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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RP #95 meeting, the WI of Dual Transmission/Reception (Tx/Rx) Multi-SIM for NR was agreed [1]. In NR Rel-17, MUSIM gap patterns were defined, but the related requirements were missing. Without corresponding RRM requirements, implementing Rel-17 MUSIM feature in practical deployment may not guarantee minimized impact on network A and network B. In order to guarantee network performance, particular for network A, it is desirable to define RRM requirements for MUSIM gaps.
	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) 


In this contribution, we will discuss RRM requirements for Rel-17 MUSIM gaps. 
2. MUSIM gaps requirement for network A
MUSIM Gap association
RAN4 defined MUSIM gap patterns in TS38.133 table 9.1.10-1. NW can configure specific MUSIM gaps by RRC signalling. At the same time, NW can also configure the legacy MG. Firstly, RAN4 needs to clarify the association between the MGs and MOs. From our understanding, the timing difference between NW A and NW B is uncertain and it’s nearly impossible to include the SMTC for NW-B within the MG configured for NW-A’s measurement, vice verse. Secondly, CSSF within gap is calculated based on the number of MOs which performs the measurement with gap. However, once the gap will also be reused for MUSIM measurements, network A doesn’t know how many MOs will be measured in the gap. Therefore, these configured MUSIM gaps should be used by MUSIM measurement exclusively other than sharing with other MOs for NW-A. On the other hand, the configured legacy MG also cannot be used for MUSIM measurements.  
[bookmark: _Ref91888694]Proposal 1: Sharing the gap between network A’s mobility measurements and the MUSIM measurements is precluded.	Comment by Lian Araujo: Not sure if I followed this proposal. In RAN2 Mediatek and HiSilicon mentioned that the UE could perform activities in NW B with measurement gaps only. I think this is anyway up to UE implementation, but in the specifications measurement and MUSIM gaps are anyway configured independently, so not sure what we are trying to preclude here? 	Comment by Zhixun Tang: We want to preclude two scenarios:
NW-A configures MG for NW-A’s mobility, but UE uses this gap to perform MUSIM measurement
NW-A configures MUSIM gaps, but UE uses the gap to perform L3 meas.
Both scenarios will result in an unclear association between MGs and MOs which should be precluded once we want to reuse concurrent gaps framework for MUSIM gaps with NW-A MG.
In Rel-17, RAN4 introduced a new gap capability, concurrent gaps(Con-MGs) which is a good framework to incorporate the MUSIM gaps. Currently, traditional MGs can be believed as a gap group for CONNECTED mobility; the new type of measurements, such as MUSIM can be believed as another gap group. Network can further indicate the gap overlapping rule based on the gap groups with the priority. For example, the gaps can be grouped by the usage configured from NW. The gap overlapping rule can be used to indicate which group of gaps shall be prioritized once overlapping happens. 
[image: ]
Figure 1: Gap overlapping between MG for L3 mobility and the new MGs for MU-SIM
[bookmark: _Ref110885293]Proposal 2: Concurrent gaps framework can be reused for MUSIM gaps.
[bookmark: _Ref110885297]Proposal 3: MUSIM gaps can be believed as a gap set with a specific usage and priority within the ConMGs.
Gap collision between MUSIM gaps with othter gaps
The gap for MUSIM is mainly to maintain the connection with network B which is a best effort behaviour for UE in network A’s CONNECTED mode. From our understanding, the MUSIM gap shall not impact the gap configuration and measurement delay for network A when MUSIM gap is introduced. Thus, when UE requests the MGs for MUSIM purpose, UE needs to avoid the possible overlapping with legacy measurement gap configured for network A’s mobility.  
[bookmark: _Ref110885300]Proposal 4: UE has the responsibility to avoid the gap collision between MUSIM gaps with other MGs for NW-A.
However, since the timing offset between NW-A and NW-B is uncertain. It may hardly to avoid the collision between MUSIM gaps with other configured MGs. Thus, the MUSIM gaps can be pre-defined as the lowest priority. When MUSIM gaps are colliding with other MGs, the periodic MUSIM gaps should be always dropped.
[bookmark: _Ref110885303]Proposal 5: MUSIM gaps can be defined as the lowest priority, and periodic MUSIM gaps will be dropped once the gap dropping rule defined in Con-MGs is met.
However, dropping some important procedures for network B may be also not permitted or have severe impact on MUSIM KPI, for example, the PRACH for on-demand SI in network B. In MUSIM gaps, a new type of aperiodic gap is also introduced. To avoid missing the important procedure for NW-B, UE can request an aperiodic MUSIM gap with a higher priority. Considering aperiodic gap is a one-shot gap, the aperiodic MUSIM gap can be prioritized once colliding with other MGs. However, in Rel-17, RAN2 had agreed not to introduce any gap priority for MUSIM gaps. Thus, RAN4 needs to further consider how to handle the case if no gap priority can be configured together with MUSIM aperiodic gap.
[bookmark: _Ref110885306]Proposal 6: UE can requestRAN4 to further discuss aperiodic MUSIM gap’s priority once colliding with legacy MG. with a higher priority. In this case, aperiodic MUSIM gap should be prioritized.	Comment by Lian Araujo: I think the current framework where the UE can request aperiodic gaps in Rel-17 is aready for the purpose of the operations you mentioned above. Also RAN2 discussed and did not agree to introduce gap priority within the UE indication. So all in all, I would suggest to remove this proposal and associated motivation.	Comment by Zhixun Tang: Thank you for the information.
It’s fine not to configure any priority with aperiodic gap, but then RAN4 needs to have a pre-defined rule to handle the collision between aperiodic gap with NW-A’s MG.
Collision between MUSIM gaps with NW-A important procedures
As mentioned before, there is no good coordination between NW-A and NW-B. Due to the timing difference, the MUSIM gaps may collide with the SMTCs which will impact the NW-A’s performance. For example, NW-A configures a SCell activation and the MUSIM gap is colliding with the SMTCs. From our understanding, SCell activation shall have higher priority than MUSIM gaps. Especially, once the MUSIM gap is overlapping the CSI-RS for SCell activation reporting, UE should wait another CSI-RS reporting occasions if MUSIM gap is prioritized. It will have negative impact to NW-A’s system performance. Thus, NW-A’s RRM procedure should have higher priority than MUSIM gaps. The MUSIM periodic gaps should be dropped once the gap proximity rule is met. 
[bookmark: _Ref110885309]Proposal 7: NW-A’s RRM procedure, including DL SMTC and UL CSI-RS, PRACH, should have higher priority than MUSIM gaps. The MUSIM periodic gaps should be dropped once the gap proximity rule is met.
Collision within MUSIM gaps
In legacy MGP, the typical measurement gap length (MGL) is 6ms which can cover twice RF retuning and the whole SMTC duration for measurement. Thus, MGL=6ms has also applied for NW-B’s Idle mode. Furthermore, in NR paging design, an additional AGC retuning is needed before UE waking up for PO monitoring after a long DRX cycle. Normally, two periodic gaps are needed as one for measurement and one for paging monitoring. In last RAN2 meeting, it was agreed to extend to three periodic gaps to further handle SIB1 decoding.
[bookmark: _Ref110885281]Observation 1: Twohree periodic gaps are used in MUSIM as one for measurement, one for paging monitoring and one for paging monitoringSIB decoding. 	Comment by Lian Araujo: We agreed in last RAN2 meeting to extend it to 3 periodic gaps.	Comment by Zhixun Tang: Thanks for the information
The time proximity between SSB and related PO is uncertain depending on different SSB and PO multiplexing pattern, default/non-default association between SSB and PO, and SSB index indication(ssb-position-in-burst). On the one hand, if the time proximity of SSB occasion and PO is larger than 5ms, two independent gaps with MGL=6ms are preferred. In this case, no MUSIM gaps’ collision happens.
[bookmark: _Ref110885284]Observation 2: There is no MUSIM periodic gap collision if the distance between the SSB for AGC and PO is larger than 5ms.
On the other hand, if the time proximity of SSB occasion and PO is shorter than 5ms, these two MUSIM periodic gaps can be believed as collision. To avoid the further considering the collision among MUSIM periodic gaps, one single gap with long MGL is preferred. That’s the reason to introduce two long MGLs with 10ms and 20ms to handle the AGC retuning and PO monitoring within one gap. Therefore, if the distance between two MUSIM periodic gaps are less than 5ms, UE should require a single periodic gap with long MGL instead of two independent gaps.  
[bookmark: _Ref110885312]Proposal 8: To avoid the collision within MUSIM gaps, UE should request a single periodic gap instead of two separate periodic gaps provided that the distance between these two gaps is shorter than 5ms. 	Comment by Lian Araujo: Sounds good, we should eventually clarify this in 38.331 if agreed.
[image: ]
Figure 2: Example of MG for PO monitoring in NW-B Idle mode
However, it’s still possible to have a collision between MUSIM periodic gap and aperiodic gap. Obviously, the aperiodic gap should have higher priority than periodic gaps. The longer delay for measurement is expected due to gap cancellation.
[bookmark: _Ref110885315]Proposal 9: Aperiodic gap should have higher priority than periodic gaps once collision happens within MUSIM gaps.
3. MUSIM gaps requirement for network B
In current WI, there is an open issue on measurement requirement for NW-B’s Idle/Inactive mode. It is said up to RAN4 to decide whether to define requirements for NW-B. From network’s perspective, it’s important to define an Idle mode requirement for NW-B which is helpful for both NW-A and NW-B. NW-A can further understand UE’s beahviour under the MUSIM gaps and the gap usage ratio based on the pre-defined requirement once NW-B’s requirement is defined. Otherwise, the UE’s behaviour under the MUSIM gaps will be a black box to NW-A. At the same time, UE’s behaviour under the MUSIM gaps is also a black box to NW-B if no requirement for NW-B Idle mode is defined. When UE is in NW-B’s Idle mode, UE should continue the measurement to be aware of possible change of cell/channel, such as cell evaluation requirement. If UE doesn’t perform cell reselection immediately, UE may miss the paging in a poor serving cell. To guarantee UE’s performance in NW-B’s Idle mode, the requirement should be defined.
[bookmark: _Ref110885318]Proposal 10: RAN4 to define measurement requirement for NW-B Idle mode which is helpful for both NW-A and NW-B.  
4. Summary
[bookmark: _Hlk23953093]In this contribution, we have discussed the MUSIM gaps requirements. Based on the discussions, we have made following proposals and observations:
Observation 1: Two periodic gaps are used in MUSIM as one for measurement and one for paging monitoring.
Observation 2: There is no MUSIM periodic gap collision if the distance between the SSB for AGC and PO is larger than 5ms.
Proposal 1: Sharing the gap between network A’s mobility measurements and the MUSIM measurements is precluded.
Proposal 2: Concurrent gaps framework can be reused for MUSIM gaps.
Proposal 3: MUSIM gaps can be believed as a gap set with a specific usage and priority within the ConMGs.
Proposal 4: UE has the responsibility to avoid the gap collision between MUSIM gaps with other MGs for NW-A.
Proposal 5: MUSIM gaps can be defined as the lowest priority, and periodic MUSIM gaps will be dropped once the gap dropping rule defined in Con-MGs is met.
Proposal 6: UE can request aperiodic MUSIM gap with a higher priority. In this case, aperiodic MUSIM gap should be prioritized.
Proposal 7: NW-A’s RRM procedure, including DL SMTC and UL CSI-RS, PRACH, should have higher priority than MUSIM gaps. The MUSIM periodic gaps should be dropped once the gap proximity rule is met.
Proposal 8: To avoid the collision within MUSIM gaps, UE should request a single periodic gap instead of two separate periodic gaps provided that the distance between these two gaps is shorter than 5ms.
Proposal 9: Aperiodic gap should have higher priority than periodic gaps once collision happens within MUSIM gaps.
Proposal 10: RAN4 to define measurement requirement for NW-B Idle mode which is helpful for both NW-A and NW-B.
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