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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 recent agreements can be found at [2], [3], [4] and [5]. In this contribution we provide our further considerations on priority and gap collision handling for this WI.
Discussion
MUSIM gap priority configuration

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.
Regarding issue 2-1-4-2, we do not think such constraints should be applied when a UE request MUSIM gaps. The reason is for the MUSIM gap mechanism, the NW A always can reject one or all MUSIM gaps request by a UE. In addition all MUSIM gaps are requested by UE therefore that UE will have the capability to handle MUSIM gaps requested by itself. Hence it is not necessary to have constraints on both UE side. Regarding the constraints on the NW A configuration, it is not clear how it works when all MUSIM gap requested are not satisfied conditions, especially conditions proposed in P4.  
Proposal 1: For issue 2-1-4-2, it is not necessary to have any constraints on any properties such as MGRP for MUSIM gaps requested by UE. 

Issue 2-1-7: Further considerations on MUSIM gap priority  
· Proposals:
· P1: The priorities among all configured gaps shall be comparable, including MUSIM and non-MUSIM gaps (type-1 and type-2). (Nokia)
Recommendations: 
For Type-2, this issue has already been solved. For type-1, this issue will be covered by issue 2-3-2. 
Proposal 2: For issue 2-1-7, Further considerations on MUSIM gap priority, for Type-2, this issue has already been solved. For type-1, discuss in the issue 2-3-2.

On collision between different MUSIM gaps
Issue 2-2-2: Solutions for collision between different MUSIM gaps
Issue 2-2-2-0: UE behaviour when “keep solution” is indicated by UE and NW A rejects the ‘keep solution’ indication
Recommendations: Continue discuss the issue
It was agreed that “keep solution” was indicated by UE signalling when a UE wants to use this solution. Logically the intention to allow UE indicates MUSIM gap’s priority and whether “keep solution” or priority based solution to be used through UAI is due to UE’s awareness of NW B’s status, which is hard to be learned by NW A. It is not clear the scenario when UE indicates to use “keep solution” and NW A does not grant it. One possible solution is when “keep solution” is indicated by UE and it is not granted by NW A, priority based solution will be used as an alternative. Although it is ok to have this solution, the scenario where the NW A does not grant the “keep solution” when a UE request it is rare and should not be encouraged, hence “no requirement specified for this scenario” is also ok.

The former discussion also clarifies the answer for the following issue which is combined to issue 2-2-2-0. 
Issue 2-2-2-4: When priority based solution is used
There are two options for issue 2-2-2-4, 
Option 1: Priority based solution is used when “keep solution” is not granted. 
Option 2: Priority based solution is used when “keep solution” is not requested by UE. When “keep solution” is indicated by UE and NW A rejects the ‘keep solution’ requested by UE, no requirements will be specified on MUSIM gaps.

Proposal 3: For the issue on UE behavior when “keep solution” is indicated by UE and NW A rejects the ‘keep solution’ indication and for the issue on when priority based solution is used, use one of the following two options:
Option 1: Priority based solution is used when “keep solution” is not granted. 
Option 2: Priority based solution is used when “keep solution” is not requested by UE. When “keep solution” is indicated by UE and NW A rejects the ‘keep solution’ requested by UE, no requirements will be specified on MUSIM gaps.

Issue 2-2-2-5: Collision for aperiodic gaps
Recommendations: 
Based on existing agreements, companies are encouraged to check any further clarification is needed based on current agreements. 
It has been agreed that “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) and the gap priority level is not explicitly configured by the NW”. However it is still not clear that when UE indicates “keep solution”, the periodic MUSIM gap colliding with aperiodic MUSIM will be dropped or not. There are two options for this issue:
Option 1: When “keep solution” is granted by NW A, the periodic MUSIM gaps which collide with aperiodic MUSIM gaps will be kept, i.e., just follow the “keep solution”. 
Option 2: All periodic MUSIM gaps colliding with an aperiodic MUSIM gap will be dropped.
Any option is clear on which gap will be kept in the end and option 1 is slightly preferred. 
Proposal 4: When “keep solution” is granted by NW A and when periodic MUSIM gaps collide with an aperiodic MUSIM gap, the following two options can be considered and option 1 is preferred:
Option 1: When “keep solution” is granted by NW A, the periodic MUSIM gaps which collide with aperiodic MUSIM gaps will be kept, i.e., just follow the “keep solution”. 
Option 2: All periodic MUSIM gaps colliding with an aperiodic MUSIM gap will be dropped.

On collision between MUSIM and legacy gaps
Issue 2-3-1 Clarifications on collision between Type-2 MG and MUSIM gaps 
· 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. Note: FFS when keep solution is used simultaneously (Apple China Telecom Qualcomm Ericsson vivo oppo Huawei MTK Charter Communications)
· P1a: MUSIM gaps for which “keep” solution is indicated do not collide with each other (Qualcomm)
· 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. (ZTE)
· P3: 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)
· P4: RAN4 to postpone multiple gap collision issue until RAN4 has a clear understanding on overall MUSIM gap priority handling and ‘keep solution’. (Nokia)
· P5: (MTK)
When number of colliding gaps is more than two (e.g., a mix of MUSIM gaps and MGs), and
a) If priority-based solution is used to handle collision between different MUSIM gaps, then:
· Handle gap collisions sequentially starting from the highest priority (i.e., regardless the type of gap involved in the collision) 
· Then only the non-dropped gaps are compared with the remaining gaps
b) If keep solution is used to handle collisions between different MUSIM gaps, then:
· First, handle gap collisions which use priority-based solution
· Then apply keep solution for the remaining collided MUSIM gaps
Recommendations: Continue discussion. Combine with issue 2-3-3, close issue 2-3-3
This issue has already been discussed a few meeting and for the priority based solutions, majority views is to use P1. The only ambiguity is when “keep solution” is used what is the corresponding UE behavior. 
To our understanding there is no benefit when use “keep solution” to solve the collision between different MUSIM gaps however does not use it when these collided MUSIM gaps using “keep solution” collide with measurement gaps. 
Proposal 5: “keep solution” will still be used among different collided periodic MUSIM gaps when MUSIM gaps collided with Type-2 measurement gaps. 
After clarification how to handle with “keep solution”, it is straightforward to specify which gaps will be left when multiple gaps (including MUSIM gaps and Type-2 MG) collides.
When priority based solution is used to handle collision between different MUSIM gaps, when multiple periodic MUSIM gaps and Type-2 MGs collide, collisions between gaps are resolved sequentially in order of decreasing priority, starting with the gap that has the highest priority, only the gap with the highest priority will be left. For aperiodic gap, follow previous agreement, i.e., only aperiodic MUSIM gap will be left. 
Proposal 6: When only priority based solution is used and when number of colliding MGs is larger than 2, the gap with the highest priority will be kept and all other lower priority gaps are dropped. 
Collisions between gaps are resolved sequentially in order of decreasing priority, starting with the gap that has the highest priority. 

For the scenario where “keep solution” is used for collision between different MUSIM gaps, the following agreements still apply and some clarifications on the impact of “keep solution” is needed.
· “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” [3]. 
· “The priority level of MUSIM 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” [2]. 

The scenario where periodic MUSIM gaps with “keep solution” collides with a Type-2 gap is illustrated in figure 1, where 2 periodic MUSIM gaps and 1 Type-2 gap exist. At the left hand side of figure 1 all 3 gaps are collided whereas at the right hand side of figure 1 Type-2 gap 1 only collides with MUSIM gap 3, MUSIM gap 2 and MUSIM gap3 collide and “keep solution” is used for them.  
Assuming the priority is P3>P1>P2, at the left hand side based on priority rule Type-2 gap 1 will be dropped since its priority is less than that of MUSIM gap 3. However based on proposal 5, both MUSIM gap 2 and gap 3 will be kept even MUSIM gap 2’s priority is the lowest one among all collided gaps. 
On the other hand if the priority is P1>P3>P2 or P1>P2>P3, then only the gap 1 (Type-2) will be left and MUSIM gap 2 and MUSIM gap 3 will be dropped. 
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Figure 1 Gap collision handling between MUSIM gaps and Type-2 MG when “keep solution” is indicated by extra bits
On the right hand side of figure 1, since gap 1 does not collide with gap 2, if P3>P1, then gap 1 will be dropped and gap 3 and gap 2 will still follow “keep solution”. If P1>P3, then gap 3 will be dropped and gap 1 and gap 2 will be left. 
Therefore when “keep solution” is used to handle collision between different MUSIM gaps, when multiple periodic MUSIM gaps and Type-2 MGs collide, if the highest priority of MUSIM gaps using “keep solution” is not the highest priority among all collided gaps (including periodic MUSIM gaps and Type-2 gaps), only the gap with the highest priority will be kept. 
If the highest priority of one of MUSIM gaps using “keep solution” is the highest priority among all collided gaps (including periodic MUSIM gaps and Type-2 gaps), the all collided MUSIM gaps using “keep solution” will be left.
Proposal 7: When “keep solution” is used to handle collision between different MUSIM gaps, when multiple periodic MUSIM gaps and Type-2 MGs collide, 
If the highest priority of MUSIM gaps using “keep solution” is not the highest priority among all collided gaps (including periodic MUSIM gaps and Type-2 gaps), only the gap with the highest priority will be kept. 
If the highest priority of one of MUSIM gaps using “keep solution” is the highest priority among all collided gaps (including periodic MUSIM gaps and Type-2 gaps), the all collided MUSIM gaps will be left and other gaps will be dropped.


 
Issue 2-3-2: Solutions for collision between MUSIM gap and Type-1 MG or any configured gap 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. (Apple xiaomi vivo oppo)
· P2: MUSIM gaps are assumed to have higher priority than a Type-1 MG. (Qualcomm vivo)
· P3: Collision is be handled based on the MGRP of the collided gaps (Ericsson ZTE vivo 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. (Huawei Ericsson vivo MTK)
· P3-2: No requirements apply if the two gaps have same MGRP. (vivo Huwei)
· 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 (vivo Nokia)
Regarding issue 2-3-2, it is unclear whether it is a typical case when NW A supports Rel-18 MUSIM gap functionality, which will use priority based rule to handle the collision between Type-2 MG and MUSIM gaps, however still configures a Type-1 MG using Rel-16/15 GapConfig signalling. Similar issue has been discussed in the Rel-17 concurreng gap WI and “no requirement solution” has been used for this scenario. Hence, for this issue P1 could be a solution. On the other hand if there is concrete implementation issue where it is possible that Type-1 MG and MUSIM gaps are configured, P3 or P2 could be a candidate solution. P1 could be used as a complementation for P3 when collided Type-1 MG and MUSIM gap have the same MGRP. P4 is also acceptable as a solution for this issue.  
Proposal 8: For collision between MUSIM gap and Type-1 MG or gap configured without priority, all proposals are acceptable. In addition for P3, when collided Type-1 MG and MUSIM gap have the same MGRP, P1 could be used as a complementation for P3 under this scenario. 

On collision between MUSIM gaps and NW A 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 2-4-3: Collision between SMTC and MUSIM gaps for handover and Scell activation 
· Proposals
· P1: For the handover procedure, no need to use agreements for SCell activation as a further clarification (vivo)
· P2: 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. (Qualcomm Huawei)
· P3: Collisions between handover and MUSIM gaps are handled in the same way as collisions between RRM procedures and legacy MG, i.e., no special handling solution is defined. (Apple Nokia vivo MTK)
· P3-1: Add a high-level clarification in RAN4 spec that during one-shot procedure such as Scell activation, SI update and so on, UE is not expected to enable MUSIM gaps unless existing RRM requirement for the corresponding one-shot procedure can be met. (Apple)
· P4: When MUSIM gaps are configured and collide with handover or SCell activation, UE is expected to drop the MUSIM gaps and meet handover or Scell activation RRM requirements for NW-A  (Ericsson)
Note: P1 and P2 are based on latest agreements from previous meeting
Recommendations: Continue discussion

Agreements at RAN4 107:
· 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

Regarding issue 2-4-3, the FFS part is whether the agreements at RAN4 107 meeting will apply to handover scenario or not. During the handover procedure, it is possible that a SMTC of the target cell collides with a MUSIM gap occasion however this is also the case for the SMTC to collide with a legacy MG. The corresponding collision handling solution have even not been specified for the legacy measurement gaps since Rel-15, i.e., collisions between legacy MGs and SMTC during handover procedure is possible since Rel-15 and RAN4 has not defined any solution for this scenario. We agree that corresponding handover procedure requirements will be met when MUSIM gaps are allocated however due to former reason there is no strong necessity to have a clarification on this point. 
Proposal 9: For the handover, there is no strong necessity to use previous agreement for SCell activation as a further clarification. 

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:
Proposal 1: For issue 2-1-4-2, it is not necessary to have any constraints on any properties such as MGRP for MUSIM gaps requested by UE. 
Proposal 2: For issue 2-1-7, Further considerations on MUSIM gap priority, for Type-2, this issue has already been solved. For type-1, discuss in the issue 2-3-2.
Proposal 3: For the issue on UE behavior when “keep solution” is indicated by UE and NW A rejects the ‘keep solution’ indication and for the issue on when priority based solution is used, use one of the following two options:
Option 1: Priority based solution is used when “keep solution” is not granted. 
Option 2: Priority based solution is used when “keep solution” is not requested by UE. When “keep solution” is indicated by UE and NW A rejects the ‘keep solution’ requested by UE, no requirements will be specified on MUSIM gaps.
Proposal 4: When “keep solution” is granted by NW A and when periodic MUSIM gaps collide with an aperiodic MUSIM gap, the following two options can be considered and option 1 is preferred:
Option 1: When “keep solution” is granted by NW A, the periodic MUSIM gaps which collide with aperiodic MUSIM gaps will be kept, i.e., just follow the “keep solution”. 
Option 2: All periodic MUSIM gaps colliding with an aperiodic MUSIM gap will be dropped.
Proposal 5: “keep solution” will still be used among different collided periodic MUSIM gaps when MUSIM gaps collided with Type-2 measurement gaps. 
Proposal 6: When only priority based solution is used and when number of colliding MGs is larger than 2, the gap with the highest priority will be kept and all other lower priority gaps are dropped. 
Collisions between gaps are resolved sequentially in order of decreasing priority, starting with the gap that has the highest priority. 
Proposal 7: When “keep solution” is used to handle collision between different MUSIM gaps, when multiple periodic MUSIM gaps and Type-2 MGs collide, 
If the highest priority of MUSIM gaps using “keep solution” is not the highest priority among all collided gaps (including periodic MUSIM gaps and Type-2 gaps), only the gap with the highest priority will be kept. 
If the highest priority of one of MUSIM gaps using “keep solution” is the highest priority among all collided gaps (including periodic MUSIM gaps and Type-2 gaps), the all collided MUSIM gaps will be left and other gaps will be dropped.
Proposal 8: For collision between MUSIM gap and Type-1 MG or gap configured without priority, all proposals are acceptable. In addition for P3, when collided Type-1 MG and MUSIM gap have the same MGRP, P1 could be used as a complementation for P3 under this scenario. 
Proposal 9: For the handover, there is no strong necessity to use previous agreement for SCell activation as a further clarification. 
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