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Introduction
RAN4 continued discussing requirements for Rel-17 MUSIM gaps in RAN4#106bis-e. The latest agreements and open issues were captured in a WF [1].
In this paper, we provide our views and proposals for requirements associated with gap collisions.
Discussion
 Gap priorities
On the topic of how to assign priorities to MUSIM gaps, RAN4 reached a set of agreements, shown below, in RAN4#106 [3].
Issue 2-1-1: On introduction of priority for MUSIM gaps
· Agreements:
· The priority level of MUSIM shall be configured to be comparable to priority level of other MGs
· MUSIM gap and Type-2 gap cannot be configured with the same priority 
Issue 2-1-2: Priority/usage indication on MUSIM gaps from UE side
· Agreements
· UE can optionally indicate its preferred priority for all or a subset MUSIM gaps
· It is up to NW A on how to use this information
Issue 2-1-3: MUSIM gap priority configuration
· Agreements
· The priority level of MUSIM gaps should be configured/allocated by NW A


Two more agreements were added in RAN4#106bis-e [2].
Issue 2-1-2: Priority/usage indication on MUSIM gaps from UE side
· Agreement
· 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 2-1-2-1: On how to delivery priority/usage indication on MUSIM gaps from UE side
· Agreements
· It is RAN4 understanding that the signalling design of priority levels indication/configuration for MUSIM gaps is up to RAN2 decision.


To complete the framework for assigning priorities to MUSIM gaps, we believe that it is reasonable to ask the network to respect ordering of priorities requested by the UE. That is, network A will have freedom to decide which ones (none, some or all) among the requested set of MUSIM gaps to configure, but if it does configure some of the gaps then it should assign priorities to them preserving the same relative order of priority requested by the UE.
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)

Proposal 1: When MUSIM gaps are configured by Network A, the network maintains the same relative priorities requested by the UE.
· If UE requests two MUSIM gaps with the same priority X and if network A configures both gaps, then both gaps must be assigned a common priority X’. X’ may or may not be equal to X.
· If UE requests MUSIM gap1 with priority X1 and MUSIM gap2 with priority X2, where X1 > X2, and if network A configures both gaps, then both gaps must be assigned priorities X1’ and X2’ such that X1’ > X2’. X1’ may or may not be equal to X1. X2’ may or may not be equal to X2.
· If network A cannot configure all the requested MUSIM gaps maintaining the same relative priorities requested by the UE, it may choose not to configure one or more of the MUSIM gaps.


The next issue considers introducing limitations on the priorities that the UE can request for an MUSIM gap. The proposal below would introduce constraints based on the properties of the gap pattern. So far there is no agreement in RAN4 stating that network A needs to configure the gap priority requested by the UE. Therefore, we don’t see any downside in allowing the UE to express its preference. If the implication is that the network will guarantee that it will configure the requested priority under some conditions, then the proposal would make sense.
Issue 2-1-4-2: Constraints on MUSIM gap priority indication 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.

Proposal 2a: Do not define constraints on MUSIM gap priority request from UE side
Proposal 2b: 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 next issue concerns the priority of aperiodic MUSIM gaps. Our view is that the UE should be able to indicate its preferred priority levels for all MUSIM gaps, including aperiodic gaps. Accordingly, the network should assign a priority level to an aperiodic MUSIM gap as part of its configuration. Although the typical case may be to configure an aperiodic MUSIM gap with the highest priority, it is better to provide explicit signalling for flexibility and forward compatibility. RAN2 will introduce the required signalling for periodic MUSIM gaps and the same should be leveraged for aperiodic MUSIM gaps without extra effort.
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)


Proposal 3: Support the following for priority setting of aperiodic MUSIM gaps:
· 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.
The last issue in this section concerns how to resolve collisions when more than two gaps are involved in a collision.
Issue 5-1-2: Order for applying the priority when number of colliding MGs is larger than 2
· 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)

We support P1 because it minimizes the number of gaps that are dropped when resolving gap collisions.
Proposal 4: Collisions between gaps are resolved sequentially in order of decreasing priority, starting with the gap that has the highest priority.


 Collisions between MUSIM gaps and measurement gaps
For resolving collisions between MUSIM gaps and Type-2 measurement gaps, RAN4 has agreed to reuse the priority rule developed for concurrent MG in Rel-17 [2].
Issue 2-3-1:  Solutions for collision between MUSIM gap and Type-2 MG
· Agreement
· Priority-based gap collision handling rule introduced in Rel-17 MG_enh WI is reused to solve collisions between MUSIM gap and Type -2 MG.

For UEs that do not support Type-2 MG, the network may still want to configure MUSIM gaps together with a Type-1 MG. To enable such configurations, it is necessary to define and resolve collisions between MUSIM gaps and a Type-1 MG. RAN4 has already agreed to leverage the definition of gap collision based on proximity condition [4]. The remaining issue is how to resolve collisions when they occur. 
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: 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)

The main problem with resolving collisions between MUSIM gaps and a Type-1 MG is that the latter cannot be assigned a priority by the network. In our view, it is unlikely that the gapConfig IE will be modified in Rel-18 to address this specific scenario. As an alternative, RAN4 should define a rule to define a default relative priority between MUSIM gaps and Type-1 MG.
In our view, MUSIM gaps should be given higher priority than Type-1 MG. Note that many MUSIM gap patterns have long periodicity (MGRP > 160 ms) and, if they are not assigned higher priority, all their gap instances would be dropped when they collide with a Type-1 MG. 
Proposal 5: MUSIM gaps are assumed to have higher priority than Type-1 MG. 


 Collisions between MUSIM gaps
RAN4 has discussed the topic of how to define and resolve collisions between MUSIM gaps for several meetings with limited progress. Finally, in RAN4#107 there was an agreement to support the two main solutions that had significant amounts of support [1]: priority-based collision resolution and “keep” solution (no collisions). One open question in the agreement is how to select/swich between the two solutions.
Collisions between measurement gaps were defined in Rel-17 to limit the UE requirements when multiple measurement gaps are configured by the network. RAN4 defined proximity conditions to prevent adjacent measurement gap instances from being too close to each other, so that the UE is not required to perform back-to-back measurements, potentially of different types (SSB vs. PRS) in different frequency layers. 
Since gap collisions are defined for the benefit of the UE, our view is that selecting the two solutions for collision handling between MUSIM gaps should be based on UE request. The UE would signal the selected mechanism in the MUSIM gap request. This approach protects UE implementations that do not support both solutions while providing flexibility to make the selection based on the requested gap configuration.
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


Proposal 6: The selection between priority-based and “keep” solutions for handling collisions between MUSIM gaps is determined by UE request. The UE signals via UAI which solution is applied to the requested MUSIM gaps.
Proposal 7: When the “keep” solution is not selected, collisions between MUSIM gaps are defined and resolved in the same way as for Rel-17 concurrent measurement gaps.
RAN4 also discussed introducing some conditions/constraints for using the “keep” solution but we do not think these are necessary. Selection of the “keep” solution can be left up to UE implementation. 
Issue 2-2-2-1: Conditions on “keep solution” is used during collision between different MUSIM gaps
· 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)
· P2: Introduce explicit bits in MUSIM gap request signalling to allow UE to indicate when “keep solution” is used (vivo Huawei Qualcomm)
· P2-1: Use one bit to indicate “keep solution” are used to all MUSIM gaps (Huawei vivo)
· 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)

Proposal 8: Do not introduce additional conditions to use the “keep” solution for MUSIM gaps.


 Collisions between MUSIM gaps and NW A signals
For the following issue there was a compromise agreement reached in RAN4#108. No test cases will be defined to verify SCell activation requirements in that scenario. Under the same conditions, we can also compromise to a similar agreement for handover.  
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

Proposal 9: When MUSIM gaps are configured, UE is still required to meet handover RRM requirements for NW-A. FFS whether to capture this conclusion in the specifications.
· No test case will be defined to verify this case



Conclusions
Proposal 1: When MUSIM gaps are configured by Network A, the network maintains the same relative priorities requested by the UE.
· If UE requests two MUSIM gaps with the same priority X and if network A configures both gaps, then both gaps must be assigned a common priority X’. X’ may or may not be equal to X.
· If UE requests MUSIM gap1 with priority X1 and MUSIM gap2 with priority X2, where X1 > X2, and if network A configures both gaps, then both gaps must be assigned priorities X1’ and X2’ such that X1’ > X2’. X1’ may or may not be equal to X1. X2’ may or may not be equal to X2.
· If network A cannot configure all the requested MUSIM gaps maintaining the same relative priorities requested by the UE, it may choose not to configure one or more of the MUSIM gaps.
Proposal 2a: Do not define constraints on MUSIM gap priority request from UE side
Proposal 2b: 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.
Proposal 3: Support the following for priority setting of aperiodic MUSIM gaps:
· 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.
Proposal 4: Collisions between gaps are resolved sequentially in order of decreasing priority, starting with the gap that has the highest priority.
Proposal 5: MUSIM gaps are assumed to have higher priority than Type-1 MG. 
Proposal 6: The selection between priority-based and “keep” solutions for handling collisions between MUSIM gaps is determined by UE request. The UE signals via UAI which solution is applied to the requested MUSIM gaps.
Proposal 7: When the “keep” solution is not selected, collisions between MUSIM gaps are defined and resolved in the same way as for Rel-17 concurrent measurement gaps.
Proposal 8: Do not introduce additional conditions to use the “keep” solution for MUSIM gaps.
Proposal 9: When MUSIM gaps are configured, UE is still required to meet handover RRM requirements for NW-A. FFS whether to capture this conclusion in the specifications.
· No test case will be defined to verify this case
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