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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 specifies potential enhancements to avoid performance degradation in 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 analyse the potential solutions described in SA2 for objective 1 for the RAN impacts. We also discuss about the need for solution to paging collision at LTE and NR networks.
2	Discussion
Following are the candidate solutions under discussion in SA2 for paging collision avoidance [2].
Option 1: UE -requested 5G-GUTI reassignment for one USIM using the Mobility Registration Update. However, it should be noted the 5G-GUTI is systematically reassigned by the network during the Mobility Registration Update procedure (as of Rel-15). It is proposed for 5GS only. [Solution #14; Solution#20]
Option 2: Changes related to the UE_ID (UE Identity Index) that is used for calculation of PF/PO only:
-    Option 2a  Calculation of PF/PO by using an Alternative UE_ID I. The UE ID sent in the paging message is not impacted by this Alternative ID that is only used for PO/PF calculations Proposed for both EPS and 5GS. [Solution #15]
-    Option 2b Calculation of PF/PO by using a UE_ID which is derived from IMSI+offset value. The offset value is negotiated between UE and MME. Proposed for EPS only. [Solution#16]
-    Option 2c Calculation of PF/PO based on MUSIM Assistance Information which can carry either a paging policy selector in RAN or an Alternative ID (like in the solution above) or a pattern of availability (e.g. specific SFN Slots/ DRX cycles). [Solution #17]
Option 3 Repeating paging in the RAN on consecutive POs. for MUSIM devices. [Solution #18]

As part of conclusions in SA2 as captured in [2] for the same key issue, following interim conclusion is made for the paging collision issue for EPC. [Ref Section 8.2]. This solution is based on Option 2b listed above.
	Based on the evaluation in clause 7.2 the following interim conclusions are agreed for the baseline functionality:
-	For paging reception in EPS when the paging collision is detected, the following principles are agreed:
-	Upon the UE detecting paging collisions between two networks, the UE initiates a TAU procedure to the MME of one network, to request an IMSI offset.
-	UE may provide an IMSI offset to MME during TAU procedure.
NOTE: Details on the request e.g. offset range will be defined during the normative phase. 
-	The MME returns an IMSI offset to the UE in the TAU Accept.
-	During CN paging delivery, the MME provides to the RAN the UE_ID which is derived based on the IMSI and the IMSI offset. RAN and UE use the UE ID as the IMSI to calculate the PF/PO.
Editor's note: This conclusion needs to be confirmed in RAN plenary




With the above interim solution, whenever paging collision is detected for LTE-NR scenario, the UE will trigger tracking area update message to indicate the collision to EPC. In response to the tracking area update message offset value to be used for PO calculation is assigned to UE. This offset value is used by EPC in further paging messages. As the PO collision is based on RAN level configuration of DRX cycle in each of the networks, the collision situation may change during idle mode mobility within same tracking area. In such cases additional tracking area update signalling message which also involves RRC connection setup followed by NAS level signalling will be required.
Observation 1: The interim solution agreed for EPC may lead to additional TAU signalling during idle mode reselection. The additional signalling load depends on RAN level paging configuration within tracking area of the cell.
As the GUTI is systematically changed for every service request procedure in NR, the offset based solution is not applicable for NR. Here option 1 is suitable for this situation. In this case, whenever collision is detected, the UE may need to trigger registration procedure for GUTI reassignment. After the reassignment for every signalling transaction, the AMF will modify the GUTI. To ensure that the modified GUTI does not lead to collision, the UE can provide assistance information in every registration procedure with the information that will enable AMF to select identifier which will not lead to collision after GUTI re-assignment.
Observation 2: GUTI re-assignment via registration update on paging collision will also lead to increased idle mode signalling procedure within same tracking area for idle mode mobility. The additional signalling load depends on RAN level paging configuration.
MUSIM Assistance Information including the information to ensure that next GUTI re-assignment results in required paging monitoring for MUSIM scenario will be beneficial for option 1 as described above.
Proposal 1: MUSIM Assistance Information including information to enable suitable selection of GUTI value is supported if option 1 is chosen.
Extension of Option 1 and Option 2b to minimise the idle mode signalling for collision reporting.
As the paging collision depends on RAN level configuration related to paging and DRX cycles, for some configurations the solutions proposed in Option1 and Option 2b will lead to additional signalling procedure during idle mode mobility. The additional signalling procedure can be avoided, if the UE can switch to alternative paging occasion monitoring on collision detect and report the collision as part of next NAS signalling procedure or Service request procedure as MUSIM Assistance Information with additional information about the alternative PO monitoring. For this solution, the idle mode signalling procedure required to mitigate paging collision is avoided. But the network may need to repeat the paging in successive paging occasions only for paging repetitions as network implementation until the paging collision is reported.
Proposal 2: Reporting of collision situation until next service request or tracking area procedure with UE implementing alternative PO monitoring until the next uplink activity should be considered.
Proposal 3: For MUSIM UE capable of alternative PO monitoring network implementation can consider this information in its paging retransmission strategy.
Proposal 4:  Support MUSIM Assistance Information including information Related to GUTI Reassignment, pattern of availability to enable the network to choose the right configuration for the paging avoidance.
Implementation of Collision avoidance solution for LTE and NR
In case of NR-LTE multi-SIM scenario, whenever paging collision is detected, the UE may either trigger signalling procedure to modify the paging occasion in LTE network or signalling procedure in NR for the same. To minimise the impact at UE to implement collision avoidance in LTE and also atNR , the UE may choose to implement the paging collision avoidance for one of the networks. To minimise the impact to the LTE implementations, it is recommended that NR-LTE multi-SIM implements the paging collision avoidance solution only at NR network.
Proposal 5: Solution for paging collision avoidance is mandatory at NR for MUSIM device whereas it can be optional feature towards LTE network. In case of LTE-NR MUSIM operation collision avoidance is implemented only in NR network.

3	Conclusion
The following proposals and observations were made in this paper:
Observation 1: The interim solution agreed for EPC may lead to additional TAU signalling during idle mode reselection. The additional signalling load depends on RAN level paging configuration within tracking area of the cell.
Observation 2: GUTI re-assignment via registration update on paging collision will also lead to increased idle mode signalling procedure within same tracking area for idle mode mobility. The additional signalling load depends on RAN level paging configuration.
Proposal 1: MUSIM Assistance Information including information to enable suitable selection of GUTI value is supported if option 1 is chosen.
Proposal 2: Reporting of collision situation until next service request or tracking area procedure with UE implementing alternative PO monitoring until the next uplink activity should be considered.
[bookmark: _GoBack]Proposal 3: For MUSIM UE capable of alternative PO monitoring network implementation can consider the alternative PO monitoring information in its paging retransmission strategy.
Proposal 4:  MUSIM Assistance Information including information Related to GUTI Reassignment, pattern of availability to enable the network to choose the right configuration for the paging avoidance is supported.
Proposal 5: Solution for paging collision avoidance is mandatory at NR for MUSIM device whereas it can be optional feature towards LTE network. In case of LTE-NR MUSIM operation collision avoidance is implemented only in NR network.
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