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1. Introduction
RRM requirement for R17 MUSIM gaps was widely discussed in RAN4#104e-bis. The latest agreements can be found in [1]. There are still many open issues left. In this contribution, we will further discuss collisions between gaps and priority rules.
2. Discussion
The first issue is about priority of MUSIM gaps against other 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.  



The status in RAN4#104e-bis is that RAN4 agrees on introduction of the priority for MUSIM gaps. However, more discussion on details is still expected, e.g. whether each MUSIM gap needs a priority or one priority for all the MUSIM gaps. So that RAN4 didn’t reach consensus on sending LS to RAN2 only with the high-level agreement.
First, we support to introduce priority information for each MUSIM gap. Compared with one priority for all MUSIM gaps, separate priority configuration can increase flexibility with more or less the same signaling overhead. Even though signaling is up to RAN2, in our understanding the priority information can be added in MUSIM gap configuration (MUSIM-Gap), similar with priority in R17 concurrent gap design. The benefit of separate priority for each gap is that MUSIM gaps with different purpose shall be considered differently. For example, gap for paging shall be with high priority, even higher than NW A gap, while other MUSIM gaps do not need to be with higher priority than NW A gap.
[bookmark: _Ref118715055]Proposal 1: priority shall be configured per MUSIM gap.
Second, the priority configuration for MUSIM gap shall be same as (or comparable to) that of R17 concurrent gap, since when NW A gap collides MUSIM gap, UE needs to compare the priority of legacy gap and MUSIM gap in priority based gap collision handling. 
[bookmark: _Ref118715057]Proposal 2: priority of MUSIM gap shall be configured such that UE can compare priority of MUSIM gap and gap configured in Gapconfig-r17.
Third, we think UE shall inform NW about the priority information when requesting MUSIM gap, since the use of MUSIM gap is up to UE and it is out of control by NW. Some company proposed to let UE inform detailed usage of MUSIM gap when requesting MUSIM. Technically speaking, that can also address the issue. However, we prefer to let UE simply inform the expected priority considering forward compatibility. Because in future the MUSIM gap may be used for more and more purposes. 
[bookmark: _Ref118715059]Proposal 3: UE shall indicate the expected priority info when requesting MUSIM gap, e.g. in musim-GapPreferenceList.
Nevertheless, it shall be sill up to NW A on whether and how to configure priority for MUSIM gaps. Otherwise if NW has to follow UE’s preference on priority on NW B, NW A may even choose not to configure MUSIM gap just to avoid potential negative impact on NW A performance.
[bookmark: _Ref118715061]Proposal 4: it shall be up to NW A’s decision on priority configuration for MUSIM gaps.

The second issue is about solutions for collision between MUSIM gap and legacy measurement gap
	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 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 
Agreements: No




In short we support P1 and P2. When MUSIM gap collides with legacy gap, UE can only use one of the colliding gaps to measure one layer. How to choose the gap can be based on priority information.
Besides, as more and more gaps could be configured to the UE, sometimes it is not crystal clear to neither NW nor UE that what’s the priority relationship among multiple gaps (by now we can have two concurrent gaps in NW A and three periodic gaps plus one aperiodic gap in NW B). We think is possible that NW configure same priority for some gap patterns. Therefore, considering gap sharing based solution at least for gaps with equal priority is worthy. 
[bookmark: _Ref118715063]Proposal 5: Priority based solution is reused for gap collision handling between MUSIM gap and legacy gaps. 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. 
[bookmark: _Ref118715070]Proposal 6: 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.

On 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



We are fine with both option 1 and 2, but slightly prefer option 1. Some company proposed option 2 to let UE merge the colliding MUSIM gaps into one gap occasion. However, UE may only be able to do one thing within the merged gap occasion. The negative impact is on NW A. The merged gap occasion most likely will be longer than one of the colliding gaps.
[bookmark: _Ref118715072]Proposal 7: 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.

On solutions for 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.  



To align with P7 above, we support option 1. Regarding aperiodic gap, since when and whether to trigger it is still up to NW A, it is reasonable to assume higher priority than other gaps.
[bookmark: _Ref118715075]Proposal 8: Priority rule can be used as baseline for collision between different MUSIMs.
[bookmark: _Ref118715081]Proposal 9: Aperiodic gap should have higher priority than periodic gaps once collision happens within MUSIM gaps.

On definition of 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 



Option 1 can be used as baseline. From standardization point of view it requires the least effort, since similar procedure and requirements have already been specified in other features. However, we are a bit concerned about NW A performance especially when MUSIM MGRP is short.
[bookmark: _Ref118715085]Proposal 10: RAN4 shall strike for optimization between MUSIM gaps and SMTC/L1 in NW A. If no consensus, 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.

Regarding collisions with other signals, RAN4 shall work on the list of procedures which shall not be impacted by MUSIM gap, e.g., RACH procedure, first valid CQI feedback on SCell being activated and so on. Besides, RAN4 can also consider aperiodic triggered MUSIM gap cancellation to give NW A more flexibility on MUSIM gap control.

3. Conclusion
In this contribution, we provide further discussion on collision between gaps and priority rules. After discussion the following conclusion s are provided:
Proposal 1: priority shall be configured per MUSIM gap.
Proposal 2: priority of MUSIM gap shall be configured such that UE can compare priority of MUSIM gap and gap configured in Gapconfig-r17.
Proposal 3: UE shall indicate the expected priority info when requesting MUSIM gap, e.g. in musim-GapPreferenceList.
Proposal 4: it shall be up to NW A’s decision on priority configuration for MUSIM gaps.
Proposal 5: Priority based solution is reused for gap collision handling between MUSIM gap and legacy gaps. 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.
Proposal 6: 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.
Proposal 7: 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 8: Priority rule can be used as baseline for collision between different MUSIMs.
Proposal 9: Aperiodic gap should have higher priority than periodic gaps once collision happens within MUSIM gaps.
Proposal 10: RAN4 shall strike for optimization between MUSIM gaps and SMTC/L1 in NW A. If no consensus, 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.
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