE based ePOS gap is in or out of scope of this WI


Issue 2-1: Based on the new WID the answers for the two questions are given in note 2 and note 3, respectively as:
· RAN4 to clarify whether one Pre-configured MG and one NCSG is included in Case 1 and/or Case 2
· WID: 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.
Proposal 1: [bookmark: _Ref115278111]RAN4 shall work on the requirements for the scenarios that NCSG is considered in Case 1 and that Pre-configured MG is considered in Case 2 from meeting RAN4#107, hence no more discussion is needed.
· FFS to explicitly set the priority of different combinations
· WID: Note 3: Prioritization among other possible combinations of pre-configured MG, concurrent MG, NTN gaps and NCSG can be discussed after RAN#99.
Proposal 2: [bookmark: _Ref115278126]RAN4 shall discuss the requirements for other possible combinations of pre-configured MG, concurrent MG, NTN gaps and NCSG from meeting RAN4#107, hence no more discussion is needed.
Issue 2-3: In Rel-17 MG mechanisms, the requirements are defined for the NR SA only, where MR-DC is not covered in the existing requirements. This can be observed in the following clauses:
	9.1.7 Pre-configured measurement gap
- The requirements apply for NR standalone operation with single carrier and NR CA.

	9.1.8 Concurrent measurement gaps
Requirements in this section applies when the UE is in SA operation mode.

	9.1.9 Network controlled small gap
The requirements in this clause are applicable for UE configured with SA NR, [EN-DC, NE-DC or NR-DC] operation mode.


The further MG enhancements in Rel-18 are based on merging existing Rel-17 MG mechanisms. Now, given that Rel-17 has requirements for NR SA only and the scope of the WID is not meant to extend the existing Rel-17 requirements to MR-DC, hence, the new Rel-18 requirements shall be for NR SA only. In addition, MR-DC requires coordination between MCG and SCG, which belongs to RAN2 (and RAN3) scope, hence it is not a RAN4 discussion.
Proposal 3: [bookmark: _Ref115278137]RAN4 shall deprioritize the MR-DC for the new RRM core requirements for pre-configured MGs, multiple concurrent MGs and NCSG.
Issue 2-7: based on the summary [3] from RAN#97 on the issue of definition of legacy gap: ‘12 companies provided comments. 11 companies agreed with Option C-1 (Gap(s) configured via GapConfig (without suffix)). 1 company prefer not to define new terminology.’. Therefore, we consider the majority of the companies have the same understanding that the legacy gap refers to the rel-15/rel-16 measurement gaps. Now back to the issue of ‘consider legacy MG, Pre-MG, concurrent MG, and NCSG when we discuss joint MG requirements’: it is clear that this issue is about merging concurrent MG, pre-MG, and NCSG, where the legacy gap rel-15/rel-16 is not in the scope. Thus, there is no need to further discuss this issue.
Proposal 4: [bookmark: _Ref115278158]RAN4 shall not further discuss the issue of ‘consider legacy MG, Pre-MG, concurrent MG, and NCSG when we discuss joint MG requirements’.
Issue 2-8: In general, in rel-17 ePOS and MGE were discussed in parallel, hence, Rel-17 MAC-CE based ePOS gap was not considered in Rel-17 MGE, while MGE Pre-MG for RRC-based POS was considered. Now, for Rel-18 we should prioritize the cases that have existing MGE requirements and deprioritize defining new requirements for Rel-17 MGE mechanism. Thus, we suggest to de-prioritize the discussion of MAC-CE based ePOS gap in Rel-18 MGE. Also, based on the summary [3] from RAN#97 on the issue of ePOS gap: ‘9 companies provided comments. 8 companies agreed with Option B-2 (i.e. ePOS gaps are not considered in Case 1 and Case 2). 1 company prefers to leave it to RAN4 discussions’. Therefore, based on the majority of companies views there is no need to consider ePOS in the current discussion of MGE. 
Proposal 5: [bookmark: _Ref115278171]RAN4 shall not work on ePOS for the multiple gap occasions in rel-18.
2.2. Discussion for inherit rel-17 framework
The open issues are given as:
	Sub-topic 2-2: Inherit Rel-17 framework 
Issue 2-9: Which Rel-17 Pre-MG principle(s) should be revisited 
< Way forward >: 
· FFS: For UE autonomous mechanism, only the measurements associated to the concerned pre-MG are used for the rule checking
· FFS: For Network-controlled mechanism, only the bits corresponding to the concerned pre-MG are used for determining the status
· FFS whether to consider the other potential enhancement
Issue 2-10: Which Rel-17 concurrent gap principle(s) should be revisited 
< Way forward >: 
· FFS which Rel-17 concurrent gap principle(s) should be revisited 


Issue 2-9: In general, RAN4 shall reuse the principle from the existing requirements:
· For UE autonomous mechanism, UE has to calculate whether all SSBs configured in MOs are within active BWP. 
· For NW-controlled mechanism, UE simply follow NW indication in the BWP configuration.
Hence, we support option 1 and option 2 provided in issue 2-9. Note that this means network also needs to provide association even for intra-frequency MO which currently does not need gap. So that UE knows which MO(s) to check upon event triggering.
Proposal 6: [bookmark: _Ref115278183]RAN4 shall reuse the principle from the existing requirements: (i) For UE autonomous mechanism, only the measurements associated to the concerned pre-MG are used for the rule checking; (ii) For Network-controlled mechanism, only the bits corresponding to the concerned pre-MG are used for determining the status.
Issue 2-10: As commented in previous sections that this WID is about merging existing rel-17 features and hence RAN4 should tend to reuse as much existing requirements as possible to reduce the workload. Thus, RAN4 shall reuse the explicit association from Rel-17 MGE for concurrent gap to Rel-18.
Proposal 7: [bookmark: _Ref115278194]RAN4 shall reuse the explicit association from Rel-17 MGE for concurrent gap to Rel-18.
2.3. Discussion on max number of supported gaps
The open issues are given as:
	Sub-topic 2-3: Max number of supported gaps 
Issue 2-11: Max # of gaps for Case 1 (Pre-configured MG and multiple concurrent MGs) 
< Way forward >:
· FFS whether to increase the max number
· FFS whether to introduce new UE capability for # of supported Pre-MG
Issue 2-12: Max # of gaps for Case 2 (NCSG and multiple concurrent MGs) 
< Way forward >:
· FFS whether to increase the max number
· FFS whether to introduce new UE capability for # of supported NCSG
Issue 2-13: Detail combinations 
< Way forward >: 
·  Companies are encouraged to bring high-level principle about the possible gap combinations before going into details


Issue 2-11/2-12: Given that the new objectives are to enhance the Rel-17 MG features, hence, the discussion in Rel-18 MG enhancement shall use Rel-17 MG as a baseline. In existing Rel-17 concurrent MGs, the requirements allow maximum of two concurrent MGs. Therefore, for Rel-18 MG enhancements, RAN4 shall define requirements for case 1 and case 2 with a maximum of two concurrent gap occasions. 
Observation 1: [bookmark: _Ref110807415]Existing Rel-17 MG requirements support two concurrent MGs.
Proposal 8: [bookmark: _Ref110807439]RAN4 shall define requirements for case 1 and case 2 with a maximum of two gaps for case 1 and for case 2.
Issue 2-13: based on the updated WID from the latest plenary meeting, RAN4 shall focus on case 1 and case 2 scenarios, which are: 
· Pre-MG + Con-MG
· NCSG + Con-MG
· Pre-MG + Pre-MG
· NCSG + NCSG
Proposal 9: [bookmark: _Ref115278220]RAN4 shall focus on the following possible combination: (i) Pre-MG + Con-MG, (ii) NCSG + Con-MG, (iii) Pre-MG + Pre-MG, and (iv) NCSG + NCSG.
2.4. Discussion on collision definition and handling
The agreements and open issues are given as:
	Sub-topic 2-4: Collision definition and handling 
Issue 2-14: Required changes for Pre-MG on collision 
< Way forward >: 
· FFS whether Pre-MG priority can be further decided by the associated Mos being measured or other signalling parameters
Issue 2-15: Required changes for NCSG on collision 
< Way forward >:
· FFS other potential enhancements regarding spare RF chains, interruption due to collision on RRT, revised proximity condition, … etc.
Issue 2-16: general gap collision handling 
< Way forward >:
· FFS whether to consider gap sharing rule


Issue 2-14: regarding the issue of ‘whether Pre-MG priority can be further decided by the associated MOs being measured’, in our view, this issue can be solved by careful configuration from the NW with the correct priority. For example, given that the pre-MG is a dynamic MG then after the BWP switching the NW can configure the pre-MG with different priority if needed. Therefore, there is no need to further consider the case of associating the MOs with pre-MG collision. 
Proposal 10: [bookmark: _Ref115278231]RAN4 shall not define a new UE behaviour to handle the pre-MG collision based on associated MO being measured.
Issue 2-16: This issue was discussed in Rel-17 under collision handling for the concurrent MG and there was no consensus to consider gap sharing rule. At the end, the priority rule is defined in the specs. Therefore, we don't think there is a need to discuss this any further.
Proposal 11: [bookmark: _Ref115278245]RAN4 shall not define a new UE behaviour to handle the pre-MG collision based on associated MO being measured.
2.5. Discussion on measurement delay requirements
The agreements and open issues are given as:
	Sub-topic 2-5: Measurement delay requirements 
Issue 2-17: Required changes for Pre-MG on related delays 
< Way forward >: 
· FFS whether the measurement requirements with concurrent MGs defined in Rel-17 can be reused except that only activated gaps are considered when defining CSSF
· FFS whether the pre-configured gap activation delay requirements need to be extended, when the activation procedures of multiple pre-configured gaps overlap.


Issue 2-17: 
The comment for the first FFS point: Proposal 1 makes sense because the deactivated pre-MG has no effect on CSSF, hence, there is no need to consider the deactivated pre-MG when defining CSSF. For example, if the two concurrent MGs are pre-MG and one of them is deactivated, then the concurrent MGs are considered as only single pre-MG. Thus, no need to scale the CSSF.
The comment for the second FFS point: if the two gaps are pre-MG then the gap validation period should apply from the last activated pre-MG. For example, if one pre-MG is activated after the other pre-MG then the Xms applies after the last activated pre-MG, where the value Xms is larger than 5ms (the baseline in Rel-17). Therefore, RAN4 need to discuss how much to extend pre-MG activation period.
Proposal 12: [bookmark: _Ref115278257]RAN4 shall discuss how much to extend the pre-conf gap activation delay requirements, which should be larger than existing 5ms.
3 Summary
In this contribution, discussion on general and RRM requirement in RedCap UEs are provided and we have the following observation: 
Observation 1: Existing Rel-17 MG requirements support two concurrent MGs.
Also, we have the following proposal: 
Proposal 1: RAN4 shall work on the requirements for the scenarios that NCSG is considered in Case 1 and that Pre-configured MG is considered in Case 2 from meeting RAN4#107, hence no more discussion is needed.
Proposal 2: RAN4 shall discuss the requirements for other possible combinations of pre-configured MG, concurrent MG, NTN gaps and NCSG from meeting RAN4#107, hence no more discussion is needed.
Proposal 3: RAN4 shall deprioritize the MR-DC for the new RRM core requirements for pre-configured MGs, multiple concurrent MGs and NCSG.
Proposal 4: RAN4 shall not further discuss the issue of ‘consider legacy MG, Pre-MG, concurrent MG, and NCSG when we discuss joint MG requirements’.
Proposal 5: RAN4 shall not work on ePOS for the multiple gap occasions in rel-18.
Proposal 6: RAN4 shall reuse the principle from the existing requirements: (i) For UE autonomous mechanism, only the measurements associated to the concerned pre-MG are used for the rule checking; (ii) For Network-controlled mechanism, only the bits corresponding to the concerned pre-MG are used for determining the status.
Proposal 7: RAN4 shall reuse the explicit association from Rel-17 MGE for concurrent gap to Rel-18.
Proposal 8: RAN4 shall define requirements for case 1 and case 2 with a maximum of two gaps for case 1 and for case 2.
Proposal 9: RAN4 shall focus on the following possible combination: (i) Pre-MG + Con-MG, (ii) NCSG + Con-MG, (iii) Pre-MG + Pre-MG, and (iv) NCSG + NCSG.
Proposal 10: RAN4 shall not define a new UE behaviour to handle the pre-MG collision based on associated MO being measured.
Proposal 11: RAN4 shall not define a new UE behaviour to handle the pre-MG collision based on associated MO being measured.
Proposal 12: RAN4 shall discuss how much to extend the pre-conf gap activation delay requirements, which should be larger than existing 5ms.
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