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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In last meeting, RAN4 had the discussion on MUSIM gaps requirements[1].  The main issues for MUSIM gaps are how to handle the collision scenarios as follow:
· Collisions between MUSIM gap and legacy measurement gap
· Collisions between MUSIM gap and SMTC and other L3/L1 measurement resources
· Collisions between different MUSIM gaps
RAN4 had achieved agreements for most of collision issues. In this contribution, we will continue to discuss the remaining issues for MUSIM gap collision. 
2. MUSIM gaps priority 
Constraints on MUSIM gap request from UE side
In last meeting, RAN4 also agreed the detail of UE assistant information as follow. The remaining open issues for UAI are additional restriction.
	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
· 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
· P3: Do not define constraints on MUSIM gap request from UE side
· P4: Network A will configure the MUSIM gap priority requested by the UE under the following conditions
· 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


The MUSIM gaps are mainly to monitor UE’s behaviour in NW-B’s IDLE mode. In IDLE mode, UE is required to perform serving cell evaluation, neighbour cell measurements, and paging monitoring etc. In legacy requirement, the minimum space of the measurement samples for serving cell evaluation is DRX cycle and the measurement interval for intra-frequency/inter-frequency/inter-RAT measurement will be at least 1.28s. Thus, it’s unnecessary to request a short MGRP to monitor these measurement behaviours in IDLE mode. The general UE’s behaviours for measurement with the shorest DRX configuration in IDLE mode is shown in the figure below. 
[image: ]
Figure 1: Example of UE measurement behaviours in IDLE mode(DRX=320ms, serving SMTC=160ms)
In our understanding, the highest priority MUSIM gap will be used to at least monitor paging which means the MGRP of the gap should be based on configured DRX cycle. When this highest priority gap is also used for other behaviours, such as serving cell evaluation, the MGRP will be shorten. However, the number of total requested MUSIM gaps will be also reduced. Thus, to trade off the usage of the MUSIM gaps and the flexibility of the MUSIM gap design, UE should report the highest MUSIM gap with MGRP larger than 160ms.   
[bookmark: _Ref118123855][bookmark: _Ref141277027]Proposal 1: When UE requests multiple 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.
[bookmark: _Ref131436486]Furthermoe, to meet the NW-B’s minimum requirement, a reasonable MUSIM gap shall be requested. When NW-B configures a longer DRX cycle, there is no reason for UE to request a very short MGRP for MUSIM gaps. To trade off between UE design flexibility and the performance in NW-A, the UE shall request MUSIM gaps with MGRP larger than 160ms when NW-B configures DRX cycle larger than 640ms. The details implementation can be up to UE.
[bookmark: _Ref145431081]Proposal 2: The UE shall request MUSIM gaps with MGRP larger than 160ms when NW-B configures DRX cycle larger than 640ms.
3. Collision within MUSIM gaps
Solution for collision between different MUSIM gaps
In last meeting, the solutions for collision between different MUSIM gaps are agreed as follow. 
	Issue 2-2-1: Definition of the collision between different MUSIM gaps
Agreement:
· The gap proximity condition for the Rel-17 concurrent gap collision will be reused for the collision between different MUSIM gap when priority rules are used to handle the collision between MUSIM gaps
Issue 2-2-2-2: How to determine when “keep solution” is used based on UE request
Agreements:
Introduce signalling to allow UE to request to use “keep solution” collision handling mechanism for requested aperiodic and periodic MUSIM gaps and network to grant UE the use of “keep solution”. The same request applies for all MUSIM gaps altogether (i.e. one bit indication). Signalling design is up to RAN2.
Agreement:
NW A sends feedback to UE to let UE know NW A’s decision on “keep solution” request
· Feedback signalling is up to RAN2 design.
Issue 2-2-2-3: On “equal priority” for MUSIM gaps
Agreement:  
· “Equal priority” is not allowed (UE will not request equal priority and NW A will not allocate equal priority)
Issue 2-2-4: UE behaviour when using “keep solution”
Agreements:
· When “keep solution” is used, the UE keep all colliding MUSIM gaps irrespective of the priority of the MUSIM gaps


The remaining issue is to clarify UE’s behaviour when ‘keep’ rule request is rejected by NW. In our understanding, the issue is straitforward.  UE’s behaviour shall follow ‘priority’ rule once NW rejects the ‘keep’ rule.
[bookmark: _Ref145431088]Proposal 3: When NW rejects ‘keep’ rule suggestion from UE side, UE shall follow ‘priority’ rule to handle the MUSIM gaps collision.
Issue 2-3-1 Clarifications on collision between Type-2 MG and MUSIM gaps
In last meeting, RAN4 achieves the agreements about how to handle the collision within MUSIM gaps. 
	Issue 2-3-1 Clarifications on collision between Type-2 MG and MUSIM gaps 
· 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. Note: FFS when keep solution is used simultaneously (Apple China Telecom Qualcomm Ericsson vivo oppo Huawei MTK Charter Communications)
· P1a: MUSIM gaps for which “keep” solution is indicated do not collide with each other (Qualcomm)
· 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. (ZTE)
· P3: 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)
· P4: RAN4 to postpone multiple gap collision issue until RAN4 has a clear understanding on overall MUSIM gap priority handling and ‘keep solution’. (Nokia)
· P5: (MTK)
When number of colliding gaps is more than two (e.g., a mix of MUSIM gaps and MGs), and
a) If priority-based solution is used to handle collision between different MUSIM gaps, then:
· Handle gap collisions sequentially starting from the highest priority (i.e., regardless the type of gap involved in the collision) 
· Then only the non-dropped gaps are compared with the remaining gaps
b) If keep solution is used to handle collisions between different MUSIM gaps, then:
· First, handle gap collisions which use priority-based solution
· Then apply keep solution for the remaining collided MUSIM gaps


When collision happens between MUSIM gaps and Type-2 gaps, only priority rule will be applied. However, when collision happens between-in MUSIM gaps, it should decide whether ‘priority’ rule or ‘keep’ rule will be applied to all remaining MUSIM gaps. Thus, when number of colliding gaps is more than two, the gap priority rule shall be applied firstly between MUSIM gaps and Type-2 gaps. After that, if keep rule will be applied, the remaining MUSIM gaps will be kept.  
[bookmark: _Ref145431104][bookmark: _Ref118212376]Proposal 4: When number of colliding gaps is more than two, 
1) if only priority-based solution is used, the collisions are resolved sequentially in order of decreasing priority, starting with the gap that has the highest priority.
2) if keep solution is used to handle collisions between different MUSIM gaps, then:
· firstly, the gap priority rule shall be applied between MUSIM gaps and Type-2 gaps.
· after that, all the remaining MUSIM gaps will be kept.
4. Collision between MUSIM gaps with NW-A’s gaps 
Collision between MUSIM gaps and Type-1 MG
In last meeting, one of collision issues is MUSIM gaps colliding with Type-1 gap. We think this should be a real scenario. Both NW and UE may only support MUSIM gaps but not support Rel-17 concurrent gaps. Thus, we believe a clear UE behaviour should be defined.
	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. (Apple xiaomi vivo oppo)
· P2: MUSIM gaps are assumed to have higher priority than a Type-1 MG. (Qualcomm vivo)
· P3: Collision is be handled based on the MGRP of the collided gaps (Ericsson ZTE vivo 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. (Huawei Ericsson vivo MTK)
· P3-2: No requirements apply if the two gaps have same MGRP. (vivo Huwei)
· 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 (vivo Nokia)
FFS: For collision between MUSIM gap and Type-1 MG, collision is be handled based on the MGRP of the collided gaps


Some companies proposed to always prioritize the MUSIM gaps once no priority is configured. We don’t think such solution can work. For example, when UE is moving to the cell edge of the serving cell in NW-A and the NW-A configures the Type-1 MG to perform inter-frequency measurement for handover, the Type-1 MG cannot be dropped when colliding with MUSIM gaps. Especially, when the MGRP of Type-1 MG is larger than MGRP of MUSIM gap, always prioritizing the MUSIM gap means L3 mobility measurement cannot be performed for NW-A. Thus, a reasonable solution is to prioritize the gap with longer MGRP to avoid no measurement opportunity for the configured gap.
[bookmark: _Ref118154973]Proposal 5: 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.
5. Collision between MUSIM gaps with other signals in NW-A 
In last meetings, companies discussed how to define the collision and the priority between MUSIM gap with NW-A’s DL RS and uplink signals. RAN4 achieved some agreements about the collision between SMTC and MUSIM gaps for SCell activation. 
	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. (Apple oppo Huawei Nokia Qualcomm MTK vivo)
· P2: RAN4 to add a high-level clarification for the collision between MUSIM gaps with Handover, SCell activation and SI update (Ericsson): 
· 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.
· 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. 
· P3: 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)
Agreements
· When MUSIM gaps are configured, UE is still required to meet Scell activation RRM requirements for NW-A. FFS whether to capture this conclusion in the specifications.
· No test case will be defined to verify this case
· FFS whether the agreement applies for handover


As mentioned in the WID, the main intention to define the MUSIM gaps requirement is to guarantee minimized impact on NW-A’s performance. We noticed that the requested MUSIM gaps are basically periodical gaps for measurement, paging monitoring. However, some mobility procedures in NW-A are one-shot procedures, such as Handover, SCell activation, SI update. Compared with periodic procedures, these one-shot procedures are more important from NW-A’s perspective. If the proceudre’s delay is extended, it will have severe impact to NW-A. NW-A’s SSB/SMTC or uplink signalas for handover and SCell activation should have higher priority than MUSIM gaps. RAN4 can add a high-level clarification for the collision between MUSIM gaps with Handover and SCell activation.
[bookmark: _Ref129789165][bookmark: _Ref114960858][bookmark: _Ref141277055][bookmark: _Ref118154988]Proposal 6: When MUSIM gaps are configured and collide with handover/SCell activation, UE is expected to drop the MUSIM gaps and shall meet the handover/Scell activation RRM requirements for NW-A. 
6. Summary
[bookmark: _Hlk23953093]In this contribution, we have discussed the MUSIM gaps requirements. Based on the discussions, we have made following proposals and observations:
Proposal 1: When UE requests multiple 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.
Proposal 2: The UE shall request MUSIM gaps with MGRP larger than 160ms when NW-B configures DRX cycle larger than 640ms.
Proposal 3: When NW rejects ‘keep’ rule suggestion from UE side, UE shall follow ‘priority’ rule to handle the MUSIM gaps collision.
Proposal 4: When number of colliding gaps is more than two,
1) if only priority-based solution is used, the collisions are resolved sequentially in order of decreasing priority, starting with the gap that has the highest priority.
2) if keep solution is used to handle collisions between different MUSIM gaps, then:
· firstly, the gap priority rule shall be applied between MUSIM gaps and Type-2 gaps.
· after that, all the remaining MUSIM gaps will be kept.
Proposal 5: 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.
Proposal 6: When MUSIM gaps are configured and collide with handover/SCell activation, UE is expected to drop the MUSIM gaps and shall meet the handover/Scell activation RRM requirements for NW-A.
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