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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]At RAN#86 meeting, a new WI “Support for Multi-SIM devices in Rel-17‎” was approved [1]. One of the objectives is to specify the enhancement to address the collision due to reception of paging for Multi-SIM devices. The potential solutions to address the paging collision from SA2 TR 23.761 are as following [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) 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 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).
-    Option 3 Repeating paging in the RAN on consecutive POs. for MUSIM devices.
-    Option 4 UE Implementation-based solution to address overlapping POs (like today)



During the email discussion#917 [3], the above potential solutions from SA2 have been discussed. Most companies agree that options 1, 2a, 2b and 3 are feasible from RAN2 perspective. Option 2c and option 4 need further discussed whether they are feasible from RAN2 point of views.‎ Furthermore, the effectiveness of options 1, 2a, 2b, 3 need to be evaluated‎. 
Thus, in this contribution, we will discuss the left issues on Option 2c and option 4 and evaluate the effectiveness of all the feasible potential solutions from SA2.
Discussion
Option 2c: Calculation of PF/PO based on MUSIM Assistance Information
According to SA2 TR 23.761 [2], for option 2c, the UE needs to send MUSIM Assistance Information to AMF. Then AMF will provide the MUSIM Assistance Information to RAN node. The MUSIM Assistance Information can carry either a paging policy selector in RAN or ‎an Alternative ID or a pattern of availability‎. Thus, if a Multi-SIM device detects the paging collision, the Multi-SIM device should perform random access to RAN node and turn into connected mode to send the MUSIM Assistance Information to AMF. Then the Multi-SIM device will be released into idle mode to receiving paging. 
[bookmark: _Ref47532769]Observation 1: In option 2c, Multi-SIM device should enter connected mode‎ to send MUSIM Assistance Information to AMF.
Based on above analysis, there are some drawbacks on option 2c compared with other options. The procedure of option 2c will increase the power consumption from UE point of view and also occupy a lot of random access resources so that random access resources cannot be used by other UEs. Thus, we think from RAN2 point of view, Option 2c (Calculation of PF/PO based on MUSIM Assistance Information) is not preferable for the UE to solve the ‎paging collision issue.
[bookmark: _Ref19032198][bookmark: _Ref37338932][bookmark: _Ref40961997][bookmark: _Ref47103023][bookmark: _Ref54354654]Proposal 1: ‎From RAN2 point of view, Option 2c (Calculation of PF/PO based on MUSIM Assistance Information) ‎is not preferable for the UE to solve the ‎paging collision issue.‎

Option 4: UE Implementation-based solution
According to SA2 TR 23.761 [2], for option 4, a Multi-SIM device that has identified PO collisions can occur between the USIMs, shall be able to use UE ‎implementation means to minimize page loss due to collision taking into account paging repetition (for example ‎by selecting the order in which USIMs are operated for paging reception e.g. using a round-robin approach).‎
During the email discussion#917 [3], some companies point out this mechanism can solve the PO collision issues, but cannot always solve the issues, and that this mechanism may need paging repetition which will have negative impact on NW. However, there have been certain implementations in the real world today, and the previous concerns do not seem to base on quantitive analysis. Furthermore, paging collision does not happen very frequently and its impact on the User experience is limited. Thus, the paging collision issue can be left into implementation, which is no spec impact.
[bookmark: _Ref54354657]Proposal 2: ‎From RAN2 point of view, Option 4 (UE Implementation-based solution) ‎is feasible for the UE to solve the ‎paging collision issue.‎

Effectiveness evaluation of all the feasible potential solutions
During the email discussion#917 [3], the rapporteur concludes the following Table 1 to compare the effectiveness between options 1, 2a, 2b, 3‎ based on companies outputs. We will evaluate the effectiveness based on Table 1.
Table 1: effectiveness comparison between options 1, 2a, 2b, 3
	Option
	Advantage 
	Disadvantage
	RAN spec impact

	Option 1
	The increased signal overhead on Uu is less.
	1) Without UE assistant information, the new assigned 5G-GUTI/alternative UE_ID/offset may still result in PO collisions;
2) Paging collisions may occur after cell reselection in which case UE needs to request new 5G-GUTI/alternative UE_ID/offset again.
	No impact.

	Option 2a
	
	
	Change the legacy way to calculate PF/PO.

	Option 2b
	
	
	Change the legacy way to calculate PF/PO.

	Option 3
	Paging collision can be totally solved.
	The signal overhead on Uu may be significantly increased in the RAN.
	UE is required to at least monitor one PO in a single DRX among consecutive DRX cycles.



We don’t think the disadvantages of option 1/2a/2b in Table 1 are valid. Since the paging collision is a low possibility issue, the new assigned 5G-GUTI/alternative UE_ID/offset can address the paging collision issue mostly. Even if the new assigned 5G-GUTI/alternative UE_ID/offset cannot address the paging collision issue, the UE can request the new 5G-GUTI/alternative UE_ID/offset again. We think to request the new 5G-GUTI/alternative UE_ID/offset doesn’t have big impact on spec. Thus, if UE detects paging collision due to new allocated 5G-GUTI/alternative UE_ID/offset or cell reselection, to request a new 5G-GUTI/alternative UE_ID/offset again is a simply way. Compared with option 1, option 2a and option 2b, we think Option 1 is more effective due to no RAN impact.
For Option 3, we confirm that the signal overhead on Uu will be significantly increased due to paging repetition. Moreover, option 3 also has RAN spec impact. Thus, we think the effectiveness ‎of option 3 is lower compared with other options.
[bookmark: _Ref54354661]Proposal 3: ‎From RAN2 point of view, Option 1 (UE-requested 5G-GUTI reassignment) is more effective compared with option 2a, option 2b and option 3.‎

Based on the above analysis, we prefer Option 4 ‎(UE Implementation-based solution)‎ to solve the ‎paging collision issue. However, if Option 4 is not acceptable by other companies, we think Option 1 is preferred compared with other options.
[bookmark: _Ref54354664]Proposal 4: Option 1 (UE-requested 5G-GUTI reassignment) is preferred to solve the ‎paging collision issue‎, if Option 4 (UE Implementation-based solution) ‎is not acceptable.‎

Conclusion
According to the above discussion, the observations and proposals for the left issues to address the paging collision for Multi-SIM devices are as follows:
Observation 1: In option 2c, Multi-SIM device should enter connected mode‎ to send MUSIM Assistance Information to AMF.
Proposal 1: ‎From RAN2 point of view, Option 2c (Calculation of PF/PO based on MUSIM Assistance Information) ‎is not preferable for the UE to solve the ‎paging collision issue.‎
Proposal 2: ‎From RAN2 point of view, Option 4 (UE Implementation-based solution) ‎is feasible for the UE to solve the ‎paging collision issue.‎
Proposal 3: ‎From RAN2 point of view, Option 1 (UE-requested 5G-GUTI reassignment) is more effective compared with option 2a, option 2b and option 3.‎
Proposal 4: Option 1 (UE-requested 5G-GUTI reassignment) is preferred to solve the ‎paging collision issue‎, if Option 4 (UE Implementation-based solution) ‎is not acceptable.‎
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