Page 1
Draft prETS 300 ???: Month YYYY
[bookmark: Title]3GPP TSG-RAN WG4 Meeting #106											         R4-2300233
Athens, Greece, Feburary 27 – March 3, 2023
[bookmark: Source]Agenda item:	9.24.2.2
Source:	Apple
Title:	On R18 MUSIM - collisions between gaps and priority rules
[bookmark: DocumentFor]Document for:	Discussion
1. Introduction
Collisions between gaps and priority rules in R18 MUSIM was widely discussed in the last RAN4 meeting with latest agreements captured in [1]. According to [1], there are still quite many open issues. In this contribution, we continue discussion on the open issues.
2. Discussion
The first issue is about priority for MUSIM gaps
	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


There are two FFS in the agreements. The first one is about aperiodic MUSIM gap. Considering aperiodic MUSIM is still triggered by network and it is expected not to happen quite often, we have no problem with no priority for it. If network thinks it should be with lower priority than other overlapping gap and shall be dropped, network shall not trigger this aperiodic at all. In other word, network won’t trigger aperiodic gap unless the aperiodic gap can always override other overlapping gaps.
[bookmark: _Ref127478204]Observation 1: if an aperiodic MUSIM gap will be dropped due to collision with other gaps, network shall not configure this aperiodic gap at all. In other word, there is no benefit for network to configure aperiodic MUSIM gap unless the aperiodic gap can always override other gaps. 
[bookmark: _Ref127478181]Proposal 1: no need to assign priority of aperiodic MUSIM gap. In case of collision, aperiodic MUSIM gap shall override other gaps.
The second FFS is on relation between MUSIM priority level and priority levels for other MGs. In our view, the key idea of assigning priority for MUSIM gap is to address collision with other gaps, including legacy and other MUSIM gaps. Therefore, the priority shall be configured in a way to be comparable to priority of other MGs.
[bookmark: _Ref127478182]Proposal 2: the priority level of MUSIM shall be configured in a way to be comparable to priority of other MGs, i.e. in case of collision with other MGs UE can know which MG to drop.

Next issue is about priority/usage indication on MUSIM gaps from UE side:
	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


We think UE shall inform NW about the priority information when requesting MUSIM gap, since the use of MUSIM gap is up to UE and it is out of control by NW. Some company proposed to let UE inform detailed usage of MUSIM gap when requesting MUSIM. Technically speaking, that can also address the issue. However, we prefer to let UE simply inform the expected priority considering forward compatibility. Because in future the MUSIM gap may be used for more and more purposes. 
[bookmark: _Ref118715059]Proposal 3: UE shall indicate the expected priority info when requesting MUSIM gap.

Next issue is on how to configure MUSIM gap priority configuration:
	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.


We believe it shall be sill up to NW A on whether and how to configure priority for MUSIM gaps. Otherwise if NW has to follow UE’s preference on priority on NW B, NW A may even choose not to configure MUSIM gap just to avoid potential negative impact on NW A performance.
[bookmark: _Ref118715061]Proposal 4: it shall be up to NW A’s decision on priority configuration for MUSIM gaps.

Next issue is about priority setting:
	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
· Option 5: Other solutions 


Regarding aperiodic MUSIM gap, as mentioned in P1, there is no need to assign priority of aperiodic MUSIM gap. In case of collision, aperiodic MUSIM gap shall override other gaps. For periodic MUSIM gap, although it technically makes sense that gap for paging shall be with higher priority than MUSIM gap, we still prefer to leave it to network configuration. On one hand we don’t think it is necessary to indicate use case when requesting MUSIM gaps. On the other hand, UE may even request multiple MUSIM gaps for paging reception since UE needs to perform AGC and T/F tracking before paging occasion. To avoid too much negative impact on NW A performance, it is better to leave it to NW A control. Otherwise NW A may not even allow MUSIM gaps for the UE.
[bookmark: _Ref127478188]Proposal 5: priority of periodic gaps shall be up to network configuration.

Next issue is about 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


Both option 1 and 1a are supported. 
[bookmark: _Ref127478190]Proposal 6: The gap proximity condition for the Rel-17 concurrent gap collision should be reused for the collision between different MUSIM gap.

Next issue is about solutions for collision between different MUSIM gaps:
	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


We support option 1 in the recommended WF, i.e., Priority based solution is used for collision between different MUSIM gaps. Regarding the kept/merged solution in option 2, we are wondering if UE needs to conduct multiple operations which are supposed to be done within each individual gap. If so, we do have concern from UE complexity point of view. If not, it seems no need to merge all the overlapped MUSIM gaps since UE shall be able to successfully conduct the operation within the specific MUSIM gap even if other MUSIM gaps are not configured.
[bookmark: _Ref127478192]Proposal 7: Priority based solution is used for collision between different MUSIM gaps. 

Next issue is about solutions for collision between MUSIM gap and Type-2 MG:
	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.


Gap sharing has been discussed for several meetings. One possible solution is to confirm that NW will not configure equal priority for different gaps. Otherwise, RAN4 still needs to discuss UE measurement behaviour when equal priority is configured, for which we believe gap sharing rule is good candidate.
[bookmark: _Ref126919979]Proposal 8: two options to address equal priority:
· Option 1: add requirement applicability that RAN4 requirements do not apply when equal priority is configured for different gaps
· Option 2: introduce gap sharing rule when two gaps configured with equal priority

Next issue is about priority of MUSIM against SMTC, and other L3/ L1 measurement resources:
	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

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



We think the simplest solution is to borrow outcome of concurrent gaps design. However, we are also open for optimization. One reason is with more and more gaps can be configured (up to two concurrent gaps in NW A + three periodic MUSIM gaps + one aperiodic MUSIM gap for NW B), measurement opportunities on SMTC/L1 outside all the gaps would become less and less. If SMTC/L1 are fully overlapped with the ‘unified’ gaps, there may be some problem. For the sake of NW A performance, some scaling between SMTC/L1 and MUSIM may need to be considered. Either network configurable or predefined in the spec could help.
[bookmark: _Ref127478197]Proposal 9: as baseline, MUSIM gaps can have higher priority when colliding with SMTC/SSB for L3/L1 measurement.
Proposal 10: as further enhancement, RAN4 shall strike for optimization between MUSIM gaps and SMTC/L1 in NW A. At least to avoid fully overlapping between SMTC/L1 and gaps.

3. Conclusion
In this contribution, we provide further discussion on collisions between gaps and priority rules. After discussion, the following conclusions are provided: 
Observation 1: if an aperiodic MUSIM gap will be dropped due to collision with other gaps, network shall not configure this aperiodic gap at all. In other word, there is no benefit for network to configure aperiodic MUSIM gap unless the aperiodic gap can always override other gaps.
Proposal 1: no need to assign priority of aperiodic MUSIM gap. In case of collision, aperiodic MUSIM gap shall override other gaps.
Proposal 2: the priority level of MUSIM shall be configured in a way to be comparable to priority of other MGs, i.e. in case of collision with other MGs UE can know which MG to drop.
Proposal 3: UE shall indicate the expected priority info when requesting MUSIM gap.
Proposal 4: it shall be up to NW A’s decision on priority configuration for MUSIM gaps.
Proposal 5: priority of periodic gaps shall be up to network configuration.
Proposal 6: The gap proximity condition for the Rel-17 concurrent gap collision should be reused for the collision between different MUSIM gap.
Proposal 7: Priority based solution is used for collision between different MUSIM gaps.
Proposal 8: two options to address equal priority:
· Option 1: add requirement applicability that RAN4 requirements do not apply when equal priority is configured for different gaps
· Option 2: introduce gap sharing rule when two gaps configured with equal priority
Proposal 9: as baseline, MUSIM gaps can have higher priority when colliding with SMTC/SSB for L3/L1 measurement.
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