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Introduction
For paging collision avoidance, SA2 agreed the NAS based IMSI offset signalling for EPS [1]:
	8.2	Conclusions for Key Issue #2: Enabling Paging Reception for Multi-USIM Device
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


Thanks to SA2, we now have an agreed solution when one of network is EPS. What is left is a solution for 5GS which is at least required when 5GS+5GS. For that, R2-112e discussed via [917] email discussion [2] based on questions from SA2 LS [3] and agreed the following:
From RAN2 point of view, Option 1 , 2a, 2b, and 3 are feasible to solve the paging collision issue in 5GS. Each have different effectiveness (as per analysis during the email discussion). When indicating reply to SA2, indicate both feasibility as well as effectiveness.
Indicate to SA2 that RAN2 continues to further evaluate the pros and cons of options 1, 2a, 2b, 3.
Option 4 is still allowed (but RAN2 will not specify UE implementation). 
Clarifying "No E-UTRA impact" can be done in RANP.
Option 2c can be evaluated later as it doesn't work alone.
Enhancement for 5GS should be prioritized since it can handle paging collision issue in both NR+NR and NR+LTE scenarios.

With that, this contribution discusses how “effective” a solution could be from RAN2 perspective for 5GS and proposes to endorse Solution 1. 
Discussion
Re-captured the solution candidates from SA2 LS [1] for easier discussions:
	-	Sol 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.
-    Sol 2) Changes related to the UE_ID (UE Identity Index) that is used for calculation of PF/PO only:
-    A) 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.
-    B) 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. 
-    C) 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 solution above) or a pattern of availability (e.g. specific SFN Slots/ DRX cycles).
-    Sol 3) Repeating paging in the RAN on consecutive POs. for MUSIM devices.
-	Sol 4) UE Implementation-based solution to address overlapping POs (like today) 
-	Sol 5) Access Stratum-based solution with scheduling gap.


There are two solution directions in general – either by NAS based (solutions 1 and 2 families) or entirely within RAN (solutions 3, 4, and 5). 
NAS-based solutions
Those NAS based solutions aim to avoid collision by changing the value of UE_ID used for calculating PF (paging frame) and PO (paging occasion) and thus change PF/PO that leads to avoid paging collision. 
However, please note that, once a UE detects paging collision and triggers a NAS based solution, a chance of re-collision is very low. Currently, PF/PO are calculated by 5G-S-TMSI (5GS) [4]. The formula uses the UE_ID value as modular of 5G-S-TMSI over 1024. The probability that paging collides again would be very low even if the value of UE_ID is re-assigned in random fashion. From this sense, changing the value of UE_ID is “effective”, and no assistance info is needed from the UE. 
Observation 1: NAS based solutions 1 and 2 families avoid paging collision by changing the value of UE_ID (used for PF/PO calculation) and thus change PF/PO that leads to avoid paging collision.
Observation 2: A chance of paging collision again would be very low even if the value of UE_ID is re-assigned in random fashion. As a result, changing the value of UE_ID is “effective”, and no further assistance info is needed from the UE.
Moreover, 5G-S-TMSI (5GS) is temporary and can be re-assigned but does not get changed unless a NAS procedure is involved to do so. Even if alternative subscriber identity is used or an offset is applied, a NAS procedure is still necessary (we are talking about NAS-based solutions) between the UE and the AMF. In case of IDLE, NG paging message to RAN would have to include the updated UE ID for PF/PO calculation. However, currently NG paging message to RAN only carries 5G-S-TMSI as for both UE paging ID and PF/PO calculation. Having another subscriber identity or offset for PF/PO calculation impacts on NGAP. The case of INACTIVE is no different as 5G-S-TMSI is still used for calculating PF/PO at the serving gNB (though full I-RNTI is used as paging ID). To change PF/PO, they or the updated UE ID has to be configured to the serving gNB, which impacts NGAP.  
Therefore, given that (1) a NAS procedure is inevitable (NAS based solutions); (2) 5G-S-TMSI is temporary and can be re-assigned; and (3) NGAP impacts for both IDLE and INACTIVE, we believe that there is no need to consider alternative subscriber identity or an offset as described in the Solution 2 families. Once the UE detects paging collision, simply requesting to reassign 5G-S-TMSI by a NAS Mobility Registration Update (MRU) procedure (i.e. Solution 1) would suffice (i.e. “effective”).
Observation 3: 5G-S-TMSI (5GS) is temporary and can be re-assigned but does not get changed unless a NAS procedure is involved to do so.
Observation 4: Even if alternative subscriber identity is used or an offset is applied, a NAS procedure is still necessary (we are talking about NAS-based solutions) between the UE and the AMF. 
Observation 5: Having another subscriber identity or offset for PF/PO calculation impacts on NGAP for both IDLE and INACTIVE.
As a result, simply requesting to update 5G-S-TMSI by a NAS Mobility Registration Update (MRU) procedure (i.e. Solution 1) without any assistance information from the UE would suffice (i.e. “effective”) for NAS-based approach, rather than considering alternative subscriber identity or offset.
Solutions entirely within RAN
Among those RAN2 solutions (solutions 3, 4, and 5), first, Solution 4 leaves up to UE implementation to minimize paging loss. Of course, this is feasible (considering Multi-SIM devices are already available), but it cannot be a solution to the problem of paging collision we want to address. In Rel-17, we should develop a solution that can escape from paging collision when it happens, although it could be left up to the UE whether to use it or not. 
[bookmark: _Hlk61116273]Observation 6: Solution 4 (up to UE implementation) is feasible (considering Multi-SIM devices are already available), but it cannot be a solution to the problem of paging collision we want to address. 
Observation 7: In Rel-17, we should develop a solution that can escape from paging collision when it happens, although it could be left up to the UE whether to use it or not.
Another Solution 5 relies on scheduling gap to receive paging from other system. This can avoid paging collision; however, inter-system or inter-RAT coordination is necessary to negotiate scheduling gap to the UE, which is quite complicated and complex. Moreover, it requires having the UE in RRC CONNECTED for such scheduling gap negotiation, where our target is for the UE in IDLE or INACTIVE mode in both networks [5].
Observation 8: Scheduling gap (Solution 5) requires inter-system coordination and AS impacts for gap negotiation and thus is not desired from RAN2 perspective. 
On the other hand, Solution 3 relies on paging repetition which is up to NW and can be done without impacting on signaling design. By the UE alternately monitoring paging on both systems that overlap in time and by RAN repeating paging on several consecutive POs (e.g. in case if there was no response from the UE on the first PO), this solution has the potential to enable the UE to receive paging in the end, with some signaling overhead. Moreover, MUSIM capability provided from the UE can be used to optimize NW behavior further (e.g. paging repetition only for MUSIM device).
However, this solution is half-measure in the sense that it does not avoid paging collision. Namely, paging collision persists. Moreover, given that it is not clear how the UE alternates paging monitoring or how NW performs paging repetition, the issue may not go away completely if we solely rely on this solution. 
Therefore, we believe a NAS based solution (that changes the value of UE ID and avoids paging collision) is anyway necessary to complement such “half-measure” RAN2 based paging repetition scheme.
Observation 9: Paging repetition (Solution 3) is up to NW and can be done without signaling impacts. MUSIM capability provided from the UE can be used to optimize NW behavior (e.g. paging repetition only for MUSIM device).
Observation 10: However, paging repetition (Solution 3) is basically a half-measure in that it does not avoid paging collision. The problem does not go away completely, if we solely rely on this solution. 
Observation 11: A NAS based approach (changing the value of UE ID and explicitly avoiding paging collision) is anyway necessary to complement such “half-measure” RAN2 based schemes. 
Based on the above observations, the following proposals are deduced:
Proposal 1: Given than neither of RAN2 based solutions is effective, RAN2 to endorse a NAS based solution as a baseline for 5GS. 
Proposal 2: RAN2 to endorse Solution 1 (5G-GUTI re-assignment), which is effective and suffices for NAS-based solutions.
Conclusion
In the present contribution we make the following observations:
Observation 1: NAS based solutions 1 and 2 families avoid paging collision by changing the value of UE_ID (used for PF/PO calculation) and thus change PF/PO that leads to avoid paging collision.
Observation 2: A chance of paging collision again would be very low even if the value of UE_ID is re-assigned in random fashion. As a result, changing the value of UE_ID is “effective”, and no further assistance info is needed from the UE.
Observation 3: 5G-S-TMSI (5GS) is temporary and can be re-assigned but does not get changed unless a NAS procedure is involved to do so.
Observation 4: Even if alternative subscriber identity is used or an offset is applied, a NAS procedure is still necessary (we are talking about NAS-based solutions) between the UE and the AMF. 
Observation 5: Having another subscriber identity or offset for PF/PO calculation impacts on NGAP for both IDLE and INACTIVE.
Observation 6: Solution 4 (up to UE implementation) is feasible (considering Multi-SIM devices are already available), but it cannot be a solution to the problem of paging collision we want to address. 
Observation 7: In Rel-17, we should develop a solution that can escape from paging collision when it happens, although it could be left up to the UE whether to use it or not.
Observation 8: Scheduling gap (Solution 5) requires inter-system coordination and AS impacts for gap negotiation and thus is not desired from RAN2 perspective. 
Observation 9: Paging repetition (Solution 3) is up to NW and can be done without signaling impacts. MUSIM capability provided from the UE can be used to optimize NW behavior (e.g. paging repetition only for MUSIM device).
Observation 10: However, paging repetition (Solution 3) is basically a half-measure in that it does not avoid paging collision. The problem does not go away completely, if we solely rely on this solution. 
Observation 11: A NAS based approach (changing the value of UE ID and explicitly avoiding paging collision) is anyway necessary to complement such “half-measure” RAN2 based schemes. 
/////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
Based on the discussion in the present contribution and the observations above we propose: 
Proposal 1: Given than neither of RAN2 based solutions is effective, RAN2 to endorse a NAS based solution as a baseline for 5GS. 
Proposal 2: RAN2 to endorse Solution 1 (5G-GUTI re-assignment), which is effective and suffices for NAS-based solutions. 
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