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Introduction
RAN4 continued discussing requirements for Rel-17 MUSIM gaps in RAN4#106. 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
First, we will discuss the topic of how to assign priorities to MUSIM gaps. In RAN4#105, it was agreed that different priorities can be assigned to periodic MUSIM gaps [2]. Further agreements, shown below, were obtained in RAN4#106 [1].
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


The first agreement (issue 2-1-1) is straightforward and necessary to be able to resolve collisions between MUSIM gaps and measurement gaps. That was the primary reason to introduce gap priorities in the first place.
The second agreement (issue 2-1-2) affirms that the UE is able to indicate its preferred priority for all or some of the requested MUSIM gaps. Even though the agreements status that it is up to network A how to use the preferred gap priorities (if any) indicated by the UE, in our view it would be reasonable for the network to set some expectations about how the network should use this information. After all, we should keep in mind that there are two networks involved in MUSIM scenarios and, in general, without UE assistance, network A will not have enough information to configure MUSIM gaps that allow the UE to support MUSIM activities in network B. More on this point later.
The third agreement (issue 2-1-3) states that the network should assign a priority level for each configured MUSIM gap, otherwise requirements may not apply if there are unresolvable collisions.
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: Constraints on MUSIM gap priority configuration from NW A
· Proposals
· P1: NW A maintaining the same relative priorities requested by the UE (Qualcomm vivo MTK)
· P1a: 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. (Qualcomm)
· P1b: 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. (Qualcomm)
· P3: NW A could allocate higher priority for MUSIM gaps with longer MGRP (vivo)
· P4: NW A treat the MUSIM gaps with the highest/second highest priority indicated by UE as aperiodic MUSIM gap or MUSIM gap for paging purpose (implicitly indicated); NW A could configure relative higher priority for these MUSIM gaps (vivo)
· P5: MUSIM paging gap and aperiodic gap can have higher priority than NW-A’s MGs (Ericsson)
· P6: 1 single priority applicable for all periodic MUSIM gaps. 1 priority for each aperiodic MUSIM gap. Aperiodic MUSIM gaps can be assigned with different priorities to the priority of the periodic MUSIM gaps (Nokia)

Proposal 1: Network A assigns priority levels to all configured MUSIM gaps, maintaining 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 drop one or more of the MUSIM gaps.

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
· Proposals
· P1: When collides with legacy measurement gaps or MUSIM gaps, aperiodic gap shall be kept (Apple ZTE oppo vivo Huawei Ericsson)
· P2: Prefer to allocate priority level for aperiodic MUSIM gap (Charter xiaomi ZTE vivo Qualcomm Nokia)
· P3: No need to assign priority of aperiodic MUSIM gap (Apple Huawei Ericsson ZTE) 
· P4: It is not mandatory to assign priority for an aperiodic MUSIM gap and the highest priority is assumed by default (oppo MTK)


Proposal 2: Support requesting/assigning the priority level for aperiodic MUSIM gaps.
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: Collisions between gaps are resolved sequentially in order of decreasing priority, starting with the gap that has the highest priority (vivo oppo Huawei Qualcomm)
· P2: RAN4 to define the phase 2 work and re-check multiple gap collision issue after RAN #99 meeting. (Ericsson)
· WF
· Down-select between P1 and P2 at the next meeting


Proposal 3: 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 requirements to address collisions between MUSIM gaps and measurement gaps, thus far RAN4 has reached agreement on the following:
· the priority rule developed for concurrent MG in Rel-17 can be used as the baseline to resolve collisions between MUSIM gaps and Type-2 MG [2]
· the definition of collision with the associated proximity condition from Rel-17 MG_enh are reused for collisions between MUSIM gaps and Type-1/Type-2 MGs [3]
· gap sharing will not be considered to resolve collisions between MUSIM gaps and Type-2 MGs [1]
Given the above, RAN4 should confirm the agreement to apply the Rel-17 priority rule to resolve collisions between MUSIM gaps and Type-2 MG.
Proposal 4: The Rel-17 MG_enh priority rule is reused to resolve collisions between MUSIM gaps 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 [3]. 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. (Huawei vivo Nokia)
· 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 (Ericsson MTK)
· P3-1: Prioritize the gap with longer MGRP for the following MUSIM collision scenarios (Ericsson)
· Any of the collision gaps is Type-1 MG;
· NW-A doesn’t configure a priority associated with any of the collision gaps
· P4: The sharing rule solution could be considered. (xiaomi)

The main problem in 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 by default. 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: By default, MUSIM gaps are assumed to have higher priority than a Type-1 MG. The default prioritization is applied when either MUSIM gaps or Type-1 MG (or both) are not assigned priorities by the network. 
 Collisions between MUSIM gaps
In this section we shall address the question of how to define and handle collisions between MUSIM gaps.
Our view is still that collisions between MUSIM gaps should be treated differently from collisions between MUSIM gaps and measurement gaps. As we explained in a prior paper [4], there are many reasons to justify our position. We will not repeat our argument in detail here but, in short, MUSIM gaps are configured by UE request. When the UE requests a set of MUSIM gaps, it is reasonable to assume that the UE wants to keep all of them; otherwise, it would have made a different request.
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 CMCC ZTE oppo xiaomi vivo MTK)
· Option 2: No definition for collisions between MUSIM gaps is needed. (Huawei Nokia)
· Option 3: No collisions between MUSIM gaps that have the same priority level (Qualcomm).

On the other hand, many other companies have expressed their preference to also apply the Rel-17 priority rule to resolve collisions between MUSIM gaps, as shown by the proposals below [1]. As a compromise, we propose that both types of behavior may be supported by allowing multiple MUSIM gaps to be configured with a common priority level. If two or more MUSIM gaps are configured with different priority levels, the Rel-17 priority rule would be applied. However, if two or more MUSIM gaps are configured with the same priority level then they do not collide with each other. i.e. none of the MUSIM gap instances are dropped.
We also recognize that some UE implementations may not support multiple MUSIM gaps configured with the same priority. We propose that a new UE capability be introduced to allow such implementations.
Issue 2-2-2: Solutions for collision between different MUSIM gaps
· Proposals
· Option 1: Priority based solution is used for collision between different MUSIM gaps (Apple oppo vivo MTK)
· Option 1a: Priority based solution is used for collision between different MUSIM gaps, if multiple MUSIM gaps are assigned different priority levels (Qualcomm)
· Option 2: Keep solution (keep all collided MUSIM gap) is used when different MUSIM gaps collide (Huawei)
· Option 2a: Keep solution is used under particular conditions (xiaomi vivo oppo Ericsson Qualcomm)
· Option 3: Consider combine both option 1 and 2 as the solution (ZTE)
· Option 3a (ZTE): 
· The aperiodic gap has higher priority than other periodic gaps, the priority handling rule shall be used if it collides with the periodic gaps (except the paging gap).
· The paging gap should not be dropped, the kept/merged solution is used if the second gap is paging gap.
· Otherwise, the priority handling rule will be used among MUSIM gaps.
· Option 4: Collision between periodic and aperiodic MUSIM gaps are handled by priorities (Nokia)


Proposal 6: When multiple MUSIM gaps are assigned different priority levels, collisions between them are defined and resolved by applying the Rel-17 priority rule.
Proposal 7: Subject to UE capability, multiple MUSIM gaps may be assigned the same priority level. When multiple MUSIM gaps are assigned the same priority level, then they do not collide with each other. All the gap instances are kept regardless of proximity or overlap between them.
Conclusions
Proposal 1: Network A assigns priority levels to all configured MUSIM gaps, maintaining 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 drop one or more of the MUSIM gaps.
Proposal 2: Support requesting/assigning the priority level for aperiodic MUSIM gaps.
Proposal 3: Collisions between gaps are resolved sequentially in order of decreasing priority, starting with the gap that has the highest priority.
Proposal 4: The Rel-17 MG_enh priority rule is reused to resolve collisions between MUSIM gaps and Type-2 MG.
Proposal 5: By default, MUSIM gaps are assumed to have higher priority than a Type-1 MG. The default prioritization is applied when either MUSIM gaps or Type-1 MG (or both) are not assigned priorities by the network. 
Proposal 6: When multiple MUSIM gaps are assigned different priority levels, collisions between them are defined and resolved by applying the Rel-17 priority rule.
Proposal 7: Subject to UE capability, multiple MUSIM gaps may be assigned the same priority level. When multiple MUSIM gaps are assigned the same priority level, then they do not collide with each other. All the gap instances are kept regardless of proximity or overlap between them.
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