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Introduction
In RAN2#113-e [1], the following agreement were made for paging collision avoidance
	· There is support for solution 1 (for 5GS) with something else, either solution 3 or 2b.
· 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



In RAN2 #114-e [2], the following agreements were made and a LS[3] is sent to SA2:
	· Send an LS to SA2 to inform that RAN2 has majority but no consensus on whether to support NAS assistant information (similar to UE ID offset for LTE), and think this issue should be discussed and decided by SA2.
· RAN2 does not introduce RRC assistant information for paging collision issue for IDLE and INACTIVE. (Can revisit if serious problems are found.)



This paper discusses paging collision avoidance and related considerations.
Discussion
Solution for paging collision avoidance
SA planery already approved CR to TS23.502 [4] which specifies that UE, upon detection of PO collision, simply triggers the MRU procedure in order to get a new 5G-GUTI assigned. This seems reasonable for RAN2 to adopt the same solution for paging collision avoidance. 
Observation 1: TS23.502 specifies that UE, upon detection of PO collision, simply triggers the MRU procedure in order to get a new 5G-GUTI assigned.
Further, we present a comparative analysis of different solutions being considered by RAN2.
· 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.
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 3: 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. Text proposals to 38.300 and 36.300 given in annexure are adopted.
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 4: 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.
Assistance information
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. 
Based on SA2 decision, UE may or may not need to provide assistance information. 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. However, this can be left to UE implementation and no specification impact is seen.
Proposal 5: If NAS assistance information on 5GC is supported, Access Stratum in the MUSIM UE builds it, when needed, for paging collision avoidance and provides same to NAS to signal to the network. It is left to UE implementation and there is no specification impact.
Mismatch issue on calculation of UE_ID
There is a mismatch issue on the calculation of UE_ID between SA2 and RAN2. SA2 specified in TS23.401 that ‘Alternative IMSI’ value is calculated based on the accepted IMSI offset received from the network and Alternative IMSI value is used to calculate UE_ID in 36.304. Whereas, RAN2 agreed that ‘IMSI Offset’ value used in UE_ID calculation i.e. UE_ID = IMSI + IMSI Offset. In our view, there seems no reason not to follow SA2’s decision. To resolve this issue, this should be agreed in RAN2 that Alternative IMSI is calculated and indicated by upper layer. UE_ID is calculated as Alternative IMSI mode 1024 when P-RNTI is monitored on PDCCH and Alternative IMSI is indicated by upper layer.
Proposal 6: RAN2 to agree that Alternative IMSI is calculated as defined in TS 23.401 and indicated by upper layer. UE_ID is calculated as Alternative IMSI mode 1024 when P-RNTI is monitored on PDCCH and Alternative IMSI is indicated by upper layer.
Conclusion
RAN2 to discuss and agree on the following observation and proposals:
Observation 1: TS23.502 specifies that UE, upon detection of PO collision, simply triggers the MRU procedure in order to get a new 5G-GUTI assigned.
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: 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. Text proposals to 38.300 and 36.300 given in annexure are adopted.
Proposal 4: 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 5: If NAS assistance information on 5GC is supported, Access Stratum in the MUSIM UE builds it, when needed, for paging collision avoidance and provides same to NAS to signal to the network. It is left to UE implementation and there is no specification impact.
Proposal 6: RAN2 to agree that Alternative IMSI is calculated as defined in TS 23.401 and indicated by upper layer. UE_ID is calculated as Alternative IMSI mode 1024 when P-RNTI is monitored on PDCCH and Alternative IMSI is indicated by upper layer.
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Annexure

Text Proposal to 38.300
	[bookmark: _Toc46502169][bookmark: _Toc5707234][bookmark: _Toc60788152][bookmark: _Toc52551500][bookmark: _Toc37232083][bookmark: _Toc29376161][bookmark: _Toc51971517]X.1	Paging Collision Avoidance
[bookmark: _Hlk65227274]The purpose of paging collision avoidance is to address the overlap of paging occasions on both USIMs when a Multi-USIM device (e.g. dual USIM device) is in RRC_IDLE/RRC_INACTIVE state in both the networks (e.g. Network A and Network B) associated with respective SIMs. Both networks can be NR network or E-UTRA network to address the scenario where Network A is NR and Network B is E-UTRA or NR.
A Multi-SIM device may determine potential paging collision on two networks and may trigger actions to prevent potential paging collision. 
Editor’s note: FFS whether assistant information is needed for paging collision in 5GS side.
Editor’s note: It is left to UE implementation as to how it selects one of the two RATs/networks for paging collision avoidance. FFS whether UE behavior is predictable for paging collision avoidance.



Text Proposal to 36.300
	X.1	Paging Collision Avoidance
The purpose of paging collision avoidance is to address the overlap of paging occasions on both USIMs when a Multi-USIM device (e.g. dual USIM device) is in RRC_IDLE/RRC_INACTIVE state in both the networks (e.g. Network A and Network B) associated with respective SIMs. Both networks can be NR network or E-UTRA network to address the scenario where Network A is NR and Network B is E-UTRA or NR.
A Multi-SIM device may determine potential paging collision on two networks and may trigger actions to prevent potential paging collision. 
Editor’s note: FFS whether assistant information is needed for paging collision in 5GS side.
Editor’s note: It is left to UE implementation as to how it selects one of the two RATs/networks for paging collision avoidance. FFS whether UE behavior is predictable for paging collision avoidance.



