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1	Introduction
Rel-17 WI [1] for support of Multi-SIM devices aims to study the system impacts when the UE communicates to more than one PLMN via multi-SIM support and also specifies potential enhancements to avoid performance degradation for the MUSIM scenarios.
The objectives of the WI are:
	1) Specify, if necessary, enhancement(s) to address the collision due to reception of paging when the UE is in IDLE/INACTIVE mode in both the networks associated with respective SIMs [RAN2]
· RAT Concurrency: Network A can be NR. Network B can either be LTE or NR.
· Applicable UE architecture: Single-Rx/Single-Tx.
2) Specify mechanism for UE to notify Network A of its switch from Network A (for MUSIM purpose) [RAN2]:
· RAT Concurrency: Network A is NR. Network B can either be LTE or NR.
· Applicable UE architecture: Single-Rx/Single-Tx, Dual-Rx/Single-Tx
3) Unless SA2 find an alternative solution or decides otherwise, specify mechanism for an incoming page to indicate to the UE whether the service is voLTE/VoNR.[ RAN2]
· RAT Concurrency: Network A is either LTE or NR. Network B is either LTE or NR.
· Applicable UE architecture: Single-Rx/Dual-Rx/Single-Tx
UE SIMs may belong to same or different operators. 
USIM can be a physical SIM or eSIM. 
Coordination with relevant WGs, such as SA2, should be considered where relevant. 
Specification change should focus on NR side for objective 1.



In this discussion paper we further discuss on the objective 1 and the related key issue #2 (Enabling paging reception) in SA2 study and potential solutions relevant for the same. 
2	Solutions for Paging Collision 
For the paging collision issue referred in objective 1, multiple solutions are proposed in [2] and the solutions can be grouped into following categories:
· Modification of paging occasion by different means whenever collision is detected. The modification can be done by changing the paging identifier or assigning alternative paging identifier or introducing paging offset. These parameters are negotiated with UE and AMF whenever a collision is detected;
· Modification of paging strategy to resend paging in successive paging occasion;
· UE based solution where the UE can minimize the impact of paging collision by implementation means, while assuming that paging repetitions are used in the different networks.
The idle mode paging collision happens due to the conflict in the paging occasion calculated by each of USIM for paging reception. In NR, the paging occasion is calculated as [38.304]:
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…
The PF and PO for paging are determined by the following formulae:
SFN for the PF is determined by:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
Index (i_s), indicating the index of the PO is determined by:
i_s = floor (UE_ID/N) mod Ns
….
The following parameters are used for the calculation of PF and i_s above:
T: DRX cycle of the UE (T is determined by the shortest of the UE specific DRX value(s), if configured by RRC and/or upper layers, and a default DRX value broadcast in system information. In RRC_IDLE state, if UE specific DRX is not configured by upper layers, the default value is applied).
N: number of total paging frames in T
Ns: number of paging occasions for a PF
PF_offset: offset used for PF determination
UE_ID: 5G-S-TMSI mod 1024



The paging occasion is calculated based on DRX cycle and other RAN level parameters, such as default DRX value, N, Ns, and PF_offset. Hence, the frequency of paging collisions may vary when the UE moves in idle mode across different cells that have different RAN level paging configurations. In such cases the solutions that propose the change of paging occasion (via an offset or identifier) will only solve the problem temporally and therefore will only be applicable for the current cell. In other words, when the UE leaves the cell it does not necessarily need to continue to monitor the modified paging occasions, as a paging collision might no longer be taking place.
Observation 1: Modification of paging identifier/paging occasion between UE and AMF in response to collision is not optimum solution, as the persistence of the paging collision depends on RAN configuration. 
Observation 2: Depending on the RAN level configuration, a higher, number of NAS level signalling exchanges will be needed from an idle mode UE whenever a paging collision is detected.
Changing the paging monitoring pattern at UE to avoid collision with the network aligning its paging strategy according to this pattern, can be a better option provided this option does not depend on the UE reporting the occurrence of a paging collision. For example, UE may report its collision mitigation mechanism as alternative PO monitoring to the network as part of registration signalling. The Network may apply the modified paging strategy for UEs supporting MUSIM whenever it does not get paging response for the initial paging with normal paging mechanism.  In this case the UE may indicate that it has started an alternative PO monitoring when it responds to the paging message. In this approach, no additional NAS signaling mechanism is needed from idle mode UE to report the collision. Instead the UE can report about its current paging reception mechanism via paging response.
Proposal 1: One-time negotiation of the paging monitoring strategy for collision avoidance with the UE and the network then applying this strategy during paging repetition is efficient from signaling overhead perspective for the paging collision issue.
Proposal 2: The impact/overhead of paging repetition in multiple paging occasions can be further minimized if the UE reports its current monitoring pattern as part of paging response.
3	Summary
In this paper we have the following observations and proposals:
Observation 1: Modification of paging identifier/paging occasion between UE and AMF in response to collision is not optimum solution, as the persistence of the paging collision depends on RAN configuration. 
Observation 2: Depending on the RAN level configuration, an higher, number of NAS level signaling exchanges will be needed from an idle mode UE whenever a paging collision is detected.
Proposal 1: One-time negotiation of the paging monitoring strategy for collision avoidance with the UE and the network then applying this strategy during paging repetition is efficient from signaling overhead perspective for the paging collision issue.
Proposal 2: The impact/overhead of paging repetition in multiple paging occasions can be further minimized if the UE reports its current monitoring pattern as part of paging response.
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