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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. In the last meeting, RAN4 has discussed the RRM requirements for MUSIM gaps collision handling as in the WF [1] which are classified under three cases:
· Collision between different MUSIM gaps
· Collision between MUSIM and legacy gaps
· Collision between MUSIM gaps and NW A signals
In this paper, the requirements for handling different collisions of MUSIM gaps are further discussed and our views are also provided.
2. Discussion
2.1. MUSIM gap priority configuration
Based on the current signaling framework, UE can request from NW A up to four MUSIM gap patterns (three periodic and one aperiodic as defined in Table 9.1.10-1 of 38.133 [2]). In the last meeting, RAN4 has agreed to introduce different priority for each periodic MUSIM gaps as shown in the below agreement:
	Issue 2-1-1: On introduction of priority for MUSIM gaps
· Agreements
· Introduction of priorities for MUSIM gaps 
· Each periodic MUSIM gap can be assigned with a different priority
· FFS whether aperiodic MUSIM gap shall be assigned with a priority level
· FFS on relation between MUSIM priority level and priority levels for other MGs
· Option 1: the priority level of MUSIM shall be configured in a way to be comparable to priority of other MGs


Aperiodic MUSIM gap is a one-shot gap in NW B and it should have some sort of high priority. We appreciate that some companies in the last meeting think aperiodic MUSIM gap should be prioritized by default. Therefore, we are also fine to prioritize aperiodic MUSIM gap whenever colliding with other gaps. 
Proposal 1: Aperiodic MUSIM gap can be prioritized by default whenever colliding with other gaps.

The relation between MUSIM priority level and priority levels for other MGs should be comparable and differentiable. The idea of priority level is to compare X with Y and to be able to differentiate which one to prioritize (regardless of whether X and Y are MUSIM gaps or MGs). Therefore, both MUSIM gaps and MGs should be configured with different priority levels such that a clear decision can be made when they are compared.
Proposal 2: Both MUSIM gaps and MGs should be configured with different priority levels such that a clear decision can be made when they are compared.

 (
Issue 2-1-2: Priority/usage indication on MUSIM gaps from UE side
Agreements
When requesting MUSIM gap UE can provide an assistance information for gap priority selection
Detailed assistance information and signalling details are FFS
Option 1: UE indicates its preferred priority per each MUSIM gap
Option 2: UE indicates a 1-bit flag per each MUSIM gap to indicate the highest priority level
Option 3: UE indicates which MUSIM gap is used for paging
Option 4: UE indicates the index of one MUSIM gap with the highest preferred priority
Option 5: leave signalling details up to RAN2
Other options are not precluded
)In the last meeting, RAN4 has agreed that UE can provide assistance information to the NW on the gap priority when requesting MUSIM gaps as captured in the WF [1]:
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 now be extended to provide assistance-information on the priorities of MUSIM gaps as well. 
[bookmark: _Hlk127154894]Since RAN4 has already agreed to introduce different priority levels for each periodic gap and FFS on aperiodic MUSIM (Issue 2-1-1), it is not going to be completely helpful to NW A if UE only indicates the MUSIM gap that is used for paging (as suggested by Options 2,3,4). In addition, NW A will not be able to know how to configure other MUSIM gaps’ priorities without some assistance from the UE side. Therefore, we support that UE provides assistance-information to NW A for all MUSIM gaps in the form of priority levels (Option 1). This can be simply designed along with the other assistance-information provided by the UE to NW A for each MUSIM gap (e.g., offset, MGL, MGRP and GapPriority) as shown in Figure 1. Since UE can request up to 4 MUSIM gaps, GapPriority can be designed using 2-bits to cover four priority levels.
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[bookmark: _Ref127465158]Figure 1: Assistance information for MUSM gap.

Observation 1: RAN4 has already agreed to introduce different priority levels for each periodic gap and FFS on aperiodic MUSIM.
Observation 2: NW A will not be able to know how to configure other MUSIM gaps’ priorities without some assistance from the UE side.
Proposal 3: UE indicates its preferred priority level for each MUSIM gap.
In addition, NW A can reconfigure the UE with the requested MUSIM gaps, and their priority levels can be configured with respect to the priority levels of other legacy MGs (if existed). NW A should respect the order of priority levels requested by the UE for MUSIM gaps as shown in Figure 2.
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[bookmark: _Ref127465566]Figure 2: MUSIM gaps priority configuration with respect to MGs in NW A. 

Proposal 4: NW A, with the help from UE, assigns the priorities for MUSIM gaps + legacy MGs.
Proposal 5: NW A should respect the order of priority levels requested by the UE for MUSIM gaps.



2.2. Case 1: On collision between different MUSIM gaps
For collision between different MUSIM gaps, the following issues are captured below:
	Issue 2-2-1: Definition of the collision between different MUSIM gaps 
· Proposals
· Option 1: 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 (Apple vivo oppo)
· [bookmark: _Hlk127157011]Option 1a: The gap proximity condition for the Rel-17 concurrent gap collision should be reused for the collision between different MUSIM gap (CMCC xiaomi MTK Ericsson)
· Option 2: No definition for collisions between MUSIM gaps is needed. (Qualcomm)
· WF
· Non consensus and continue discussion


The same principle used to define the collision in Rel-17 between two concurrent gaps is also applicable to define the collision between different MUSIM gaps (i.e., support Option 1 and 1a).
Proposal 6: The gap proximity condition for the Rel-17 concurrent gap collision should be reused for the collision between different MUSIM gap.

	Issue 2-2-2: Solutions for collision between different MUSIM gaps
· WF
· Suggest the following options are used for further discussion:
· [bookmark: _Hlk127158906]Option 1: Priority based solution is used for collision between different MUSIM gaps
· Option 2: Kept/merged solution is used for collision between different MUSIM gaps
· Option 3: Use both option 1 and 2 as the solution
· Option 4: Other solutions


For Issue 2-2-2, even though MUSIM gaps are requested by the UE, it does not mean UE intentionally requests colliding MUSIM gaps to keep them. It is because UE cannot avoid such collision anyway. Therefore, priority-based solution should be used to handle the collision between different MUSIM gaps (Option 1). 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: _Ref127465698]Figure 3: Collision between different MSUIM gaps with no dropping rule.
As it can be noticed from Figure 2, 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 (e.g., from 20ms MGL to 46ms MGL), which increases the interruption time impact on NW A.
For Option 3, it is not straightforward as it can increase UE complexity to apply different rules based on different scenarios (in addition to the same concerns on Option 2).
Proposal 7: Priority based solution is used for collision between different MUSIM gaps.

2.3. Case 2: On collision between MUSIM and legacy gaps
Collision between MUSIM gaps and legacy gaps can be discussed in two cases:
· Collision between MUSIM gap and Type-1 MG
· Collision between MUSIM gap and Type-2 MG
Type-1 MG is the legacy gap configured via GapConfig without suffix, and Type-2 MG is the legacy gaps configured via GapConfig-r17 without preConfigInd-r17 or ncsgInd-r17. Note that Type-1 MG has no priority nor association, whereas Type-2 MG has both. 
[bookmark: _Hlk127177327]For the collision between MUSIM gap and Type-2 MG, RAN4 has already agreed that (in R4-2214349 of RAN4 #104) priority-based gap collision handling introduced in concurrent gaps design can be used as a base for collisions between MUSIM gap and Type -2 MG. We believe this solution is sufficient and no need to discuss other solutions on top of it.
[bookmark: _Hlk127181072]On the other hand, the collision between MUSIM gap and Type-1 MG is still an open issue as captured below in the WF:
	Issue 2-3-2: Solutions for collision between MUSIM gap and Type-1 MG or gap configured without priority
· Proposals
· P1: No requirement applies when legacy gaps configured via GapConfig collide with MUSIM gaps at Rel-18 providing that priority was not introduced for the GapConfig. (vivo)
· P2: If an explicit priority level is not provided for MUSIM gaps, MUSIM gaps are assumed to have higher priority than all measurement gaps configured by the network. (Charter Qualcomm)
· P3:  RAN4 to define default priority rule for the following MUSIM collision scenarios (Ericsson)
· Any of the collision gaps is Type-1 MG;
· NW-A doesn’t configure a priority associated with any of the collision gaps.
· RAN4 to prioritize the gap with longer MGRP once default priority rule is used when collision between MUSIM gap with NW-A gap
· WF
· Continue discussion


Collisions between MUSIM gaps and Type-1 MG cannot be handled in the same way as the collision with Type-2 MG since Type-1 MG is a single gap and has no priority level. Therefore, three possible solutions can be adopted to handle this collision:
· Sol #1: Always prioritize MUSIM gaps over Type-1 MG.
· Sol #2: Always prioritize Type-1 MG over MUSIM gaps.
· Sol #3: Fair solution based on MUSIM gaps and Type-1 MG configurations.
Sol #1 and Sol #2 do not provide fairness in handling the collision between MUSIM gaps and Type-1 MG. One can always argue that MUSIM gap can be more important than Type-1 MG (e.g. receiving paging in NW B), or vice versa, i.e., arguing that Type-1 MG can be more important than MUSIM gap (e.g., critical measurements in NW A). Therefore, we propose a fair solution (Sol #3) to handle such collision without being biased to any party.
Sol #3 handles the collision between MUSIM gaps and Type-1 MG based on the configured periodicity (MGRP) of the collided gaps. The collided gap which has larger MGRP should be kept and the one with shorter MGRP can be dropped. This solution provides more fairness on which gap to keep/drop based on their frequent opportunities rather than applying a default rule. If both gaps’ MGRPs are the same, then prioritize MUSIM gap only if it is configured with the highest priority level (P1); otherwise prioritize Type-1 MG. In addition, when aperiodic MUSIM gap collide with Type-1 MG, prioritize aperiodic MUSIM gap by default since it is a single-shot gap.
Observation 3: Type-1 MG has no priority level and therefore collision with MUSIM gaps cannot be handled in the same way as Type-2 MG.
Observation 4: Applying default prioritization to handle collision between MUSIM gaps and Type-1 MG is not the best solution and it does not provide fairness.
Proposal 8: Collision between periodic MUSIM gaps and Type-1 MG can be handled based on the MGRP of the collided gaps (i.e., rather than applying default prioritization), which can provide more fairness.
Proposal 9: Collision between aperiodic MUSIM gap and Type-1 MG can be handled by prioritizing aperiodic MUSIM gap by default since it is a single-shot gap.

2.4. Case 3: On collision between MUSIM gaps and NW A signals
The related issues for MUSIM gap collision with other signals are captured below:
	Issue 2-4-2: Priority of MUSIM against SMTC, and other L3/ L1 measurement resources
· Proposals
· [bookmark: _Hlk127185105]P1: MUSIM gaps have higher priority when colliding with SMTC/SSB for L3/L1 measurement (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) (Apple xiaomi vivo oppo Ericsson Huawei MTK Qualcomm)
· P2: RAN4 shall strike for optimization between MUSIM gaps and SMTC/L1 in NW A. (Apple)
· P3: RAN4 not to consider only having a fixed MUSIM priority over SMTC, and other L3/ L1 measurement resources (Nokia)
· P4: 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, such as SMTC for L3 measurement, SMTC for Hanover. When NW-A’s RS resources for one-shot RRM procedure collide with MUSIM gaps, MUSIM gaps should have lower priority (Ericsson)
· WF
· Non consensus and continue discussion



For Issue 2-4-2, we support P1. The same principle of having high priority for MG against SMTC and other L1 measurements can be applied for MUSIM gaps as well.
Proposal 10: MUSIM gaps have higher priority when colliding with SMTC/SSB for L3/L1 measurement (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).

	Issue 2-4-3: Priority of MUSIM against uplink signals, such as PRACH, CSI-RS reporting
· Proposals
· P1: 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 (Ericsson)
· P2: For the collision during a random access procedure, the legacy solution used for the scenario when Type-1 MG collides with Msg2/Msg4 reception or Msg3 transmission can be reused. Alternative how to handle the collision could be up to UE implementation.  (vivo)
· P3: Priority of MUSIM against uplink signals, such as PRACH, CSI-RS reporting, support reuse rules defined at 5.14 of TS38.321 except for the Msg3. (vivo)
· P4: Collisions between other DL/UL channels/signals and MUSIM gaps are handled in the same way as collisions between DL/UL channels/signals and legacy MG. (Huawei)
· P4-1: Do not specify collision handing solution between MUSIM gaps and a particular RRM procedures like Scell activation/deactivation in NW A. (vivo)
· P5: RAN4 not to consider only having a fixed MUSIM priority over uplink signals, such as PRACH, CSI-RS reporting (Nokia)
· P6: RAN2 has already defined requirements on the prioritization of MUSIM gaps vs. uplink transmissions. RAN4 does not need to discuss this issue further (Qualcomm)
· WF
· Non consensus and continue discussion



For Issue 2-4-3, we also share same view as P4. Any collision between other DL/UL channels/signals and MUSIM gaps can be handled in the same way as collisions between DL/UL channels/signals and legacy MG.
Proposal 11: Collisions between other DL/UL channels/signals and MUSIM gaps are handled in the same way as collisions between DL/UL channels/signals and legacy MG.

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: RAN4 has already agreed to introduce different priority levels for each periodic gap and FFS on aperiodic MUSIM.
Observation 2: NW A will not be able to know how to configure other MUSIM gaps’ priorities without some assistance from the UE side.
Observation 3: Type-1 MG has no priority level and therefore collision with MUSIM gaps cannot be handled in the same way as Type-2 MG.
Observation 4: Applying default prioritization to handle collision between MUSIM gaps and Type-1 MG is not the best solution and it does not provide fairness.

Furthermore, the following proposals have been introduced:
Proposal 1: Aperiodic MUSIM gap can be prioritized by default whenever colliding with other gaps.
Proposal 2: Both MUSIM gaps and MGs should be configured with different priority levels such that a clear decision can be made when they are compared.
Proposal 3: UE indicates its preferred priority level for each MUSIM gap.
Proposal 4: NW A, with the help from UE, assigns the priorities for MUSIM gaps + legacy MGs.
Proposal 5: NW A should respect the order of priority levels requested by the UE for MUSIM gaps.
Proposal 6: The gap proximity condition for the Rel-17 concurrent gap collision should be reused for the collision between different MUSIM gap.
Proposal 7: Priority based solution is used for collision between different MUSIM gaps.
Proposal 8: Collision between periodic MUSIM gaps and Type-1 MG can be handled based on the MGRP of the collided gaps (i.e., rather than applying default prioritization), which can provide more fairness.
Proposal 9: Collision between aperiodic MUSIM gap and Type-1 MG can be handled by prioritizing aperiodic MUSIM gap by default since it is a single-shot gap.
Proposal 10: MUSIM gaps have higher priority when colliding with SMTC/SSB for L3/L1 measurement (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).
Proposal 11: Collisions between other DL/UL channels/signals and MUSIM gaps are handled in the same way as collisions between DL/UL channels/signals and legacy MG.
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