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1Introduction
In RAN4#105 meeting, discussion on RRM requirements for Rel-17 MUSIM gaps was conducted and a WF was approved in [1]. The progress on collisions between gaps is captured below:
	Issue 1-1-1: Alignment on terms
· Proposals
· P1: (CMCC Qualcomm)
· Type-1 MG: Gap(s) configured via GapConfig without suffix
· Type-2 MG: Gap(s) configured via GapConfig-r17 without preConfigInd-r17 or ncsgInd-r17
· Agreement:
· P1 is agreed
Issue 1-1-2: General aspects
· Proposals 
· P1: 错误！未定义书签。 (Ericsson)
· Level 1: One-shot RRM mobility procedures in NW-A, such as Handover/ Re-establishment/RRC redirection/SCell activation/SI update;
· Level 2: Periodic paging monitoring or one-shot procedure in NW-B Idle mode, such as On-demand SI reading;
· Level 3: Measurements procedures for both NW-A and NW-B
· P2-1: 错误！未定义书签。 (Ericsson)
· P2-2: UE and network should have a common understanding regarding MUSM gaps and how they act together with network A operations. (Nokia)
· P2-3: The network and UE can have the same understanding on which MUSIM gap is used for paging reception through priority indicated by a UE when requesting MUSIM gaps (vivo)
· P3: 错误！未定义书签。 (Ericsson)
· 错误！未定义书签。 (Ericsson)
· P5: Network A operation and connection robustness needs to be accounted in the priority discussions (Nokia)
· WF 
· Continue discussion at next meeting

	2.1.1 Sub-topic 2-1 MUSIM gap priority configuration
Issue 2-1-1: On introduction of priority for MUSIM gaps
· Proposals
· P1: Priority should be introduced to each MUSIM gaps (Apple Huawei vivo)
· P2: RAN4 would first need to decide if there is a need to define priorities among MUSIM gaps (Nokia)
· 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

Issue 2-1-2: Priority/usage indication on MUSIM gaps from UE side
· Proposals
· Option 1: When requesting MUSIM gap UE can indicate its preferred priority (Apple xiaomi vivo oppo Charter MTK Qualcomm)
· Option 1-1: indicate preferred priority via e.g. in musim-GapPreferenceList. (Apple)
· Option 1-2: 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. (oppo)
· Option 1-3: Request RAN2 to introduce optional signalling so that the UE can request the priority level of MUSIM gaps (MTK, Qualcomm)
· Option 2: When UE requests the MUSIM gaps, UE needs to send the UAI to indicate which MUSIM gap is used for paging instead of indicate the priority of the MUSIM gap. RAN4 sends LS to RAN2 to ask adding the UAI for MUSIM gap usage at least for paging gap. (Ericsson)
· Option 3: It is not necessary to indicate the usage of MUSIM gaps. The network and UE can have the same understanding on which MUSIM gap is used for paging reception through priority indicated by a UE when requesting MUSIM gaps (vivo)
· Option 4: FFS whether to support indication from UE side to assist NW-A priority assignment (Huawei)
· Option 5: UE suggests priorities of MUSIM gaps + legacy MGs to NW A (MTK)
· 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

Issue 2-1-3: MUSIM gap priority configuration
· Proposals
· P1: MUSIM gaps’ priority are up to NW-A configuration (Apple CMCC vivo xiaomi Huawei MTK Qualcomm)
· P1-1: NW A, with the help from UE, assigns the priorities for MUSIM gaps + legacy MGs (Apple vivo MTK Qualcomm)
· P1-2: NW A could further increase/decrease the priorities for all MUSIM gaps based on UE’s priority indication when configure priority for MUSIM gaps by considering type-2 MG’s pro(vivo)
· P2: Hybrid priority configuration (Ericsson)
· MUSIM paging gap and Aperiodic gap should have higher priority than NW-A’s MGs
· The priority for other MUSIM gaps and NW-A’s legacy MGs is up to NW’s configuration 
· When UE doesn’t inform the paging gap to NW-A, all MUSIM gap’s priorities are configured up to NW-A.
· P3: Pushing priority decision to network decision without clear understanding of how priorities are to be used is not preferred (Nokia)
· WF
· Continue discussion. Companies are encouraged to provide more detail on how proposed solution work.

Issue 2-1-4: Priority setting for particular MUSIM gaps
· Proposals
· P1: The paging gap can be always configured as the highest priority (Ericsson) 
· P2: High priority can be assigned to MUSIM gap used for paging compared with legacy MG (Ericsson)
· P3: Aperiodic MUSIM gap is always prioritized over legacy MGs in NW A. (Huawei Charter Ericsson)
· P4: Aperiodic gap should have higher priority than periodic MUSIM gaps (Apple)
· P5: RAN4 shall not impose specific priorities for MUSIM gaps based on their assumed usage (Qualcomm MTK)
· P6: MUSIM gaps priorities should be configurable and high priority can be assigned to MUSIM gap used for paging or aperiodic MUSIM gap (MTK)
· WF
· Suggest the following options are used for further discussion:
· Option 1: Gap for paging purpose have the highest priority among all MUSIM and legacy gaps 
· Option 2: Aperiodic gap has the highest priority among all MUSIM and legacy gaps
· Option 3: Both gap for paging purpose and aperiodic have highest priority among all MUSIM and legacy gaps
· Option 4: Up to network configuration
· Option 5: Other solutions 

Issue 2-1-5: On priority between Type-2 MG and MUSIM gaps
· Proposals
· P1: The priorities for any pair of MUSIM gap and legacy MG are different. (Xiaomi Huawei Nokia)
· P1-1: The requirements related to MUSIM gaps apply provided that the priorities for any pair of MUSIM gap and legacy MG are different. (Huawei)
· P2: RAN4 would then need to discuss if and how to define priority between MUSIM and non-MUSIM gaps. RAN4 should first agree on the overall priority concept between MUSIM gaps and also between MUSIM gaps and legacy gaps. (Nokia)
· P3: priority of MUSIM gap shall be configured such that UE can compare priority of MUSIM gap and gap configured in Gapconfig-r17 (Apple)
· P3-1: At least a priority between MUSIM gaps and legacy gaps is needed; (Nokia)
· P4: Same priority configuration between MUSIM gap and legacy gap is allowed, and RAN4 to introduce sharing rule to solve the same priority case. (xiaomi)
· WF
· Non consensus and continue discussion

2.1.2 Sub-topic 2-2 On 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 (Apple vivo oppo)
· 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

Issue 2-2-2: Solutions for collision between different MUSIM gaps
· Proposals
· P1: Priority rule can be used as baseline for collision between different MUSIMs (Apple Xiaomi vivo oppo Nokia MTK)
· P1-1: UE should not monitor multiple frequency layers at the same ltime 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. (MTK)
· P2: MUSIM gaps could be kept/merged when different MUSIM gaps collide (oppo Huawei)
· P2-1: 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. (Qualcomm)
· 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.
· P3: Priority based rule should be used as baseline and non-dropped solution could be used when corresponding conditions are satisfied (vivo)
· P3-1: When the time duration between the two closest gap occasions within the two measurement gap patterns is shorter than [4]ms, (Ericsson)
· If the second gap occasion is for paging, UE should keep both gap occasions instead of dropping any of them,
· If one of the gaps is aperiodic gap, the aperiodic gap should have higher priority than another MUSIM gap,
· Otherwise, the Rel-17 gap priority rule will be applied among the MUSIM gaps.
· The configured priorities for MUSIM gaps are invalid when MUSIM paging gap collides with other MUSIM gaps.
· P4: Further discuss merging MUSIM gaps into a single instance comprising the union of the individual gap instances (Nokia)
· WF
· Suggest the following options are used for further discussion:
· 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

Issue 2-2-3: Conditions to use the MUSIM gap kept/merged solution during collision between MUSIM gaps 
· Proposals
· P1: The conditions when applying the combining/non-dropped solution need be clearly defined to ensure NW A and the UE has the same understanding on whether a MUSIM gap is dropped or not (vivo)
· P2: Conditions for MUSIM gaps are kept when they collide each other could be the following and other conditions could be FFS (vivo)
· Different MUSIM gaps measure MOs of the same frequency layer
· P3: MUSIM gap kept/merged is used only when the involved MUSIM gaps are equally higher priority, and apply priority rule in the other scenarios. (oppo)
· P4: When the time duration between the two closest gap occasions within the two measurement gap patterns is shorter than [4]ms (Ericsson)
· If the second gap occasion is for paging, UE should keep both gap occasions instead of dropping any of them,
· P5: Further constraints on whether a particular collided MUSIM gap can be kept need be defined if collided MUSIM gaps are physically overlapped. (vivo)
· WF
· Non consensus and continue discussion

2.1.3 Sub-topic 2-3 On collision between MUSIM and legacy gaps
Issue 2-3-1:  Solutions for collision between MUSIM gap and Type-2 MG
· Proposals
· P1: Priority based solution is reused for gap collision handling between MUSIM gap and legacy gaps. For priority-based solution, when two or more gaps collide, only the highest priority gap is kept and all other gaps are dropped. (Apple Huawei)
· P1-1: Priority-based solution can be used for the collision between MUSIM gaps and Type-2 MG for MUSIM gaps other than aperiodic MUSIM gap, MUSIM gap for paging reception (vivo)
· P2: On gap sharing rule: 
· P2-1: 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 (Apple)
· P2-2: Deprioritize sharing rule between MUSIM gap and legacy gaps in the first stage (oppo)
· P2-3: Sharing rule is considered only if clear use case and benefits are identified. (Huawei)
· Agreement:
· Update the agreement of Issue 2-3-2-2 of R4-2214349 of RAN4 #104 as “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”. 
· Continue discussion on P2.

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: 错误！未定义书签。 (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

2.1.4 Sub-topic 2-4 On collision between MUSIM gaps and NW A signals
[bookmark: OLE_LINK7]Issue 2-4-1: Definition of the collision between MUSIM gaps and L1/L3 measurement resources
· 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 (oppo vivo Huawei Nokia MTK)
· Option 1a: An L1/L3 measurement resource is considered to be overlapped with a MUSIM gap if it fully or partially overlaps with a MUSIM gap occasion. (Ericsson)
· Option 2: Use the proximity condition for the collisions between MUSIM gap and SMTC and other L3/L1 measurement resources, where proximity distance of 4ms is the time difference between the ending point of the gap occasion and the starting point of the SMTC occasion and vice versa. (xiaomi)
· Agreement
· A L1/L3 measurement resource is considered to be [partially or fully] overlapped with a periodic MUSIM gap if it [partially or fully] overlaps a MUSIM gap occasion in time domain
· A L1/L3 measurement resource is considered to be [partially or fully] overlapped with an aperiodic MUSIM gap if it [partially or fully] overlaps that aperiodic MUSIM gap occasion in time domain

Issue 2-4-2: Priority of MUSIM against SMTC, and other L3/ L1 measurement resources
· Proposals
· 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

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



In this contribution, we would like to further provide our views on the solutions to collisions between gaps and priority rules for Rel-17 MUSIM gaps.
2 Discussion
[bookmark: OLE_LINK1]In previous meeting, it was agreed that the study on collisions between MUSIM and legacy gaps will be done in stages. During the first stage, RAN4 focuses on the collision between MUSIM gaps and gaps configured via GapConfig or via GapConfig-r17 but without preConfigInd-r17 or ncsgInd-r17, i.e. the collision between MUSIM gaps and type-1 MG or type-2 MG. 
MUSIM gap priority configuration
RAN4 has agreed on the introduction of the priority for MUSIM gaps to solve the gap collision issues. The controversial part is how to configure the priority. 
To address the issue that NW have no idea of the purpose of MUSIM gap, RAN4 agreed UE can provide an assistance information for gap priority selection. From our perspective, the similar way as Rel-17 measurement gap priority configuration could be taken as baseline. UE preferred priority could be reported to NW combined with the certain MUSIM gap. 
For MUSIM gap priority configuration, it was agreed in last meeting that each periodic MUSIM gap can be assigned with a different priority, while the aperiodic MUSIM gap is FFS. We understand the aperiodic MUSIM gap used for all kind of SI reception is reasonable to be considered in higher priority. But it is preferred that the aperiodic MUSIM gap could be assigned with a priority level as well. In this way, each MUSIM gap is associated with a preferred priority level. 
Based on above consideration, UE could flexibly request preferred priority for each MUSIM gap based on UE implementation. Then, the network could assign different priority for MUSIM gap based on the knowledge of MUSIM gap usage through UE indication.
[bookmark: OLE_LINK5]Proposal 1: When requesting MUSIM gap, UE is allowed to indicate its preferred priority per each MUSIM gap. 
Proposal 2: For MUSIM gap priority configuration, aperiodic MUSIM gap can be assigned with a priority level.
Furthermore, to cope with the collision with other MGs for NW A, the priority level MUSIM shall be configured in a way to be comparable to priority of other MGs.
[bookmark: OLE_LINK3]Proposal 3: The priority level of MUSIM gap shall be configured in a way to be comparable to priority of other legacy MGs.
On collision between different MUSIM gaps
In last meeting, opinions on solutions for collision between different MUSIM gaps are still diverse. Two main options are listed. One is to reuse the priority rule to address the collision between different MUSIM gaps, while the other one is to keep/merge the collided MUSIM gaps.
The first issue is about the necessity of the collision definition between MUSIM gaps. Even through the MUSIM gap(s) are requested by UE, the MUSIM gap configuration is up to network, which may or may not align with UE’s request. 
Furthermore, from our perspective, if two measurements could be conducted within single MUSIM ML, the reasonable UE behavior is to request one single MUSIM gap with long MGL other than two adjacent MUSIM gaps. So, we think the definition for collisions between MUSIM gaps is still needed. The gap proximity condition for the Rel-17 concurrent gap collision should be reused for the collision between different MUSIM gap.  
If RAN4 to consider the kept/merged solution, we also think that corresponding condition is needed. Generally, we can accept P2 in issue 2-2-3 that to use the MUSIM gap kept/merged solution during collision when the MUSIM gaps are for the measurements on the same frequency layer. For measurements to be conducted in different frequency layers, RF retuning is expected to happen in both ends of the MUSIM ML in the worst case, which we think priority based solution should be used.
Proposal 4: The gap proximity condition for the Rel-17 concurrent gap collision should be reused for the collision between different MUSIM gap.
Proposal 5: The kept/merged solution could be considered when the measurements within MUSIM gaps are conducted on the same frequency layer.
On collision between MUSIM gaps and legacy gaps
The scenarios for the collision between MUSIM gaps and legacy gaps could be divided into two cases. One is the collision between MUSIM gaps and type-1 MGs, the other one is the collision between MUSIM gaps and type-2 MGs. From our perspective, the solutions could be different for the two cases. 
For collision between MUSIM gaps and type-2 MGs, it is straightforward to use the priority based solution. In this way, it would be clear that when two or more gaps collide, only the highest priority gap is kept and all other gaps are dropped. The current Rel-17 priority signalling design has already support up to 16 priority level which is enough for the MUSIM gap and type-2 MG co-existence case.
[bookmark: OLE_LINK2][bookmark: OLE_LINK6]Proposal 6: The collision between MUSIM gaps and type-2 MG could be addressed based on priority rule. Only the highest priority gap is kept and all other gaps are dropped when two or more gap collide.
For collision between MUSIM gaps and type-1 MGs, we think the sharing rule could be considered. The type-1 MG are configured for UE without priority, so the collision could not be addressed with the priority level. In such case, we think the measurements for NW A and NW B could be performed in sequential way.
Proposal 7: For the collision between MUSIM gaps and type-1 MG, the sharing rule solution could be considered.
On collision between MUSIM gaps and other signals
It was agreed in last meeting that RAN4 will not introduce the proximity condition for the collision between MUSIM gap and SMTC/SSB for L1/L3 measurement. There are still square brackets in the tentative arrangement for definition of the collision between MUSIM gaps and L1/L3 measurement resources.
The typical configuration for NW A measurement is to keep the the MG to cover the SMTC/SSB duration in time domain, the difference between partially or fully overlapped case is that the periodicity of MG and SMTC/SSB is same in fully overlapped case. In our understanding, such configuration cannot always be guaranteed for MUSIM gap. As MUSIM gap is for NW B measurement, the time proximity distance between MUSIM gap and SMTC/SSB is uncertain. However, as majority view is to reuse the same principle in existing requirement, we can comprise to delete the square brackets.
Proposal 8: For the definition of the collision between MUSIM gaps and L1/L3 measurement resources, square brackets on the agreements could be removed.
For the collision solution, we prefer to follow the same principle as existing requirement for legacy measurement gaps when collide with SMTC/SSB for L1/L3 measurement. MUSIM gaps should have higher priority when collide with SMTC/SSB for L1/L3 measurement. 
Proposal 9: The measurement with MUSIM gaps should have higher priority when colliding with SMTC/SSB for L3/L1 measurement. 
3 Conclusion
Proposal 1: When requesting MUSIM gap, UE is allowed to indicate its preferred priority per each MUSIM gap. 
Proposal 2: For MUSIM gap priority configuration, aperiodic MUSIM gap can be assigned with a priority level.
Proposal 3: The priority level of MUSIM gap shall be configured in a way to be comparable to priority of other legacy MGs.
Proposal 4: The gap proximity condition for the Rel-17 concurrent gap collision should be reused for the collision between different MUSIM gap.
Proposal 5: The kept/merged solution could be considered when the measurements within MUSIM gaps are conducted on the same frequency layer.
Proposal 6: The collision between MUSIM gaps and type-2 MG could be addressed based on priority rule. Only the highest priority gap is kept and all other gaps are dropped when two or more gap collide.
Proposal 7: For the collision between MUSIM gaps and type-1 MG, the sharing rule solution could be considered.
[bookmark: _GoBack]Proposal 8: For the definition of the collision between MUSIM gaps and L1/L3 measurement resources, square brackets on the agreements could be removed.
Proposal 9: The measurement with MUSIM gaps should have higher priority when colliding with SMTC/SSB for L3/L1 measurement. 
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