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Introduction
RAN4 continued discussing requirements for Rel-17 MUSIM gaps in RAN4#105. The latest agreements and open issues were captured in a WF [1].
In this paper, we provide our proposals for defining requirements for MUSIM gaps.
Discussion
[bookmark: _Ref126615986] General
In this section we provide our views on several third-party proposals concerning general aspects of the requirements for MUSIM gaps [1]. 
Issue 1-1-2: General aspects
· Proposals 
· P1: RAN4 to define the priorities for each procedure in either NW-A or NW-B in desending order as follow. The gaps or resources for higher priority procedures should be kept once the collision happens. (Ericsson)
· Level 1: One-shot RRM mobility procedures in NW-A, such as Handover/ Re-establishment/RRC redirection/SCell activation/SI update;
· Level 2: Periodic paging monitoring or one-shot procedure in NW-B Idle mode, such as On-demand SI reading;
· Level 3: Measurements procedures for both NW-A and NW-B
· P2-1: Both NW-A and UE should have the same understanding on which MUSIM gap is used for paging monitoring. (Ericsson)
· P2-2: UE and network should have a common understanding regarding MUSM gaps and how they act together with network A operations. (Nokia)
· P2-3: The network and UE can have the same understanding on which MUSIM gap is used for paging reception through priority indicated by a UE when requesting MUSIM gaps (vivo)
· P3: UE should request an exclusive MUSIM gap for paging instead of monitoring paging in several MUSIM gaps. (Ericsson)
· P4: RAN4 to define the mandatory MUSIM gap patterns. (Ericsson)
· P5: Network A operation and connection robustness needs to be accounted in the priority discussions (Nokia)


Regarding P1 above, our view is that we follow the approach used for measurement gaps. RAN4 need not define new requirements for RRM procedures where the impact of measurement gaps is not addressed currently in the specifications.
Regarding P2 and P3, network A should not expect to know how the UE uses each MUSIM gap. Further discussion on this point can be found below in this section. The priority requested by the UE for each MUSIM gap would provide an indication to network A of its relative importance. 
Regarding P4, whether to introduce mandatory MUSIM gaps was already discussed by RAN4 in R17 and it was not agreed.
Regarding P5, we agree that network A needs to have sufficient control and flexibility to maintain a robust connection with the UE while supporting MUSIM. Our proposals included in this contribution are consistent with that notion. In fact, the network does have substantial control already. For example, according to RAN2, network A can reject some or all the MUSIM gaps requested by the UE. In our view no agreement on P5 is needed. The principle behind this proposal can be ensured with agreements on other issues. 
Proposal 1: The scope of requirements to address collisions between MUSIM gap and SMTC will be limited to RRM procedures for which collisions between legacy measurement gaps and SMTC are taken into account in the existing requirements.
Proposal 2: No need to discuss further whether to introduce mandatory MUSIM gap patterns.
RAN2 has defined MUSIM gap as a “period that the UE may use to perform MUSIM operations” [3]. That is, during a MUSIM gap the UE will leave the network where it is connected (NW A) and temporarily switch to a second network (NW B) for the purpose of supporting multi-SIM operation. How the UE decides to use each configured MUSIM gaps is up to UE implementation. Accordingly, there is no indication by the UE to NW A of how it intends to use each requested MUSIM gap. The guarantee to NW A is that the UE will only switch to NW B only within the MUSIM gaps.
MUSIM gap: Period that the UE may use to perform MUSIM operations.

Observation 1: MUSIM gaps are requested by the UE for MUSIM purposes and their specific usage is left up to UE implementation.
Proposal 3: The UE shall not be required to provide indication to network A about how each requested MUSIM gap is going to be used.
 Gap Collisions
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 two points:
· 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 [1]
· 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 [4]

Notwithstanding the above agreements, in RAN4#105 there was further discussion about how to resolve collisions between MUSIM gaps and Type-2 MGs. In addition to the priority-rule-based approach, there was a proposal, shown below, to consider a gap sharing rule. We note that a similar proposal was considered during the Rel-17 MG_enh WI and most companies did not find sufficient benefit to justify the extra complexity. In our view, unless clear benefits are identified, it should not be considered.
Issue 2-3-1:  Solutions for collision between MUSIM gap and Type-2 MG
· Proposals
· P1: Priority based solution is reused for gap collision handling between MUSIM gap and legacy gaps. For priority-based solution, when two or more gaps collide, only the highest priority gap is kept and all other gaps are dropped. (Apple Huawei)
· P1-1: Priority-based solution can be used for the collision between MUSIM gaps and Type-2 MG for MUSIM gaps other than aperiodic MUSIM gap, MUSIM gap for paging reception (vivo)
· P2: On gap sharing rule: 
· P2-1: On top of priority-based solution, RAN4 shall also study the gap sharing based solution, at least for the scenario equal priority is assigned for different gap patterns (Apple)
· P2-2: Deprioritize sharing rule between MUSIM gap and legacy gaps in the first stage (oppo)
· P2-3: Sharing rule is considered only if clear use case and benefits are identified. (Huawei)


Our preference is to 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.
Proposal 5: Do not consider a gap sharing rule to resolve collisions between MUSIM gaps and measurement gaps.
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: No requirement applies when legacy gaps configured via GapConfig collide with MUSIM gaps at Rel-18 providing that priority was not introduced for the GapConfig. (vivo)
· P2: If an explicit priority level is not provided for MUSIM gaps, MUSIM gaps are assumed to have higher priority than all measurement gaps configured by the network. (Charter Qualcomm)
· P3:  RAN4 to define default priority rule 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.
· RAN4 to prioritize the gap with longer MGRP once default priority rule is used when collision between MUSIM gap with NW-A gap

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 6: 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 [5], there are many reasons to justify our position. We will not repeat your 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 vivo oppo)
· Option 1a: The gap proximity condition for the Rel-17 concurrent gap collision should be reused for the collision between different MUSIM gap (CMCC xiaomi MTK Ericsson)
· Option 2: No definition for collisions between MUSIM gaps is needed. (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. They are all kept and none are dropped.
Proposal 7: Multiple MUSIM gaps can be assigned the same or different priority levels
· If 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.
· If multiple MUSIM gaps are assigned different priority levels, then collisions between them are defined and resolved by applying the Rel-17 priority rule.

Issue 2-2-2: Solutions for collision between different MUSIM gaps
· Proposals
· P1: Priority rule can be used as baseline for collision between different MUSIMs (Apple Xiaomi vivo oppo Nokia MTK)
· P1-1: UE should not monitor multiple frequency layers at the same ltime during collision (UE should only monitor the frequency layer associated to a higher priority MUSIM gap); the lower priority gap occasions are considered as dropped; Data scheduling is resumed on the dropped gap occasions. (MTK)
· P2: MUSIM gaps could be kept/merged when different MUSIM gaps collide (oppo Huawei)
· P2-1: If multiple MUSIM gap instances overlap or occur back-to-back, they are merged into a single instance comprising the union of the individual gap instances. (Qualcomm)
· If the distance between two MUSIM gap instances is ≤ [4] ms, they are merged into a single instance comprising the union of the individual gap instances and the space between them.
· If the distance between two MUSIM gap instances is > [4] ms, both individual gap instances are kept separately.
· P3: Priority based rule should be used as baseline and non-dropped solution could be used when corresponding conditions are satisfied (vivo)
· P3-1: When the time duration between the two closest gap occasions within the two measurement gap patterns is shorter than [4]ms, (Ericsson)
· If the second gap occasion is for paging, UE should keep both gap occasions instead of dropping any of them,
· If one of the gaps is aperiodic gap, the aperiodic gap should have higher priority than another MUSIM gap,
· Otherwise, the Rel-17 gap priority rule will be applied among the MUSIM gaps.
· The configured priorities for MUSIM gaps are invalid when MUSIM paging gap collides with other MUSIM gaps.
· P4: Further discuss merging MUSIM gaps into a single instance comprising the union of the individual gap instances (Nokia)


Gap priorities
Next, we address the issue of how to assign priorities to MUSIM gaps. We begin with the following agreements from RAN4#105 [1].
Issue 2-1-1: On introduction of priority for MUSIM gaps
· Agreements
· Introduction of priorities for MUSIM gaps 
· Each periodic MUSIM gap can be assigned with a different priority
· FFS whether aperiodic MUSIM gap shall be assigned with a priority level
· FFS on relation between MUSIM priority level and priority levels for other MGs
· Option 1: the priority level of MUSIM shall be configured in a way to be comparable to priority of other MGs


Issue 2-1-2: Priority/usage indication on MUSIM gaps from UE side
· Agreements
· When requesting MUSIM gap UE can provide an assistance information for gap priority selection
· Detailed assistance information and signalling details are FFS
· Option 1: UE indicates its preferred priority per each MUSIM gap
· Option 2: UE indicates a 1-bit flag per each MUSIM gap to indicate the highest priority level
· Option 3: UE indicates which MUSIM gap is used for paging
· Option 4: UE indicates the index of one MUSIM gap with the highest preferred priority
· Option 5: leave signalling details up to RAN2
· Other options are not precluded


Regarding the first FFS in the first agreement (issue 2-1-1), our view is that the UE should be able to indicate its preferred priority levels for all MUSIM gaps, including aperiodic gaps. Doing so would provide a more flexible design. Accordingly, the network should assign a priority level for each configured MUSIM gaps, otherwise requirements may not apply if there are unresolvable collisions.
Proposal 8: The UE should be allowed to request a priority level for each MUSIM gap (including periodic and aperiodic gaps).
Regarding the second FFS in the same agreement, first note that RAN4 has agreed to use the priority rule defined in Rel-17 as the baseline to resolve collisions between MUSIM gaps and Type-2 MG. To apply the priority rule, the UE and network A must be able to directly compare the priority levels assigned to MUSIM gaps and Type-2 MG gaps to decide which gaps are dropped when collisions occur between them. Therefore, it would be convenient to leverage the gapPriority-r17 IE introduced for concurrent MG and use it also to assign priorities to MUSIM gaps. Finally, it should be clear that the priority assigned to each MUSIM gap has to be different from all the priorities assigned to Type-2 MGs, so that potential collisions between each configured MUSIM gap and Type-2 MGs can be resolved.
Options 2 and 4 in the second agreement (issue 2-1-2) seem to be attempts to optimize signalling overhead by limiting the choices of the UE. If that is the intention, there may be better ways to optimize the signalling while giving up less flexibility. At the very least RAN4 should consult with RAN2 to see if any signalling optimizations are desired in this case.
Regarding option 3 in the second agreement, as discussed in section 2.1, it should not be supported.
Proposal 9: From RAN4’s perspective, it is sufficient to reuse the gapPriority-r17 IE and the associated priority levels (16 levels defined in Rel-17) to request and assign priorities to MUSIM gaps.
Observation 2: When the network configures MUSIM gaps together with Type-2 MGs, the priority assigned to each MUSIM gap must be different from all the priorities assigned to Type-2 MGs.
Proposal 10: RAN4 shall not impose specific priorities for MUSIM gaps based on their assumed usage. 
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.


Proposal 11: 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.

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 12: Collisions between gaps are resolved sequentially in order of decreasing priority, starting with the gap that has the highest priority.
 Requirements in network A
Measurement requirements in network A need to be updated to account for any collisions between MUSIM gaps and measurement gaps or RS resources. Fortunately, RAN4 went through a similar exercise in Rel-17 when requirements were updated for scenarios where concurrent MG are configured.
It should be straightforward to extend the requirements to include collisions with MUSIM gaps. For example, the requirements for NR intra-frequency measurements without gaps (38.133, clause 9.2.5) define a scaling factor Kp to account for collisions with measurement gaps, as shown below. 
When UE supports concurrentMeasGap-r17 and is configured with concurrent measurement gaps,
	Kp is the scaling factor for an SSB frequency layer to be measured without measurement gaps. Kp = Ntotal / Navailable, where Navailable and Ntotal are calculated as follows:
-	For a window W of duration max(SMTC period,  MGRP_max), where MGRP max is the maximum MGRP across all configured per-UE measurement gap and/or per-FR measurement gap within the same FR as the SSB frequency layer, and starting from the beginning of any SMTC occasion: 
-	Ntotal is the total number of SMTC occasions within the window, including those overlapped with measurement gap occasions within the window, and
-	Navailable is the number of SMTC occasions that are not overlapped with any non-dropped MG occasion within the window W, after accounting for measurement gap collisions by applying the measurement gap collision rule in section 9.1.2B.3.
	Kp = 1 when Navailable = 0.


In the above definition, two quantities would need to be modified:
· The duration of the window W should be updated to include the maximum period of configured MUSIM gaps, if any.
· Navailable should be updated to also account for collisions between SMTC and MUSIM gaps within the window W, after accounting for collisions between MUSIM gaps and measurement gaps.

Proposal 13: Collisions between L3/L1 measurement resources and MUSIM gaps are handled in the same way as collisions between L3/L1 measurement resources and measurement gaps.
Proposal 14: The following parameters need to be updated to account for collisions with MUSIM gaps:
· Kp for intra-frequency and inter-frequency measurements without gaps
· Kgap for intra-frequency and inter-frequency measurements with gaps
· Kgap_EUTRA for inter-RAT measurements
· Kp_CSI-RS for CSI-RS L3 measurements
· Kp,PRS,i for NR positioning measurements
· CSSFintra for intra-frequency measurements
· CSSFinter for intra-frequency measurements
· CSSFinterRAT for intra-RAT measurements
· P scaling factor for L1-RSRP and L1-SINR measurements

 Requirements in Network B
Issue 1-6-1: Whether to define network B requirements
Proposals:
· Option 1: Deprioritize NW B requirement in R18 
· Option 2: No measurement requirements in network B will be defined by RAN4 
· Option 3: RAN4 does not define new UE idle/inactive measurement requirements for measurements on Network B for a UE configured with MUSIM gaps (exiting UE measurement requirement for Idle/Inactive mode applies) 
· Option 4: RAN4 to define measurement requirement for NW-B Idle mode which is helpful for both NW-A and NW-B 

Regarding UE measurement requirements in network B (idle/inactive), our view is that it would not be straightforward for RAN4 to define new requirements. Any new requirements would likely be dependent on the combination of MUSIM gaps that are requested by the UE. Since there are more than twenty MUSIM gap patterns and the UE can request up to 3 periodic gaps (plus one aperiodic gap), there are many such combinations. Additionally, there are no mandatory gap patterns for MUSIM so it would not be possible to define a test case configuration featuring specific gap patterns. All these factors would make the requirements hard to verify.
Proposal 15: No measurement requirements in network B will be defined by RAN4.


Conclusions
Proposal 1: The scope of requirements to address collisions between MUSIM gap and SMTC will be limited to RRM procedures for which collisions between legacy measurement gaps and SMTC are taken into account in the existing requirements.
Proposal 2: No need to discuss further whether to introduce mandatory MUSIM gap patterns.
Observation 1: MUSIM gaps are requested by the UE for MUSIM purposes and their specific usage is left up to UE implementation.
Proposal 3: The UE shall not be required to provide indication to network A about how each requested MUSIM gap is going to be used.
Proposal 4: The Rel-17 MG_enh priority rule is reused to resolve collisions between MUSIM gaps and Type-2 MG.
Proposal 5: Do not consider a gap sharing rule to resolve collisions between MUSIM gaps and measurement gaps.
Proposal 6: 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 7: Multiple MUSIM gaps can be assigned the same or different priority levels
· If 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.
· If multiple MUSIM gaps are assigned different priority levels, then collisions between them are defined and resolved by applying the Rel-17 priority rule.
Proposal 8: The UE should be allowed to request a priority level for each MUSIM gap (including periodic and aperiodic gaps).
Proposal 9: From RAN4’s perspective, it is sufficient to reuse the gapPriority-r17 IE and the associated priority levels (16 levels defined in Rel-17) to request and assign priorities to MUSIM gaps.
Observation 2: When the network configures MUSIM gaps together with Type-2 MGs, the priority assigned to each MUSIM gap must be different from all the priorities assigned to Type-2 MGs.
Proposal 10: RAN4 shall not impose specific priorities for MUSIM gaps based on their assumed usage. 
Proposal 11: 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.
Proposal 12: Collisions between gaps are resolved sequentially in order of decreasing priority, starting with the gap that has the highest priority.
Proposal 13: Collisions between L3/L1 measurement resources and MUSIM gaps are handled in the same way as collisions between L3/L1 measurement resources and measurement gaps.
Proposal 14: The following parameters need to be updated to account for collisions with MUSIM gaps:
· Kp for intra-frequency and inter-frequency measurements without gaps
· Kgap for intra-frequency and inter-frequency measurements with gaps
· Kgap_EUTRA for inter-RAT measurements
· Kp_CSI-RS for CSI-RS L3 measurements
· Kp,PRS,i for NR positioning measurements
· CSSFintra for intra-frequency measurements
· CSSFinter for intra-frequency measurements
· CSSFinterRAT for intra-RAT measurements
· P scaling factor for L1-RSRP and L1-SINR measurements
Proposal 15: No measurement requirements in network B will be defined by RAN4.
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