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Introduction
At RAN 95 meeting the revised WI “Dual Transmission/Reception (Tx/Rx) Multi-SIM for NR” [1] was approved.  In the last meeting, we discussed the collisions between gaps and priority rules, and the outcomes were captured in [2]. Based on the outcomes, the following issues need to be further discussed.
· MUSIM gap priority configuration
· On collision between different MUSIM gaps
· On collision between MUSIM and legacy gaps
In this paper we will continue to discuss the related issues and provide our views on the above issues.
Discussion
For MUSIM procedure[3], SIM A works on NW A and SIM B works on NW B. In general, UE is in RRC_CONNECTED state and in RRC_IDLE/_INACTIVE state on NWA and NW B, respectively. UE needs to request the certain MUSIM gaps from NW A in order to monitor the NW B actives, such as paging monitoring, measurements and system information reading, etc.
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Figure 1: MUSIM procedures
UE can request the proper MUSIM gaps from NW A and UE should provide the UAI to NW A and NW A may obtain the terminal request so as to provide the required configurations for MUSIM gaps.
MUSIM gap priority configuration
2.1.1  Priority rules for MUSIM gaps
At RAN4#107 meeting, RAN4 has reached the agreements towards the priority rules for MUSIM gaps as below:
	Issue 2-1-4-1: Constraints on MUSIM gap priority configuration from NW A
· Proposals
· P1: NW A maintains the same relative priorities requested by the UE; The configured priority level may or may not be the same as that requested by UE. (vivo Apple xiaomi Huawei Nokia Qualcomm MTK)
· P1-a: NW A will keep the same relative priority order indicated by a UE however when one or multiple or all MUSIM gap’s MGRP less than a threshold, NW A will not keep the relative order for those MUSIM gaps or all MUSIM gaps (vivo)
· P2: When MUSIM gaps with equal priority is allowed, if UE requests two MUSIM gaps with the same priority X and if the network configures both gaps, then both gaps must be assigned a common priority X’. X’ may or may not be equal to X. (oppo Qualcomm)
· P3: If network A cannot fulfill the priority configuration requested by UE for MUSIM gaps, it may choose not to configure one or more of the MUSIM gaps. (Qualcomm Nokia) 
· P4: When UE requesting MUSIM gap priority for all or a subset MUSIM gaps, the priority levels are different (xiaomi Nokia)
· P5: No need to discuss further constraints on MUSIM gap priority configuration for NW A. (CMCC Ericsson)
· P6: If equal priority is allowed, up two periodic MUSIM gaps can be configured with the same priority and inform such the configuration to RAN2 (oppo)


In #106 meeting RAN4 has agreed as below:
	Agreements: 
Agree P2 - 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


From my point of view, the above candidate options are contradict with the agreements. Most companies would like let the NW A comply with the same relative priorities requested by UE, however, we just have concluded that the NW A assigns priority levels to all configured periodic MUSIM gaps based on the previous agreement , that is , UE can optionally indicate its preferred priority for all or a subset MUSIM gaps, and it is up to NW A on how to use this information. The NW A does not have the final decision in fact if complying with the relative order and the NW A not only has the power to choose which gap can be assigned indicated by UE but owns the power to decide the priority level. Some companies deem that the UE indication will be meaningless if the NW A does not follow the relative order requested by UE, but as far as I am concerned that the relative order requested by UE can be the reference for NW A when configuring the MUSIM gaps and the priority level, the final decision always at NW A side based on the previous agreements even if UE has the better understanding than NW A as some companies mentioned. So it is not reasonable for us to constraint on NW A. We choose to follow what RAN4 just has agreed before.
Observation 1: 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.
Proposal 1: No need to discuss further constraints on MUSIM gap priority configuration for NW A.

	Issue 2-1-4-2: Constraints on MUSIM gap request from UE side
· Proposals
· P1: There shall be a minimum MGRP defined for the requested MUSIM gap pattern (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 (Ericsson)
· P3: Do not define constraints on MUSIM gap request from UE side (Huawei vivo Qualcomm)
· P4: Network A will configure the MUSIM gap priority requested by the UE under the following conditions (Qualcomm)
· If the UE requests multiple MUSIM gaps, the MUSIM gap that the UE requests with the highest priority has MGRP larger than 160 ms.
· If the UE requests only one MUSIM gap, the MUSIM gap has MGRP larger than 80 ms.


First of all, we need to clarify the purpose of the MUSIM gaps. UE does not need to disconnect from network A and will send UAI to the network requesting the gap information allocated by the network. Upon receiving the gap configured by network A, UE will switch to network B for corresponding operations (such as paging, SI reading, measurement, etc.). During this period, UE and network A will remain connected. Based on above, we RAN4 should not add the constraints on NW A which satisfies the previous agreement. UE will indicate its preferred MUSIM gap to NW A, so it is reasonable to add the constraints on MUSIM gap request from UE side and P3 is not suitable for us.
On the contrary, we support P2. We think it’s important to ask UE to indicate a reasonable MUSIM gap, especially for the highest MUSIM gap. It will be a guidance for NW’s design. In legacy requirement, the minimum space of the measurement samples for serving cell evaluation is DRX cycle and the measurement interval for intra-frequency/inter-frequency/inter-RAT measurement will be at least 1.28s. Thus, it’s unnecessary to request a short MGRP to monitor these measurement behaviours in IDLE mode. 
When UE requests more than one MUSIM gaps, we mainly focus on the MUSIM gap which has the highest priority; When UE requests one MUSIM gap for different purpose such as paging and measurement we need to consider its feasibility, that is, the MGRP can not be too large. So the P2 is fine to us.
Proposal 2:  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.

	Issue 2-1-5: Priority setting for aperiodic MUSIM gaps
Note: Option 1 and 2 are agreements from GTW at RAN4 106bis
· Option 1 (CMCC xiaomi Nokia Qualcomm vivo)
· The priority level of aperiodic MUSIM gap can be configured by NW A
· If the priority level is not configured by NW A then the aperiodic MUSIM gap by default has the highest priority level 
· The aperiodic MUSIM gap priority level can be optionally requested by UE from NW A
· Option 2 (Apple ZTE oppo Huawei MTK): 
· Aperiodic MUSIM gap by default has the highest priority level.
· The gap priority level is not explicitly configured by the NW
· Option 3: The aperiodic MUSIM gap by default has the highest priority level. The priority level of aperiodic MUSIM gap can be configured by NW A (Ericsson)
Recommendations: Option 1 and 2 are agreements from RAN4 106bis. Suggest to down-select from option 1 and 2. 



According to the agreements in #107 meeting, we deeply considered the  priority for MUSIM gaps. As we can see in the agreements we reached, companies admitted that the different priorities for each MUSIM gap. RAN2 has discussed that the MUSIM gaps contain 4 kinds of gaps including 3 periodic gaps and 1 aperiodic gap. As for the periodic gaps, they may have different purposes, such as:
· SSB detection
· Measurement 
· Paging 
As for the aperiodic gap, some companies agreed that the aperiodic gap should always have higher priority than the other NW-A’s legacy gaps in the last meeting. We deem that aperiodic gap doesn’t need to be configured by NW-A with the high priority than other legacy gaps since it is the one-shot gap that only has one occasion that is more urgent than the periodic gap and NW-A’s legacy gaps 
Above all, we prefer option 2 and totally agree that aperiodic gap should not be configured with the higher priority via NW-A because of its nature and configuring the priority for AP gap is not the mandatory option.
 For option 1, there is actually no unreasonable point here. If the first bullet is used with the overall rule, the only strange thing is that if the AP gap priority is low, it will be dropped when encountering a drop, so the AP gap will never be found for a period of time, and its uniqueness has not been fully utilized. Therefore, doing down selection in options 1 and 2 is more biased towards option 2, maintaining its uniqueness (one shot gap) and retaining AP gap (default higher priority).
Observation 2:  It is improper to enable AP gap to own the lower priority since it only has one occasion and if the AP gap configures with the lower priority, the priority handling rule will apply for it and AP gap will be dropped. 
Proposal 3: The Aperiodic gap need to own the default higher priority  than other NW-A’s legacy gap and periodic MUSIM gaps.

	Issue 2-1-6: Order for applying the priority 
· Proposals:
· P1: when number of colliding MGs is larger than 2, collisions between gaps are resolved sequentially in order of decreasing priority, starting with the gap that has the highest priority (Apple oppo Huawei Qualcomm MTK vivo)
· P2: when number of colliding MGs is larger than 2, RAN4 to postpone multiple gap collision issue until RAN4 has a clear understanding on MUSIM gaps’ priority. (Ericsson Nokia)
· P3: When multiple gaps collide, it will be the gap with the highest priority that is used by the UE and other lower priority gaps are dropped. (Nokia)
· P4: When at most 2 gap collide at each time instance however there are consecutive collisions, the priority rule should be applied with a chronological order. (vivo)


In the last meeting, several companies discussed that the order for applying the priority. From my point of view, some momentous issues and scenarios should be solved firstly:
· The priority setting for AP MUSIM gap
· The collision between different MUSIM gaps
· The constraints on NW A or UE side 
So P2 is quiet reasonable for us, that is , the basic issues above and the scenarios should be studied and postpone multiple gap collision issues.
Proposal 4: When number of colliding MGs is larger than 2, RAN4 to postpone multiple gap collision issue until RAN4 has a clear understanding on MUSIM gaps’ priority.
On collision between different MUSIM gaps
	[bookmark: _Hlk135973026]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 (CMCC Apple xiaomi ZTE oppo MTK vivo)
· Option 2: Postpone the discussion till issue 2-2-2 is stable (Huawei)
· Option 3: A collision between MUSIM gaps means a physical overlap in time domain between two MUSIM gaps and RAN4 does not define ‘proximity’ for collisions between MUSIM gaps. Considering the following cases: (Nokia)
· Fully non-overlapping MUSIM gaps: All MUSIM gaps are disjoint in time.
· Fully non-overlapping MUSIM gaps and non-MUSIM gaps: All MUSIM gaps and non-MUSIM gaps are disjoint in time.
· Fully overlapping MUSIM gaps: Every MUSIM gap occasion of one MUSIM MG pattern is fully covered by every MUSIM gap occasion of another MUSIM MG pattern.
· Fully overlapping MUSIM gaps and non-MUSIM gaps: Every MUSIM gap occasion of one MUSIM MG pattern is fully covered by every gap occasion of a non-MUSIM MG pattern.
· Fully Partial overlapped MUSIM gaps: Every MUSIM gap occasion of one MUSIM MG pattern is partially overlapped by every MUSIM gap occasion of another MUSIM MG pattern.
· Fully Partial overlapped MUSIM gaps and non-MUSIM gaps: Every MUSIM gap occasion of one MUSIM MG pattern is partially overlapped by every gap occasion of a non-MUSIM MG pattern.
· Partially fully overlapped MUSIM gaps: every gap occasion of a MUSIM MG pattern is fully overlapped by another MUSIM MG pattern with different MGRP.
· Partially fully overlapped MUSIM gaps and non-MUSIM gaps: Every MUSIM gap occasion of one MUSIM MG pattern is fully overlapped by a gap occasion of a non-MUSIM MG pattern with different MGRP.
· Partially partial overlapped MUSIM gaps: Every MUSIM gap occasion of one MUSIM MG pattern is partially overlapped with a gap occasion of another MUSIM MG pattern with different MGRP.
· Partially partial overlapped MUSIM gaps and non-MUSIM gaps: Every MUSIM gap occasion of one MUSIM MG pattern is partially overlapped with a gap occasion of a non-MUSIM MG pattern with different MGRP.


In 104bis_e# meeting, RAN4 has agreed to reuse proximity condition for defining the collision between MUSIM gap and legacy MGs (only Type-1 and Type-2 MG). In our view, same definition can still be applied here. So we consider that the option 1 is fine to us.  We have two cases:
· The UE may use two gaps to measure different MOs at the same frequency layer, it is likely to keep both gaps.
· The UE may use two gaps to measure different MOs at the different frequency layers, or the conditions for keeping both gaps which are collided are not satisfied, under this scenario the priority handling rule may be used, that is, keeping higher priority gap and the lower one should be dropped.
Based on the two cases, the definition for collision between different MUSIM gaps should be clarified so as to  adopt the proper methods to handle it.
Proposal 5:  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.

	Issue 2-2-2: Solutions for collision between different MUSIM gaps
· Proposals
· Option 1: Priority based solution is used for collision handling between different MUSIM gaps (xiaomi MTK)
· Option 2: Keep solution (keep all collided MUSIM gap) is used for collision handling between different MUSIM gaps (Huawei)
· Option 3: Use both Priority based solution and Keep solution for collision handling between different MUSIM gaps (vivo Apple xiaomi ZTE oppo Huawei Qualcomm)
Agreements
· 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



When the collision occurs between the different MUSIM gaps, some companies proposed that the priority handling rule should be used, some companies considered that kept/merged solution should be used for collision between different MUSIM gaps. From my perspective, each has its own merits and demerits. As we discussed before, aperiodic gap shall have the default higher priority and paging gap is the key MUSIM gap. So based on above, we think the different methods should be adopted in specific cases, that is, the two periodic MUSIM gaps collide except the paging gap, and one of gaps is aperiodic gap collides with other periodic MUSIM gap except paging gap if we adopt the priority rule and keeping both MUSIM gaps are collision between MUSIM gap for SSB detection so as to guarantee the paging syn and MUSIM gap for paging reception, we propose the SSB before paging and paging gap could be kept when different MUSIM gaps collide, that is, switching from the priority rule to keep solution when the collision between the paging gap and the SSB. So the remaining issue is how to handle the collision between aperiodic gap and paging gap. Some companies proposed that UE will request the MUSIM gaps with a reasonable purpose based on gap scheduling design. It’s impossible to request an aperiodic gap which is colliding with paging gap. I deem it is an effective way to avoid the collision between them.
Proposal 6: 
· The aperiodic gap which has higher priority than other periodic gaps, the priority handling rule shall be used if it collides with the periodic gaps (except the paging gap) .[priority rule]
· The paging gap should not be dropped, the kept/merged solution is used if the second gap is paging gap.[switch to keep solution]
· Otherwise, the priority handling rule will be used among MUSIM gaps.[priority rule]
On collision between MUSIM gaps and legacy gaps
	Issue 2-3-2: Solutions for collision between MUSIM gap and Type-1 MG or gap configured without priority
· 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. (vivo Apple xiaomi oppo)
· P2: MUSIM gaps are assumed to have higher priority than a Type-1 MG when either MUSIM gaps or Type-1 MG (or both) are not assigned priorities by the network. (Qualcomm)
· P3: Collision is be handled based on the MGRP of the collided gaps (vivo ZTE Ericsson Huawei MTK)
· P3-1: RAN4 to prioritize the gap with longer MGRP when: 1. Any of the collision gaps is Type-1 MG; 2. NW-A doesn’t configure a priority associated with any of the collision gaps. (vivo Ericsson Huawei MTK)
· P3-2: No requirements apply if the two gaps have same MGRP. (vivo Huawei)
· P3-3: 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)
· P4: Introduce priority for Type-1 MG when MUSIM gaps are configured when also having Type-1 measurement gaps allocated (Nokia)


Several companies argued that the priority of MUSIM gap should always be higher than other MGs. On the contrary, several companies thought that the fix-based priority has the inflexibility to UE. As for this discussion, we need to consider the practical cases. For example, the mobility status of UE should be considered in determining the priority of MUSIM gaps (eg.Type-1 MG configured to perform the inter-frequency measurement for handover). NW-A may want to deprioritize the MUSIM gap than legacy MG no matter what MUSIM gap is used for when UE is at cell edge and mobility measurement is time critical. And in another case that MG is used for positioning for any emergency service, etc. Based on above, it makes no sense to configure the MUSIM gap with higher priority in several specific and urgent cases and NW-A may be willing to prioritize the MG than MUSIM gap.
Type-1 MG is the legacy gap configured via GapConfig without suffix, and Type-2 MG is the legacy gaps configured via GapConfig-r17 without preConfigInd-r17 or ncsgInd-r17. Note that Type-1 MG has no priority nor association, whereas Type-2 MG has both. 
For collision between the MUSIM gaps and the Type-2 gaps, in previous meeting we reached that the priority-based handing rules in concurrent measurement gaps can be used in this scenario. However, the same solution can not be used in the collision between the MUSIM gaps and the Type-1 gaps. When the MGRP of Type-1 MG is large enough especially lager than the MUSIM gaps, the lager MGRP should be prioritized since it can avoid no measurement opportunity for one configured gap.
Proposal 7: Collision is be handled based on the MGRP of the collided gaps (especially for Type-1 gaps).
Conclusion
In this paper we provided our views on collision handling related to MUSIM gaps.
Observations:
Observation 1: 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.
Observation 2:  It is improper to enable AP gap to own the lower priority since it only has one occasion and if the AP gap configures with the lower priority, the priority handling rule will apply for it and AP gap will be dropped. 
Proposals:
Proposal 1: No need to discuss further constraints on MUSIM gap priority configuration for NW A.
Proposal 2:  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.
Proposal 3: The Aperiodic gap need to own the default higher priority  than other NW-A’s legacy gap and periodic MUSIM gaps.
Proposal 4: When number of colliding MGs is larger than 2, RAN4 to postpone multiple gap collision issue until RAN4 has a clear understanding on MUSIM gaps’ priority.
Proposal 5:  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.
Proposal 6: 
· The aperiodic gap which has higher priority than other periodic gaps, the priority handling rule shall be used if it collides with the periodic gaps (except the paging gap) .[priority rule]
· The paging gap should not be dropped, the kept/merged solution is used if the second gap is paging gap.[switch to keep solution]
· Otherwise, the priority handling rule will be used among MUSIM gaps.[priority rule]
Proposal 7: Collision is be handled based on the MGRP of the collided gaps (especially for Type-1 gaps).
References
[1] [bookmark: _Ref114500673]RP-221018, New WID: Further Enhancements on NR and MR-DC Measurement Gaps and Measurements without Gaps, MediaTek Inc, Intel Corporation
[2]  R4-2310165, WF on NR Dual Tx/Rx Multi-SIM,Vivo

1

image1.png
NWA





