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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In last meeting, RAN4 had an initial discussion on Multi-SIM requirements for MUSIM gap patterns with some progress [1].  
	Agreements:
· The scope of Rel-17 legacy gaps includes gaps configured via GapConfig or via GapConfig-r17 but without preConfigInd-r17 or ncsgInd-r17, and Pre-MG and NCSG. 
· Focus on the collision between MUSIMG gaps and gaps configured via GapConfig or via GapConfig-r17 but without preConfigInd-r17 or ncsgInd-r17 in the first stage.
· Investigation on collision between MUSIM gaps and Pre-MG or NCSG will start after the study of Pre-MG/NCSG concurrent with legacy gaps in the Rel-18 feMG WI is stable; related conclusions from Rel-18 feMG WI should be re-checked for the collision handling between MUSIM gaps and pre-MG/NCSG.
· The terminology agreed in Rel-18 FeMG will be re-checked in MUSIM gaps and no impact on scenarios and specification.

Rel-18 FeMG WI
Issue 2-2: Definitions: legacy, concurrent, baseline and component gaps
< Agreement >: 
· 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


The main issues for MUSIM gaps are how to handle the collision scenarios as follow:
· Collisions between MUSIM gap and legacy measurement gap
· Collisions between MUSIM gap and SMTC and other L3/L1 measurement resources
· Collisions between different MUSIM gaps
We had shared our views about the general pricinples to define the requirements. In this contribution, we will continue to discuss the RRM requirements for Rel-17 MUSIM gaps. 
2. Collision between MUSIM gaps with othter gaps 
Priority of MUSIM gaps
In last meeting, the possible proposals to handle the priority configuration of MUSIM gaps are shown as follow. 
	Issue 1-1-2: Definition of the collision between MUSIM gaps and legacy gaps
Agreements: 
· Definition of gap collision and corresponding proximity condition specified under concurrent gaps can be reused for collision between MUSIM gap and gaps configured via GapConfig or via GapConfig-r17 but without preConfigInd-r17 or ncsgInd-r17.
· For the collision definition between Pre-MG/NCSG and MUSIM gaps, related conclusions from Rel-18 feMG WI should be re-checked.

Issue 1-1-3: Priority of MUSIM against other legacy gaps
· P1: Up to network configuration 
· Up to NW A configuration if priority field is introduced to MUSIM, otherwise use default priority 
· P2: If an explicit priority level is not provided for MUSIM gaps via signalling, MUSIM gaps are assumed to have higher priority than all measurement gaps configured by the network. 
· P3: Aperiodic MUSIM gap is always prioritized over legacy MG in NW A. 
· P4: When MUSIM gaps collide with legacy MG
· MUSIM paging and AGC occasions should have higher priority than NW-A MG 
· The priority between other MUSIM gaps and legacy MG can be indicated by NW 
Agreement (GTW): 
· RAN4 agrees on introduction of the priority for MUSIM gaps
Tentative Agreement (GTW): 
· Send a LS to RAN2 about the outcome of RAN4 discussion
Way forward: Encourage companies bring concrete solutions on how to introduction priority for MUSIM gaps at next meeting.  


As we discussed in another MUSIM gap tdoc, the general pricinple in MUSIM gap is at least to guarantee the paging monitoring for NW-B. Thus, when NW configures the MUSIM gaps priority, the MUSIM gap’s priority should be higher than other gaps. In addition, aperiodic MUSIM gap is a one-shot gap. It should also be prioritized when colliding with other NW-A’s legacy gap. The other MUSIM gaps and legacy gaps priority will be up to network’s configuration.
[bookmark: _Ref114960879][bookmark: _Ref118154963]Proposal 1: RAN4 to define hybrid priority configuration as follow.
· MUSIM paging gap and Aperiodic gap should have higher priority than NW-A’s MGs
· The priority for other MUSIM gaps and NW-A’s legacy MGs is up to NW’s configuration 
Solution for collision between MUSIM gaps and other gaps
From our understanding, the paging for NW-B cannot be dropped when the paging occasion is colliding with MG in NW-A. The paging gap can be always configured as the highest priority. The priority-based gap collision rule should be applied for other gaps. 
	Issue 1-1-4: Solutions for collision between MUSIM gap and legacy measurement gap
· P1: Priority based solution is reused for gap collision handling between MUSIM gap and legacy gaps. 
· Option 1a: For priority-based solution, priorities can be allocated to each existing gap patterns and when two or more gaps collide, only the highest priority gap is kept and all other gaps are dropped 
· Option 1b: Further optimization can also be considered and it FFS at current stage. 
· P2: On top of priority-based solution, RAN4 shall also study the gap sharing based solution, at least for the scenario equal priority is assigned for different gap patterns. 
· P3: When MUSIM gaps collide with legacy MG, RAN4 to differentiate different usages of the MUSIM gaps, such as L3 measurement for cell reselection, paging monitoring etc; 
· The paging for NW-B cannot be dropped when the paging occasion is colliding with MG in NW-A. 
· The SSB for paging AGC retuning in NW-B cannot be dropped when the SSB occasion is colliding with MG in NW-A if the time distance between the SSB and paging occasion is less than 160ms
· Whether priority rule or sharing rule will be applied for other MUSIM gaps is FFS 
· P4: RAN4 to study how mobility conditions can be taken into account for the MUSIM gap priorities 


[bookmark: _Ref118154966]Proposal 2: When MUSIM gap collides with NW-A’s gap, RAN4 to apply the priority rule as follow.
· The paging gap can be always configured as the highest priority
· Other gaps priorities can be configured fully up to NW-A implementation 
· When two or more gaps collide, only the highest priority gap is kept
[bookmark: _Ref118154970]Proposal 3: When UE doesn’t inform the paging gap to NW-A, all MUSIM gap’s priorities are configured up to NW-A. 
Default priority rule
In last meeting, some companies mentioned that RAN4 needs to define the default priority rule since Type-1 MG cannot be configured with associated priority. We think current observation is valid and RAN4 should define the default priority to handle the collision between Type-1 MG and MUSIM gap. At the same time, we think such default rule can also be valid when NW-A doesn’t configure the priority to any of the collided gaps.
[bookmark: _Ref118154973]Proposal 4: RAN4 to define default priority rule for the following MUSIM collision scenarios:
· Any of the collision gaps is Type-1 MG;
· NW-A doesn’t configure a priority associated with any of the collision gaps.
Some companies proposed to always prioritize the MUSIM gaps once no priority is configured. We don’t such solution can work. For example, when UE is moving to the cell edge of the serving cell in NW-A, the NW-A configures the Type-1 MG to perform inter-frequency measurement for handover, the Type-1 MG cannot be dropped when colliding with MUSIM gaps. Especially, when the MGRP of Type-1 MG is larger than MGRP of MUSIM gap, always prioritizing the MUSIM gap means L3 mobility measurement cannot be performed for NW-A. Thus, from our understanding, a reasonable solution is to always prioritize the gap with longer MGRP to avoid no measurement opportunity for one configured gap.
[bookmark: _Ref118154976]Proposal 5: RAN4 to prioritize the gap with longer MGRP once default priority rule is used when collision between MUSIM gap with NW-A gap.
3. Collision between MUSIM gaps with other signals in NW-A 
In last meeting, companies discussed how to define the collision and the priority between MUSIM gap with NW-A’s RS. 
	Issue 1-3-1: Definition of the collision between MUSIM gaps and other signals
· Option 1: A L1/L3 measurement resource is considered to be overlapped with a periodic MUSIM gap if it overlaps a MUSIM gap occasion, a L1/L3 measurement resource is considered to be overlapped with an aperiodic MUSIM gap if it overlaps that aperiodic MUSIM gap occasion 
· Option 1a: Condition “XXX is overlapping with MG” is used for defining MUSIM gap collision with SMTC and L1 measurement resources in NW A. 
· Option 2: RAN4 to use the proximity condition to define the collision between MUSIM gaps with SMTC and L1 measurement resources 
 
Issue 1-3-2: Priority of MUSIM against SMTC, and other L3/ L1 measurement resources 
· Option 1a: Collisions between L3/L1 measurement resources and MUSIM gaps are handled in the same way as collisions between L3/L1 measurement resources and measurement gaps 
· Option 1b: MUSIM gaps should have high priority against SMTC and L1 measurement resources 
· Option 1c: UE is in general not expected to transmit or receive signals for NW A (including SMTC and L1 measurement resources) during MUSIM gaps, except for signals used for random access procedure 
· Option 2: RAN4 follows NTN to define the proximity between SMTC/L1 measurement resources with MUSIM gaps  
· Apply priority rule between MUSIM gaps and SMTC/L1 measurement resources for NW-A based on NW-A’s priority indication, or
· Apply sharing rule between MUSIM gaps and SMTC/L1 measurement resources for NW-A
· Option 3: RAN4 to discuss how to handle overlap between MUSIM gaps and SMTC in network A for RRC connected procedures like e.g., mobility procedures in Network A 

Issue 1-3-3: Priority of MUSIM against uplink signals, such as PRACH, CSI-RS reporting 
· P1: The UE is not required to conduct any transmission towards network A, including PRACH, during MUSIM gaps 
· P2: When MUSIM gaps collide with DL RS or UL signals, RAN4 to differentiate different usages of the DL RSs and UL signals in NW-A
· P3: For the Priority of MUSIM against uplink signals such as PRACH, CSI-RS reporting, suggest to reuse rules defined at 5.14 of TS38.321 (copied below for reference) 
· P4: Reuse the rules for the legacy MGs specified in current specs as listed in P3 as the solution for issue 1-3-3. FFS on other DL/UL signals which are not covered by rules in P3.



In legacy requirement, it only considers the fully overlapping between SMTC and MG since SMTC/SSB and legacy MG can have a good time alignment due to all are configured by NW-A. Thus, the partially overlapping between SMTC and MG is a corner case. However, in MUSIM, there is no good coordination between NW-A and NW-B. Due to the timing difference, the MUSIM gaps may fully or partially collide with the SMTCs which may impact the NW-A’s performance. In NTN, a proximity condition was introduced, but some companies commented that the reason to introduce proximity is the larger doppler difference which doesn’t need for MUSIM gaps. Thus, we propose to define the collision at least further consider the partially overlapping between the MUSIM gap with the L1/L3 measurement resources. 
[bookmark: _Ref118154980]Proposal 6: An L1/L3 measurement resource is considered to be overlapped with a MUSIM gap if it fully or partially overlaps with a MUSIM gap occasion.
When NW-A’s L1/L3 measurement resources collides with MUSIM gaps, MUSIM gaps should have higher priority. On the contrary, as we discussed in another tdoc for general pricinples, the NW-A’s RS or uplink signalas for one-shot mobility procedure should have higher priority than MUSIM gaps. 
[bookmark: _Ref118154983]Proposal 7: When NW-A’s L1/L3 measurement resources collide with MUSIM gaps, MUSIM gaps should have higher priority.
[bookmark: _Ref118154986]Proposal 8: When NW-A’s RS resources for one-shot RRM procedure collide with MUSIM gaps, MUSIM gaps should have lower priority.
[bookmark: _Ref118154988]Proposal 9: When NW-A’s uplink signals for one-shot RRM procedure collide with MUSIM gaps, MUSIM gaps should have lower priority, such as NW-A’s PRACH and CSI-RS reporting for SCell activation should be prioritized. 
4. Collision within MUSIM gaps
Solution for collision between different MUSIM gaps
In last meeting, another important issue is how to handle the collision within MUSIM gaps.
	Issue 1-2-2: Solutions for collision between different MUSIM gaps
· Option 1: Priority rule can be used as baseline for collision between different MUSIMs 
· Option 1a: Aperiodic gap should have higher priority than periodic gaps once collision happens within MUSIM gaps 
· Option 2: MUSIM gaps could be kept when different MUSIM gaps collide 
· Option 2a: MUSIM gaps are not dropped due to collision with another MUSIM gap
· Option 2b: 
· When the time duration between the two closest gap occasions within the two measurement gap patterns is shorter than [4]ms and the second gap occasion is for paging, UE should keep both gap occasions instead of dropping any of them. 
· RAN4 to further identify the specific scenarios in which any MUSIM gap shall be dropped case by case
· Option 2c: If multiple MUSIM gap instances overlap or occur back-to-back, they are merged into a single instance comprising the union of the individual gap instances 
· If the distance between two MUSIM gap instances is ≤ 4 ms, they are merged into a single instance comprising the union of the individual gap instances and the space between them
· If the distance between two MUSIM gap instances is > 4 ms, both individual gap instances are kept separately.
· Option 3: Solutions for collision between different MUSIM gaps is either down-selected from option 1 or option 2; or based on both option 1 and option 2 


As we discussed before, paging monitoring is important. The SSB before paging for AGC retuning also cannot be dropped. The time proximity between SSB and related PO is uncertain depending on different SSB and PO multiplexing pattern, default/non-default association between SSB and PO, and SSB index indication(ssb-position-in-burst). Both MUSIM gaps should not be dropped once UE requests two periodic gaps which meets the collision proximity. As we shown in another tdoc for UAI, UE should indicate the paging gap to NW-A. Thus, both NW-A and UE have the same understanding on paging gap within MUSIM gaps.
[image: ]
Figure 1: Example of MG for PO monitoring in NW-B Idle mode
[bookmark: _Ref118154952]Observation 1: Both NW-A and UE know which gap is for paging when UE sends the UAI to NW-A to indicate the paging gap.
When UE requests these MUSIM gaps, only UE knows how to use these gaps or the purpose to request such MUSIM gap patterns. UE will request reasonable MUSIM gaps’ configuration with some dedicated purposes other than to waste the gap occasions on purpose from UE side. However, in last meeting companies raised concerns on the very long interruption due to MUSIM gaps when collision happens.  A possible solution is still to apply priority rule when two MUSIM gaps collision except the paging gap.
[bookmark: _Ref118154956]Observation 2: UE won’t waste the gaps on purpose once UE requests the MUSIM gaps.
Furthermore, aperiodic gap shall have higher priority than other periodic MUSIM gaps. There is no reason to request aperiodic gap as lower priority and then drop the aperiodic gap when colliding with other MUSIM gaps. The remaining issue is how to handle the collision between aperiodic gap and paging gap. From our understanding, UE will request the MUSIM gaps with a reasonable purpose based on gap scheduling design. It’s impossible to request an aperiodic gap which is colliding with paging gap. 
Thus, we think a hybrid solution can work well to handle possible MUSIM gap collision scenarios as much as possible. 
[bookmark: _Ref118154991]Proposal 10: When the time duration between the two closest gap occasions within the two measurement gap patterns is shorter than [4]ms,
· If the second gap occasion is for paging, UE should keep both gap occasions instead of dropping any of them,
· If one of the gaps is aperiodic gap, the aperiodic gap should have higher priority than another MUSIM gap,
· Otherwise, the Rel-17 gap priority rule will be applied among the MUSIM gaps.
Priority within different MUSIM gaps
When collision happens within MUSIM gaps, both gap for paging and before paging should be kept. The configured priority is invalid in this scenario. In other scenarios, the priority is valid, and the gap priority rule will be applied. 
[bookmark: _Ref118154994]Proposal 11: The configured priorities for MUSIM gaps are invalid when MUSIM paging gap collides with other MUSIM gaps. Otherwise, the configured priorities are valid. 
5. Summary
[bookmark: _Hlk23953093]In this contribution, we have discussed the MUSIM gaps requirements. Based on the discussions, we have made following proposals and observations:
Observation 1: Both NW-A and UE know which gap is for paging when UE sends the UAI to NW-A to indicate the paging gap.
Observation 2: UE won’t waste the gaps on purpose once UE requests the MUSIM gaps.
Proposal 1: RAN4 to define hybrid priority configuration as follow.
· MUSIM paging gap and Aperiodic gap should have higher priority than NW-A’s MGs
· The priority for other MUSIM gaps and NW-A’s legacy MGs is up to NW’s configuration 
Proposal 2: When MUSIM gap collides with NW-A’s gap, RAN4 to apply the priority rule as follow.
· The paging gap can be always configured as the highest priority
· Other gaps priorities can be configured fully up to NW-A implementation 
· When two or more gaps collide, only the highest priority gap is kept
Proposal 3: When UE doesn’t inform the paging gap to NW-A, all MUSIM gap’s priorities are configured up to NW-A.
Proposal 4: RAN4 to define default priority rule for the following MUSIM collision scenarios:
· Any of the collision gaps is Type-1 MG;
· NW-A doesn’t configure a priority associated with any of the collision gaps.
Proposal 5: RAN4 to prioritize the gap with longer MGRP once default priority rule is used when collision between MUSIM gap with NW-A gap.
Proposal 6: An L1/L3 measurement resource is considered to be overlapped with a MUSIM gap if it fully or partially overlaps with a MUSIM gap occasion.
Proposal 7: When NW-A’s L1/L3 measurement resources collide with MUSIM gaps, MUSIM gaps should have higher priority.
Proposal 8: When NW-A’s RS resources for one-shot RRM procedure collide with MUSIM gaps, MUSIM gaps should have lower priority.
Proposal 9: When NW-A’s uplink signals for one-shot RRM procedure collide with MUSIM gaps, MUSIM gaps should have lower priority, such as NW-A’s PRACH and CSI-RS reporting for SCell activation should be prioritized.
Proposal 10: When the time duration between the two closest gap occasions within the two measurement gap patterns is shorter than [4]ms,
· If the second gap occasion is for paging, UE should keep both gap occasions instead of dropping any of them,
· If one of the gaps is aperiodic gap, the aperiodic gap should have higher priority than another MUSIM gap,
· Otherwise, the Rel-17 gap priority rule will be applied among the MUSIM gaps.
Proposal 11: The configured priorities for MUSIM gaps are invalid when MUSIM paging gap collides with other MUSIM gaps. Otherwise, the configured priorities are valid.
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