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1. Introduction
In RAN#91e meeting, a revised WID scope of Rel-17 Multi-SIM WI was agreed [1]:
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 or LTE. 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. 
 For objective 1, specification change should focus on NR side and the change on LTE side is only for IDLE mode (i.e. related to EPC enhancement in SA2)

And the following agreements were made in RAN2#113e meeting for objective 1 [2]: 
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Agreement
1	Option 2b is the preferred solution to address paging collision for “LTE + LTE”.

Agreements

1	MUSIM UE determines potential paging collision on two networks and triggers actions on potential paging collision avoidance.
2	It is left to UE implementation as to how it selects one of the two RATs/networks for paging collision avoidance.
FFS if we can make the UE behaviour predictable for paging collision avoidance

Agreement
1	NAS signalling is baseline for UE reporting paging collision in 5GS side (to be confirmed by SA2).
2	It is FFS whether assistant information is needed for paging collision in 5GS side.

In this contribution, we will focus on objective 1, i.e. paging collision avoidance.
1. Discussion 
To simplify the discussion, the candidate solutions are listed below for better understanding:
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) requires. Proposed for 5GS only.
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.
-    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. 
 Option 3: Repeating paging in the RAN on consecutive POs for MUSIM devices.

Based on the agreements during RAN2#113e meeting, RAN2 agreed that NAS signalling is the baseline for UE reporting paging collision in 5GS side. The FFS is that whether assistant information is needed for paging collision in 5GS side.
Paging collision issue is only detected by UE AS, no matter the assistant information is finally agreed in NAS signaling or not, notification provided by UE AS is always needed to let UE NAS know the Paging collision issue once NAS based solution is used.
Observation 1: Once NAS based solution is used, no matter the assistant information is finally agreed in NAS signaling or not, notification provided by UE AS is always needed.
The difference is that what NAS finally decide will impact the detail design of Paging collision notification provided by AS. Three alternatives are given below for further discussion.
Alternative 1: If assistant information is finally not introduced in NAS signaling, only high-level notification info from UE AS is needed to inform NAS of the Paging collision detection, which means no Paging collision issue details are needed in the Paging collision notification. 
But if assistant information is finally introduced in NAS signaling, two alternatives are on the table:
Alternative 2: Assistant information only includes one-bit indicator, once the core network receives the one-bit indicator, the core network will know the Paging collision issue happen and a new 5G-S-TMSI will be reassigned to the UE by NAS signaling. It’s core network implementation to guarantee that the newly reassigned 5G-S-TMSI will solve the Paging collision issue.
Alternative 3: Assistant information includes an offset value, i.e. the similar mechanism as option2b. Based on the offset info, the core network will know the Paging collision issue happen and reassign a 5G-S-TMSI.
In summary, the corresponding AS impacts based on the above three alternatives are listed below:
If Alternative 1 is accepted by SA2, only high-level notification info from UE AS is needed to inform NAS of the Paging collision detection.
If Alternative 2 is accepted by SA2, the same AS impact as Alternative 1.
If Alternative 3 is accepted by SA2, the Paging collision issue details, e.g. an offset value, should be provided to UE NAS once Paging collision issue is detected in AS.
Observation 2: The different decision/requirement in SA2 for Assistant information will have different impact on AS spec.
The above alternatives are pending on NAS preference/inputs, RAN2 is not the suitable group to discuss which alternative is more desirable. The reason is that the above three alternatives are all based on NAS solution, it’s quite strange for RAN2 alone to make the decision with NAS left behind. One way forward is to send a LS to SA2 to clarify the requirements of Assistant information. A draft LS is given in clause 5.
Proposal 1: A LS can be sent to SA2 to clarify the requirements of Assistant information, the possible AS impact can also be mentioned for different alternatives to help SA2 understand RAN2 consideration.
The next open issue is for the necessity to introduce solution 3 or 2b besides option1, due to option2b can be considered as one of the options for Assistant information, based on the analysis on above alternatives, RAN2 should wait the requirements from SA2 before discussing option2b.
Regarding to option3, this method cannot work alone as the RAN side should know which UE has detected the paging collision issue before applying paging repetition in the RAN on consecutive POs. It’s not a good idea to report the paging collision issue to RAN by AS signaling as idle/inactive mode UEs will be forced to enter connected mode, this is not desirable for UE power saving. As for core network getting the paging collision notification info from NAS signaling for option3, this is also related to how NAS designs the Assistant information. RAN2 is better to wait the requirements from SA2 before discussing option3 through NAS.
Proposal 2: Wait for the requirements from SA2 on Assistant information before introducing option2b and option3 in RAN.
Proposal 3: For Option3, UE reports the paging collision issue by AS signaling is not considered in R17. 
One more FFS was left for further study in last RAN2 meeting:
FFS if we can make the UE behaviour predictable for paging collision avoidance
We believe this part is related to who triggers UE AS to start paging collision detection and reporting. Two understanding can be clarified further:
Understanding1: Paging collision detection and reporting in UE AS is triggered by AS itself if UE is capable of Multi-SIM operation. In other words, AS defined Multi-SIM capability is used for the trigger.
Understanding2: Paging collision detection and reporting in UE AS will be triggered only when UE AS receives the notification/request from UE NAS.
In our view, understanding 2 is in the scope of SA2, RAN2 should coordinate with SA2 before going any option.
Proposal 4: RAN2 should coordinate with SA2 on which layer triggers UE AS to start paging collision detection and reporting.
In last meeting, companies showed some concerns for applying the same paging collision solutions between idle and inactive UEs.
In TS38.304, the following formula is used for PF and PO calculation [3]:
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
Omit something here
UE_ID: 5G-S-TMSI mod 1024
If we look at the PF and PO calculation mechanism, no matter the UE is in RRC_IDLE or in RRC_INACTIVE, UE will always use the 5G-S-TMSI to calculate the PF and PO location. From this point, we see no much difference between the idle and inactive. We prefer to have a unified solution for both idle and inactive.
Observation 3: For PF and PO calculation, the same type of parameters is used, no much difference is identified between RRC_IDLE and RRC_INACTIVE.
Proposal 5: For NR, RAN2 tend to have a unified solution for RRC_IDLE and RRC_INACTIVE on paging collision avoidance.
In the previous discussion for paging collision issue, RAN2 has not discussed the E-UTAN connected to 5GC scenario. In our understanding, this scenario is also in the WID scope.
Proposal 6: RAN2 confirm that E-UTAN connected to 5GC scenario is also in the WID scope for paging collision avoidance.
As for the solution for the above scenario, due to the E-UTAN is connected to 5GC. We think the NAS based solution in NR can be reused for E-UTAN connected to 5GC scenario.
Proposal 7: For paging collision avoidance in E-UTAN connected to 5GC scenario, NR solution can be the baseline. The details can be discussed further.
1. Conclusion
In conclusion, we propose the following:
Observation 1: Once NAS based solution is used, no matter the assistant information is finally agreed in NAS signaling or not, notification provided by UE AS is always needed.
Observation 2: The different decision/requirement in SA2 for Assistant information will have different impact on AS spec.
Proposal 1: A LS can be sent to SA2 to clarify the requirements of Assistant information, the possible AS impact can also be mentioned for different alternatives to help SA2 understand RAN2 consideration.
Proposal 2: Wait for the requirements from SA2 on Assistant information before introducing option2b and option3 in RAN.
Proposal 3: For Option3, UE reports the paging collision issue by AS signaling is not considered in R17. 
Proposal 4: RAN2 should coordinate with SA2 on which layer triggers UE AS to start paging collision detection and reporting.
Observation 3: For PF and PO calculation, the same type of parameters is used, no much difference is identified between RRC_IDLE and RRC_INACTIVE.
Proposal 5: For NR, RAN2 tend to have a unified solution for RRC_IDLE and RRC_INACTIVE on paging collision avoidance.
Proposal 6: RAN2 confirm that E-UTAN connected to 5GC scenario is also in the WID scope for paging collision avoidance.
Proposal 7: For paging collision avoidance in E-UTAN connected to 5GC scenario, NR solution can be the baseline. The details can be discussed further.
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1. Overall Description:
RAN2 has agreed that NAS based solution should be the baseline for Paging collision Avoidance, but for Assistant information, RAN2 can’t reach consensus. The different decision/requirement in NAS for Assistant information will have different impact on AS spec, so RAN2 would like to get the guidance from NAS for Assistant information.
As for option2b and option3, RAN2 think these solutions somehow are related to the design of Assistant information, so RAN2 will wait the NAS feedback before discussing option2b or option3.
Regarding to which layer triggers UE AS to start paging collision detection and reporting action, RAN2 also needs SA2 input.

2. Actions:
To SA2 group.
ACTION: 	RAN2 respectfully asks SA2 to take the above info into account and gives the feedback if any.

3. Date of Next TSG-RAN WG2 Meetings:
3GPP RAN2#114-e       from 2021-05-19	to 2021-05-27		Electronic Meeting
3GPP RAN2#115-e	from 2021-08-23	to 2021-08-27		TBD
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