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1	Introduction
MUSIM gaps were discussed and introduced in Rel-17 and the corresponding requirements will be discussed in Rel-18. For MUSIM gap collision, some agreements as well as open issues were discussed and captured in [1]. We will discuss the following issues case by case, and provide our considerations. This contribution is a revised version of our previous contribution [2].
· MUSIM gap priority configuration
· Collision between different MUSIM gaps
· Collision between MUSIM and legacy gaps
· Collision between MUSIM gaps and other signals 
2	Discussion
2.1	MUSIM gap priority configuration 
	Issue 2-1-2: Priority/usage indication on MUSIM gaps from UE side
· Agreements: 
· Agree P2 - Network A assigns priority levels to all configured periodic MUSIM gaps even if UE does not indicate preferred priority for one or some periodic MUSIM gaps
Issue 2-1-4-1: Constraints on MUSIM gap priority configuration from NW A
· Proposals
· P1: NW A maintains the same relative priorities requested by the UE; The configured priority level may or may not be the same as that requested by UE. (vivo Apple MTK Xiaomi Huawei Qualcomm Nokia Charter ZTE)
· P1-a: Based on P1, NW A is not required to keep the relative priority order for a particular MUSIM gap when the MGRP of that particular MUSIM gap is less than a threshold, in this scenario NW A will still keep the same relative order of the other MUSIM gaps except for that particular MUSIM gap (vivo)
· P2: When MUSIM gaps with equal priority is allowed, if UE requests two MUSIM gaps with the same priority X and if the network configures both gaps, then both gaps must be assigned a common priority X’. X’ may or may not be equal to X. (vivo Apple Qualcomm oppo)
· P4: If the network cannot fulfill the UE priority requests the network may chose not to assign the requested MUSIM gaps (Nokia Qualcomm)
· P6: In the special case when both one MUSIM gap and one other MG gap has set the highest priority level in gapPriority-r17 IE, then we propose that MUSIM gap has the ability to signal with an extra 1-bit to indicate higher priority than the highest level in gapPriority-r17 IE (Charter)


In previous RAN4 meetings, it was agreed to introduce UE reporting on the preferred priority for all or a subset MUSIM gaps. And how to use such information is up to NW-A implementation. We think it is flexible and additional constrains as discussed in issue 2-1-4-1 are not necessary. However, if equal priority is considered as one of conditions to apply keep solution, we can compromise to P2. In this case, UE can request two MUSIM gaps with equal the same priority X when both of them will be kept in collided occasions, then network A must assign a common priority X’ for both gaps.
Proposal 1: If equal priority is considered as the condition of keep solution, support P2
· P2: When MUSIM gaps with equal priority is allowed, if UE requests two MUSIM gaps with the same priority X and if the network configures both gaps, then both gaps must be assigned a common priority X’. X’ may or may not be equal to X.
	Issue 2-1-5: Priority setting for aperiodic MUSIM gaps
Agreements from GTW
· Option 1 (QC, Nokia, vivo, Charter, Xiaomi)
· The priority level of aperiodic MUSIM gap can be configured by NW A
· If the priority level is not configured by NW A then the aperiodic MUSIM gap by default has the highest priority level 
· The aperiodic MUSIM gap priority level can be optionally requested by UE from NW A
· Option 2 (MTK, Huawei, Apple, Ericsson, OPPO): 
· Aperiodic MUSIM gap by default has the highest priority level.
· The gap priority level is not explicitly configured by the NW


Typically, aperiodic MUSIM gap is for some emergency tasks such as on-demand SI request. Then highest priority could be assumed by default, otherwise the aperiodic MUSIM gap will be dropped due the gap collision. Configuring priority for aperiodic MUSIM gap is not mandatory. Option 2 is more reasonable for us.
Proposal 2: Support option 2 for priority setting for aperiodic MUSIM gaps.
	Issue 2-1-6: Order for applying the priority when number of colliding MGs is larger than 2
· Proposals:
· P1: Collisions between gaps are resolved sequentially in order of decreasing priority, starting with the gap that has the highest priority (vivo xiaomi Qualcomm MTK oppo Huawei Apple)
· P2: RAN4 to postpone multiple gap collision issue until RAN4 has a clear understanding on MUSIM gaps’ priority. (Ericsson Nokia Chapter ZTE)


When more than 2 MGs are collided, two cases are identified. For case 1 when each gap collides with all the other gaps, only the gap with highest priority can be kept and all the other gaps will be dropped. For case 2 when at least some gaps collide with one or few gaps, we think P1 is a good way to guarantee the gap with the highest priority will be kept and should be used as the baseline.
Proposal 3: Collisions between gaps are resolved sequentially in order of decreasing priority, starting with the gap that has the highest priority. 
2.2	Collision between different MUSIM gaps
	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 (Qualcomm Apple MTK xiaomi Ericsson CMCC ZTE oppo vivo)
· Option 2: Postpone the discussion till issue 2-2-2 is stable (Huawei Qualcomm ZTE)
· Option 3: A collision between MUSIM gaps means a physical overlap in time domain between two MUSIM gaps and RAN4 does not define ‘proximity’ for collisions between MUSIM gaps. (Nokia)


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 SSB from neighbour cells within MUSIM gap #2. In this case, the legacy gap proximity condition in Rel-17 should be reused and option 1 should be supported. And such the definition will not cause any impact on keep solution. 
Proposal 4: Support 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.
	Issue 2-2-2: Solutions for collision between different MUSIM gaps
· Proposals
· Option 1: Priority based solution is used for collision handling between different MUSIM gaps
· Option 2: Keep solution (keep all collided MUSIM gap) is used for collision handling between different MUSIM gaps
· Option 3a: Use both Priority based solution and Keep solution for collision handling between different MUSIM gaps
· Priority based solution is used when collided MUSIM gaps have different priority levels
· Conditions when Keep solution is used are FFS.
· Option 3b: Use both Priority based solution and Keep solution for collision handling between different MUSIM gaps
· Conditions when priority based solution is used and conditions when Keep solution is used are FFS.


Reusing priority rule is consistent with the framework for concurrent gaps in Rel-17 and has been agreed to handle the collision between MUSIM gaps and Type-2 legacy gaps. It is workable in the majority cases, such as collision between MUSIM gap for L3 measurement and MUSIM gap for paging reception and should be supported at least when different priority levels are configured. On the other hand, it is desirable to keep both of collided MUSIM gaps, e.g. one of MUSIM gap for paging and the other for AGC. Such the scenario is not typical and conditions to apply keep solution should be specified. 
Proposal 5: Support option 3a: use both priority solution and keep solution for collision handling between different MUSIM gaps
· Priority based solution is used when collided MUSIM gaps have different priority levels
· Conditions when Keep solution is used are FFS
	Issue 2-2-3: Conditions on “keep solution” is used during collision between different MUSIM gaps
· Keep solution (keep all collided MUSIM gap) is used when
· P1: RAN4 needs to further discuss the solution to indicate to the NW when gap keep rule will be applied within two MUSIM gaps. 
· P2: Both keep solution and priority solution could be supported. Whether keep solution or priority solution is used is based on UE request, i.e. UE can indicate whether all MUSIM gaps can be kept or not when there is collision between MUSIM gaps. FFS how to apply the priority solution when colliding MUSIM gaps are with equal preferred priority or without preferred priority 
· P3: Definition of colliding MUSIM gaps must be defined before agreement on the keep solution and related conditions can be agreed 
· P4: If RAN4 agree to consider kept solution during collision between different MUSIM gaps, we propose to take the condition that 
· the MUSIM gaps are regarded as collision based the collision definition, and
· the collided MUSIM gaps are for paging reception, SSB measurement, or SI reading in the same frequency layer.
· P5: Conditions when “keep solution” are used 
· when the collided MUSIM gaps are not physically overlapping and the distance between them is less than 4ms; 
· UE has the capability to handle the two collided MUSIM gaps when they are not overlapped however the distance between them is less than 4 ms
· These “kept” MUSIM gaps measure Mos at the same frequency layer
· P6: (from issue 2-2-2) Keep solution (keep all collided MUSIM gap) is used when these collided MUSIM gaps have the same priority 


Among the above conditions to use the MUSIM gap kept solution, P4 and P5 should be precluded firstly since UE is not allowed to report the usage for MUSIM gaps according to the agreements in previous meeting, and then NW-A will have no information on which MUSIM gap is used for MOs at the same frequency layer in P5 or which MUSIM gap is used for paging in P4. For P1 and P2, additional information needs to be requested by the UE to indicate whether keep solution is used to which MUSIM gaps. However, we already agreed to introduce priority indication and it is better to define conditions based the existing priority information in P6. In our understanding, the main use case for keep solution is SSB measurement for AGC and paging, and if separate MUSIM gaps are configured for AGC and paging, the same priority can be used. 
Proposal 6: Support P6: Keep solution is used when these collided MUSIM gaps have the same priority.
It is noticed that we did not reach any specific conclusion on whether multiple periodic MUSIM gaps can be configured with the same priority, but only the agreement that “each periodic MUSIM gap can be assigned with a different priority”. If the above conditions for keep solution is agreed, we think up to two periodic MUSIM gaps with the same priority is sufficient, and such configuration should also be informed to RAN2.
Proposal 7: Up two periodic MUSIM gaps can be configured with the same priority and inform such the configuration to RAN2.
2.3	Collision between MUSIM and legacy gaps 
	Issue 2-3-2: Solutions for collision between MUSIM gap and Type-1 MG or gap configured without priority
· Proposals
· P1: When a MUSIM gap collides with a legacy MG, requirements shall not apply if any one of the collided gaps is not assigned a priority. (vivo Apple xiaomi oppo)
· P2: No requirements apply if the two gaps are configured with same MGRP (Huawei Ericsson)
· P3: RAN4 to prioritize the gap with longer MGRP 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. (Ericsson Huawei ZTE MTK)
· P4: MUSIM gaps are assumed to have higher priority than a Type-1 MG when either MUSIM gaps or Type-1 MG (or both) are not assigned priorities by the network. (Qualcomm)
· P5: Introduce priority for Type-1 MG when MUSIM gaps are configured when also having Type-1 measurement gaps allocated. (Nokia)
· P6: The sharing rule solution could be considered. (xiaomi)


Priority solution is reused to solve collisions between MUSIM gap and Type -2 MG. The collision between MUSIM gap and Type-1 MG or gap configured without priority will be further discussed in this meeting. In our view, it is an incorrect configuration, and can be avoided by implementation. For example, when receiving MUSIM gap request colliding with legacy MG for NW-A, NW-A could either reject the MUSIM gap configuration or reconfigure MG with priority for NW-A. Rel-18 MG enhancement WI also discussed Type-1 MG but no consensus is reached. If priority information is agreed to be introduced for Type-1 MG, the same solution could apply. Otherwise, we prefer to leave no requirement for such the corner case.   
Proposal 8: When a MUSIM gap collides with a legacy gap without priority, requirements shall not apply.  
2.3	Collision between MUSIM gaps and other signals 
	Issue 2-4-3: Collision between SMTC and MUSIM gaps for handover and Scell activation
· Proposals
· P1: Collisions between other RRM procedures and MUSIM gaps are handled in the same way as collisions between RRM procedures and legacy MG, i.e., no special handling solution is defined. (Qualcomm MTK xiaomi Huawei Nokia vivo oppo)
· P2: RAN4 to define requirements for the collision between MUSIM gaps with Handover, Scell activation and SI update. When NW-A’s RS resources for one-shot RRM procedure (Handover, Scell activation, SI update) collide with MUSIM gaps, MUSIM gaps should have lower priority; Periodic paging monitoring or one-shot procedure in NW-B Idle mode, such as On-demand SI reading have higher priority than Measurements procedures for both NW-A and NW-B (Ericsson)
· P3: When NW-A’s uplink signals for one-shot RRM procedure(Handover, Scell activation) 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)
· P4: Add a high-level clarification in RAN4 spec that during one-shot procedure such as Scell activation, SI update and so on, UE is not expected to enable MUSIM gaps unless existing RRM requirement for the corresponding one-shot procedure can be met. (Apple Ericsson)


For the collision between MUSIM gaps and RRM procedure, we understand the motivation of P2, P3 and P4 to guarantee the importance procedures. Such the collision also exists for legacy gap, and UE behaviour to handle the collision between gaps and RRM procedures such as PRACH is specified in MAC protocol. We prefer to follow the same approach and not consider special solution for this case.
Proposal 9: Support P1: Collisions between RRM procedures and MUSIM gaps are handled in the same way as collisions between RRM procedures and legacy MG, i.e., no special handling solution is defined.
3	Conclusion
This contribution gave our general views on how to handle MUSIM gap collision issue and the following proposals:
Proposal 1: If equal priority is considered as the condition of keep solution, support P2
· P2: When MUSIM gaps with equal priority is allowed, if UE requests two MUSIM gaps with the same priority X and if the network configures both gaps, then both gaps must be assigned a common priority X’. X’ may or may not be equal to X.
Proposal 2: Support option 2 for priority setting for aperiodic MUSIM gaps.
Proposal 3: Collisions between gaps are resolved sequentially in order of decreasing priority, starting with the gap that has the highest priority. 
Proposal 4: Support 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.
Proposal 5: Support option 3a: use both priority solution and keep solution for collision handling between different MUSIM gaps
· Priority based solution is used when collided MUSIM gaps have different priority levels
· Conditions when Keep solution is used are FFS
Proposal 6: Support P6: Keep solution is used when these collided MUSIM gaps have the same priority.
Proposal 7: Up two periodic MUSIM gaps can be configured with the same priority and inform such the configuration to RAN2.
Proposal 8: When a MUSIM gap collides with a legacy gap without priority, requirements shall not apply.  
Proposal 9: Support P1: Collisions between RRM procedures and MUSIM gaps are handled in the same way as collisions between RRM procedures and legacy MG, i.e., no special handling solution is defined. 
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