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1	Introduction
MUSIM gaps were discussed and introduced in Rel-17. However, the corresponding requirements were postponed due to the lack of TU in RAN4. During RAN-P #95e meeting, the WID: Dual Transmission/Reception (Tx/Rx) Multi-SIM for NR [1] was revised to include the RRM requirements for Rel-17 MUSIM gaps. One key issue is how to handle MUSIM gap collision, and the following types of collisions are identified and discussed in the last meeting [2]. This contribution will discuss them case by case, and provide our considerations. 
· Collision between MUSIM and legacy gaps
· Collision between different MUSIM gaps
· Collision between MUSIM gaps and other signals 
2	Discussion
2.1	Collision between MUSIM and legacy gaps 
	Issue 1-1-3: Priority of MUSIM against other legacy gaps
· Proposals:
· 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 shown above, it was agreed to introduce the priority for MUSIM gaps during the last meeting while the concrete solutions on how to introduce priority is left for further study. The argument is whether the priority for MUSIM gap should be determined by NW-A or by UE itself.
If priority is determined by UE: UE will report the desirable priority when requesting MUSIM gap and NW-A can only choose to agree or reject such the configuration. If rejected, UE has to try to request another MUSIM gap configuration until agreed, which will lead to long latency. 
If priority is determined by NW-A: additional UE assistant information should be reported to help NW-A to configure priority. Based on our knowledge, reporting cause or usage for MUSIM gap has been discussed in RAN2 but not agreed since for NW-A does not need to know the full cause or usage information for each MUSIM gap. We do not expect to revisit it in RAN4. 
To be compromise, we prefer to report a partial assistant information on the preferred priority. As mentioned in P4, the main motivation is to guarantee higher priority for paging and ACG occasion. Other usages such as neighbor cell measurements in NW-B are not quite urgent, and the priority can be decided by NW-A. Then, NW-A only needs to differentiate two cases, i.e. one is for paging and AGC with higher priority, and the other is for measurement which can be dropped if necessary. Therefore, a 1-bit flag to indicate whether higher priority is preferred by the UE can be reported by the UE when requesting MUSIM gap. 
· When requesting a MUSIM gap with higher priority, e.g. for paging in NW-B, UE can set this flag as true. NW-A will either agree to configure this MUSIM gap with higher priority or reject the whole request. 
· When requesting a MUSIM gap with lower priority, e.g. for measurement for cell selection, UE can set this flag as false and NW-A can choose a suitable priority depending on its implementation. 
Observation-1: Generally, MUSIM gap for paging and AGC is expected to be configured as higher priority. 
Proposal-1: When requesting MUSIM gap, UE could report a 1-bit flag on the preference of higher priority, and no additional bits on MUSIM gap purpose
· When this flag is set as true, NW-A will either agree to configure this MUSIM gap with higher priority or reject the whole MUSIM gap request. 
· When this flag is set as false, NW-A can decide and configure a suitable priority.
	Issue 1-1-4: Solutions for collision between MUSIM gap and legacy measurement gap
· Proposals:
· 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 higher 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 
Agreements: No


As for sharing rule between MUSIM gap and legacy gap in NW-A, we do not see much benefits to share between NW-A and NW-B. In NTN scenario, sharing rule only applies to FO concurrent gaps with higher priority, which is not typical in MUSIM scenario since the priority for MUSIM gap is clearer. Secondly by the sharing rule, UE could choose any gap in the overlapped occasion, resulting in higher throughput loss. Otherwise, a specific TDD sharing pattern is needed. So, we prefer to focus on priority rule in the first stage.
Proposal-2: Deprioritize sharing rule between MUSIM gap and legacy gaps in the first stage.  
2.2	Collision between different MUSIM gaps
	Issue 1-2-1: Definition of the collision between different MUSIM gaps 
· Proposals:
· Option 1a: The gap proximity condition of concurrent gap collision could be reused for MUSIM gap collision 
· Option 1b: The gap proximity condition for the Rel-17 concurrent gap collision should be reused for the collision between different MUSIM gap when priority rules are used to handle the collision between MUSIM gaps. 
· Option 2: No definition for collision between MUSIM gaps is needed 
Agreements: No


When defining the gap proximity condition for concurrent gaps in Rel-17, extra time margin with 4ms duration is left for preparing or adjustment at UE. The similar situations are also identified for the collision between different MUSIM gaps. For example, UE may receive paging from the serving cell within MUSIM gap #1 and then measure inter-frequency neighbour cell with MUSIM gap #2. In the case, the legacy gap proximity condition in Rel-17 should be reused. One the other hand, it is also noticed that the gap proximity condition may depend on the collision handle solution as mention in issue 1-2-2. We can compromise to option 1b to reuse the legacy gap proximity condition when priority rule is used. 
Proposal-3: Support option 1b: the gap proximity condition for the Rel-17 concurrent gap collision should be reused for the collision between different MUSIM gap when priority rules are used to handle the collision between MUSIM gaps.
	Issue 1-2-2: Solutions for collision between different MUSIM gaps
· Proposals:
· 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 
Agreements: No
Way forward: Encourage companies bring detailed solutions on how option 2 works at next meeting.


Reusing priority rule in option 1 is consistent with the framework for concurrent gaps in Rel-17. And it is workable in the majority cases, such as collision between MUSIM gap for L3 measurement and MUSIM gap for paging reception. Option 1 should be supported at first.
Proposal-4: Support option 1: Priority rule can be used as baseline for collision between different MUSIMs.
In our understanding, the main use case to keep both MUSIM gaps in option 2 is collision between MUSIM gap for AGC and MUSIM gap for paging reception. As mentioned before, higher priority is supposed to be configured for paging and AGC. So we propose to apply option 2 only when the involved MUSIM gaps are higher priority, and apply priority rule in option 1 in the other scenarios.  
Proposal-5: Keep both MUSIM gaps in option 2 only when the involved MUSIM gaps are equally higher priority, and apply priority rule in option 1 in the other scenarios.
2.3	Collision between MUSIM gaps and other signals
	Issue 1-3-1: Definition of the collision between MUSIM gaps and other signals
· Proposals:
· 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 
Agreements: No


For the collision between MUSIM gaps and other signals, option 1 and option 1a are quite similar and both of them can be supported by us. We do not understand why additional time margin is required in option 2. We think UE Rx behaviour for L1 measurement or L3 measurement without gap is the same as that for data reception in NW-A. If UE can switch to NW-A and receive data immediately right after MUSIM gap, L1 measurement or L3 measurement without gap can also be done. From this perspective, option 2 is not reasonable. 
Observation-2: UE Rx behaviour for L1 measurement or L3 measurement without gap is the same as that for data reception. 
Proposal-6: Support option 1 and option 1a to define the collision between MUSIM gaps and other signals. 
	Issue 1-3-2: Priority of MUSIM against SMTC, and other L3/ L1 measurement resources 
· Proposals:
· 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 
Agreements: No


In case of collision between legacy gap and L1/L3 measurement, gap is always prioritized and the colliding L1/L3 measurement occasion will be dropped by default. For MUSIM gap, the same principle should apply. Therefore, option 1a, 1b and 1c can be supported. According to the current signalling, priority is associated to measurement gap, rather than to measurement object or resource. Option 2, i.e. indicate the priority for SMTC/L1 measurement is not suitable.
Proposal-7: Support option 1a, 1b and 1c for handle collision between MUSIM gap with L1/L3 measurement. 
3	Conclusion
This contribution gave our general views on how to handle MUSIM gap collision issue and the following proposals:
Observation-1: Generally, MUSIM gap for paging and AGC is expected to be configured as higher priority. 
Observation-2: UE Rx behaviour for L1 measurement or L3 measurement without gap is the same as that for data reception. 
Proposal-1: When requesting MUSIM gap, UE could report a 1-bit flag on the preference of higher priority, and no additional bits on MUSIM gap purpose
· When this flag is set as true, NW-A will either agree to configure this MUSIM gap with higher priority or reject the whole MUSIM gap request. 
· When this flag is set as false, NW-A can decide and configure a suitable priority.
Proposal-2: Deprioritize sharing rule between MUSIM gap and legacy gaps in the first stage.  
Proposal-3: Support option 1b: the gap proximity condition for the Rel-17 concurrent gap collision should be reused for the collision between different MUSIM gap when priority rules are used to handle the collision between MUSIM gaps.
Proposal-4: Support option 1: Priority rule can be used as baseline for collision between different MUSIMs.
Proposal-5: Keep both MUSIM gaps in option 2 only when the involved MUSIM gaps are equally higher priority, and apply priority rule in option 1 in the other scenarios.
Proposal-6: Support option 1 and option 1a to define the collision between MUSIM gaps and other signals. 
Proposal-7: Support option 1a, 1b and 1c for handle collision between MUSIM gap with L1/L3 measurement. 
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