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[bookmark: OLE_LINK173][bookmark: OLE_LINK174]1	Introduction
In the last RAN4 meeting, the solutions to collisions between gaps and priority rules were discussed and the final agreements and open issues can be found in the WF [1]. In this contribution, we provide our views on collision handling for Rel-17 MUSIM gaps.
[bookmark: OLE_LINK156][bookmark: OLE_LINK157][bookmark: OLE_LINK22][bookmark: OLE_LINK23]2	Discussion
	Issue 2-1-4-1: Constraints on MUSIM gap priority configuration from NW A
· Proposals
1. [bookmark: OLE_LINK73][bookmark: OLE_LINK74]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)
· [bookmark: OLE_LINK13][bookmark: OLE_LINK14]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)


[bookmark: OLE_LINK164][bookmark: OLE_LINK165][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK129][bookmark: OLE_LINK154]According to agreement in [2], UE can optionally indicate its preferred priority for all or a subset MUSIM gaps, and it is up to NW A on how to use this information. In our opinion, this means that NW A does not need to fully follow the priority preference indicated by UE. Considering that only UE knows the specific intention of each MUSIM gap, priority preference can be an implicit indication. If NW A does not even keep the relative priorities, it seems that this is no difference from the situation where UE does not indicate priority. Therefore, we prefer NW A to maintain the same relative priorities requested by UE. And this does not conflict with the previous agreement. 
Proposal 1: 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.
	[bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: OLE_LINK50]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)
· [bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK46][bookmark: OLE_LINK47]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
· [bookmark: OLE_LINK32][bookmark: OLE_LINK33]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. 


[bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK111][bookmark: OLE_LINK112][bookmark: OLE_LINK36][bookmark: OLE_LINK37]We understand that some companies insist that the aperiodic gap is for one-shot procedure and should be prioritized. But we do not think that option 1 excludes the cases of option 2. In fact, their effectiveness in handling the aperiodic MUSIM gap can be the same. After all, whether to configure the aperiodic gap and whether to prioritize it are both determined by NW A. To maintain network flexibility and consistency in MUSIM gap processing, we support option 1.
[bookmark: OLE_LINK166][bookmark: OLE_LINK53][bookmark: OLE_LINK54]Proposal 2: Support option 1 for priority setting for aperiodic MUSIM gaps.
	[bookmark: OLE_LINK146][bookmark: OLE_LINK147][bookmark: OLE_LINK59][bookmark: OLE_LINK60]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)
· [bookmark: OLE_LINK55][bookmark: OLE_LINK56]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)


[bookmark: OLE_LINK113][bookmark: OLE_LINK114]We agree that P1 can solve most gap colliding situations. 
[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK131][bookmark: OLE_LINK132][bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK125][bookmark: OLE_LINK126][bookmark: OLE_LINK115][bookmark: OLE_LINK116]But it was agreed at the last meeting that both the priority based solution and the keep solution will be utilized. As shown on the left side of Figure 1, when three gaps with different priorities collide (P1>P2>P3), and MUSIM gap 1 and MUSIM gap 2 follow the keep solution, while Gap 1 with the middle priority only collides with MUSIM gap 2. Gap 1 can be a Type-2 MG or another MUSIM gap. Then P1 may cause confusion. Specifically, when MUSIM gap 2 has been decided to kept with MUSIM gap 1, will it still be dropped due to its lower priority? 
[bookmark: OLE_LINK61][bookmark: OLE_LINK62]Alternatively, if priorities of both MUSIM gap 1 and MUSIM gap 2 are lower than gap 1. As shown on the right side of Figure 1, if MUSIM gap 2 has been indicated to be kept with MUSIM gap 1, whether MUSIM gap 1 will be dropped is still a question. 
[bookmark: OLE_LINK72][bookmark: OLE_LINK75][bookmark: OLE_LINK21][bookmark: OLE_LINK24][bookmark: OLE_LINK31][bookmark: OLE_LINK38][bookmark: OLE_LINK39][bookmark: OLE_LINK51][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK76][bookmark: OLE_LINK79]From our point of view, if multiple MUSIM gaps are indicated to be kept, all these MUSIM gaps should follow the highest priority among them, and it should be decided separately whether to drop each gap. That is, on the left side of Figure 1, the priorities of MUSIM gap 1 and MUSIM gap 2 will be treated as P1, and gap 1 will be dropped by the priority based solution. While on the right side, MUSIM gap 1 can be reserved since it doesn’t collide with gap 1.
[bookmark: OLE_LINK155][bookmark: OLE_LINK158]So we support P1, but we’d like to further add P1-1: when there is a conflict between keep solution and priority based solution, if multiple MUSIM gaps are indicated to be kept, all these MUSIM gaps should follow the highest priority among them, and it should be decided separately whether to drop each MUSIM gap.
[image: ]
[bookmark: OLE_LINK1][bookmark: OLE_LINK4][bookmark: OLE_LINK5]Figure 1 Scenarios when keep solution and priority based solution conflict
[bookmark: OLE_LINK127][bookmark: OLE_LINK128][bookmark: OLE_LINK9][bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK70][bookmark: OLE_LINK130][bookmark: OLE_LINK162][bookmark: OLE_LINK163][bookmark: OLE_LINK148][bookmark: OLE_LINK149]Observation 1: When keep solution and priority based solution need to be used together, P1 may cause confusion.
[bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK104][bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: OLE_LINK10][bookmark: OLE_LINK19]Proposal 3: Support P1, but we’d like to further added:
· [bookmark: OLE_LINK94][bookmark: OLE_LINK95][bookmark: OLE_LINK52][bookmark: _GoBack]P1-1: when there is a conflict between keep solution and priority based solution, all MUSIM gaps indicated to be kept should follow the highest priority among them, and it should be decided separately whether to drop each MUSIM gap.
	[bookmark: OLE_LINK122]Issue 2-2-2-1: Conditions when “keep solution” is used
· Proposals	
· Note: For P1 it needs to determine whether “equal priority” is allowed or not. Using P2 means there is no necessity to have equal priority between different MUSIM gaps. 
· P1: Use priority information provided by UE when UE requests MUSIM gaps to indicate when “keep solution” is used (vivo Apple oppo Qualcomm)
· P1-1: “Keep solution” is used when MUSIM gaps have equal priority level. (vivo Apple oppo Qualcomm)
· P1-2: “keep solution” is used when two MUSIM gaps has different priority, and the priority between them is less than or equal to a particular threshold in case there are concerns on “equal priority” (vivo)
· [bookmark: OLE_LINK30][bookmark: OLE_LINK98]P2: Introduce explicit bits in MUSIM gap request signalling to allow UE to indicate when “keep solution” is used (vivo Huawei Qualcomm)
· [bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK85][bookmark: OLE_LINK86]P2-1: Use one bit to indicate “keep solution” are used to all MUSIM gaps (Huawei vivo)
· [bookmark: OLE_LINK89][bookmark: OLE_LINK90]P2-2: Introduce one bit for each MUSIM gaps to indicate whether “keep solution” will be used or not when it collides with other MUSIM gaps. (vivo)
· P3: 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 (xiaomi)
· P4: The kept/merged solution is used for scenarios like paging (ZTE Ericsson)
· P5: RAN4 shall define the conditions when colliding MUSIM gaps of lower priority are not dropped (Nokia)
Recommendations: 
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, detail if multiple MUSIM gaps are indicated to be kept, when applying the priority rule, all these MUSIM gaps should follow the highest priority among them s 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)
· [bookmark: OLE_LINK91][bookmark: OLE_LINK92]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)


[bookmark: OLE_LINK168][bookmark: OLE_LINK169]For P1-1 in Issue 2-2-2-1, some companies have raised the concern that keeping gaps for AGC and paging by requesting the same priority may result in unreasonable priority configuration by NW A. We think this concern is valid. As for P1-2, as the final priorities are determined by NW A, which may be different from those requested by the UE, we are concerned that P1-2 may cause ambiguity in NW and UE. That is, the network and UE may not have the same understanding on when “keep solution” is used.
[bookmark: OLE_LINK103][bookmark: OLE_LINK107][bookmark: OLE_LINK151][bookmark: OLE_LINK152][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK77][bookmark: OLE_LINK78][bookmark: OLE_LINK108][bookmark: OLE_LINK109][bookmark: OLE_LINK6][bookmark: OLE_LINK120][bookmark: OLE_LINK121][bookmark: OLE_LINK110][bookmark: OLE_LINK117][bookmark: OLE_LINK140][bookmark: OLE_LINK141][bookmark: OLE_LINK142][bookmark: OLE_LINK143][bookmark: OLE_LINK105][bookmark: OLE_LINK106][bookmark: OLE_LINK137][bookmark: OLE_LINK138][bookmark: OLE_LINK144][bookmark: OLE_LINK145][bookmark: OLE_LINK135][bookmark: OLE_LINK136][bookmark: OLE_LINK150]From our point of view, option 2 is more feasible. And we have agreed in last meeting to define two solutions for collision handling between different MUSIM gaps, so the “keep solution” may not be used to all MUSIM gaps. It can be more valid to introduce one bit for each MUSIM gap to indicate whether “keep solution” will be used or not when it collides with other MUSIM gaps. And the “keep solution” only works when both MUSIM gaps are configured as ‘1’.
[bookmark: OLE_LINK133][bookmark: OLE_LINK134][bookmark: OLE_LINK118][bookmark: OLE_LINK119][bookmark: OLE_LINK139][bookmark: OLE_LINK20][bookmark: OLE_LINK25][bookmark: OLE_LINK82][bookmark: OLE_LINK93][bookmark: OLE_LINK26][bookmark: OLE_LINK29][bookmark: OLE_LINK153]Except for cases where UE indicates the use of “keep solution”, the priority based solution should be used. But same as what we analysed for Issue 2-1-6, when keep solution and priority based solution conflicts, P1-1 should be followed.
[bookmark: OLE_LINK160][bookmark: OLE_LINK161][bookmark: OLE_LINK170][bookmark: OLE_LINK171][bookmark: OLE_LINK99][bookmark: OLE_LINK102]Observation 2: P1-1 may result in unreasonable priority configuration by NW A. And P1-2 may cause ambiguity in NW and UE if NW A don’t configure the same priorities requested by the UE. 
[bookmark: OLE_LINK123][bookmark: OLE_LINK124]Proposal 4: Support to introduce one bit for each MUSIM gap to indicate whether “keep solution” will be used or not when it collides with other MUSIM gaps. And the “keep solution” only works when both MUSIM gaps are configured as ‘1’.
Proposal 5: Except for cases where UE indicates the use of “keep solution”, the priority based solution should be used.
3	Conclusion
In this paper we provided our views on how to handle MUSIM gap collisions:
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 1: 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.
Proposal 2: Support option 1 for priority setting for aperiodic MUSIM gaps.
Observation 1: When keep solution and priority based solution need to be used together, P1 may cause confusion.
Proposal 3: Support P1, but we’d like to further added:
· [bookmark: OLE_LINK68][bookmark: OLE_LINK69]P1-1: when there is a conflict between keep solution and priority based solution, all MUSIM gaps indicated to be kept should follow the highest priority among them, and it should be decided separately whether to drop each MUSIM gap.
Observation 2: P1-1 may result in unreasonable priority configuration by NW A. And P1-2 may cause ambiguity in NW and UE if NW A don’t configure the same priorities requested by the UE.
Proposal 4: Support to introduce one bit for each MUSIM gap to indicate whether “keep solution” will be used or not when it collides with other MUSIM gaps. And the “keep solution” only works when both MUSIM gaps are configured as ‘1’.
Proposal 5: Except for cases where UE indicates the use of “keep solution”, the priority based solution should be used.
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