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Introduction
At RAN 95 meeting the revised WI “Dual Transmission/Reception (Tx/Rx) Multi-SIM for NR” [1] was approved. The objectives are: 

1. Enhancements for MUSIM procedures to operate in RRC_CONNECTED state simultaneously in NW A and NW B. [RAN2, RAN3, RAN4].
· Specify mechanism to indicate preference on temporary UE capability restriction and removal of restriction (e.g. capability update, release of cells, (de)activation of configured resources) with NW A when UE needs transmission or reception (e.g., start/stop connection to NW B) for MUSIM purpose
· RAT Concurrency: Network A is NR SA (with CA) or NR DC. Network B can either be LTE or NR.
· Applicable UE architecture: Dual-RX/Dual-TX UE

The work item shall identify whether the WI will have RAN3 or RAN4 impacts by RAN#99 [RAN2].

2. Define RRM requirements for Rel-17 MUSIM gaps [RAN4, RAN2]
· Define RRM requirements for Rel-17 MUSIM gaps [RAN4, RAN2]
· The following MUSIM gap requirements are considered 
· Measurements in Network A
· Measurements in Network B in RRC idle/inactive
· Note: it is up to RAN4 decision whether to define requirements for Network B.
· Identify and specify, if needed, solutions for MUSIM gap collision handling for the following cases [RAN4, RAN2]
· Case 1: Collisions between MUSIM gap and legacy measurement gap (i.e., Rel-15 to Rel-17 measurement gaps)
· Case 2: Collisions between MUSIM gap and SMTC
· Case 3: Collisions between different MUSIM gaps
· Note: RAN2 work can be triggered by RAN4 LS only, if needed
· Identify impacts on L1 measurements, RLM/BFD and L3 measurements and specify corresponding UE requirements, if necessary, when MUSIM gap(s) are configured, for the following scenarios [RAN4]
· Only MUSIM gap(s) are configured
· MUSIM gap(s) and legacy measurement gap are configured
· Note: requirements are applicable to MUSIM gaps defined in Rel-17 MUSIM WI (LTE_NR_MUSIM) 
The RAN4 part has been discussed for a few meeting and agreements can be found at [2], [3] and [4]. In this contribution we provide our further considerations on priority and gap collision handling for this WI.
Discussion
MUSIM gap priority configuration
At previous RAN4 meeting it was agreed to introduce priority for each MUSIM gap as indicated in the issue 2-1-1. 
Issue 2-1-1: On introduction of priority for MUSIM gaps
· Proposals
· P1: Priority should be introduced to each MUSIM gaps (Apple Huawei vivo)
· P2: RAN4 would first need to decide if there is a need to define priorities among MUSIM gaps (Nokia)
· 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
Regarding “FFS whether aperiodic MUSIM gap shall be assigned with a priority level”, based on the agreement of Issue 2-3-2-2 of [2] and the update 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” of [4], it is reasonable that priority rules will be used when aperiodic MUSIM gap collides with a Type-2 MG. Hence allocating a priority for an aperiodic gap is the most convenient solution to be incorporated in the current agreement. It is noted that when a priority is not allocated to an aperiodic MUSIM gap, the intention is that aperiodic MUSIM gap should have the highest priority or never be dropped when a collision happens. If this is the case the solution also works however extra specification effort is needed for this solution. 
Proposal 1: In principle the aperiodic should not be dropped when collides with Type-2 gaps or MUSIM gaps after it was allocated. Prefer to allocate priority level for aperiodic MUSIM gap.   
Regarding the relationship between MUSIM priority level and priority level for other MGs, we support option 1, i.e., the priority level of MUSIM shall be comparable to priority of other MGs. As mentioned before, priority based rules will be used for collisions between MUSIM gap and Type -2 MG. To achieve this agreement, the priority level of MUSM gap shall be comparable to the priority level of other MGs. 
Proposal 2: Regarding the relation between MUSIM priority level and priority levels for other MGs, support option 1, i.e., the priority level of MUSIM shall be comparable to the priority level of other MGs.
The next question is how to make these priority level comparable. From signaling aspect, GapPriority-r17 [5] was introduced in Rel-17 GapConfig-r17 signalling to allocate the priority for Rel-17 concurrent gaps where the maximum priority level supported is 16. Considering the maximum number of gaps which needs priority, there are maximum 4 MUSIM gaps (if aperiodic MUSIM gap has a priority) and 2 concurrent gaps which need priority allocating and the current signalling is sufficient to support the priority allocation for these gaps. 
[image: ]
GapPriority-r17 ::=                       INTEGER (1..maxNrOfGapPri-r17)
maxNrOfGapPri-r17                       INTEGER ::= 16

Proposal 3: To make the priority level of MUSIM is comparable to the priority level of other MGs, the priorities for any pair of MUSIM gap and legacy MG should be different. The priority level of MUSIM gaps should be configured/allocated by NW A via GapPriority signalling.

However regarding how a UE indicates its priority preference and how the NW A utilize the preference indicated by a UE to configure the gap for MUSIM priority, there are different views and it impacts on the relation between MUSIM priority level and priority levels for other MGs as well. These different views are also related to different understanding on how NW A configures MUSIM gap priority based on UE indication and how UE indicates its preference, i.e., issue 2-1-3 and issue 2-1-2.
Issue 2-1-2: Priority/usage indication on MUSIM gaps from UE side
· Proposals
· Option 1: When requesting MUSIM gap UE can indicate its preferred priority (Apple xiaomi vivo oppo Charter MTK Qualcomm)
· Option 1-1: indicate preferred priority via e.g. in musim-GapPreferenceList. (Apple)
· Option 1-2: UE could report a 1-bit flag on the preference of higher priority, and no additional bits on MUSIM gap purpose. When this flag is set as true, NW-A will either agree to configure this MUSIM gap with higher priority or reject the whole MUSIM gap request. When this flag is set as false, NW-A can decide and configure a suitable priority. (oppo)
· Option 1-3: Request RAN2 to introduce optional signalling so that the UE can request the priority level of MUSIM gaps (MTK, Qualcomm)
· Option 2: When UE requests the MUSIM gaps, UE needs to send the UAI to indicate which MUSIM gap is used for paging instead of indicate the priority of the MUSIM gap. RAN4 sends LS to RAN2 to ask adding the UAI for MUSIM gap usage at least for paging gap. (Ericsson)
· Option 3: It is not necessary to indicate the usage of MUSIM gaps. 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)
· Option 4: FFS whether to support indication from UE side to assist NW-A priority assignment (Huawei)
· Option 5: UE suggests priorities of MUSIM gaps + legacy MGs to NW A (MTK)
· 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
Issue 2-1-3: MUSIM gap priority configuration
· Proposals
· P1: MUSIM gaps’ priority are up to NW-A configuration (Apple CMCC vivo xiaomi Huawei MTK Qualcomm)
· P1-1: NW A, with the help from UE, assigns the priorities for MUSIM gaps + legacy MGs (Apple vivo MTK Qualcomm)
· P1-2: NW A could further increase/decrease the priorities for all MUSIM gaps based on UE’s priority indication when configure priority for MUSIM gaps by considering type-2 MG’s pro(vivo)
· P2: Hybrid priority configuration (Ericsson)
· MUSIM paging gap and Aperiodic gap should have higher priority than NW-A’s MGs
· The priority for other MUSIM gaps and NW-A’s legacy MGs is up to NW’s configuration 
· When UE doesn’t inform the paging gap to NW-A, all MUSIM gap’s priorities are configured up to NW-A.
· P3: Pushing priority decision to network decision without clear understanding of how priorities are to be used is not preferred (Nokia)
· WF
· Continue discussion. Companies are encouraged to provide more detail on how proposed solution work.
The relationship between MUSIM priority level and other MG’s priority level, how UE indicates its MUSIM priority preference and how NW A allocates priorities for MUSIM gap and Type-2 MGs based on UE’s indication is further illustrated in the following figure.   


Figure 1 MUSIM priority indication and MUSIM/MG priority configuration
Using option 1 in issue 2-1-2 and P1 of issue 2-1-3 as an example, a UE can indicate its preferred MUSIM gap priority P1, P2 and P3 to NW A and P1 > P2 > P3. At the left figure, NW A plan to allocate MG 1 and MG 2 and MUSIM gap, after getting UE’s MUSIM priority preference, NW A will configure priority to both MG1/MG2 and MUSIM gaps and the new priority for MUSIM gap 1, 2 and 3 are P1’, P2’ and P3’ with P1’>P2’>P3’. This means the initial MUSIM gap priority preference indication from UE side only indicates the relative priority order among all MUSIM gaps it applies. The network can adjust the absolution priority level of MUSIM gap by jointly considering the priority allocating for MUSIM and general MGs while the relative order of MUSIM gap priority indicated by the UE is kept the same.  
At the right side of figure 1, it illustrates the scenario where legacy measurement gap with priority x and y have already been allocated and priority x is the highest priority level. After getting the priority indication of P1, P2 and P3 for MUSIM gap from UE, NW A can assume the MUSIM gap with the highest priority will be an aperiodic MUSIM gap or periodic MUSIM gap used for paging purpose. Then NW A can configure the priority level for MUSIM gap and reconfigure the priority level of already existing measurement gaps at the same time while keep the relative priority for each group. Hence P1’ > P2’ > P3’ and x’ > y’. However at mentioned before, at this instance it is possible that P1’ > x’ to ensure the aperiodic MUSIM gap or periodic MUSIM gap for paging purpose to have the highest priority, i.e., even if the highest priority has already been allocated for an existing gap, there is no issue to re-adjust the priority level among all gaps to ensure some particular gaps to have the highest priority. 
Proposal 4: For priority/usage indication on MUSIM gaps from UE side, in summary there are two different ways:
· UE indicates priorities for MUSIM gaps
· Indicate a particular (paging) usage of one or more particular MUSIM gap
prefer option 1, i.e., UE indicates its preferred priority per each MUSIM gap
Proposal 5: For Issue 2-1-3 MUSIM gap priority configuration, support P1 - MUSIM gaps’ priority are up to NW-A configuration. Support P1-1 as well. 
Proposal 6: When NW A configure priority for MUSIM gaps, NW A could assigns the priority for each MUSM gap with a (different) priority based on priority indicated by UE. The MUSIM gap for paging purpose can be implicitly indicated by the highest priority indicated by the UE.
Proposal 7: When NW A assigns priority for MUSIM gaps, NW A can 
· option 1: NW A should keep the relative priority order for MUSIM gaps. 
· option 2: 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 and re-configure appropriate priority for these MUSIM gaps  
· option 3: NW A could allocate higher priority for MUSIM gaps with longer MGRP
And option 1 is preferred
In addition in the issue 2-1-3, P2 suggests MUSIM paging gap and aperiodic gap should have higher priority than NW-A’s MGs and priority for other MUSIM gap and NW-A’s legacy gaps are up to NW-A configuration. We think this proposal does not contradict with the idea that priority of all MUSIM gaps and other NW A gap are up to NW A configuration. With NW-A configuration, it still can guarantee MUSIM gap for paging and aperiodic gap have higher priority than other gaps and this limitation on configuration could be captured in corresponding specification. 
In addition various suggestions on priority for particular MUSIM gaps were proposed. The fundamental difference between different options are whether particular (highest) priority should be allocated to some MUSIM gaps with particular usage. 
Issue 2-1-4: Priority setting for particular MUSIM gaps
· Proposals
· P1: The paging gap can be always configured as the highest priority (Ericsson) 
· P2: High priority can be assigned to MUSIM gap used for paging compared with legacy MG (Ericsson)
· P3: Aperiodic MUSIM gap is always prioritized over legacy MGs in NW A. (Huawei Charter Ericsson)
· P4: Aperiodic gap should have higher priority than periodic MUSIM gaps (Apple)
· P5: RAN4 shall not impose specific priorities for MUSIM gaps based on their assumed usage (Qualcomm MTK)
· P6: MUSIM gaps priorities should be configurable and high priority can be assigned to MUSIM gap used for paging or aperiodic MUSIM gap (MTK)
· WF
· Suggest the following options are used for further discussion:
· Option 1: Gap for paging purpose have the highest priority among all MUSIM and legacy gaps 
· Option 2: Aperiodic gap has the highest priority among all MUSIM and legacy gaps
· Option 3: Both gap for paging purpose and aperiodic have highest priority among all MUSIM and legacy gaps
· Option 4: Up to network configuration
As the above analysis, currently it is preferred that particular(highest) priorities are allocated for particular MUSIM gap and have the following proposal:
Proposal 8: When NW-A configures priority for gaps, it should configure MUSIM gap for paging and aperiodic gap with relative higher priority than other gaps. If there is a consensus, this limitation on NW A priority configuration could be captured in corresponding specification.

Issue 2-1-5: On priority between Type-2 MG and MUSIM gaps
· Proposals
· P1: The priorities for any pair of MUSIM gap and legacy MG are different. (Xiaomi Huawei Nokia)
· P1-1: The requirements related to MUSIM gaps apply provided that the priorities for any pair of MUSIM gap and legacy MG are different. (Huawei)
· P2: RAN4 would then need to discuss if and how to define priority between MUSIM and non-MUSIM gaps. RAN4 should first agree on the overall priority concept between MUSIM gaps and also between MUSIM gaps and legacy gaps. (Nokia)
· P3: priority of MUSIM gap shall be configured such that UE can compare priority of MUSIM gap and gap configured in Gapconfig-r17 (Apple)
· P3-1: At least a priority between MUSIM gaps and legacy gaps is needed; (Nokia)
· P4: Same priority configuration between MUSIM gap and legacy gap is allowed, and RAN4 to introduce sharing rule to solve the same priority case. (xiaomi)
· WF
· Non consensus and continue discussion
For the issue 2-1-5, as discussed before, if the priority is allocated through via GapPriority signaling, the priority level of MUSIM gap and Type-2 MG are comparable (as suggest by P3) and it is straightforward that the priorities for any pair of MUSIM gap and legacy MG are different. For the scenario where same priority between MUSIM gap and legacy gap, since it was already agreed that priority based rule will be used to handle the collision, the sharing rules for the same priority needs not be considered. 
Proposal 9: For Issue 2-1-5 On priority between Type-2 MG and MUSIM gaps, support P1. Ok with P3 however P3 is covered by issue 2-1-1 “FFS on relation between MUSIM priority level and priority levels for other MGs”.
Proposal 10: Do not consider the scenario where same priority configuration between any pair of MUSIM gap and legacy gap and corresponding gap sharing rule. 

On collision between different MUSIM gaps
For the collision between different MUSIM gap, the following issues had been discussed at previous RAN4 meeting. The key question is related to issue 2-2-2, i.e., which solution should be used when MUSIM gap collides. 
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)
· WF
· Suggest the following options are used for further discussion:
· Option 1: Priority based solution is used for collision between different MUSIM gaps
· Option 2: Kept/merged solution is used for collision between different MUSIM gaps
· Option 3: Use both option 1 and 2 as the solution
· Option 4: Other solutions
Regarding solution for MUSIM gap collision, the first argument is whether the collision can be avoided by UE applying appropriate gap patterns. Figure 2 shows 2 cases for MUSIM gap collision. At the left side when MUSIM gap pattern 1 and gap pattern 2 collides and gap 1 has relative high priority. After priority based gap collision, some gaps of gap pattern 2 are dropped. Actually the collision between MUSIM gap pattern 1 and pattern 2 can be avoided if a UE applies gap pattern 3 instead of gap pattern 2 providing the multiple of periodicity between the 2 different MUSIM gap pattern is 2. However at the right side of figure 2, the gap collision cannot be avoided or it is impossible to create the left gaps after applying priority based gap collision solution.  
Observation 1: The collision between MUSIM gaps cannot be avoided through UE applying appropriate MUSIM gap patterns. 

 
Figure 2 Collisions between different MUSIM gaps
Regarding the following suggestion on merging different MUSIM gaps as suggested in P2-1, there are few concerns regarding this solution. 
· 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.
Firstly considering two collided with 3ms distance and 10 ms MGL, if merging these two gaps into one gap, the total MGL will be 23 ms and it exceeds 20 ms which will cause damage on RLM/RRM performance on NW A. In addition there are a few new introduced MUSIM gap pattern with 20ms MGL and if they are merged, for example two MUSIM gaps with 20ms are merged, the MGL of merged gap could be too long. 
Observation 2: The MGL of merged MUSIM gaps could be too long and damage NW A performance. 
Moreover, the intention of merging different MUSIM into an union gap needs further clarification. From history point of view, the assumption where within one gap only one particular measurement object is measured exists for a long time. When two gaps merged into one union gap and if there is still only one measurement object will be measured within that union gap, there is performance loss instead of any benefit since a gap with unnecessary long MGL is used to achieve identical measurement purpose. 
Observation 3: There is performance loss instead of any benefit if two gaps are merged into one union gap and only one particular measurement object is measured within that union gap. 
Regarding issue 2-2-2, we are ok with P1 and P3. In Rel-17 concurrent gap WI, the fundamental assumption is that different gaps are used to measure different MOs at different frequency layer and when two gaps collide, it is very hard to keep both two gaps due to RF retune. However for the MUSIM gaps, two gaps may measure different MOs at the same frequency layer and under this scenario, it is possible to keep both MUSIM gaps. On other hand, when two gaps measure MOs at different frequency layer or when the conditions for keeping all collided MUSIM gaps are not satisfied, priority based solution could be used for MUSIM gap collision handling. 
It is also suggested that with multiple MUSIM gaps collide, how to handle the collision could be up to UE implementation instead of using priority based rules. Up to UE implementation to handle the MUSIM gap collision is feasible however it is not a desirable solution. Using this way it is not clear which gap will be left for which measurement, which makes it hard to define corresponding requirements when necessary. On the other hand it was already agreed to introduce priority for each MUSIM gaps. Hence it is straightforward to use priority based way to handle collisions between MUSIM gaps, which will lead to a clear understanding on which MUSIM gap will be left after collision handling with very limited specs effort. 
Observation 4: MUSIM collision handling based on UE implementation is not a desirable solution. It was already agreed to introduce priority for each MUSIM gap. Using priority rule based solution will have a clear understanding on which MUSIM gap will be left after collision handling with very limited specs effort. 
Proposal 11: For issue 1-2-2, for the collision between different MUSIM gaps, priority based rule should be used as baseline, kept solution in option 2 could be further studied when corresponding conditions are satisfied. 
Conditions when collided MUSIM gaps can be kept/merged
Issue 2-2-3: Conditions to use the MUSIM gap kept/merged solution during collision between MUSIM gaps 
· Proposals
· P1: The conditions when applying the combining/non-dropped solution need be clearly defined to ensure NW A and the UE has the same understanding on whether a MUSIM gap is dropped or not (vivo)
· P2: Conditions for MUSIM gaps are kept when they collide each other could be the following and other conditions could be FFS (vivo)
· Different MUSIM gaps measure MOs of the same frequency layer
· P3: MUSIM gap kept/merged is used only when the involved MUSIM gaps are equally higher priority, and apply priority rule in the other scenarios. (oppo)
· P4: 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,
· P5: Further constraints on whether a particular collided MUSIM gap can be kept need be defined if collided MUSIM gaps are physically overlapped. (vivo)
· WF
· Non consensus and continue discussion
Regarding conditions when collided MUSIM gaps can be kept, if the two MUSIM gaps are not physically overlapping and the distance is less than 4ms, as illustrated in the middle of figure 3, and they are used to measure the object at the same frequency layer, both MUSIM gaps can be kept. 
Physically overlapping FFS on non-dropped conditions
 
d >4ms two separate gaps
d<4ms both gaps are kept

Figure 3 Non-dropped conditions at time domain when multiple MUSIM gaps collide
Proposal 12: The conditions when collided MUSIM gaps can be kept are: 
· collided MUSIM gaps measure MOs of the same frequency layer
· the collided MUSIM gaps are not physically overlapping and the distance between them is less than 4ms
· the UE can handle the case shown in the middle of figure 3 when the above two conditions are satisfied
the priority based rules will not be applied if collided MUSIM gaps are determined to be kept, however when any of the collided gaps being kept collides with a legacy measurement gap, priority based rule will be used.  
For the issue issue 2-2-1, if there is a consensus to at least use priority based rule as the base to handle MUSIM gap collision, it is straightforward to use option 1 as the definition of the collision between different MUSIM gaps. 
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)
· WF
· Non consensus and continue discussion
Proposal 13: For Issue 2-2-1: Definition of the collision between different MUSIM gaps, support option 1.  
On collision between MUSIM and legacy gaps
Regarding the collision between MUSIM gap and Type-2 MG, updated agreement has been achieved on the P1 and P2 “gap sharing rule” is for FFS.
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)
· Agreement:
· Update the agreement of Issue 2-3-2-2 of R4-2214349 of RAN4 #104 as “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”. 
· Continue discussion on P2.
For the collision between MUSIM gap and Type-2 MG, updated agreement has been achieved on the P1 and P2 “gap sharing rule” is for FFS. Regarding gap sharing rule, since it was agreed that priority based rules should be used for the collision between MUSIM gap and Type-2 MG/legacy MGs, it is not reasonable that equal priority will be allocated for MUSIM and legacy MGs, hence we do not think gap sharing rule should be considered under this scenario. In addition, MUSIM gap is for NW B measurement and legacy MG is for NW A measurement and it is not clear what is the benefit of applying gap sharing rule for collided MUSIM gap and legacy MG. 
Observation 5: MUSIM gap is for NW B measurement and legacy MG is for NW A measurement and it is not clear what is the benefit of applying gap sharing rule for collided MUSIM gap and legacy MG.
Proposal 14: For issue 2-3-1, solutions for collision between MUSIM gap and Type-2 MG, suggest not consider gap sharing rule or deprioritize gap sharing rule.   

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
· WF
· Continue discussion
Regarding issue 2-3-2, it is unclear the intention if network A configures MUSIM gaps and configures Type-1 MG via GapConfig-r17. In addition, based on the signalling of GapConfig-r17 copied below, the priority can be allocated even the UE does not support Rel-17 concurrent feature. Hence scenario where NW-A allocates MUSIM gaps with priorities and allocate legacy gap without priorities at the same time is unclear and rare. 
[image: ]At concurrent gap WI in Rel-17, when priority is not configured for one particular gap involved in collision, no requirement will be applied for this scenario and the same principle should be reused for the collision between Type-1 MG and MUSIM gaps. In addition, P2 is also acceptable.
Proposal 15: For issue 2-3-2, support P1.
On collision between MUSIM gaps and other signals
The discussion on the collision between MUSIM gaps and other signals has been discussed at previous meeting on the following issues. It should be noted that the MUSIM gaps are MUSIM gap left after collision handling between different MUSIM gaps and collision handling between MUSIMG gaps and legacy gaps. The impact on the performance of L1/L3 measurements and other procedures due to the introduction of MUSIM gaps can be concluded after solving the collision issue in this section. 

Issue 2-4-2: Priority of MUSIM against SMTC, and other L3/ L1 measurement resources
· Proposals
· P1: MUSIM gaps have higher priority when colliding with SMTC/SSB for L3/L1 measurement (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) (Apple xiaomi vivo oppo Ericsson Huawei MTK Qualcomm)
· P2: RAN4 shall strike for optimization between MUSIM gaps and SMTC/L1 in NW A. (Apple)
· P3: RAN4 not to consider only having a fixed MUSIM priority over SMTC, and other L3/ L1 measurement resources (Nokia)
· P4: 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, such as SMTC for L3 measurement, SMTC for Hanover. When NW-A’s RS resources for one-shot RRM procedure collide with MUSIM gaps, MUSIM gaps should have lower priority (Ericsson)
· WF
· Non consensus and continue discussion
Currently a UE performs L1 measurement outside any measurement gap and this should apply for MUSIM gap as well. For L3 measurement, it was agreed that MUSIM gap is only used for network B MUSIM purpose and not used for any purpose of network A, hence network A layer 3 measurement is only performed outside MUSIM gap. 
For example using intra-frequency measurement without gap for L3 measurement requirements when concurrent gaps are configured as an example (same principles are used for L1 measurement), the scaling factor depends on the ratio between the total available L3 occasions within W and the available measurement occasions after collision handing between L3 and concurrent gaps which are after gap collision handling. The requirement implies non-dropped concurrent gap has a higher priority against L1/L3 measurement occasions. 
Regarding P2, the optimization should be deprioritized until the benefit is clear. 
For the suggestion where MUSIM priority is not fixed in P3, it should be noted that fundamentally the MUSIM gaps are requested by UE which means UE is well prepared or undertake any risk to have the MUSIM gap. This is the UE’s intention and in addition if MUSIM gap allocation is not reasonable, network A can always reject the MUSIM gap allocation request from UE side. It is less benefit if NW A assign MUSIM gaps to UE with dynamic priorities. 
Observation 6: Since MUSIM gaps are requested by UE and further NW A can approve UE’s request or not, it is less benefit if NW A assign MUSIM gaps to UE however with some dynamic priorities. 
Regarding the suggestion of P4, the collision with UL signals will be discussed in the issue 2-4-3. 
Proposal 16: For issue 2-4-2, support P1.
Issue 2-4-1: Definition of the collision between MUSIM gaps and L1/L3 measurement resources
· 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 (oppo vivo Huawei Nokia MTK)
· Option 1a: An L1/L3 measurement resource is considered to be overlapped with a MUSIM gap if it fully or partially overlaps with a MUSIM gap occasion. (Ericsson)
· Option 2: Use the proximity condition for the collisions between MUSIM gap and SMTC and other L3/L1 measurement resources, where proximity distance of 4ms is the time difference between the ending point of the gap occasion and the starting point of the SMTC occasion and vice versa. (xiaomi)
· Agreement
· A L1/L3 measurement resource is considered to be [partially or fully] overlapped with a periodic MUSIM gap if it [partially or fully] overlaps a MUSIM gap occasion in time domain
· A L1/L3 measurement resource is considered to be [partially or fully] overlapped with an aperiodic MUSIM gap if it [partially or fully] overlaps that aperiodic MUSIM gap occasion in time domain
Regarding the definition of the collision between MUSIM gaps and L1/L3 measurement resources, agreements have been achieved at previous meeting with bracket. We suggest to remove 
Proposal 17: Remove the bracket and update the agreements as the following:
· A L1/L3 measurement resource is considered to be partially or fully overlapped with a periodic MUSIM gap if it partially or fully overlaps a MUSIM gap occasion in time domain
· A L1/L3 measurement resource is considered to be partially overlapped with an aperiodic MUSIM gap if it partially overlaps that aperiodic MUSIM gap occasion in time domain

Issue 2-4-3: Priority of MUSIM against uplink signals, such as PRACH, CSI-RS reporting
· Proposals
· P1: When NW-A’s uplink signals for one-shot RRM procedure 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 (Ericsson)
· P2: For the collision during a random access procedure, the legacy solution used for the scenario when Type-1 MG collides with Msg2/Msg4 reception or Msg3 transmission can be reused. Alternative how to handle the collision could be up to UE implementation.  (vivo)
· P3: Priority of MUSIM against uplink signals, such as PRACH, CSI-RS reporting, support reuse rules defined at 5.14 of TS38.321 except for the Msg3. (vivo)
· P4: 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. (Huawei)
· P4-1: Do not specify collision handing solution between MUSIM gaps and a particular RRM procedures like Scell activation/deactivation in NW A. (vivo)
· P5: RAN4 not to consider only having a fixed MUSIM priority over uplink signals, such as PRACH, CSI-RS reporting (Nokia)
· P6: RAN2 has already defined requirements on the prioritization of MUSIM gaps vs. uplink transmissions. RAN4 does not need to discuss this issue further (Qualcomm)
· WF
· Non consensus and continue discussion
For the issue regarding 2-4-3, priority of MUSIM against uplink signals, such as PRACH, CSI reporting, as we proposed several times, handling of measurement gaps has already been defined for the legacy gaps at 5.14 of [38.321], the corresponding text is copied below for reference. 
[image: ]
In Rel-17 time frame, RAN2 had already discussed on how to handle the collision between MUSIM gaps and uplink signals and had the conclusions. This issue is a pure RAN2 issue and if there is any consensus on any concern, RAN2’s opinion could be asked. 
Proposal 18: For the issue 2-4-3, Priority of MUSIM against uplink signals, such as PRACH, CSI-RS reporting, this issue is a pure RAN2 issue. 

Conclusion
In this contribution, we provide our considerations on the collisions between gaps and priority rules part of RRM requirements for R17 MUSIM gaps and have the following observations and proposals:
Observation 1: The collision between MUSIM gaps cannot be avoided through UE applying appropriate MUSIM gap patterns. 
Observation 2: The MGL of merged MUSIM gaps could be too long and damage NW A performance. 
Observation 3: There is performance loss instead of any benefit if two gaps are merged into one union gap and one particular measurement object is measured within that union gap. 
Observation 4: MUSIM collision handling based on UE implementation is not a desirable solution. It was already agreed to introduce priority for each MUSIM gap. Using priority rule based solution will have a clear understanding on which MUSIM gap will be left after collision handling with very limited specs effort. 
Observation 5: MUSIM gap is for NW B measurement and legacy MG is for NW A measurement and it is not clear what is the benefit of applying gap sharing rule for collided MUSIM gap and legacy MG.
Observation 6: Since MUSIM gaps are requested by UE and further NW A can approve UE’s request or not, it is less benefit if NW A assign MUSIM gaps to UE however with some dynamic priorities. 

Proposal 1: In principle the aperiodic should not be dropped when collides with Type-2 gaps or MUSIM gaps after it was allocated. Prefer to allocate priority level for aperiodic MUSIM gap.   
Proposal 2: Regarding the relation between MUSIM priority level and priority levels for other MGs, support option 1, i.e., the priority level of MUSIM shall be comparable to the priority level of other MGs.
Proposal 3: To make the priority level of MUSIM is comparable to the priority level of other MGs, the priorities for any pair of MUSIM gap and legacy MG should be different. The priority level of MUSIM gaps should be configured/allocated by NW A via GapPriority signalling.
Proposal 4: For priority/usage indication on MUSIM gaps from UE side, in summary there are two different ways:
· UE indicates priorities for MUSIM gaps
· Indicate a particular (paging) usage of one or more particular MUSIM gap
prefer option 1, i.e., UE indicates its preferred priority per each MUSIM gap
Proposal 5: For Issue 2-1-3 MUSIM gap priority configuration, support P1 - MUSIM gaps’ priority are up to NW-A configuration. Support P1-1 as well. 
Proposal 6: When NW A configure priority for MUSIM gaps, NW A could assigns the priority for each MUSM gap with a (different) priority based on priority indicated by UE. The MUSIM gap for paging purpose can be implicitly indicated by the highest priority indicated by the UE.
Proposal 7: When NW A assigns priority for MUSIM gaps, NW A can 
· option 1: NW A should keep the relative priority order for MUSIM gaps. 
· option 2: NW A treat the MUSIM gaps with the highest/second highest priority indicated by UE as aperiodic MUSIM gap and MUSIM gap for paging purpose and re-configure appropriate priority for these MUSIM gaps 
· option 3: NW A could allocate higher priority for MUSIM gaps with longer MGRP
And option 1 is preferred 
Proposal 8: When NW-A configures priority for gaps, it should configure MUSIM gap for paging and aperiodic gap with relative higher priority than other gaps. If there is a consensus, this limitation on NW A priority configuration could be captured in corresponding specification.
Proposal 9: For Issue 2-1-5 On priority between Type-2 MG and MUSIM gaps, support P1. Ok with P3 however P3 is covered by issue 2-1-1 “FFS on relation between MUSIM priority level and priority levels for other MGs”.
Proposal 10: Do not consider the scenario where same priority configuration between any pair of MUSIM gap and legacy gap and corresponding gap sharing rule. 
Proposal 11: For issue 1-2-2, for the collision between different MUSIM gaps, priority based rule should be used as baseline, kept solution in option 2 could be further studied when corresponding conditions are satisfied. 
Proposal 12: The conditions when collided MUSIM gaps can be kept are: 
· collided MUSIM gaps measure MOs of the same frequency layer
· the collided MUSIM gaps are not physically overlapping and the distance between them is less than 4ms
· the UE can handle the case shown in the middle of figure 3 when the above two conditions are satisfied
the priority based rules will not be applied if collided MUSIM gaps are determined to be kept, however when any of the collided gaps being kept collides with a legacy measurement gap, priority based rule will be used.  

Proposal 13: For Issue 2-2-1: Definition of the collision between different MUSIM gaps, support option 1.  
Proposal 14: For issue 2-3-1, solutions for collision between MUSIM gap and Type-2 MG, suggest not consider gap sharing rule or deprioritize gap sharing rule.   
Proposal 15: For issue 2-3-2, support P1.
Proposal 16: For issue 2-4-2, support P1.
Proposal 17: Remove the bracket and update the agreements as the following:
· A L1/L3 measurement resource is considered to be partially or fully overlapped with a periodic MUSIM gap if it partially or fully overlaps a MUSIM gap occasion in time domain
· A L1/L3 measurement resource is considered to be partially overlapped with an aperiodic MUSIM gap if it partially overlaps that aperiodic MUSIM gap occasion in time domain
Proposal 18: For the issue 2-4-3, Priority of MUSIM against uplink signals, such as PRACH, CSI-RS reporting, this issue is a pure RAN2 issue. 
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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.
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GapConfig-r17

SEQUENCE {

measGapId-rl7

MeasGapId-rl7,

gapType-r17

ENUMERATED {perUE, perFR1, perFR2},

gapoffset-ri7

INTEGER (0..159),

mgl-rl7 ENUMERATED {msl, msldot5, ms2, ms3, ms3dot5, ms4, ms5, ms5dot5, msé, msl0, ms20},

mgrp-ri7 ENUMERATED {ms20, ms40, ms80, msi60],

mgta-rl7 ENUMERATED {ms0, ms0Odot25, msOdot5, msOdot75},

refServCellIndicator-rl7 ENUMERATED {pCell, pSCell, mcg-FR2} OPTIONAL, —— Cond NEDCoOrNRDC
refFR2-ServCellAsyncCA-rl7 ServCellIndex OPTIONAL, -— Cond AsyncCA
preConfigInd-rl7 ENUMERATED {true} OPTIONAL, -- Need R
ncsgInd-rl7 ENUMERATED {true} OPTIONAL, -- Need R
gapASsOCiatiOnPR57rl7 ENUMERATED {true} OPTIONAL, —-- Need R
gapsharing-ril7 MeasGapSharingScheme OPTIONAL, —— Need R
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