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1. Introduction
In NR Rel-17 specification, RAN4 has introduced gap patterns particularly for MUSIM purpose. However, their corresponding RRM requirements were not specified. The absence of RRM requirements in the current MUSIM implementations may create unpredictable performance for both Network A and Network B on SIM A and SIM B, respectively. In order to guarantee network performance for MUSIM operation, it is important to define the RRM requirements for it. In the last meeting, discussion on the RRM requirements for MUSIM was initiated and issues are captured in the WF [1].

2. Discussion
In this meeting, we discuss the RRM requirements for network A, gap collision handling and network B requirements.
2.1. Network A requirements
When UE implementation supports MUSIM capability, in which SIM A would be on NW A and SIM B would be on NW B, UE can request MUSIM gaps from NW A to monitor NW B activities (paging, measurements, SI reading, etc.). Figure 1 shows MUSIM procedures when the UE is in RRC_CONNECTED state on NW A and in RRC_IDLE/_INACTIVE state on NW B.
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[bookmark: _Ref110405902]Figure 1: MUSIM procedures.



Based on the UE observations for NW B configurations, UE can request from NW A appropriate MUSIM gap patterns (up to 4 MUSIM gaps, 3 periodic and 1 aperiodic) as defined in Table 9.1.10-1 of 38.133 [2]. Then NW A may comply with the UE request and provide the required configurations for MUSIM gaps.
Observation 1: NW A can reconfigure the UE with up to 4 MUSIM gaps (3 periodic and 1 aperiodic).
The new configured MUSIM gaps may collide with the legacy measurement gaps (MGs) and/or SMTC window configured for NW A when the UE is in RRC_CONNECTED state on NW A. This collision will impact the RRM requirements for NW A. As a result, new requirements are required to be introduced for L3 and L1 measurements in NW A.
In the WF the issue of how to discuss the impact on NW A requirements was discussed first as captured below:
	Issue 2-2-2: Scenario where network A requirement can be directly reused
· Proposals
· Option 1: when the MUSIM gap neither collides with any legacy gap nor collide with any SMTC/SSB or any resources for L1 measurement; or only MUSIM gaps are configured and the MUSIM gap does not collide with any SMTC/SSB or any resources for L1 measurement, network A measurement requirements can be reused. (vivo)
· Option 2: RAN4 to specify that all the requirements outside MUSIM gaps for Network A are not impacted by the MUSIM operation. (Nokia)
· Option 3: On top of option 1, the impact on UL related requirements/procedure can be added. (CMCC)
· [bookmark: _Hlk115428196]Option 4: Focus on scenario where NW A is impacted (Ericsson Apple oppo Huawei MTK)
Tentative agreements: No


For Issue 2-2-2, we support Option 4. In our opinion, we should specify the requirements which are impacted by MUSIM operation not the other way around. We cannot list all the 38.133 requirements which may not be impacted by MUSIM.
Proposal 1: Focus on scenario where NW A is impacted.

	Issue 2-2-3: Principle on layer 3 measurement requirements after gap collision handling 
· Proposals
· Option 1: The principle of defining scaling factor Kp and Kgap for multi-concurrent gaps are applied to the calculation of Kp and Kgap for layer 3 measurement (Apple xiaomi oppo MTK vivo)
· Option 1a: re-use the ‘counting’ approach defined for Rel-17 concurrent MGs to define scaling factor for the impacts of MUSIM gaps (Apple xiaomi vivo)
· Option 2: Define requirements after solving gap collision issue (CMCC Huawei vivo MTK Qualcomm Nokia)
· Option 3: Too early to discuss this issue (Ericsson)
Tentative agreements: No



For issue 2-2-3, we agree with Option 1, where the scaling factor Kp and Kgap should be defined for L3 measurements to consider MUSIM gaps impact (applying same principle for concurrent gaps), as follows:
For L3 measurements:
· Intra-frequency measurements (without gap):
· Kp = Ntotal / Navailable, where

· Ntotal is the total number of SMTC occasions within the window W, including those overlapped with MGs and MUSIM gaps within the window.
· Navailable is the number of SMTC occasions that are not overlapped with any non-dropped MG occasion or non-dropped MUSIM gap occasion within the window W.
· W is the largest periodicity among MGs, MUSIM gaps and SMTC.
· Inter-frequency measurements:
· Kgap = Ntotal / Navailable, where

· Ntotal is the total number of SMTC occasions that are covered by instances of the associated MG within the window W, including those overlapped with other MGs and MUSIM gaps within the window.
· Navailable is the number of SMTC occasions that are covered by instances of the non-dropped associated MG within the window W.
· W is the largest periodicity among MGs, MUSIM gaps and SMTC.

Proposal 2: Considering MUSIM gap impact on L3 measurements, define Kp and Kgap as follows:
· Intra-frequency measurements (without gap):
· Kp = Ntotal / Navailable, where

· Ntotal is the total number of SMTC occasions within the window W, including those overlapped with MGs and MUSIM gaps within the window.
· Navailable is the number of SMTC occasions that are not overlapped with any non-dropped MG occasion or non-dropped MUSIM gap occasion within the window W.
· W is the largest periodicity among MGs, MUSIM gaps and SMTC.
· Inter-frequency measurements:
· Kgap = Ntotal / Navailable, where

· Ntotal is the total number of SMTC occasions that are covered by instances of the associated MG within the window W, including those overlapped with other MGs and MUSIM gaps within the window.
· Navailable is the number of SMTC occasions that are covered by instances of the non-dropped associated MG within the window W.
· W is the largest periodicity among MGs, MUSIM gaps and SMTC.

	Issue 2-2-4: Principle on L1 measurement requirements after gap collision handling 
· Proposals
· Option 1: The principle of defining P value for L1 measurement and RLM/BFD measurement in Rel-17 cam be reused (Apple xiaomi oppo)
· Option 1a: re-use the ‘counting’ approach defined for Rel-17 concurrent MGs to define scaling factor for the impacts of MUSIM gaps (Apple xiaomi oppo)
· Option 2: Define requirements after solving gap collision issue (CMCC xiaomi vivo Huawei Qualcomm Nokia)
· Option 3: Too early to discuss this issue (Ericsson)
Tentative agreements: No



In the same way, for Issue 2-2-4, the scaling factor P for L1 measurements should be defined to consider MUSIM gaps impact (applying same principle for concurrent gaps), as follows:
P value for SSB resource to be measured is defined as
· Ntotal / Noutside_MG in FR1
· Psharing factor * Ntotal / Noutside_MG in FR2 with Navailable = 0
· Ntotal / Navailable in FR2 with Navailable > 0
Where,
· Ntotal is the total number of SSB resource occasions within the window W, including those overlapped with MGs, MUSIM gaps or SMTC occasions within the window, and
· Noutside_MG is the number of SSB resource occasions that are not overlapped with any MG nor MUSIM gap within the window W
· Navailable is the number of SSB resource occasions that are not overlapped with any MG, MUSIM gap nor any SMTC occasion within the window W
· W is the largest periodicity among MGs, MUSIM gaps and SSB periodicity.

Proposal 3: Considering MUSIM gap impact on L1 measurements, define P as follows:
· Ntotal / Noutside_MG in FR1
· Psharing factor * Ntotal / Noutside_MG in FR2 with Navailable = 0
· Ntotal / Navailable in FR2 with Navailable > 0
Where,
· Ntotal is the total number of SSB resource occasions within the window W, including those overlapped with MGs, MUSIM gaps or SMTC occasions within the window, and
· Noutside_MG is the number of SSB resource occasions that are not overlapped with any MG nor MUSIM gap within the window W
· Navailable is the number of SSB resource occasions that are not overlapped with any MG, MUSIM gap nor any SMTC occasion within the window W
· W is the largest periodicity among MGs, MUSIM gaps and SSB periodicity.

2.2. Gap collision handling
As discussed earlier, MUSIM gap could collide with other measurements, which include the following cases:
· Case 1: legacy measurement gaps
· Case 2: SMTC
· Case 3: different MUSIM gaps
Due to these collisions, measurements on both NW A and NW B can be affected if no proper collision handling mechanism is introduced. 
In the last meeting we proposed two schemes to handle gap collision: 
1. apply individual priority to each existing gap pattern
2. Apply gap-group priority to handle collisions between different gaps groups (i.e., MUSIM gaps group and legacy MGs group). Within each group, different priorities can be used to handle the collision between the gaps within the same group.
This is also captured in the WF:
	Issue 2-3-1: General principles on gap collision handling
· 	Proposals:
· Option 1: For priority based solution, priorities can be allocated to each existing gap patterns and when two or more gap collide, only the highest priority gap is kept and all other gaps are dropped (Apple Huawei Xiaomi vivo)
· Option 2: Apply gap-group priority to handle collisions between different gaps groups (i.e., MUSIM gaps group and legacy MGs group). Then, within each gap group, apply different priorities to handle the collision between the gaps within the same group (Ericsson Charter)
· Option 3: Agree at high-level that applying priority rule to handle collisions, but the way how to apply it can be FFS (oppo MTK CMCC vivo)
· Option 4: priority-based scheme for (a) Collisions between a MUSIM gap and measurement gaps and (b) Collisions between MUSIM gaps, but the definition of collisions may be different for cases a and b. (Qualcomm)
· Option 5: FFS (Nokia)
Tentative agreements: No



[bookmark: _Hlk115473309]We think in this meeting, we need at least to agree on that priority rule can be applied as a high-level as in Option 3. Then whether to apply individual priority or gap-group priority can be discussed after.   
Proposal 4: RAN 4 to agree on applying priority rule for gap collision handling. Then whether to apply individual priority or gap-group priority can be discussed after.

[bookmark: _Hlk115439141]When the priority is all assigned (blindly) by NW A, under the current signalling framework, it might lead to missing an important activity in NW B due to MUSIM gap collision handling (e.g., reading the paging in NW B, which is unknown to NW A). Also, since only the UE knows about what kind of activities to monitor in NW B, UE should be allowed to request appropriate priorities for different gaps from NW A as shown in Figure 2.
Proposal 5: Since only the UE knows about what kind of activities to monitor in NW B, UE should be allowed to request appropriate priorities for different gaps from NW A rather than letting NW A assign this priority blindly.
Proposal 6: Request RAN2 to introduce optional signalling so that the UE can request the priority level of MUSIM gaps.
NW A
NW B
2. Reconfigure gap with priority
1. Request gap and priority
0. Data
Paging/measurements/ SI reception
SIM A
SIM B
[bookmark: _Ref115439025]Figure 2: Priority requested by the UE











	Issue 2-3-2-5: Definition on MUSIM gap collides with legacy gaps
· 	Proposals:
· Option 1: The gap proximity condition of concurrent gap collision could be reused for MUSIM gap collision with other gaps (Ericsson Apple Charter Huawei Qualcomm Xiaomi MTK vivo)
· Option 2: FFS (Nokia)



For Issue 2-3-2-5, we still think proximity condition of concurrent gap collision could be reused for MUSIM gap collision with other gaps.
Proposal 7: The gap proximity condition of concurrent gap collision could be reused for MUSIM gap collision with other gaps.

	Issue 2-3-3-2: Priority of MUSIM against SMTC, and other L3/ L1 measurement resources 
· 	Proposals:
· Option 1: MUSIM gaps should have high priority against SMTC and L1 measurement resources (Apple xiaomi oppo Qualcomm Huawei MTK vivo) 
· Option 2: NW-A’s RRM procedure, including DL SMTC should have higher priority than MUSIM gaps. The MUSIM periodic gaps should be dropped once the gap proximity rule is met. (Ericsson)
· Option 3: As baseline solution, UE can only perform gap-less L3 measurement and L1 operation outside MUSIM gap. Other solutions are not precluded to handle collision between MUSIM gap and SMTC/RS for L1 operation. (Apple oppo xiaomi)
· Option 4: FFS (Ericsson Nokia CMCC vivo)
Tentative agreements: No



For Issue 2-3-3-2, we support Option 1. The same principle of having high priority for MG against SMTC and L1 measurements can be applied for MUSIM gaps against SMTC and L1 measurements.
Proposal 8: MUSIM gaps should have high priority against SMTC and L1 measurement resources.

	Issue 2-3-4: Collisions between different MUSIM gaps
· 	Proposals:
· [bookmark: _Hlk115436437]Option 1: priority rule can be used as baseline (Apple oppo CMCC Huawei Xiaomi MTK vivo)
· Option 2: RAN4 will discuss separately how to define and resolve collisions between MUSIM gaps (Ericsson Huawei Qualcomm)
· Option 2a: When the time duration between the two closest gap occasions within the two measurement gap patterns is shorter than [4]ms and the second gap occasion is for paging, UE should keep both gap occasions instead of dropping any of them. (Ericsson)
· Option 3: Aperiodic gap should have higher priority than periodic gaps once collision happens within MUSIM gaps. (Ericsson MTK)
· Option 4: It is UE’s responsibility not to request colliding MUSIM gaps from NW-A (Ericsson Nokia)
· Option 5: Option 2 can be discussed if option 1 is agreed (Charter MTK)
· Option 5a: Option 3 can be discussed if option 1 is agreed (Charter)
Tentative agreements: No



For Issue 2-3-4, we support Option 1 and 3. Generally, collisions between different MUSIM gaps can be handled by applying priority rule as suggested by Option 1. We also agree that for aperiodic MUSIM gap, it can have higher priority than the periodic one since it is a one-shot gap (which is required to complete some unfinished tasks in NW B).
Proposal 9: Priority rule can be used as baseline to handle collision between different MUSIM gaps. Also, aperiodic MUSIM gap can have higher priority than periodic gaps.

	Issue 2-3-4-1: On MUSIM gap collision definition 
· 	Proposals:
· [bookmark: _Hlk115436799]Option 1: The gap proximity condition of concurrent gap collision could be reused for MUSIM gap collision (Apple Ericsson Huawei Xiaomi Charter MTK vivo)
· Option 2: RAN4 should consider different definition/handling of collisions between MUSIM gaps (Qualcomm)
· Option 3: FFS (Nokia vivo)
Tentative agreements: No. 



For issue 2-3-4-1, we support Option 1. Same collision definition (proximity condition) for concurrent MGs can be applied for the collisions between different MUSIM gaps or between MUSIM gap and legacy MGs.
Proposal 10: The gap proximity condition of concurrent gap collision could be reused for MUSIM gap collision.

	Issue 2-3-5-1: On aperiodic gap priority
· 	Proposals:
· Option 1: UE can request aperiodic MUSIM gap with a higher priority. (Ericsson Charter)
· Option 2: Option 1 is up to UE implementation (vivo) 
· Option 3: FFS (Apple CMCC Huawei Qualcomm Xiaomi MTK)
Tentative agreements: No



For Issue 2-3-5-1, we support Option 1. In our understanding, UE should be allowed to request aperiodic MUSIM gap with a higher priority since it is a one-shot gap (which is required to complete some unfinished tasks in NW B).
Proposal 11: UE should be allowed to request aperiodic MUSIM gap with a higher priority since it is a one-shot gap that can be used to complete some unfinished tasks in NW B.

	Issue 2-3-5-2: On the time window W for aperiodic gap 
· Proposals:
· Option 1: Discuss whether and how to determine the time window W when aperiodic MUSIM gap with higher priority is involved in collision (oppo)
· Option 2: W could be the largest periodicity among all the periodic gaps + Time margin [M] for the one-shot aperiodic gap (MTK)
· Option 3: FFS (oppo Ericsson Apple Nokia Charter CMCC Huawei Qualcomm xiaomi MTK vivo)
Tentative agreements: No



For Issue 2-3-5-2, we still think Option 2 is a good start point to define W for aperiodic gap. However, we provide further more accurate definition as below. We are also open to discuss other different views.
Proposal 12: W for aperiodic gap can be defined as:
· max(SMTC period, MGRP_max)+[M], where
· MGRP_max is the largest periodicity among all the periodic gaps and [M] is a time margin for the one-shot aperiodic gap.

2.3. Network B requirements
The issue is on whether to define the requirements for NW B is captured below:
	Issue 2-4-1: Whether to define network B requirements
· 	Proposals:
· Option 1: Define the requirements for Network B in RRC idle/inactive (Ericsson)
· Option 2: No measurement requirements in network B will be defined by RAN4 (Apple Nokia Huawei Qualcomm MTK vivo)
· Option 3: If there is a consensus to specify network B requirement, its priority should be lower compared with the work for network A requirements and could be carried out at the second phase in the WI time frame (Apple vivo)
Tentative agreements: No



For Issue 2-4-1, we support Option 2 since it is not straight forward to identify the new requirements in NW B (in IDLE/INACTIVE) when we could have different configurations for MUSIM gaps.
Proposal 13: No measurement requirements in network B will be defined by RAN4


Summary
In this contribution we have discussed the RRM requirements for MUSIM gaps, and whether new requirements are needed for NW A and NW B. In addition, collision handling mechanisms among MUSIM gaps, legacy MGs and SMTC were discussed. The following observations were approached:
Observation 1: NW A can reconfigure the UE with up to 4 MUSIM gaps (3 periodic and 1 aperiodic).
Furthermore, the following proposals have been introduced:
Proposal 1: Focus on scenario where NW A is impacted.
Proposal 2: Considering MUSIM gap impact on L3 measurements, define Kp and Kgap as follows:
· Intra-frequency measurements (without gap):
· Kp = Ntotal / Navailable, where

· Ntotal is the total number of SMTC occasions within the window W, including those overlapped with MGs and MUSIM gaps within the window.
· Navailable is the number of SMTC occasions that are not overlapped with any non-dropped MG occasion or non-dropped MUSIM gap occasion within the window W.
· W is the largest periodicity among MGs, MUSIM gaps and SMTC.
· Inter-frequency measurements:
· Kgap = Ntotal / Navailable, where

· Ntotal is the total number of SMTC occasions that are covered by instances of the associated MG within the window W, including those overlapped with other MGs and MUSIM gaps within the window.
· Navailable is the number of SMTC occasions that are covered by instances of the non-dropped associated MG within the window W.
· W is the largest periodicity among MGs, MUSIM gaps and SMTC.
Proposal 3: Considering MUSIM gap impact on L1 measurements, define P as follows:
· Ntotal / Noutside_MG in FR1
· Psharing factor * Ntotal / Noutside_MG in FR2 with Navailable = 0
· Ntotal / Navailable in FR2 with Navailable > 0
Where,
· Ntotal is the total number of SSB resource occasions within the window W, including those overlapped with MGs, MUSIM gaps or SMTC occasions within the window, and
· Noutside_MG is the number of SSB resource occasions that are not overlapped with any MG nor MUSIM gap within the window W
· Navailable is the number of SSB resource occasions that are not overlapped with any MG, MUSIM gap nor any SMTC occasion within the window W
· W is the largest periodicity among MGs, MUSIM gaps and SSB periodicity.

Proposal 4: RAN 4 to agree on applying priority rule for gap collision handling. Then whether to apply individual priority or gap-group priority can be discussed after.
Proposal 5: Since only the UE knows about what kind of activities to monitor in NW B, UE should be allowed to request appropriate priorities for different gaps from NW A rather than letting NW A assign this priority blindly.
Proposal 6: Request RAN2 to introduce optional signalling so that the UE can request the priority level of MUSIM gaps.
Proposal 7: The gap proximity condition of concurrent gap collision could be reused for MUSIM gap collision with other gaps.
Proposal 8: MUSIM gaps should have high priority against SMTC and L1 measurement resources.
Proposal 9: Priority rule can be used as baseline to handle collision between different MUSIM gaps. Also, aperiodic MUSIM gap can have higher priority than periodic gaps.
Proposal 10: The gap proximity condition of concurrent gap collision could be reused for MUSIM gap collision.
Proposal 11: UE should be allowed to request aperiodic MUSIM gap with a higher priority since it is a one-shot gap that can be used to complete some unfinished tasks in NW B.
Proposal 12: W for aperiodic gap can be defined as:
· max(SMTC period, MGRP_max)+[M], where
· MGRP_max is the largest periodicity among all the periodic gaps and [M] is a time margin for the one-shot aperiodic gap.
Proposal 13: No measurement requirements in network B will be defined by RAN4
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