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Introduction
For paging collision issue, RAN2 has been discussing several options via the [Post111-e][917] email discussion based on questions from SA2 LS:
	Questions captured from SA2 LS [1]:
SA2 would also like to point out that TR 23.761 also contains several solutions for paging reception when paging collisions are detected. These solutions require RAN’s feedback. The solution principles in these solutions can be categorized as follows:
-	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.
Q8) SA2 would like to ask RAN2 whether these approaches are all feasible and effective for paging reception when paging collisions are detected in 5GS and in EPS respectively. 
Q9) SA2 would like to ask RAN2 and RAN3 to take these solutions into consideration and provide feedback including proposals from RAN that SA2 may have not yet considered.



	Captured from the [Post111-e][917] email discussion summary [2]:
Proposal 1: From RAN2 point of view, Option 1 (UE-requested 5G-GUTI reassignment) is feasible for the UE to solve the paging collision issue in 5GS.
Observation 1: When effectiveness is considered, the option 1 has the following disadvantages:
a) Without UE assistant information, the new assigned 5G-GUTI may still result in PO collisions; 
b) Paging collisions may occur after cell reselection in which case UE needs to request new 5G-GUTI again.
Proposal 2: From RAN2 point of view, Option 2a (Calculation of PF/PO by using an Alternative UE_ID) is feasible for the UE to solve the paging collision issue in EPS and 5GS respectively.
Observation 2: When effectiveness is considered, the option 2a has the following disadvantages:
a) Without UE assistant information, the assigned alternative UE_ID may still result in PO collisions; 
b) Paging collisions may occur after cell reselection in which case UE needs to request a new alternative UE_ID again.
c) this option would change the legacy way to calculate PF/PO, thus impacts CN, RAN, UE.
Proposal 3: From RAN2 point of view, Option 2b (Calculation of PF/PO by using a UE_ID which is derived from IMSI+offset value) is feasible for the UE to solve the paging collision issue in EPS.
Observation 3: When effectiveness is considered, the option 2b has the following disadvantages:
a) Without UE assistant information, the assigned UE offset may still result in PO collisions; 
b) Paging collisions may occur after cell reselection in which case UE needs to request a new UE offset again.
c) this option would change the legacy way to calculate PF/PO, thus impacts on MME, RAN, UE, S1 interface.
Proposal 4: more detailed information is needed to judge the feasibility and effectiveness of Option 2c (Calculation of PF/PO based on MUSIM Assistance Information). 
Proposal 5: From RAN2 point of view, Option 3 (Repeating paging in the RAN on consecutive POs) is feasible. 
Observation 4: When effectiveness is considered, the option 3 has the following disadvantages:
a) this option would increase the signal overhead in the RAN. 
b) UE is required to at least monitor one PO in a single DRX among the consecutive DRX cycles. 
Proposal 6: Online discussion is needed if the Option 4 (UE Implementation-based approach) is feasible from RAN2 point of views.  However standardized solution will ensure deterministic and uniform behavior from all UEs, and avoid impact on the paging latency, paging success performance, UE power consumption and so on.
Proposal 7: evaluate the effectiveness of options 1, 2a, 2b, 3 based on the above Table 2.



While we agree the analysis of pros and cons of each option observed/summarized by the rapporteur, what RAN2 really needs to consider in terms of “effectiveness” is how “effective” a solution could be from RAN2 perspective. This contribution emphasizes more on this aspect and proposes to endorse Solution 1. 
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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 IMSI (EPS) [3] and by 5G-S-TMSI (5GS) [4]. The formula uses the UE_ID value as modular of IMSI or 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, from the RAT concurrency in our objective (i.e. Network A can be NR; Network B can either be LTE or NR), we don’t need solutions for both RATs. If a MUSIM device wants to avoid paging collision by changing the value of UE_ID over NAS, then changing over 5G side would be enough and “effective”.
Observation 3: From RAT concurrency (5G & LTE/5G) in our objective, if to avoid paging collision by changing the value of UE_ID over NAS, changing over 5G side would be enough and “effective”. 
Furthermore, the IMSI (EPS) is permanent and cannot be changed. On the other hand, the 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 to update the UE for PF/PO calculation or to update MME/AMF so that S1/NG paging message to RAN can include the updated UE paging ID value. 
Therefore, given that (1) a NAS procedure is inevitable (NAS based solutions); (2) changing the value of UE_ID over 5G side is sufficient; and (3) 5G-S-TMSI is temporary and can be re-assigned, 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 update 5G-S-TMSI by a NAS Mobility Registration Update (MRU) procedure (i.e. Solution 1) would suffice (i.e. “effective”).
And last but not least, using another UE ID or having offset for PF/PO calculation affects the legacy way they are calculated based on IMSI (EPS) or 5G-S-TMSI (5GS), which are not desired from RAN2 perspective.
Observation 4: IMSI (EPS) is permanent. 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 5: Even if alternative subscriber identity is used or an offset is applied, a NAS procedure is still necessary to update the UE for PF/PO calculation or to update MME/AMF so that S1/NG paging message to RAN can include the updated UE paging ID value.
Observation 6: Using another ID or having offset for PF/PO calculation affects the existing way they are calculated based on IMSI or 5G-S-TMSI and thus is not desired from RAN2 perspective.
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, but it does not avoid the problem of paging collision at all and there is nothing we can do for this.
Observation 7: Solution 4 (up to UE implementation) is feasible, but it does not avoid the problem of paging collision at all and there is nothing we can do for this.
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.
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. 
Proposal 2: RAN2 to endorse Solution 1 (5G-GUTI re-assignment), which is effective and suffice 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: From RAT concurrency (5G & LTE/5G) in our objective, if to avoid paging collision by changing the value of UE_ID over NAS, changing over 5G side would be enough and “effective”. 
Observation 4: IMSI (EPS) is permanent. 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 5: Even if alternative subscriber identity is used or an offset is applied, a NAS procedure is still necessary to update the UE for PF/PO calculation or to update MME/AMF so that S1/NG paging message to RAN can include the updated UE paging ID value.
Observation 6: Using another ID or having offset for PF/PO calculation affects the existing way they are calculated based on IMSI or 5G-S-TMSI and thus is not desired from RAN2 perspective.
Observation 7: Solution 4 (up to UE implementation) is feasible, but it does not avoid the problem of paging collision at all and there is nothing we can do for this.
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. 
Proposal 2: RAN2 to endorse Solution 1 (5G-GUTI re-assignment), which is effective and suffice for NAS-based solutions. 
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