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Abstract: This contribution discusses on paging delivery and paging occasion collision.
1 Introduction
In SA2 SID [1], the paging related issues are proposed as objectives including paging delivery and avoidance of paging collisions as follows. 
This study item shall address the following system enablers for multi-USIM devices:

· A mechanism for delivering paging destined to USIM A while the UE is actively communicating with USIM B.

In this paper we give some analysis on this objective.
· A mechanism for avoidance of paging collisions occurring in the UE between USIM A and USIM B.
In this paper, we give some analysis on these paging related objectives.
2 Discussion
2.1 Paging

From RAN perspective, paging is a notification method for RAN to notify UE(s) when there are incoming mobile terminated (MT) services for idle/inactive state UE. Paging is aalso used for system information modification indication including public warning information for idle/inactive/connected state UEs. Paging from CN is a part of paging for notification of MT services for only idle state UEs. For an inactive state UE, when MT services arrive in CN, there is no CN paging for the UE. Instead, RAN initiates RAN paging to resume the connection from inactive state.   
For UEs, to get information from the network in a power efficient manner, the notification, i.e., paging, is sent in a specified time in each DRX cycle if there is any, and UEs monitor the specified time in every DRX cycle. This specified time is the Paging Occasion (PO), and is calculated by UE with RAN with parameters broadcasted in system information and UE ID. For RAN, it is also based on configured parameters and UE ID to calculate the PO for sending paging to this UE if needed. 
For different system architectures, PO calculation is different. In the following, corresponding the three different system architectures, the related parameters include: 

· LTE+EPC: calculated by IMSI and RAN parameters including DRX cycle and nB. 
· LTE+5GC, for CN paging and RAN paging: calculated by 5G-S-TMSI and RAN parameters including DRX cycle and nB. 
· NR+5GC, for CN paging and RAN paging: calculated by 5G-S-TMSI and RAN parameters including DRX cycle, Ns, nAndPagingFrameOffset and first-PDCCH-MonitoringOccasionOfPO .
The DRX cycle is calculated by combining the UE specific DRX parameter and cell specific DRX parameters. The other RAN parameters are signalled to UE through the broadcasted system information.

2.2 Paging Occasion Collision 

In SA2 MUSIM SID, paging collision is referred to as the POs from the two USIM overlapping in time, this will include three state combinations, idle+idle, inactive+idle, inactive+inactive, i.e., the PO overlapping contains:
· CN PO overlapped with CN PO

· RAN PO overlapped with CN PO

· RAN PO overlapped with RAN PO

In this study, single Rx / single Tx UE and dual Rx / single Tx UE are the target UEs. The terminology single Rx, single TX and dual Rx are clarified in SA1 MUSIM WID [2], where dual Rx allows MUSIM UE to simultaneously receive traffic from two networks, single RX allows MUSIM UE to receive traffic from one network at one time, single Tx allows MUSIM UE to transmit traffic to one network at one time. 
· For 1 Tx/2 Rx UE, there is no problem since the MUSIM UE can receive the paging from two USIMs and PO overlapping in time is not an issues. 
· For 1 Tx/1 Rx UE, it may have issues when monitoring a PO for one USIM overlapping with a PO from the other USIM, and therefore paging may be lost. 

Therefore, from now on we will only discuss 1Tx/1Rx UEs.
Based on the PO calculations in section 2.1, RAN configures almost all the parameters and the issues happen in the interface between UE and RAN when UE is in idle or inactive state. Therefore, PO collision is a RAN issue.
Besides PO collision cases, there also exists RAN system information modification indication and transmissions colliding with paging including RAN paging and CN paging for idle/inactive state in both USIMs. These collisions can be uniformly considered together in RAN.
Therefore, it can be observed:.
Observation 1: 1 Tx/2 Rx UE has no issues with paging occasion collision both in SA and RAN, and RAN leads to solve the paging occasion collision issue for1 Tx/1 Rx UE.
2.3 Paging Delivery

In SA2 MUSIM SID, another objective is paging delivery destined to USIM A while the UE is actively communicating with USIM B, where it is justified as: 

· While actively communicating with the first system, the UE needs to occasionally check the other system (e.g. to read the paging channel, perform measurements, or read the system information). This occasional activity on the second system may or may not have any performance impact, depending on the UE implementation.

· NOTE 1:The specific aspects of how the UE manages to read information in the second system while actively communicating with the first system are not to be considered in SA2, but could be considered in RAN working groups.

The case is referred to that calculated POs from one USIMs are overlapped with service scheduled from another USIM, i.e., the state of the MUSIM UE includes inactive+connected and idle+connected. For different UE implementations, there may and may not be impact on paging reception. In the following, corresponding to the 1Tx/2Rx UE and 1Tx/1Rx UE, we observe:
· For 1 Tx/2 Rx UE, there is no issues for paging receiving since paging can be delivered successfully for USIM A while the UE is actively communicating with USIM B. 
· For 1 Tx/1 Rx UE, it may have issues when communicating with USIM B, the paging for USIM A may be lost including CN paging and RAN paging. 
The paging delivery issues for 1Tx/1Rx UE is quite similar to paging occasion collision issues where the difference is that the paging for USIM A cannot be delivered successfully due to receiving ongoing scheduled data in USIM B instead of monitoring USIM B’s POs. The problem still happens in RAN level, RAN needs to lead the study these issues, not SA2. 
3 Summary and Proposal

In summary, we provide analysis on the issues of paging delivery and PO collision, and great RAN impact for 1Tx/1Rx UE is observed, so it is proposed to make an Architectural Assumption that the paging issues for single Rx UE should be solved by RAN WGs and SA2 may do alignment work if required. In addition, maybe SA2 can also send an LS to RAN to ask if they can completely take paging deliver and PO collision issues completely and if there is necessity for SA2 to study this issue. 
Proposal 1: SA2 make an Architectural Assumption that the paging issues for single Rx UE should be solved by RAN WGs and SA2 may do alignment work if required.

Proposal2: Send an LS to RAN WGS to ask if they can completely take paging deliver and PO collision issues completely and if there is necessity for SA2 to study this issue.
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