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[bookmark: _Toc116995841]Introduction
In the last RAN4#108bis e-meeting, RAN4 discussed the aspects concerning UE requirements related to the MUSIM gaps introduced in Rel-17. 
Several agreements were reached regarding collisions between MUSIM gaps, MUSIM gaps and other gaps and the related priority rules. Additionally, The RAN4 agreements are captured in [1] which also capture a number of open aspects to be discussed further.

[bookmark: _Toc116995842]Discussion
Agreements in RAN4#106, RAN4#106bis, RAN4#107, RAN4#108 and RAN4#108bis
In the RAN4#106 meeting following agreements were reached [6]:
On introduction of priority for MUSIM gaps (2-1-1)
· The priority level of MUSIM gaps 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
· The priority level of MUSIM gaps should be configured/allocated by NW A
Priority/usage indication on MUSIM gaps from UE side (2-1-2)
· 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
MUSIM gap priority configuration (2-1-3)
· The priority level of MUSIM gaps should be configured/allocated by NW A
Solutions for collision between MUSIM gap and Type-2 MG (2-3-1)
· Gap sharing will not be considered for the collision between MUSIM gaps and Type-2 gaps.
Collision between SMTC and MUSIM gaps for handover and Scell activation (2-4-3)
· FFS on collision between SMTC and MUSIM gaps for handover and SCell activation

In the RAN4#106bis meeting following agreements were reached [5]:
Priority/usage indication on MUSIM gaps from UE side (2-1-2)
· [bookmark: _Hlk142296433]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
On how to delivery priority/usage indication on MUSIM gaps from UE side (2-1-2-1)
· It is RAN4 understanding that the signalling design of priority levels indication/configuration for MUSIM gaps is up to RAN2 decision.
Solutions for collision between MUSIM gap and Type-2 MG (2-3-1)
· Update previous agreement “Priority-based gap collision handling introduced in concurrent gaps design can be used as a base for collisions between MUSIM gap and Type -2 MG” in R4-2220443 as the following:
· 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.
Definition of the collision between MUSIM gaps and L1/L3 measurement resources (2-4-1)
· A L1/L3 measurement resource is considered to be fully overlapped with a periodic MUSIM gap if all of the resource instances overlap with MUSIM gap occasions in the time domain
· A L1/L3 measurement resource is considered to be partially overlapped with a periodic MUSIM gap if some but not all of the resource instances overlap with MUSIM gap occasions in the time domain
· A L1/L3 measurement resource is considered to be overlapped with an aperiodic MUSIM gap if it at least one of its resource instances overlaps with the aperiodic MUSIM gap occasion in the time domain
Priority of MUSIM against SMTC for L3/ L1 measurement (2-4-2)
· MUSIM gaps have higher priority when colliding with SMTC/SSB for L3/L1 measurement.

In the RAN4#107 meeting following agreements were reached [4]:
Solutions for collision between different MUSIM gaps (2-2-2)
· 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
Conditions when “keep solution” is used (2-2-2-1)
Focus on option 1 and option 2:
Option 1: Use priority information when UE requests MUSIM gaps to indicate when “keep solution” is used, details are FFS
Option 2: Use explicit signalling to indicate when “keep solution” is used, details are FFS
Other solutions are not precluded
Collision between SMTC and MUSIM gaps for handover and Scell activation (2-4-3)
· 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

In the RAN4#108 meeting following agreements were reached [3]:
RAN2’s agreement:
1. When requesting periodic MUSIM gap(s), UE indicates priority values (using R17 IE definition) for all or a subset periodic MUSIM gaps.
2. When receiving priorities for periodic MUSIM gap(s), the UE may receive changed priority values. If network doesn’t retain the relative priorities among MUSIM gaps, UE behaviour is not specified.
Issue 2-1-5: Priority setting for aperiodic MUSIM gaps 
Agreement
· Aperiodic MUSIM gap is always kept (not dropped) from UE perspective in case of collisions with other gaps (i.e. all gaps including MUSIM gaps, MGs, etc)
· The gap priority level is not explicitly configured by the NW

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)

[bookmark: _Hlk146542693]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

In the RAN4#108bis meeting following agreements were reached [1]:
Issue 2-1-3: Alignment on RAN2/4 agreements on priority request by a UE  
Agreement: UE shall always request priorities for all of its requested periodic MUSIM gaps 

Issue 2-2-2: Clarification on collision for aperiodic gaps
Agreements: 
· P1: When “keep solution” is granted by NW A and when periodic MUSIM gaps collide with an aperiodic MUSIM gap, the periodic MUSIM gaps which collide with aperiodic MUSIM gaps will be kept. When “keep solution” is not requested or not granted, the periodic MUSIM gaps colliding with an aperiodic MUSIM gap are dropped (vivo Apple)
· P2: When aperiodic MUSIM gap collides with legacy gap for NW A, the legacy gap for NW A is dropped. (Apple)

Issue 2-2-3: Others related to “keep” solution
· P2: When keep solution is granted, the UE shall only use the keep solution.

Issue 2-3-1-1 When number of colliding gaps is more than two with mix of MUSIM gaps and MGs, when priority based solution is used for handling MUSIM gap collision
Agreement: 
· Collisions between gaps are resolved sequentially in order of decreasing priority, starting with the gap that has the highest priority.

Issue 2-3-1-2 When number of colliding gaps is more than two with mix of MUSIM gaps and MGs, when “keep solution” is used to handling MUSIM gap collision
Agreement:
· Collisions between gaps are resolved sequentially in order of decreasing priority, starting with the gap that has the highest priority. “Keep solution” is used for the remaining non-dropped MUSIM gaps. 

Issue 2-4-1: Collision between SMTC and MUSIM gaps for handover 
Agreement:
· 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

The detailed RAN2 agreements are captured in [2] and as described by the LS RAN2 made following agreements:
Based on the above agreements, the UE requests the network of gap priority preferences for all of periodic MUSIM gaps using the existing R17 gap priority information. The network can configure the priority for periodic MUSIM gaps, and the network may provide the priority values that are different from what the UE indicated. If network doesn’t configure the relative priorities among MUSIM gaps as indicated by the UE, UE behavior is not specified.

However, although several agreements were reached, several issues remain open [1]. In the following we continue the discussion on the open issues including the open issues which are not fully closed.

MUSIM gap priority configuration
Constraints on MUSIM gap request from UE side
RAN4#108bis status:
Issue 2-1-1: Constraints on MUSIM gap request from UE sideProposals
· P1: There need to be a reasonable balance between the UE NW-B requirements and the MUSIM gap pattern(s). There shall be a minimum MGRP defined for the requested MUSIM gap pattern; The UE shall at least support MUSIM MGRP of 160ms (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; The UE shall request MUSIM gaps with MGRP larger than 160ms when NW-B configures DRX cycle larger than 640ms. (Ericsson ZTE)
· P3: Do not define constraints on MUSIM gap request from UE side (vivo MTK Xiaomi Qualcomm Huawei oppo Apple)
 Regarding the priority rule agreements in RAN4:
· The priority level of MUSIM gaps 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
· “Equal priority” [for MUSM gaps] is not allowed (UE will not request equal priority and NW A will not allocate equal priority)
· The priority level of MUSIM gaps may be configured/allocated by NW A
· UE shall indicate its preferred priority for all periodic MUSIM gaps
· If network doesn’t configure the relative priorities among MUSIM gaps as indicated by the UE, UE behavior is not specified.
· Aperiodic MUSIM gap is always kept (not dropped) from UE perspective in case of collisions with other gaps (i.e. all gaps including MUSIM gaps, MGs, etc)
In RAN4#108bis meeting RAN4 discussed certain constraints on the UE side when requesting MUSIM gaps. For example, it was discussed whether there should be a default highest priority for some certain MUSIM gaps when these MUSIM gap patterns are configured. Alternatively, when UE requests the MUSIM gaps, the MGRP of highest priority gap should be larger than 160ms.
Similarly, it was proposed that when UE requests only one MUSIM gap, the MGRP should be larger than 80ms.
In general, we recognize the reasoning behind the proposals. Our view is that such rules could in general make sense – especially the proposal that if the UE requests only one MUSIM gap, the MGRP should be larger than 80ms.
This proposal is very much aligned with the discussion related to having a mandatory MUSIM gap defined or not.
One concern from network side is the complete lack of network control when considering the current UE requirements discussion. For example, it has been proposed that the UE requirements only apply provided the UE is allocated all requested MUSIM gaps. However, there is no agreement on any mandatory MUSIM gaps and there is no agreement related conditions on a reasonable/minimum MUSIM MGRP.
This cause concerns on the potential network scheduling impact due to allocating MUSIM gaps. For example, the UE MUSIM gap request may be for a very dense MUSIM gap pattern while such MUSIM GP would overshoot the actual amount of gaps needed to perform enough measurement to ensure any defined UE measurement requirements related to NW-B.
Hence, we see that this discussion should be taken together with the requirements RAN4 is going to define for the measurement performed in NW-B while camped/operating in NW-A. There would need to be a reasonable balance between the UE requirements and the MUSIM gap pattern requested and assigned.
[bookmark: _Hlk146734716]There need to be a reasonable balance between the UE NW-B requirements and the MUSIM gap pattern(s).
In summary we believe this discussion needs to consider at least following, which are still open:
· NW-B measurement requirements?
· Shall UE measure other than 1 carrier in NW-B?
· Minimum MUSIM gap support from UE side
· UE requirements if UE is not allocated all requested MUSIM gaps.
For example, it does not seem fully justifiable that the UE would request and need a MUSIM gap pattern with a 40ms periodicity for performing normal intra-frequency idle mode measurement and paging reception from NW-B – especially when considering that current idle mode measurement requirements are based on DRX cycle much longer than 40ms.
There shall be a minimum MGRP defined for the requested MUSIM gap pattern.
Conditions can be discussed further once the NW-B requirements a clearer. However, we expect that such minimum MRGP could be 160ms.
One aspect of the discussion is of course the NW-B measurements assumed being required to be performed by the UE during the allocated MUSIM gaps. MUSIM gaps are in our view allocated to allow the UE to perform certain functions in NW-B during the MUSIM gaps. Such functions are for example cell detection, measurements and paging reception. However, our understanding is that UE need not perform measurement in NW-B than operations for enabling paging reception. Hence, UE is not required to perform for NW-B inter-frequency measurements.
UE is not required performing NW-B inter-frequency measurements.
Accounting the assumed MUSIM measurement/paging receptions in NW-B, we believe that one MUSIM GP for paging reception would be with a MGRP which is reflecting the paging periodicities. Any MUSIM GP used for e.g. NW-B measurements would reflect the NW-B measurements requirements. Our proposal here NW-B measurement requirements should be the same as those currently defined for NW-A. Hence, the MUSIM MGRP for supporting NW-B measurements should be same as the NW-B DRX/paging period.
In general, we believe that a reasonable MUSIM MGRP enabling both reasonable number of measurements and allowing for paging reception would be for example 160ms. Which would leave some additional margin on the UE side.
The UE shall at least support MUSIM MGRP of 160ms.

On collision between different MUSIM gaps
UE behavior when “keep solution” is indicated by UE and NW A rejects the ‘keep solution’ indication
When RAN4 decided to introduce the keep solution, it was agreed:
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 2-2-4: 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
And RAN2 made the decision:
the UE requests the network of gap priority preferences for all of periodic MUSIM gaps using the existing R17 gap priority information
The outcome from the discussion in RAN4#108bis was:
· Proposals
· P1: No requirements will be specified on MUSIM gaps (vivo Qualcomm Huawei)
· P1a: Requirements in network B do not apply (Qualcomm)
· P2: Priority based solution is used (fallback to priority based solution) when “keep solution” is not granted (vivo MTK CMCC Xiaomi Ericsson China Telecom oppo Apple)
· P3: A UE shall support MUSIM priority based solution and may support keep solution (Nokia)
In our view current agreements already handles the issue rather nicely:
· UE shall always include MUSIM gap priority for all requested periodic MUSIM gaps. 
· If keep-solution is requested by the UE and keep is not granted by network, the network will indicate this and configure UE with MUSIM gaps priorities. 
· UE shall then use priority based solution according to the allocated priorities.
As the UE shall always request priorities for the requested MUSIM gaps and use of keep-solution is network decision, the UE shall always be prepared that keep-solution is not granted. Hence, UE always need to support at least priority based solution.
Support P2. Priority based solution can always be applied if keep solution is not granted.
We see that for UEs supporting MUSIM gaps, the UE shall at least support priority based solution and may support keep solution.
A UE supporting MUSIM gaps shall at least support priority based solution.
A UE supporting MUSIM gaps may support keep solution.
UE exclusively use either keep solution (if requested and granted) or the priority-based solution. 

On aperiodic MUSIM gap request
Regrading aperiodic MUSIM gaps, following was still for discussion:
· Proposals
· P1: UE requests an aperiodic while one aperiodic gap is ‘pending’ the new aperiodic gap (if allocated) will overwrite any pending aperiodic gap. (Nokia)
Currently, two issues were left open related to aperiodic MUSIM gaps:
· Is the UE is allowed to request have multiple aperiodic MUSIM gaps. 
· And if allowed what happens if such aperiodic MUSIM gaps collide.
Trying not to make the feature more complex than necessary, we suggest that UE shall only request one aperiodic gap at any time. If UE requests an aperiodic while one aperiodic gap is ‘pending’ the new aperiodic gap (if allocated) will overwrite any pending aperiodic gap.
UE requesting an aperiodic MUSIM gap while one aperiodic gap is ‘pending’ the new aperiodic gap (if allocated) will overwrite the pending aperiodic gap.

UE behavior when using “keep solution”
Concerning the keep solution RAN4 agreed following:
[bookmark: _Hlk146546980]Agreements: 
When “keep solution” is used, the UE keep all colliding MUSIM gaps irrespective of the priority of the MUSIM gaps
From network point of view, it need to be known if the UE can be scheduled in the gap between the kept MUSIM gaps. Hence, if UE keeps two MUSIM gaps with one or more scheduling opportunities between these kept MUSIM gaps, can the UE be scheduled during those occasions? 
We have the scenario where two MUSIM gaps are kept and there is a gap between the kept MUSIM gaps. Such gap can be one or more milliseconds depending on the proximity of the MUSIM gaps. From network point and system point of view, it is important to know whether the UE can be scheduled in such gap or not.
RAN4 to define under which conditions the UE can be scheduled in a gap between kept MUSIM gaps.

On collision between MUSIM and legacy gaps
When number of colliding gaps is more than two with mix of periodic MUSIM, aperiodic MUSIM gap and MGs
Following was left for more discussion in RAN4#108bis:
· Proposals	
· P1: When priority based solution is used for MUSIM gap collision handling, only aperiodic MUSIM gap will be left. When “keep” solution is used for MUSIM gap collision handing, all MUSIM gaps will be kept. (vivo, China Telecom)
Earlier, RAN4 agreed following:
Agreement
Aperiodic MUSIM gap is always kept (not dropped) from UE perspective in case of collisions with other gaps (i.e. all gaps including MUSIM gaps, MGs, etc)'
As this agreement covers all gaps and applies irrespective of whether keep- or priority-based solution is used, we agree with the proposal but also see that the is already agreed behavior.
No need for further clarifications regarding: When number of colliding gaps is more than two with mix of periodic MUSIM, aperiodic MUSIM gap and MGs
In fact, we believe above agreement made earlier also covers Type-1 gaps.

Solutions for collision between MUSIM gap and Type-1 MG or any configured gap without priority
Status after the RAN4#108bis meeting is as follows:
· 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 vivo oppo)
· P2: Collision is handled based on the MGRP of the collided gaps (Ericsson ZTE vivo Huawei MTK Qualcomm)
· P2-1: RAN4 to prioritize the gap with longer MGRP when: 1. Any of the collision gaps is Type-1 MG; (Huawei Ericsson vivo MTK Qualcomm)
· P2-2: No requirements apply if any of the two gaps have same MGRP. (vivo Huawei Qualcomm)
· P2-3: 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)
· P3: Introduce priority for Type-1 MG when MUSIM gaps are configured when also having Type-1 measurement gaps allocated (vivo Nokia)
Firstly, it might be good to recall that Type-1 gaps have no priority, and the issue is about collisions between MUSIM gaps and gaps without priority.
Secondly, it might be good to remember that RAN4 has no agreement yet regarding what the UE MUSIM requirements would be if network does not allocate all UE requested MUSIM gaps.
Additionally, RAN4 agreed that equal priority MUSIM gaps are not supported.
Based on this, we have concerns related to P1 and P2 as follows:
P1: Type-1 gaps cannot be assigned a priority and hence this proposal means that in case any MUSIM gap collide with any Type-1 gap there will be no UE requirements. P1 is not fully clear which ‘requirements’ is referred to. Only MUSIM related requirements or both MUSIM and any other gap related requirements (e.g. type-1 gap)? However, we do not see it as an uncommon scenario that Type-1 gaps will have to be used together with MUSIM gaps. Fully avoiding any collisions between type-1 gaps and MUSIM will be very difficult in practice. Hence, we have concerns on P1.
P2: We can appreciate the general thinking behind the proposal – assuming that the MUSIM gap with long MGRP would be a MUSIM gap for paging reception and it should be prioritized. However, it does not really address what happens with collisions between Type-1 gaps and MUSIM gaps with shorter MGRP.
P2-1: Our understanding of P2-1 is that the longest MGRP rule only applies when it is a collision between a Type-1 gap and a MUSIM gap. The proposal seems to be the same as P2.
P2-2: Not having any requirements when 2 colliding gaps have same MGRP seems unreasonable. We here assume this would mean no requirements for gap assisted measurements and no requirements for MUSIM gaps. It is not clear how this really address the problem except of course network shall avoid allocating such MUSIM gap if requested by the UE.
P2-3: This proposal addresses if Type-1 gaps and MUSIM gaps have same MGRP and collides (which then must be continuously?). And this happens the MUSIM gap is prioritized -as the Type-1 gap have no priority?

The main problem comes from that Type-1 gaps cannot currently be assigned any priority. This situation comes from the Rel-17 concurrent measurement gap discussion. However, we are now discussing Rel-18 and defining new UE requirements for a UE supporting MUSIM gaps.
We see that we can easily have both UEs not supporting Type-2 (concurrent) gaps in the field and we will also have networks which do not support Type-2 gaps even if the UE indicates such support.
Currently RAN4 has following agreed:
· Agreement on priority solution:
· Priority solution for MUSIM gaps.
· Priority solution for type-2 gaps.
· Handling of MUSM and Type-2 gap priorities.
· Agreements on keep solution:
· Keep all MUSIM gaps.
· MUSIM keep solution with type-2 gaps.
· Aperiodic gaps.
Hence, all the UE behavior is agreed regarding how to handle priorities for MUSIM gaps, Type-2 gaps and between MUSIM gap and Type-2 gap priorities. Assigning a priority to a Type-1 gap to be used when MUSIM gaps are allocated should be same as if one Type-2 gap is configured. Only difference is that Type-1 gaps cannot be assigned a priority.
As it is agreed that the UE supporting MUSIM gaps shall support the priority-based solution, the simplest way addressing the issue is by introducing a priority for Type-1 gaps.
Such Type-1 gap priority can either be:
· Either fixed
· Configurable
and applicable when MUSIM gaps are configured.
Introduce priority for Type-1 gaps. 
Such Type-1 gap priority can only be allocated when MUSIM gaps are configured. Hence, the Type-1 gap priority is only when MUSIM gaps are allocated and only used together with MUSIM gaps.
The Type-1 gap priority is only applied when MUSIM gaps are configured.
Hence, the Type-1 gap priority is not applied if MUSIM gaps are not allocated.

[bookmark: _Toc116995848]Conclusion
In this paper, we have provided further input to the remaining open issues related to MUSIM gaps and UE requirements as listed in the agreed WF from RAN4#108bis meeting.
Based on the discussion we propose:
Constraints on MUSIM gap request from UE side:
1. There need to be a reasonable balance between the UE NW-B requirements and the MUSIM gap pattern(s).
1. There shall be a minimum MGRP defined for the requested MUSIM gap pattern.
1. UE is not required performing NW-B inter-frequency measurements.
1. The UE shall at least support MUSIM MGRP of 160ms.
UE behavior when “keep solution” is indicated by UE and NW A rejects the ‘keep solution’ indication:
Support P2. Priority based solution can always be applied if keep solution is not granted.
A UE supporting MUSIM gaps shall at least support priority based solution.
A UE supporting MUSIM gaps may support keep solution.
On aperiodic MUSIM gap request:
UE requesting an aperiodic MUSIM gap while one aperiodic gap is ‘pending’ the new aperiodic gap (if allocated) will overwrite the pending aperiodic gap.
UE behavior when using “keep solution”:
RAN4 to define under which conditions the UE can be scheduled in a gap between kept MUSIM gaps.
When number of colliding gaps is more than two with mix of periodic MUSIM, aperiodic MUSIM gap and MGs:
No need for further clarifications regarding: When number of colliding gaps is more than two with mix of periodic MUSIM, aperiodic MUSIM gap and MGs
Solutions for collision between MUSIM gap and Type-1 MG or any configured gap without priority:
Introduce priority for Type-1 gaps. 
The Type-1 gap priority is only applied when MUSIM gaps are configured.
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