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1 
Introduction


According to the SA2 LS in [1], there are 7 suggested options have been discussed in SA2 for the paging collision issue:
Option#1.
UE-requested 5G-GUTI reassignment for one USIM using the Mobility Registration Update

Option#2a.
Changes related to the UE_ID using an Alternative UE_ID

Option#2b.
Changes related to the UE_ID using an IMSI+offset

Option#2c.
Calculation of PF/PO based on MUSIM Assistance Information

Option#3.
Repeating paging in the RAN on consecutive POs

Option#4.
Access Stratum-based solution with scheduling gap

Option#5.
UE Implementation

In this contribution, we analyse the pros and cons of the suggested options and discuss which option is the most desirable.
2
Discussion

Option#1. UE-requested 5G-GUTI reassignment for one USIM using the Mobility Registration Update
In our view, this option has the following drawbacks. 
First, 5G-GUTI reassignment is unnecessarily possible after reassigning 5G-GUTI for the paging collision avoidance. Because 5G-GUTI is possible after a NAS security activation procedure is initiated in the legacy procedure, the paging collision issue may occur again because 5G-GUTI can be reassigned by the NAS security activation procedure after 5G-GUTI reassignment requested by the UE to resolve the paging collision
Second, this option cannot be applicable to LTE but only to NR. This restriction would incur service interruption introduced by the 5G-GUTI reassignment procedure. For example, if 5G-GUTI reassignment is triggered for the UE in RRC_CONNECTED on the NR side to avoid paging collisions between LTE and NR, the on-going NR service would be suspended. 

Observation 1: Since 5G-GUTI reassignment is only applicable to NR, 5G-GUTI reassignment could introduce service interruption caused by the reassignment procedure, if there is on-going services in NR. 
Option#2a. Changes related to the UE_ID using an Alternative UE_ID
Unlike the option 1, this option is applicable to both NR and LTE systems. This wider applicability is desirable in that network can avoid service interruption that could be possibly introduced by properly selecting the target system to trigger the UE_ID change procedure. For example, when paging collisions need to be resolved between LTE and NR for the UE with on-going services in NR, the network or the UE can trigger the UE_ID change procedure on the LTE side. Then, there would be no service interruption in NR.  
Observation 2: Since the change of UE-ID using the alternative UE_ID is applicable to both LTE and NR, the network can avoid service interruption caused by the UE-ID change procedure by properly selecting the target system subject to the change of UE-ID. 
Option#2b. Changes related to the UE_ID using an IMSI+offset

This option is applicable to LTE systems only. Like option 1, this restriction would incur service interruption introduced by changing the UE_ID using the IMSI+offset. This is because, paging handling, the IMSI information affects to determine UE_ID in EPS system only, i.e. 5G-S-TMSI information is used to determining UE_ID in 5GC system.
Observation 3: Since IMSI+offset is only applicable to paging handling in LTE, using IMSI+offset could introduce service interruption caused by changing UE_ID procedure, if there are on-going services in LTE. 
However, the concept of using offset value can be applicable to the NR system also. Above restriction may not be needed if the network provides an offset value based on the 5G-S-TMSI to change the UE_ID. Since, from a signalling point of view, we think there is no difference with changing UE_ID using IMSI+offset, changing UE_ID using 5G-S-TMSI+offset is feasible.
Observation 4: if using 5G-S-TMSI to change of UE_ID is considered for 5GS, change of UE-ID using offset value is also applicable to both LTE and NR. 
Option#2c. Calculation of PF/PO based on MUSIM Assistance Information
Like option 2a, this option is applicable to both NR and LTE systems. This wider applicability is desirable in that network can avoid service interruption by the same reason of the option 2a.

Besides, since the UE may indicate the paging information on other SIM to the network on the current SIM, the network can provide to an exact paging configuration to avoid the paging collision w/o inter-SIM coordination.
Observation 5: Since the change of paging configuration by sending the MUSIM Assistance Information is applicable to both LTE and NR, the network can avoid service interruption caused by the UE-ID change procedure by properly selecting the target system subject to the change of paging configuration. Besides, through the MUSIM Assistance Information, the network can provide an exact paging configuration to avoid the paging collision w/o inter-SIM coordination.
Option#3. Repeating paging in the RAN on consecutive POs
In our view, this option is applicable to both NR and LTE systems but has the following drawbacks.

First, through longer paging repetition, the signalling overhead significantly increase. The network also uses more resources for sending the paging message. It leads to an increase in the power consumption of the UE. 
Second, longer paging repetition doesn’t resolve the actual problem of the paging collision. The paging collision still occurs, even though the UE may receive all paging messages from both network systems.
Observation 6: Introducing longer paging repetition causes significant signalling overhead, increase of the network resources waste and increase of UE power consumption.
Option#4. Access Stratum-based solution with scheduling gap

In our view, this option is applicable to both NR and LTE systems but has the following drawbacks.

Because inter-SIM coordination is out of our WID, the UE may receive the scheduling gap which may not be guaranteed for avoiding the paging collision. If the scheduling gap is wrongly configured i.e. switching to other SIM according to the scheduling gap, the UE can suffer the paging collision. Thus, this option is not a profitable solution for the paging collision.
Observation 7: Using a scheduling gap cannot resolve the paging collision w/o inter-SIM coordination.
Option#5. UE Implementation

UE implementation isn’t desirable. Because there isn’t any control information for avoiding the paging collision from the network side, the UE cannot resolve the paging collision by the UE implementation.
Observation 8: The UE cannot resolve the paging collision by the UE implementation because there isn’t any control information for avoiding the paging collision from the network side.
Based on the above observations, we think changing the UE_ID is the most desirable option for avoiding the paging collision, i.e. the option 2a, 2b, and 2c. Also, we think the option 2b is applicable to both NR and LTE if the change of the UE_ID is conceded by 5G-S-TMSI+offset. Therefore, we have the following proposals for resolving the paging collision.

Proposal 1: To avoid paging collision in MUSIM, the network changes the UE_ID using an alternative UE ID or offset.
Proposal 2: 5G-S-TMSI+offset is also considered for changing the UE_ID in 5GC.

Proposal 3: To assist paging collision avoidance, the UE provides the MUSIM Assistance Information to the network.
3
Conclusion
Observation 1: Since 5G-GUTI reassignment is only applicable to NR, 5G-GUTI reassignment could introduce service interruption caused by the reassignment procedure, if there is on-going services in NR. 
Observation 2: Since the change of UE-ID using the alternative UE_ID is applicable to both LTE and NR, the network can avoid service interruption caused by the UE-ID change procedure by properly selecting the target system subject to the change of UE-ID. 
Observation 3: Since IMSI+offset is only applicable to paging handling in LTE, using IMSI+offset could introduce service interruption caused by changing UE_ID procedure, if there are on-going services in LTE. 
Observation 4: if using 5G-S-TMSI to change of UE_ID is considered for 5GS, change of UE-ID using offset value is also applicable to both LTE and NR. 
Observation 5: Since the change of paging configuration by sending the MUSIM Assistance Information is applicable to both LTE and NR, the network can avoid service interruption caused by the UE-ID change procedure by properly selecting the target system subject to the change of paging configuration. Besides, through the MUSIM Assistance Information, the network can provide an exact paging configuration to avoid the paging collision w/o inter-SIM coordination.
Observation 6: Introducing longer paging repetition causes significant signalling overhead, increase of the network resources waste and increase of UE power consumption.

Observation 7: Using a scheduling gap cannot resolve the paging collision w/o inter-SIM coordination.
Observation 8: The UE cannot resolve the paging collision by the UE implementation because there isn’t any control information for avoiding the paging collision from the network side.
Proposal 1: To avoid paging collision in MUSIM, the network changes the UE_ID using an alternative UE ID or offset.

Proposal 2: 5G-S-TMSI+offset is also considered for changing the UE_ID in 5GC.

Proposal 3: To assist paging collision avoidance, the UE provides the MUSIM Assistance Information to the network.
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