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1. Introduction
About the paging collision, in SA2, the below conclusion was made for the EPC[1]:
	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.


Meanwhile, in the previous meetings, Ran2 has achieved the following agreements:
	RAN2: 113
· 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 behavior predictable for paging collision avoidance
· NAS signalling is baseline for UE reporting paging collision in 5GS side (to be confirmed by SA2)
Ran2 113bis
· For the EPS PO/PF calculation, include the UE_offset to the UE_ID calculation formula.
· No additional modification for the EPS eDRX case. 


In this paper, we will further discuss the remaining issues on the paging collision.
2. Discussion
Issue 1: Assistance information needed or not
[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK1]According to the offline discussion in the last RAN2 meeting, the main motivation for the assistance information was to assist the network to assign a proper new 5G-STMSI, e.g. provide an preferred offset to the current 5G-STMSI (solution 1+2b). However, according to our analysis, even without the assistance information, the network still can assign a proper new 5G-STMSI. Take the Fig 1 as an example, we assume the paging collision happened for the network A and B, and the network B have different paging cycle for the Idle/Inacitve state. Considering that the PO is periodically distributed and the possible paging cycle is specified to be {rf32, rf64, rf128, rf256}, the paging collision can be solved by shifting the PO of the network B with 16rf. In other words, the AMF select a 5G-STMSI that can shift the original PO with about 16rf. With this method, even the UE switch between the Inactive and the Idle state, the paging collision would not happen again. Note that network A and the network B may work with different SCSs, then the duration of the POs of two networks would also be different, shifting the PO with half of the smallest paging cycle (32rf) would be the safest way to avoid PO overlapping.


Fig x: PO collision
The Fig 1 just provide one implementation method, from this method, we can see that the Network can solve the collision issue even without the assistance information from the UE. Company may have another concern on neighbor cells, for example, UE moves among the cell A/B/C, even the new assigned 5G-STMSI can avoid the collision with the cell A, it may conflict with the cell B/C when the UE moves to the Cell B/C. For this issue, some companies suggest to give some assistance information based on the POs of cell A/B/C, then the AMF can select a better 5G-STMSI based on these assistance information. But we think the AMF can also store the 5G-STMSIs that has caused collision and make choice based on the stored information. Thus it’s still unnecessary for the UE to report the assistance information. 
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Observation 1: Even without the assistance information, the network still can select a proper new 5G-STMSI, e.g. the AMF select a 5G-STMSI that can shift the original PO with about 16rf.
Furthermore, as agreed in the previous meeting, it has been agreed that NAS signalling is baseline for UE reporting paging collision in 5GS side (to be confirmed by SA2), in other words, even the assistance information is needed, it would be included in the NAS message. To avoid the interaction between the CN and RAN node, this assistance information shall be readable by the CN and the detail format shall be determined by the SA2/CT1.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 1: Even the assistance information is needed, this assistance information shall be readable by the CN to avoid the interaction between the CN and RAN node, and thus whether or which kind of assistance information was needed shall be finally determined by SA2/CT1.
Proposal 2: Send an LS to SA2/CT1 including the above observation 1 and proposal 1.
Issue 2: Inactive state 
For the Inactive state, during the online discussion of the previous meetings, companies have two concerns on the NAS based solution as below:
· Issue 1: The RAN paging Occasions may be different from the CN paging.
· Issue 2: For the NAS signaling based scheme, RAN can’t see the information of NAS signaling, e.g. new assigned 5G-STMSI.
For the issue 1, though the RAN paging can have the smaller or equal paging cycle than the CN paging, it has been agreed in the Rel15 that the Ran paging occasion must be the subset of the CN paging. In other words, if the RAN paging has the same paging cycle as the CN paging, the Ran paging occasions would be completely overlapped with the CN paging. From this perspective, if the NAS-based scheme can solve the Idle+Idle state collision, it can also be used for the Idle+Inactive/Inactive+Inactive paging collision scenario, for that the Ran paging can be seen as a special case of CN paging (e.g. the CN paging has the same paging cycle as Ran paging).
Observation 2: If the RAN paging has the same paging cycle as the CN paging, the Ran paging occasions would be completely overlapped with the CN paging.
Proposal 3: From paging occasion perspective, if the NAS-based scheme can solve the Idle+Idle state collision, it can also be used for the Idle+Inactive/Inactive+Inactive paging collision scenarios.
[bookmark: _Ref469454216][bookmark: _Toc45658596][bookmark: _Toc45798296][bookmark: _Toc45897685][bookmark: _Toc45720416][bookmark: _Toc45652164][bookmark: _Toc36554869][bookmark: _Toc51745889][bookmark: _Toc29503528][bookmark: _Toc29504696][bookmark: _Toc56613541][bookmark: _Toc36553142][bookmark: _Toc20955082][bookmark: _Toc29504112][bookmark: _Toc51746223][bookmark: _Toc29504941][bookmark: _Toc45658931][bookmark: _Toc20955322][bookmark: _Toc36553393][bookmark: _Toc45652499][bookmark: _Toc29503773][bookmark: _Toc29504357][bookmark: _Toc45898018][bookmark: _Toc45720751][bookmark: _Toc36555120][bookmark: _Toc45798629][bookmark: _Toc56613875][bookmark: _Toc45897691][bookmark: _Toc45652170][bookmark: _Toc36554875][bookmark: _Toc29504702][bookmark: _Toc51745895][bookmark: _Toc36553148][bookmark: _Toc45798302][bookmark: _Toc29503534][bookmark: _Toc45658602][bookmark: _Toc29504118][bookmark: _Toc56613547][bookmark: _Toc20955088][bookmark: _Toc45720422][bookmark: _Toc45897710][bookmark: _Toc20955096][bookmark: _Toc29504126][bookmark: _Toc29503542][bookmark: _Toc45652189][bookmark: _Toc36553156][bookmark: _Toc45720441][bookmark: _Toc51745914][bookmark: _Toc45798321][bookmark: _Toc36554883][bookmark: _Toc29504710][bookmark: _Toc45658621][bookmark: _Toc56613566][bookmark: _Toc29503547][bookmark: _Toc45658626][bookmark: _Toc56613571][bookmark: _Toc45720446][bookmark: _Toc45798326][bookmark: _Toc45897715][bookmark: _Toc36553161][bookmark: _Toc36554888][bookmark: _Toc29504715][bookmark: _Toc20955101][bookmark: _Toc45652194][bookmark: _Toc29504131][bookmark: _Toc51745919]For the issue 2, though NAS signalizing was adopted, the CN still can inform the updated UE_ID to the RAN for the RAN paging occasion calculation. As in the legacy procedure, once a new 5G-STMSI was allocated to the UE, the CN will also indicate the “UE Identity Index Value” in the “Core Network Assistance Information for RRC INACTIVE IE” to the RAN by the NG messages, e.g. 	INITIAL CONTEXT SETUP REQUEST/UE CONTEXT MODIFICATION REQUEST/HANDOVER REQUEST/PATH SWITCH REQUEST ACKNOWLEDGE. As described in 38413, the UE Identity Index Value is used by the NG-RAN node to calculate the Paging Frame as specified in TS 38.304 [12] and TS 36.304.
	IE/Group Name
	Presence
	IE type and reference
	Semantics description

	CHOICE UE Identity Index Value
	
	
	

	>Index Length 10
	
	
	

	>>Index Length 10
	M
	BIT STRING (SIZE(10))
	Coded as specified in TS 38.304 [12] and TS 36.304 [29].


Proposal 4: For the NAS based procedure, the RAN can get the updated UE_ID for the RAN paging occasion calculation with the legacy signaling and procedure.
Issue3: UE behavior predictable or not 
[bookmark: _GoBack]In the last meeting, it was agreed that “MUSIM UE determines potential paging collision on two networks and triggers actions on potential paging collision avoidance” and that “It is left to UE implementation as to how it selects one of the two RATs/networks for paging collision avoidance”, meanwhile there is also a FFS issue on whether we can make the UE behavior predictable. 
Considering that the different UE may have different UE capabilities, e.g. RF channel switching capability. It’s hard to give a criterion on the paging collision event definition. Meanwhile, the different UEs may have different preferred RAT, it’s also hard to define which RAT shall be informed when paging collision happened. Furthermore, considering the time schedule of this WI, this issue can be given lower priority or left to the UE implementation.
Proposal 5: On the paging collision detection and reporting, it can be left to the UE implementation.
3. Conclusion and proposals
With the above analysis, we have the following proposals:
Observation 1: Even without the assistance information, the network still can select a proper new 5G-STMSI, e.g. the AMF select a 5G-STMSI that can shift the original PO with about 16rf.
Proposal 1: Even the assistance information is needed, this assistance information shall be readable by the CN to avoid the interaction between the CN and RAN node, and thus whether or which kind of assistance information was needed shall be finally determined by SA2/CT1.
Proposal 2: Send an LS to SA2/CT1 including the above observation 1 and proposal 1.
Observation 2: If the RAN paging has the same paging cycle as the CN paging, the Ran paging occasions would be completely overlapped with the CN paging.
Proposal 3: From paging occasion perspective, if the NAS-based scheme can solve the Idle+Idle state collision, it can also be used for the Idle+Inactive/Inactive+Inactive paging collision scenarios.
Proposal 4: For the NAS based procedure, the RAN can get the updated UE_ID for the RAN paging occasion calculation with the legacy signaling and procedure.
Proposal 5: On the paging collision detection and reporting, it can be left to the UE implementation.
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