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Introduction
Collision handling related to MUSIM gaps are discussed in RAN4#104-bis-e, and the outcomes are captured in [1]. Based on [1], the following issues need to be further discussed.
· Collision between MUSIM gaps and MGs
· Collision between different MUSIM gaps
· Collision between MUSIM gaps and other signals/channels
In this paper we will provide our views on collision handling related to MUSIM gaps.
Discussion
Collision between MUSIM gaps and MGs
Collision handling rule
	Issue 1-1-4: Solutions for collision between MUSIM gap and legacy measurement gap
· Proposals:
· P1: Priority based solution is reused for gap collision handling between MUSIM gap and legacy gaps. 
· Option 1a: For priority-based solution, priorities can be allocated to each existing gap patterns and when two or more gaps collide, only the highest priority gap is kept and all other gaps are dropped 
· Option 1b: Further optimization can also be considered and it FFS at current stage. 
· P2: 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. 
· P3: When MUSIM gaps collide with legacy MG, RAN4 to differentiate different usages of the MUSIM gaps, such as L3 measurement for cell reselection, paging monitoring etc; 
· The paging for NW-B cannot be dropped when the paging occasion is colliding with MG in NW-A. 
· The SSB for paging AGC retuning in NW-B cannot be dropped when the SSB occasion is colliding with MG in NW-A if the time distance between the SSB and paging occasion is less than 160ms
· Whether priority rule or sharing rule will be applied for other MUSIM gaps is FFS 
· P4: RAN4 to study how mobility conditions can be taken into account for the MUSIM gap priorities 
Agreements: No


RAN4 needs to first decide the rule for collision handling, i.e. priority rule, sharing rule or others. Based on discussions so far, we suggest to RAN4 to focus on priority rule which can be re-used from Rel-17 con-MG discussion. This is also aligned with the agreement from last meeting to introduce priority for MUSIM gaps. How to determine the priority between MUSIM gaps and legacy MGs can be further discussed.
On gap sharing rule, so far we have not seen clear use cases. In last meeting, some companies mentioned equal priority case, but it is not clear what is the motivation for NW-A to configure equal priority for legacy MG and MUSIM gaps when UE can only use one of them in colliding occasions. We suggest RAN4 to consider sharing rule only when clear use case and benefits are identified.
Proposal 1: Use priority rule for collision handling between MUSIM gaps and legacy MGs. Sharing rule is considered only if clear use case and benefits are identified.
	Issue 1-7-2: Order for applying the priority when number of colliding MGs is larger than 2
· Proposals:
· P1: RAN4 to discuss the order for applying the priority when number of colliding gaps is larger than 2
· P2: For issue 2-3-2-4, the order for applying priority rules when multiple gaps are overlapping, investigate one solution by considering the following two cases: 
·     1. Within a particular time window, each gap collides with all other gaps.
·     2. Within a particular time window, each gap collides with one or few particular gaps and does not collide with one or few particular gaps.
· P3: Collisions between gaps are resolved sequentially in order of decreasing priority, starting with the gap that has the highest priority
· P4: No discussion is needed until RAN4 achieves the agreements on MUSIM gaps’ collision rules.
Agreements: No


With MUSIM gaps, the number of colliding gaps can be larger than 2, e.g. two MUSIM gaps and one legacy MG. For this case, RAN4 has to discuss the order for applying the priority when the 3 gaps are configured with 3 different priorities. Similar issue has been discussed in RAN4#103-e for concurrent MGs in Issue 2-2-2 in [2], and we think P3 is a reasonable solution.
Proposal 2: Collisions between gaps are resolved sequentially in order of decreasing priority, starting with the gap that has the highest priority.
Priority assignment for periodic MUSIM gaps
	Issue 1-1-3: Priority of MUSIM against other legacy gaps
· Proposals:
· P1: Up to network configuration 
· Up to NW A configuration if priority field is introduced to MUSIM, otherwise use default priority 
· P2: If an explicit priority level is not provided for MUSIM gaps via signalling, MUSIM gaps are assumed to have higher priority than all measurement gaps configured by the network. 
· P3: Aperiodic MUSIM gap is always prioritized over legacy MG in NW A. 
· P4: When MUSIM gaps collide with legacy MG
· MUSIM paging and AGC occasions should have higher priority than NW-A MG 
· The priority between other MUSIM gaps and legacy MG can be indicated by NW 
Agreement (GTW): 
· RAN4 agrees on introduction of the priority for MUSIM gaps
Tentative Agreement (GTW): 
· Send a LS to RAN2 about the outcome of RAN4 discussion
Way forward: Encourage companies bring concrete solutions on how to introduction priority for MUSIM gaps at next meeting.

	Issue 1-4-1: Priority assignment for MUSIM gaps
· Proposals:
· P1: Priority of MUSIM gaps, including both periodic and aperiodic gaps, should be up to NW configuration 
· P2: Whether UE could request priority should be discussed in RAN2 
· P3-a: UE should be allowed to request appropriate priorities for different MUSIM gaps from NW A; 
· Request RAN2 to introduce optional signalling so that the UE can request the priority level of MUSIM gaps 
· P3-b: Regarding priority assignment for MUSIM gaps, network A can fulfil this task with the facilitation from UE side when UE requesting MUSIM gaps. A LS should be sent to RAN2 after RAN4’s solution is stable. 
· P4: Define gap priority for MUSIM gaps that depend on the gap purpose; Network A should be able to configure MUSIM gap priorities for each purpose; RAN4 to study how mobility conditions can be taken into account for the MUSIM gap priorities.  Send LS to RAN2 asking how priority can be specified for MUSIM gaps and legacy gaps. 
Agreements: No


In our view, the priority of MUSIM gaps should be up to NW-A configuration because only NW-A has the overall information on the importance of each task including MUSIM operation. 
For example, some companies mentioned last meeting that mobility status of the UE may be considered in determining the priority of MUSIM gaps. We think it is a good point, when UE is at cell edge and mobility measurement is time critical, NW-A may want to priority legacy MG than MUSIM gaps no matter what NW-B operation the MUSIM gap is used for. For another example, legacy MG may be used for positioning for some emergency service, and in this case, NW-A may also want to priority legacy MG than MUSIM gaps. 
If some MUSIM gap is always prioritized over legacy MG, NW-A may have to choose to not configure the MUSIM gaps. This is even worse for the UE compared to the case where the MUSIM gap is configured but just some of the occasions are dropped. 
In last meeting, some companies mentioned that MUSIM operation at NW-B is up to UE implementation, NW-A cannot tell which operation at NW-B is important or which is not. We agree with this, but this does not mean it should be up to UE to decide the priority of MUSIM gaps compared to legacy MG, or some MUSIM gaps should be always prioritized. Priority of MUSIM gaps is used for handling collision between MUSIM gaps and legacy MGs rather than the collision between MUSIM gaps, so NW-A should have the ultimate control. 
We are open to further discuss whether to support indication from UE side to assist NW-A priority assignment, e.g. recommended priority or gap purpose. This might be useful information for NW-A, but still we think what matters for NW-A when determining the priority for MUSIM gaps is the impact to NW-A’s own operation, so such enhancement is not that essential. 
Proposal 3: Priority of MUSIM gaps is configured by NW-A. FFS whether to support indication from UE side to assist NW-A priority assignment. 
Another issue discussed last meeting is whether different priority can be assigned to different MUSIM gaps or all MUSIM gaps should have same priority (or group priority). 
In our view, NW-A may provide different priority for different MUSIM gaps. For example, NW-A may consider the periodicity of requested MUSIM gaps, i.e. if the periodicity of a MUSIM gap is very large, NW-A may give it higher priority than legacy MGs because the impact of this MUSIM gap to NW A is small while dropping it may cause very long delay to NW-B operation. Also, if recommended priority or gap purpose is supported, NW-A may also consider the information and configure different priorities for different MUSIM gaps. 
It is also noted that allowing NW-A to configure different priorities for different MUSIM gaps does not preclude NW-A to configure same priority for all MUSIM gaps. Adopting the group priority may impose unnecessary restriction to NW-A, and may negatively limit the use of MUSIM gaps. 
Proposal 4: Different priority can be assigned to different MUSIM gaps.
	Issue 1-4-2: Other Priority aspects
· Proposals:
· P1: If (assuming) priority rules is used for the collision between MUSIM gaps and legacy MGs of NW A, then MUSIM gaps and gaps configured via GapConfig or via GapConfig-r17 but without preConfigInd-r17 or ncsgInd-r17 of NW A and Pre-MG or NCSG, should have different priorities 
Agreements: No


In last meeting, some companies propose that MUSIM gaps and legacy MGs should have different priorities. We think this is reasonable and aligned with the Rel-17 con-MG requirements. 
Proposal 5: The requirements related to MUSIM gaps apply provided that the priorities for any pair of MUSIM gap and legacy MG are different. 
Priority assignment for aperiodic MUSIM gaps
In last meeting some companies raised up the issue of AP MUSIM gap, and we think it is valid issue as the handling of AP gap can be different from periodic gap. 
In our view, AP gap by its nature should be always prioritized. It is noted that AP gap is still configured by NW-A, i.e. NW-A can choose to configure the requested AP gap or not. If NW-A chooses to configure the AP gap, it does not make much sense to associate it with a lower priority than legacy MG, as it will cause the AP gap to be dropped, and it is same as not configuring the AP gap since AP gap has only one occasion. 
Based on above, we suggest AP MUSIM gap is always prioritized over legacy MG in NW-A. This also means there is no need to configure a priority for AP MUSIM gap.
Proposal 6: Aperiodic MUSIM gap is always prioritized over legacy MGs in NW A
Collision between different MUSIM gaps
	Issue 1-2-2: Solutions for collision between different MUSIM gaps
· Proposals:
· Option 1: Priority rule can be used as baseline for collision between different MUSIMs 
· Option 1a: Aperiodic gap should have higher priority than periodic gaps once collision happens within MUSIM gaps 
· Option 2: MUSIM gaps could be kept when different MUSIM gaps collide 
· Option 2a: MUSIM gaps are not dropped due to collision with another MUSIM gap
· Option 2b: 
· When the time duration between the two closest gap occasions within the two measurement gap patterns is shorter than [4]ms and the second gap occasion is for paging, UE should keep both gap occasions instead of dropping any of them. 
· RAN4 to further identify the specific scenarios in which any MUSIM gap shall be dropped case by case
· Option 2c: 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 
· 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.
· Option 3: Solutions for collision between different MUSIM gaps is either down-selected from option 1 or option 2; or based on both option 1 and option 2 
Agreements: No
Way forward: Encourage companies bring detailed solutions on how option 2 works at next meeting.  


In our view, MUSIM gaps should not be dropped due to collision with another MUSIM gap.
All the MUSIM gaps are requested by the UE, and if two MUSIM gaps are colliding based on UE request, it would mean that UE needs to use both of them. As mentioned by some companies in last meeting, one MUSIM gap may be used for serving cell measurement (sync/AGC) and another MUSIM gap may be used for paging, and depending on the distance between PO and SSB in NW-B, it could happen that those two gaps are colliding, and in this case no gap should be dropped.
In last meeting, some companies mentioned that two colliding MUSIM gaps may be both used for measurement. This is true, but then the question is why should the UE request such colliding MUSIM gaps when it cannot use both of them, which means it may not be a reasonable UE implementation.
A further question is why should NW-A make decision on which NW-B operation is prioritized. The use of MUSIM gaps is up to UE, so it would be unreasonable for NW-A to decide which gap should be kept and which one to drop. In other words, NW-A could decide the priority between MUSIM gaps and legacy MG, but it should not decide the priority between different MUSIM gaps. 
Proposal 7: MUSIM gaps are not dropped due to collision with another MUSIM gap.
Collision between MUSIM gaps and other signals/channels
	Issue 1-3-1: Definition of the collision between MUSIM gaps and other signals
· Proposals:
· Option 1: A L1/L3 measurement resource is considered to be overlapped with a periodic MUSIM gap if it overlaps a MUSIM gap occasion, a L1/L3 measurement resource is considered to be overlapped with an aperiodic MUSIM gap if it overlaps that aperiodic MUSIM gap occasion 
· Option 1a: Condition “XXX is overlapping with MG” is used for defining MUSIM gap collision with SMTC and L1 measurement resources in NW A. 
· Option 2: RAN4 to use the proximity condition to define the collision between MUSIM gaps with SMTC and L1 measurement resources 
Agreements: No


The collision between L3/L1 resource of NW-A and legacy MG is based on “physical” overlap in time domain. We think it is straightforward to re-use the same definition for MUSIM gaps.
In last meeting, some companies suggested to consider the collision definition from NTN [3]. We understand updated collision definition in NTN is due to the fact that NTN measurement is more complex than TN because of e.g. multiple Doppler shifts, so it is specific to NTN. For MUSIM gaps, we do not see clear reason to use a different collision definition than legacy MG which was already used since Rel-15.
Proposal 8: L1/L3 measurement resource is considered to be overlapped with a MUSIM gap if its occasions overlap with the MUSIM gap occasions.
	Issue 1-3-2: Priority of MUSIM against SMTC, and other L3/ L1 measurement resources 
· Proposals:
· Option 1a: 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 
· Option 1b: MUSIM gaps should have high priority against SMTC and L1 measurement resources 
· Option 1c: UE is in general not expected to transmit or receive signals for NW A (including SMTC and L1 measurement resources) during MUSIM gaps, except for signals used for random access procedure 
· Option 2: RAN4 follows NTN to define the proximity between SMTC/L1 measurement resources with MUSIM gaps  
· Apply priority rule between MUSIM gaps and SMTC/L1 measurement resources for NW-A based on NW-A’s priority indication, or
· Apply sharing rule between MUSIM gaps and SMTC/L1 measurement resources for NW-A
· Option 3: RAN4 to discuss how to handle overlap between MUSIM gaps and SMTC in network A for RRC connected procedures like e.g., mobility procedures in Network A 
Agreements: No

Issue 1-3-3: Priority of MUSIM against uplink signals, such as PRACH, CSI-RS reporting 
· Proposals:
· P1: The UE is not required to conduct any transmission towards network A, including PRACH, during MUSIM gaps 
· P2: When MUSIM gaps collide with DL RS or UL signals, RAN4 to differentiate different usages of the DL RSs and UL signals in NW-A
· P3: For the Priority of MUSIM against uplink signals such as PRACH, CSI-RS reporting, suggest to reuse rules defined at 5.14 of TS38.321 (copied below for reference) 
[image: ]
· P4: Reuse the rules for the legacy MGs specified in current specs as listed in P3 as the solution for issue 1-3-3. FFS on other DL/UL signals which are not covered by rules in P3.
Agreements: No


We support to re-use the principle of legacy MG for collision handling between MUSIM gaps and other signals/channels in NW-A, including L3/L1 measurement resources and also DL/UL signals. Following the same principle as legacy MG, UE is in general not expected to transmit or receive signals for NW-A during MUSIM gaps, except for signals used for random access procedure.
In last meeting, some companies suggested to further consider the priority between MUSIM gaps and certain RRM procedure in NW-A, e.g. SCell activation, HO, TCI state switching, or some important transmissions or receptions in NW-A, e.g. paging, SI, UCI. While we can understand the point, we are not sure if RAN4 needs to specify such details for MUSIM gaps when the corresponding prioritization has not been specified for legacy MGs, i.e. it is already possible to have legacy MG colliding with those procedures, but RAN4 has not defined how to handle the collision between NW A MG and all the procedures.
For example, the SCell activation delay can be several SMTC periods, and when MG is configured, it could happen that MG is colliding with SMTC of the SCell. It is clear that UE cannot perform MG based RRM measurement and SCell activation at the same time, and as such the requirements for one of the procedures need to be relaxed, but so far RAN4 has not defined the what happens in this case. We believe collision with legacy MG is more relevant than collision with MUSIM gaps in real deployment. 
In addition, besides legacy MG and MUSIM gaps, there are also other sources of interruption, e.g. measurement of deactivated SCell, SRS carrier or antenna switching, BWP switching, etc. The question is whether RAN4 should define requirements or prioritization for all collisions between all interruption sources and all important RRM procedures/important transmissions or receptions. 
Based on above, we suggest not to define specific handling for collision between MUSIM gaps and specific RRM procedures / transmissions or receptions in NW A. 
Proposal 9: Collisions between L3/L1 measurement resources and MUSIM gaps are handled in the same way as collisions between L3/L1 measurement resources and legacy MG.
Proposal 10: Collisions between other DL/UL channels/signals and MUSIM gaps are handled in the same way as collisions between DL/UL channels/signals and legacy MG.
Conclusions
In this paper we provided our views on collision handling related to MUSIM gaps.
Proposal 1: Use priority rule for collision handling between MUSIM gaps and legacy MGs. Sharing rule is considered only if clear use case and benefits are identified.
Proposal 2: Collisions between gaps are resolved sequentially in order of decreasing priority, starting with the gap that has the highest priority.
Proposal 3: Priority of MUSIM gaps is configured by NW-A. FFS whether to support indication from UE side to assist NW-A priority assignment. 
Proposal 4: Different priority can be assigned to different MUSIM gaps.
Proposal 5: The requirements related to MUSIM gaps apply provided that the priorities for any pair of MUSIM gap and legacy MG are different. 
Proposal 6: Aperiodic MUSIM gap is always prioritized over legacy MGs in NW A.
Proposal 7: MUSIM gaps are not dropped due to collision with another MUSIM gap.
Proposal 8: L1/L3 measurement resource is considered to be overlapped with a MUSIM gap if its occasions overlap with the MUSIM gap occasions.
Proposal 9: Collisions between L3/L1 measurement resources and MUSIM gaps are handled in the same way as collisions between L3/L1 measurement resources and legacy MG.
Proposal 10: Collisions between other DL/UL channels/signals and MUSIM gaps are handled in the same way as collisions between DL/UL channels/signals and legacy MG.
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5.14 Handling of measurement gaps

During a measurement gap, the MAC entity shall, on the Serving Cell(s) in the corresponding frequency range of the
measurement gap configured by measGapConfig as specified in TS 38.331 [5]:

1> not perform the transmission of HARQ feedback, SR, and CSI;

1> not report SRS;

1> not transmit on UL-SCH except for Msg3 or the MSGA payload as specified in clause 5.4.2.2;

1> if the ra-ResponseWindow or the ra-ContentionResolutionTimer or the msgB-ResponseWindoyy is running:
2> monitor the PDCCH as specified in clauses 5.1.4 and 5.1.5.

1> else:
2> not monitor the PDCCH;

2> not receive on DL-SCH.




