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1Introduction
In RAN4#107 meeting, discussion on RRM requirements for Rel-17 MUSIM gaps was conducted and a WF was approved in [1]. 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. 
[bookmark: OLE_LINK8]MUSIM gap priority configuration
	[bookmark: OLE_LINK29]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 xiaomi Huawei Nokia Qualcomm MTK)
· P1-a: NW A will keep the same relative priority order indicated by a UE however when one or multiple or all MUSIM gap’s MGRP less than a threshold, NW A will not keep the relative order for those MUSIM gaps or all MUSIM gaps (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. (oppo Qualcomm)
· P3: If network A cannot fulfill the priority configuration requested by UE for MUSIM gaps, it may choose not to configure one or more of the MUSIM gaps. (Qualcomm Nokia) 
· P4: When UE requesting MUSIM gap priority for all or a subset MUSIM gaps, the priority levels are different (xiaomi Nokia)
· P5: No need to discuss further constraints on MUSIM gap priority configuration for NW A. (CMCC Ericsson)
· P6: If equal priority is allowed, up two periodic MUSIM gaps can be configured with the same priority and inform such the configuration to RAN2 (oppo)

Issue 2-1-4-2: Constraints on MUSIM gap request from UE side
· Proposals
· P1: There shall be a minimum MGRP defined for the requested MUSIM gap pattern (Nokia)
· P2: When UE requests the MUSIM gaps, the MGRP of highest priority gap should be larger than 160ms; When UE requests only one MUSIM gap, the MGRP should be larger than 80ms (Ericsson)
· P3: Do not define constraints on MUSIM gap request from UE side (Huawei vivo Qualcomm)
· P4: Network A will configure the MUSIM gap priority requested by the UE under the following conditions (Qualcomm)
· If the UE requests multiple MUSIM gaps, the MUSIM gap that the UE requests with the highest priority has MGRP larger than 160 ms.
· If the UE requests only one MUSIM gap, the MUSIM gap has MGRP larger than 80 ms.

Issue 2-1-5: Priority setting for aperiodic MUSIM gaps
Note: Option 1 and 2 are agreements from GTW at RAN4 106bis
· Option 1 (CMCC xiaomi Nokia Qualcomm vivo)
· 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 (Apple ZTE oppo Huawei MTK): 
· Aperiodic MUSIM gap by default has the highest priority level.
· The gap priority level is not explicitly configured by the NW
· Option 3: The aperiodic MUSIM gap by default has the highest priority level. The priority level of aperiodic MUSIM gap can be configured by NW A (Ericsson)
Recommendations: Option 1 and 2 are agreements from RAN4 106bis. Suggest to down-select from option 1 and 2. 

Issue 2-1-6: Order for applying the priority 
· Proposals:
· P1: when number of colliding MGs is larger than 2, collisions between gaps are resolved sequentially in order of decreasing priority, starting with the gap that has the highest priority (Apple oppo Huawei Qualcomm MTK vivo)
· P2: when number of colliding MGs is larger than 2, RAN4 to postpone multiple gap collision issue until RAN4 has a clear understanding on MUSIM gaps’ priority. (Ericsson Nokia)
· P3: When multiple gaps collide, it will be the gap with the highest priority that is used by the UE and other lower priority gaps are dropped. (Nokia)
· P4: When at most 2 gap collide at each time instance however there are consecutive collisions, the priority rule should be applied with a chronological order. (vivo)

Issue 2-1-7: Further clarifications on MUSIM gap priority
· Proposals:
· P1: The priorities among all configured gaps shall be comparable, including MUSIM and non-MUSIM gaps (Nokia)
Recommendations: This issue can be discussed under issue 2-2-2-1


Based on previous discussion, the general framework for MUSIM gap priority configuration is clear. The remaining open issues are about constraints on the MUSIM gap priority requesting from UE side and the MUSIM gap configuration from NW A side.
From our perspective, as NW A has no idea about the usage of MUSIM gaps and the priority indicated by UE is the only clue. It is reasonable to expect NW A to maintain the same relative priorities requested by the UE. 
[bookmark: OLE_LINK3]Proposal 1: NW A is expected to maintain the same relative priorities for MUSIM gaps as requested by the UE.
[bookmark: OLE_LINK5]The controversial part of MUSIM gap priority configuration is whether aperiodic MUSIM gap need to be assigned with a priority. We understand that the aperiodic MUSIM gap generally used for all kind of SI reception is reasonable to be considered in higher priority. However, based on the listed options, option 1 with configurable priority is inclusive of option 2 with default priority, and basically the two options have the same effect on the handling of aperiodic MUSIM gap. Furthermore, we think option 1 could simply UE behavior in terms of addressing the potential collision and is simpler considering forward compatibility. It is preferred that the aperiodic MUSIM gap could be assigned with a priority level.
Proposal 2: For priority setting for aperiodic MUSIM gaps, we prefer option 1.
On collision between different MUSIM gaps
	[bookmark: _Hlk135973026]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 (CMCC Apple xiaomi ZTE oppo MTK vivo)
· Option 2: Postpone the discussion till issue 2-2-2 is stable (Huawei)
· 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. Considering the following cases: (Nokia)
· Fully non-overlapping MUSIM gaps: All MUSIM gaps are disjoint in time.
· Fully non-overlapping MUSIM gaps and non-MUSIM gaps: All MUSIM gaps and non-MUSIM gaps are disjoint in time.
· Fully overlapping MUSIM gaps: Every MUSIM gap occasion of one MUSIM MG pattern is fully covered by every MUSIM gap occasion of another MUSIM MG pattern.
· Fully overlapping MUSIM gaps and non-MUSIM gaps: Every MUSIM gap occasion of one MUSIM MG pattern is fully covered by every gap occasion of a non-MUSIM MG pattern.
· Fully Partial overlapped MUSIM gaps: Every MUSIM gap occasion of one MUSIM MG pattern is partially overlapped by every MUSIM gap occasion of another MUSIM MG pattern.
· Fully Partial overlapped MUSIM gaps and non-MUSIM gaps: Every MUSIM gap occasion of one MUSIM MG pattern is partially overlapped by every gap occasion of a non-MUSIM MG pattern.
· Partially fully overlapped MUSIM gaps: every gap occasion of a MUSIM MG pattern is fully overlapped by another MUSIM MG pattern with different MGRP.
· Partially fully overlapped MUSIM gaps and non-MUSIM gaps: Every MUSIM gap occasion of one MUSIM MG pattern is fully overlapped by a gap occasion of a non-MUSIM MG pattern with different MGRP.
· Partially partial overlapped MUSIM gaps: Every MUSIM gap occasion of one MUSIM MG pattern is partially overlapped with a gap occasion of another MUSIM MG pattern with different MGRP.
· Partially partial overlapped MUSIM gaps and non-MUSIM gaps: Every MUSIM gap occasion of one MUSIM MG pattern is partially overlapped with a gap occasion of a non-MUSIM MG pattern with different MGRP.
Issue 2-2-2: Solutions for collision between different MUSIM gaps
Agreements
· Define two solutions for collision handling between different MUSIM gaps
· 1) Priority based solution (i.e., network controls the MUSIM gaps priority)
· 2) “Keep” solution (i.e., keep all collided MUSIM gaps)
· FFS on the mechanism to select and/or switch between the solutions
Issue 2-2-2-1: Conditions when “keep solution” is used
Agreement:  
Focus on option 1 and option 2:
Option 1: Use priority information when UE requests MUSIM gaps to indicate when “keep solution” is used, details are FFS
Option 2: Use explicit signalling to indicate when “keep solution” is used, details are FFS
Other solutions are not precluded
Issue 2-2-2-2: When priority based solution is used
· Proposals	
· Option 1: Priority based solution is used when collided MUSIM gaps have different priority levels (Apple ZTE oppo vivo)
· Option 2: Conditions when Priority based solution is used and conditions when Keep solution is used are FFS (Huawei)
· Option 3: Priority based solution is used when “keep solution” is not used, when “keep solution” is used is up to issue 2-2-2-2. (Huawei)
· Option 4: Priority based solution is used when collided MUSIM gaps have different priority levels and the UE does not request that both gaps are kept (Qualcomm) 
Issue 2-2-2-3: UE behaviro after a MUSIM gap is dropped by using priority based rule
· Proposals	
· P1: A UE can be scheduled during a MUSIM gap occasion if that MUSM gap is dropped. (Nokia)


According to last meeting progress, RAN4 has agreed to define two solutions for collision handling between different MUSIM gaps, i.e. priority based solution and “keep” solution.
For priority based solution, we support to introduce the definition of the collision between different MUSIM gaps. The gap proximity condition for the Rel-17 concurrent gap collision should be reused.
Proposal 3: 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.
For priority based solution, we think the straightforward condition to use it is when the collided MUSIM gaps are configured with different priority levels.
Proposal 4: Priority based solution is used when collided MUSIM gaps have different priority levels.
In our understanding, if two measurements for NW B, such as paging and serving cell measurement, could be conducted within single MUSIM gap instance, UE would be expected to request one single MUSIM gap with longer MGL other than two adjacent MUSIM gaps. So, we think the main use case when two MUSIM gaps could be kept/merged is when the longest MGL, i.e. 20ms, is not enough to cover the paging and cell measurement for the same frequency layer. For measurements to be conducted in different frequency layers, RF retuning is needed in both ends of the MUSIM ML in the worst case, which we think UE cannot handle without dropping solution.
Since from NW side, it cannot differentiate the usage of different MUSIM gaps, we can accept that UE is allowed to request MUSIM gaps with equal priority to indicate certain usage that could be handled simultaneously. In this way, the  “keep” solution could be used when MUSIM gaps are configured with same priority levels. 
[bookmark: _GoBack]Proposal 5: UE is expected to request same priority for different MUSIM gaps to indicate that the “keep solution” could be used. 
On collision between MUSIM gaps and legacy gaps
	Issue 2-3-2: Solutions for collision between MUSIM gap and Type-1 MG or any configured gap 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: 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)
· P3: Collision is be handled based on the MGRP of the collided gaps (vivo ZTE Ericsson Huawei MTK)
· P3-1: RAN4 to prioritize the gap with longer MGRP when: 1. Any of the collision gaps is Type-1 MG; 2. NW-A doesn’t configure a priority associated with any of the collision gaps. (vivo Ericsson Huawei MTK)
· P3-2: No requirements apply if the two gaps have same MGRP. (vivo Huawei)
· P3-3: If the MGRPs of the collided MUSIM gap and Type-1 MG are the same, then prioritize MUSIM gap only if it is configured with the highest priority level; otherwise prioritize Type-1 MG (MTK)
· P4: Introduce priority for Type-1 MG when MUSIM gaps are configured when also having Type-1 measurement gaps allocated (Nokia)



For collision between MUSIM gaps and type-2 MGs, it was confirmed in last meeting to use the priority-based gap collision handling rule introduced in Rel-17 MG_enh WI. The issue for collision between MUSIM gaps and type-1 MGs is still open.
As the type-1 MG are configured for UE without priority, the collision between MUSIM gaps and type-1 MGs could not be addressed with the priority level. Generally, we support P1 that no requirements are defined for the collision between MUSIM gaps and type-1 MGs, which shares the same principle as for MG collision when a gap without assigned priority is configured simultaneously with any other gap(s). 
Proposal 6: For issue 2-3-2 the collision between MUSIM gaps and type-1 MG, we support P1.
3 Conclusion
Proposal 1: NW A is expected to maintain the same relative priorities for MUSIM gaps as requested by the UE.
Proposal 2: For priority setting for aperiodic MUSIM gaps, we prefer option 1.
Proposal 3: 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 4: Priority based solution is used when collided MUSIM gaps have different priority levels.
Proposal 5: UE is expected to request same priority for different MUSIM gaps to indicate the “keep solution” could be used. 
Proposal 6: For issue 2-3-2 the collision between MUSIM gaps and type-1 MG, we support P1.

4 Reference 
[1] R4-2310165, WF on NR Dual TxRx Multi-SIM, vivo
[2] 
