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1. Introduction
In NR Rel-17 specification, RAN4 has introduced gap patterns particularly for MUSIM purpose. However, their corresponding RRM requirements were not specified. The absence of RRM requirements in the current MUSIM implementations may create unpredictable performance for both Network A and Network B on SIM A and SIM B, respectively. In the last meeting, RAN4 has discussed the RRM requirements for MUSIM and the open issues are captured in the WF [1]. In this paper, the requirements for gap collision handling for MUSIM are further discussed.

2. Discussion
When UE implementation supports MUSIM capability, in which SIM A would be on NW A and SIM B would be on NW B, UE can request MUSIM gaps from NW A to monitor NW B activities (paging, measurements, SI reading, etc.). Figure 1 shows MUSIM procedures when the UE is in RRC_CONNECTED state on NW A and in RRC_IDLE/_INACTIVE state on NW B.
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[bookmark: _Ref110405902]Figure 1: MUSIM procedures.



[bookmark: _Hlk118214266]Based on the current signalling framework, UE can request from NW A appropriate MUSIM gap patterns (as defined in Table 9.1.10-1 of 38.133 [2]), where the UE shall provide assistance-information (e.g., offset, MGL and MGRP) to NW A based on the configuration of NW B. Then NW A may comply with the UE request and provide the required configurations for MUSIM gaps.
The configured MUSIM gaps may collide with the following cases:
· Case 1: legacy measurement gaps
· Case 2: different MUSIM gaps
· Case 3: other signals
Due to these collisions, measurements on both NW A and NW B can be affected if no proper collision handling mechanism is introduced. 
2.1. Case 1: MUSIM gap collision with legacy MGs
In the last meeting, RAN4 agreed to introduce priority for MUSIM gaps to handle the collision with the legacy MGs as captured below from the WF [1]:
	Issue 1-1-3: Priority of MUSIM against other legacy gaps
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.  



However, sending the LS to RAN2 to design this priority is still under discussion. In the current specs, NW A configures the UE with up to 4 MSUIM gaps but without indicating their priorities. In our view, since priority is already indicated by the NW to configure concurrent MGs, the same principle can be extended to MUSIM gaps. In other words, priorities of both MUSIM gaps and legacy MGs should be configured by the same body (i.e., NW A). If NW A doesn’t configure the priorities for MUSIM gaps, it will be up to the UE, which could result in a conflict with the priorities configured by the NW for the legacy MGs. Therefore, we support to send LS to RAN2 to introduce this priority for MUSIM gaps configuration as well.
Observation 1: Priorities of concurrent measurement gaps are configured by the NW.
Proposal 1: Priorities of both MUSIM gaps and legacy MGs should be configured by the same body (i.e., NW A) to avoid any conflictions, and LS to RAN2 should be sent to introduce the priority for MUSIM gaps.

Following the guidance from the way forward to provide concrete solutions on how to introduce this priority for MUSIM gaps, in this paper we discuss the potential solutions on this matter. Given the current signalling framework, UE already provides assistance-information to NW A (e.g., offset, MGL and MGRP) to request appropriate MUSIM gap pattern. This can also be extended to allow the UE to assist NW A on the priorities of MUSIM gaps since only the UE knows the purpose of such gaps. Then NW A may comply with the UE request and provide the required configurations for MUSIM gaps as shown in Figure 2. Therefore, the following solutions can be proposed and summarised in Table 1:[bookmark: _Ref118617331]Figure 2: MUSIM gaps priority assisted by the UE.
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Solution 1:
· UE  NW A:	UE suggests priorities of MUSIM gaps to NW A
· NW A  UE:	NW A, with the help from UE, assigns the priorities for MUSIM gaps + legacy MGs
Note: this approach is simple, it only requires 2-bits for the UE to suggest the priority of 4 MUSIM gaps. Then the NW extends the priority principle of concurrent gaps to configure MUSIM gaps as well.
Solution 2:
· UE  NW A:	UE suggests priorities of MUSIM gaps + legacy MGs to NW A
· NW A  UE:	NW A, with the help from UE, assigns the priorities for MUSIM gaps + legacy MGs
Note: this approach is also simple, it requires 3-bits for the UE to suggest the priority of 4 MUSIM gaps and 2 concurrent MGs. Then the NW extends the priority principle of concurrent gaps to configure MUSIM gaps. Note that this approach allows the UE to suggest a more comprehensive priorities for MUSIM gaps with respect to the MGs in NW A.
Solution 3:
· UE  NW A:	UE suggests usage purpose of different MUSIM gaps to NW A
· NW A  UE:	NW A, with the help from UE, assigns the priorities for MUSIM gaps + legacy MGs
Note: this approach is more complex than solution 1&2 since UE suggesting the usage of MUSIM gaps could require more than 3-bits. Also, since there is no gap association for MUSIM gaps, it is not straightforward to determine one usage per MUSIM gap (where a MUSIM gap could be used for different purposes).

[bookmark: _Ref118196068]Table 1: Potential solutions on introducing priorities for MUSIM gaps.
	#
	Signalling
	Description
	Complexity 

	Solution 1
	UE  NW A
	UE suggests priorities of MUSIM gaps to NW A
	UE only requires 2-bits for suggesting the priority for 4 MUSIM gaps

	
	NW A  UE
	NW A, with the help from UE, assigns the priorities for MUSIM gaps + legacy MGs
	

	Solution 2
	UE  NW A
	UE suggests priorities of MUSIM gaps + legacy MGs to NW A
	UE requires 3-bits for suggesting the priority for 4 MUSIM gaps and 2 concurrent MG

	
	NW A  UE
	NW A, with the help from UE, assigns the priorities for MUSIM gaps + legacy MGs
	

	Solution 3
	UE  NW A
	UE suggests usage purpose of different MUSIM gaps to NW A
	UE suggesting the usage could be more complicated than suggesting the priority (could be > 3 bits)

	
	NW A  UE
	NW A, with the help from UE, assigns the priorities for MUSIM gaps + legacy MGs
	



Based on the above discussion, in our view, Solution 1 and 2 are more feasible for MSUIM implementation. Therefore, they are preferred and supported as below.
Proposal 2: Solutions on introducing the priorities for MUSIM gaps:
Solution 1:
· UE  NW A:	UE suggests priorities of MUSIM gaps to NW A
· NW A  UE:	NW A, with the help from UE, assigns the priorities for MUSIM gaps + legacy MGs
Note: this approach is simple, it only requires 2-bits for the UE to suggest the priority of 4 MUSIM gaps. Then the NW extends the priority principle of concurrent gaps to configure MUSIM gaps as well.
Solution 2:
· UE  NW A:	UE suggests priorities of MUSIM gaps + legacy MGs to NW A
· NW A  UE:	NW A, with the help from UE, assigns the priorities for MUSIM gaps + legacy MGs
Note: this approach is also simple, it requires 3-bits for the UE to suggest the priority of 4 MUSIM gaps and 2 concurrent MGs. Then the NW extends the priority principle of concurrent gaps to configure MUSIM gaps. Note that this approach allows the UE to suggest a more comprehensive priorities for MUSIM gaps with respect to the MGs in NW A.

Proposal 3: Request RAN2 to introduce optional signalling so that the UE can request the priority level of MUSIM gaps.
The next issue is also related to the previous one as captured below from the WF:
	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 



We think RAN4 has already agreed with P1, and P1a is the correct understanding of reusing the priority rule. For P3, as mentioned in Solution 3, this is not straightforward because there is no gap association for MUSIM gaps, and one MUSIM gap should not be prohibited from performing different purposes. For P4, we agree that priority of MUSIM gaps could change under different mobility conditions; for that reason, we think P1 is a suitable solution as it allows flexibility in the configuration of MUSIM gaps priorities. 
Proposal 4: For the collision between MUSIM gaps and legacy MGs, MUSIM gaps priorities should be configurable and
· High priority can be assigned to MUSIM gap used for paging
· High priority can be assigned to aperiodic MUSIM gap

2.2. Case 2: MUSIM gap collision with different MUSIM gaps
For collision between different MUSIM gaps, the following issues are captured below:
	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 



In the last meeting, RAN4 has agreed to reuse proximity condition for defining the collision between MUSIM gap and legacy MGs (except for Pre-MG/NCSG). However, collision definition between different MUSIM gaps is an open issue. In our view, same definition can still be applied here. 
Proposal 5: The gap proximity condition of concurrent gap collision could be reused for MUSIM gap collision.

	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.  



For Issue 1-2-2, we support Option 1 for the following reasons:
· The reason dropping rule (i.e., priority) was introduced in R17 concurrent gap is because UE is not required to perform two jobs on different frequency layers at the same time, this can also help resuming data scheduling on the dropped gap occasions and avoid long MGL. The same reason is also applicable to MSUIM gaps.
· Applying priority rule to handle collision between different MUSIM gaps allows more flexibility on handling the collisions of MUSIM gaps depending on the type of the activity in NW B (e.g., whether it is paging or measurement) or UE mobility status (whether UE is stationary or moving).
On the other hand, our analysis for Option 2 shows that there will be significant performance degradation in NW A when no dropping is introduced for MUSIM gaps collision as explained below.
Assume a UE is configured with 3 parodic MUSIM gaps (as defined in Table 9.1.10-1 of 38.133) such as:
· Id#0: MGL = 6ms, MGRP = 40ms
· Id#12: MGL = 10ms, MGRP = 80ms
· Id#13: MGL = 20ms, MGRP = 160ms
If no dropping is applied for MUSIM gaps collision as proposed in Option 2, the scenario shown in Figure 3 could occur.
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[bookmark: _Ref118455045]Figure 3: Collision between different MSUIM gaps with no dropping rule.

As it can be noticed from Figure 3, the usage of the time resources for MUSIM purpose could jump up to 40% if MUSIM gaps are not dropped (where less than 15% could be the usage if priority rule is introduced among MUSIM gaps). This 40% of time occupancy by MUSIM is considered high especially when NW B is in IDLE/INACTIVE state and NW A is in the CONNECTED state. In addition, the MGL of the MUSIM gap resulting in from this approach could be doubled (as in the above e.g. from 20ms MGL to 46ms MGL), which increases the interruption time impact on NW A.
Proposal 6: Priority rule can be used as baseline for collision between different MUSIMs, where 
· UE should not monitor multiple frequency layers at the same time during collision (UE should only monitor the frequency layer associated to a higher priority MUSIM gap)
· The lower priority gap occasions are considered as dropped.
· Data scheduling is resumed on the dropped gap occasions.

2.3. Case 3: MUSIM gap collision with other signals
The related issues for MUSIM gap collision with other signals are captured below:
	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 Issue 1-3-1, we support Option 1a, which is to use the same definition when MG overlaps with SMTC and L1 measurement for the definition of the overlap between MUSIM gap and SMTC/L1 measurement in NW A.
Proposal 7: Condition “XXX is overlapping with MG” is used for defining MUSIM gap collision with SMTC and L1 measurement resources in NW A.

	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



For Issue 1-3-2, we support Option 1b. The same principle of having high priority for MG against SMTC and other L1 measurements can be applied for MUSIM gaps as well. We think Option 1a is same as Option 1b. For Option 2, we don’t think the proximity condition defined for NTN is applicable here since for NTN additional complexity in UE measurement is expected due to multiple Doppler effect.
Proposal 8: MUSIM gaps should have high priority against SMTC and L1 measurement resources.

Summary
In this contribution we have discussed the RRM requirements for MUSIM gap collision handling mechanisms against legacy MGs, other MUSIM gaps and other signals. The following observations were approached:
Observation 1: Priorities of concurrent measurement gaps are configured by the NW.

Furthermore, the following proposals have been introduced:
Proposal 1: Priorities of both MUSIM gaps and legacy MGs should be configured by the same body (i.e., NW A) to avoid any conflictions, and LS to RAN2 should be sent to introduce the priority for MUSIM gaps.

Proposal 2: Solutions on introducing the priorities for MUSIM gaps:
Solution 1:
· UE  NW A:	UE suggests priorities of MUSIM gaps to NW A
· NW A  UE:	NW A, with the help from UE, assigns the priorities for MUSIM gaps + legacy MGs
Note: this approach is simple, it only requires 2-bits for the UE to suggest the priority of 4 MUSIM gaps. Then the NW extends the priority principle of concurrent gaps to configure MUSIM gaps as well.
Solution 2:
· UE  NW A:	UE suggests priorities of MUSIM gaps + legacy MGs to NW A
· NW A  UE:	NW A, with the help from UE, assigns the priorities for MUSIM gaps + legacy MGs
Note: this approach is also simple, it requires 3-bits for the UE to suggest the priority of 4 MUSIM gaps and 2 concurrent MGs. Then the NW extends the priority principle of concurrent gaps to configure MUSIM gaps. Note that this approach allows the UE to suggest a more comprehensive priorities for MUSIM gaps with respect to the MGs in NW A.

Proposal 3: Request RAN2 to introduce optional signalling so that the UE can request the priority level of MUSIM gaps.

Proposal 4: For the collision between MUSIM gaps and legacy MGs, MUSIM gaps priorities should be configurable and
· High priority can be assigned to MUSIM gap used for paging
· High priority can be assigned to aperiodic MUSIM gap

Proposal 5: The gap proximity condition of concurrent gap collision could be reused for MUSIM gap collision.

Proposal 6: Priority rule can be used as baseline for collision between different MUSIMs, where 
· UE should not monitor multiple frequency layers at the same time during collision (UE should only monitor the frequency layer associated to a higher priority MUSIM gap)
· The lower priority gap occasions are considered as dropped.
· Data scheduling is resumed on the dropped gap occasions.

Proposal 7: Condition “XXX is overlapping with MG” is used for defining MUSIM gap collision with SMTC and L1 measurement resources in NW A.

Proposal 8: MUSIM gaps should have high priority against SMTC and L1 measurement resources.
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