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Introduction
In RAN2 meeting #113-e [1], following agreements were made for paging collision avoidance:
	· There is support for solution 1 (for 5GS) with something else, either solution 3 or 2b.
· Option 2b is the preferred solution to address paging collision for “LTE + LTE”.
· MUSIM UE determines potential paging collision on two networks and triggers actions on potential paging collision avoidance.
· 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
· NAS signalling is baseline for UE reporting paging collision in 5GS side (to be confirmed by SA2).
· It is FFS whether assistant information is needed for paging collision in 5GS side.



In RAN2 meeting #113bis-e [2], following agreements were reached for paging collision avoidance:
	· For the EPS PO/PF calculation, include the UE_offset to the UE_ID calculation formula.
· No additional modification for the EPS eDRX case.



This paper discusses potential solution to address paging collision issue and related considerations.
Discussion
Solution for paging collision avoidance
With option 1 for UE-requested 5G-GUTI reassignment, collision probability with new GUTI assigned by the network is expected to be very less. It would be rare that UE would be required to again request for new GUTI reassignment in the case new 5G-GUTI does not resolve paging collision. Given the extreme low paging collision probability, we think that option 1 is an effective solution while having lowest impact on UE/Network entities.
Option 2b with offset approach is more or less the same with option 1, except that option 2b provides explicit value of ‘offset’ to devise an updated UE_ID. However, it requires higher specification impact as compared to Option 1 e.g. UE, RAN and AMF will be impacted and NG-AP interface needs to carry UE Identity Index Value field updated with offset. 
Option 3 for network repetition or retransmission, in our opinion, is not paging resource efficient. At the minimum, there is 100% paging overhead when network repeats the paging. 
Table 1 compares these solutions. With option 1 approach, there seems no need to also complement this with Option 2b and/or Option 3.

Table 1: Comparison of paging collision avoidance solutions
	Solution →
Factors ↓
	Option 1
	Option 2b
	Option 3

	Impact
	No RAN2 impact
	No RAN2 impact
Impacts NG-AP interface
	No RAN2 impact

	Specification Effort
	Low
	Medium to High
	Low

	Complexity
	Low
	High
	Medium

	Effectiveness (paging resolution)
	Medium to High (mostly resolved)
	Medium to High (mostly resolved)
	High

	Resource Efficiency
	High (no paging overhead)
	High (no paging overhead)
	Low (drastic paging overhead)

	Power Efficiency
	Medium
	Medium
	Low



Proposal 1: Option 1 for UE-requested 5G-GUTI reassignment is adopted as paging collision avoidance solution for 5GS. 
Proposal 2: Option 2b and Option 3 are not adopted as independent solutions or as complementary solutions to Option 1 for 5GS.
Idle and Inactive mode UEs
For RAN paging in Inactive mode, DRX cycle of the UE ‘T’ is determined by the shortest of the UE specific DRX value(s), if configured by RRC and/or upper layers, and a default DRX value broadcast in system information. This implies that there may be case where RAN paging cycle can also be sub-multiple of CN paging cycle. So as a possibility, we may have case where in only alternate RAN paging occasions are affected by paging collision with other SIM and CN paging occasions are not affected at all. However, in general, CN paging collision avoidance solution can resolve this case as well. E.g. a new GUTI reassignment will change the PO for both RAN paging and CN paging and collision is avoided. 
As described in [3], AMF provides the updated UE Identity Index Value field sent in the NG-AP paging message. For Idle UEs, as there is no UE context maintained at RAN, AMF needs to provide this with every paging message. For the case of Inactive UEs, the AMF also provides it as part of the Core network assistance information to RAN. When the assistance information is an offset given by the UE, UE Identity Index Value is updated with the offset value by the AMF. 
We think there may possibly be some RAN based solutions for Inactive mode only, where in gNB can apply the offset by itself. But such solutions will bring in more complexity and lead to duality of approaches for Idle and Inactive modes. Moreover, as paging collision is a rare event, there seems no special reason to introduce another solution for Inactive UEs. 
Proposal 3: CN based paging collision avoidance solution is equally applicable for Idle and Inactive mode UEs. There is no need for RAN based approaches to address paging collision in Inactive mode. 
Predictable UE behavior
As agreed in RAN2#113-e meeting, UE implementation determines as to how it selects one of the two RATs/networks for paging collision avoidance. However, there was a question if RAN2 can make UE behavior predictable for the paging collision avoidance. Concern here seems that behavior from different UEs would vary. However, we are not convinced what brings real benefits from predictable UE behaviors. As UE is the only entity that has the visibility to both networks and associated configurations, a smart UE implementation will appropriately choose the best network to avoid paging collision. Moreover, there is no coordination for the two different networks involved here so it seems hard to make predictable UE behavior to apply any prioritization rule on the common MUSIM UE.
Proposal 4: RAN2 does not specify how to make predictable UE behavior for RAT/Network selection to avoid paging collision i.e. it is up to UE implementation.
In RAN2#113bis-e meeting, some of the contributions from other companies asked for specifying UE behavior are as captured in below table 2.
Table 2: UE behavior for Paging collision resolution
	Issue
	Description
	Remarks

	Triggering time for paging collision avoidance
	· UE needs to trigger paging collision avoidance before the exact time of PO overlapping occurs
· RAN2 specify rules (e.g. after how many anticipated collisions) for a UE to declare paging collision and seek network’s assistance
· RAN2 discuss the impending Paging collisions of a UE that is (to be) released to RRC Inactive state by the network and RAN2 should decide when (i.e. before or after transitioning to RRC Inactive) this UE may seek network’s assistance for the same
	We think UE can trigger paging collision avoidance as soon as it detects the possibility of same e.g. on receiving new paging configuration. So there is no need to specify any rules for UE.

	UE behavior during paging collision resolution procedure
	· UE behaviour on collision handling from the time of collision detection until it is resolved by network should be specified
	It is expected that UE triggers paging collision avoidance when it detects paging collision possibility i.e. much before actual collision. Moreover, paging collision resolution step can be completed in a finite time. So there seems no need to specify UE behavior during collision resolution procedure

	Other aspects
	· Paging collision is defined as inability to receive paging in two (or more) systems irrespective of if a direct overlap of the paging occasions exists, assuming finite retuning time between the two Systems
· UE transmits the paging collision indication to network B if no response is received for a while (one timer) after transmitting the paging collision indication to network A. Therefore, the time duration should be specified for UE to reselect another network for paging collision indication
	We consider that these are implementation dependent aspects and need not be specified.



Proposal 5: No UE behavior is specified w.r.t. triggering time for paging collision avoidance, during the paging collision resolution procedure, no response for paging collision indication from network.
Need for assistance information
In general, paging configuration parameters can be symmetric or asymmetric on two uncoordinated networks for MUSIM UE e.g. USIM A (UE_ID, T, N, PF_offset) and USIM B (UE_ID’, T’, N’, PF_offset’). UE can provide potential paging collision indication, and possibly assistance information, to the network. In our understanding assistance information is not essential for paging collision resolution and its utilization may be more related to better power saving for the UE. For example, an UE implementation may consider certain scenarios and situations as follows
a) Considering paging configurations on two RATs/networks – Devising assistance information to better suit with both paging configurations to enhance power saving e.g. placing both POs close by 
b) Supporting MBS service in IDLE/INACTIVE states on one of the RATs/networks – Devising assistance information to better match paging with MBS service reception
However, these are very UE specific optimizations and are not essential from paging collision avoidance.
Therefore, we propose that assistance information is kept optional and it should be left to UE implementation whether to include it or not.
Further, since Access Stratum (AS) is better equipped with paging configuration parameters information on both the networks, it seems logical that AS builds the assistance information, when needed, for paging collision avoidance and provides it to NAS.  NAS can, then, signal the same to the network.
Proposal 6: MUSIM UE may optionally provide assistance information to network to resolve paging collision. 
Proposal 7: Access Stratum in the MUSIM UE builds assistance information, when needed, for paging collision avoidance and provides same to NAS to signal to the network.
Conclusion
RAN2 to discuss and agree on the following proposals:
Proposal 1: Option 1 for UE-requested 5G-GUTI reassignment is adopted as paging collision avoidance solution for 5GS. 
Proposal 2: Option 2b and Option 3 are not adopted as independent solutions or as complementary solutions to Option 1 for 5GS.
Proposal 3: CN based paging collision avoidance solution is equally applicable for Idle and Inactive mode UEs. There is no need for RAN based approaches to address paging collision in Inactive mode. 
Proposal 4: RAN2 does not specify how to make predictable UE behavior for RAT/Network selection to avoid paging collision i.e. it is up to UE implementation.
Proposal 5: No UE behavior is specified w.r.t. triggering time for paging collision avoidance, during the paging collision resolution procedure, no response for paging collision indication from network.
Proposal 6: MUSIM UE may optionally provide assistance information to network to resolve paging collision. 
Proposal 7: Access Stratum in the MUSIM UE builds assistance information, when needed, for paging collision avoidance and provides same to NAS to signal to the network.
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