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Abstract of the contribution: this contribution gives an optimization paging solution on N3GPP access.
1. Introduction
Section 5.6.8 of TS23.501 gives the following solution to activate the N3GPP PDU session when its DL data arrives:
If the UE is registered in both 3GPP and non-3GPP accesses and the UE CM state in the AMF is CM-IDLE in non-3GPP access, the UE can be paged or notified through the 3GPP access for a PDU session associated in the SMF (i.e. last routed) to the 3GPP access or to the non-3GPP access:

-
If the UE CM state in the AMF is CM-IDLE in 3GPP access, the paging message may include the access type associated with the PDU session in the SMF. The UE, upon reception of the paging message containing an access type, shall reply to the 5GC via the 3GPP access using the NAS Service Request message, which shall contain the list of PDU sessions associated with the received access type and whose UP connections can be re-activated over 3GPP (i.e. the list does not contain the PDU sessions whose UP connections cannot be re-activated on 3GPP based on UE policies). If the PDU session for which the UE has been paged is in the list of the PDU sessions provided in the NAS Service Request, the 5GC shall re-activate the PDU session UP connection over 3GPP access;

However, as stated above, if the PDU session for which the UE has been paged is not in the list of the PDU sessions provided in the NAS Service Request, it means that the N3GPP PDU session can not be handovered to 3GPP access, and so the AMF should stop the NW-initiated PDU session activation procedure. Obviously, such failure would costs unnecessary signalings between UE and AMF, i.e. paging, Service Request.
2. Analysis
The main reason for the above drawbacks is that the network does not know the N3GPP PDU can only support the N3GPP access type. So if the core network can know such information, i.e. the allowed access type(s) of the N3GPP PDU session, it can avoid the unnecessary signalings between UE and AMF, i.e. paging, Service Request.
Actually, when a new PDU session is to be established, the UE just chooses the allowed access type(s) of the PDU session according to the URSP received from PCF. The URSP is provided to UE as part of UE policy by the PCF, and it gives the policy for UE to choose the access types of a PDU session, i.e. Access Type in URSP: If the UE needs to establish a PDU session for the matching traffic, this indicates the type of access (3GPP or non-3GPP) on which the PDU session should be established. It may also indicate a prioritized list of accesses on which the PDU session establishment should be attempted. 

So it means that Network(i.e. PCF) determines the access type(s) of a new PDU session through the URSP, and UE just choose the access type for a PDU session based on URSP. Consequently, the core network entities such as SMF/AMF can get the allowed access type(s) of the PDU session during PDU session establishment procedure.
2.1 Solution1: SMF gets the PDU session attribute from PCF
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Figure 1
During the PDU session establishment procedure, the SMF obtains the PDU session attribute, i.e. the allowed access type(s) of the PDU session, from PCF.
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Figure 2
When DL data of N3GPP PDU session arrives, SMF checks the UE state of N3GPP access and the PDU session attributes, if the N3GPP is CM-idle and N3GPP PDU session can not handover to 3GPP, SMF does not execute step 3b.
In this solution, the SMF shall get the UE state of N3GPP access, two alternatives:

· SMF subscribe the UE state on N3GPP access by the “Namf_EventExposure service” service.
·  If N3GPP is CM-Connected, all the N3GPP PDU sessions shall be activated. So if SMF find there is no activated N3GPP PDU session, then it knows the N3GPP is CM-idle; if there is activated N3GPP PDU session, then it knows the N3GPP is CM-Connected.

2.2 Solution2: SMF gets the PDU session attribute from UE
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Figure 3
UE get the URSP as UE policy from PCF and choose the access type based on the URSP. During the PDU session establishment procedure, the UE sends the PDU session attribute to SMF via N1 SM message during PDU session establishment, i.e. support 3GPP only, support N3GPP only, support both 3GPP and N3GPP. The SMF maintains such PDU session attribute.
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Figure 4

When DL data of N3GPP PDU session arrives, SMF checks the UE state of N3GPP access and the PDU session attributes, if the N3GPP is CM-idle and N3GPP PDU session can not handover to 3GPP, SMF does not execute step 3b.
In this solution, the SMF shall get the UE state of N3GPP access, two alternatives:

· SMF subscribe the UE state on N3GPP access by the “Namf_EventExposure service” service.
·  If N3GPP is CM-Connected, all the N3GPP PDU sessions shall be activated. So if SMF find there is no activated N3GPP PDU session, then it knows the N3GPP is CM-idle; if there is activated N3GPP PDU session, then it knows the N3GPP is CM-Connected.

2.3 Solution3  AMF gets the PDU session attribute from PCF via SMF
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Figure 5

During the PDU session establishment procedure, the SMF obtains the PDU session attribute, i.e. the allowed access type(s) of the PDU session, from PCF. Then SMF sends the PDU session attribute to AMF in N11 message during PDU session establishment procedure.
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Figure 6
When DL data of N3GPP PDU session arrives, AMF checks the PDU session attribute, if the N3GPP access is CM-idle and the N3GPP PDU session can not be moved to 3GPP, AMF does not notify (i.e. paging or NAS message) UE.
2.4 Solution4  AMF gets the PDU session attribute from UE
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Figure 7
UE get the URSP as UE policy from PCF and choose the access type based on the URSP. UE sends the attribute of the PDU session to AMF via N1 MM message during PDU session establishment, i.e. support 3GPP only, support N3GPP only, support both 3GPP and N3GPP. And the SMF maintains such PDU session attribute.
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Figure 8
When DL data of N3GPP PDU session arrives, AMF checks the PDU session attribute, if the N3GPP access is CM-idle and the N3GPP PDU session can not be moved to 3GPP, AMF does not notify (i.e. paging or NAS message) UE.
3 Comparison
· Solution1 
· Pros: saving the N11 messages between SMF and AMF, if the N3GPP is CM-idle and N3GPP PDU session can not be moved to 3GPP, SMF does not trigger DDN to AMF. Besides, SMF can naturally know UE CM state of N3GPP without using “Namf_EventExposure service” service.
· Cons: enhancement between SMF and PCF. 
· Solution2
· Pros: saving the N11 messages between SMF and AMF, if the N3GPP is CM-idle and N3GPP PDU session can not be moved to 3GPP, SMF does not trigger DDN to AMF. Besides, SMF can naturally know UE CM state of N3GPP without using “Namf_EventExposure service” service.
· Cons: extend the N1 SM message
· Solution3
· Pros: does not need to extend N1 message.
· Cons: Enhance interaction between SMF and PCF. Enhance SMF behaviour and extend the N11 message. It can not avoid SMF to send DDN to AMF for activating the N3GPP PDU session even if N3GPP access is CM-idle. Besides, it puts more PDU session related functionality in the AMF.
· Solution4
· Pros: does not need to enhance SMF behaviour and extend the N11 message.
· Cons: extend the N1 message. It can not avoid SMF to send DDN to AMF for activating the N3GPP PDU session even if N3GPP access is CM-idle. Besides, it puts more PDU session related functionality in the AMF.
Observation: from the perspective of impacting the system as little as possible, the simplest solution is the solution2.
4 Proposals
It is proposed to adopt the solution2 and accept the following changes.
* * * * Begin of first Changes * * * *

5.6.8
Selective activation and deactivation of UP connection of existing PDU session

This clause applies to the case when a UE has established multiple PDU sessions. The activation of a UP connection of an existing PDU session causes the activation of its UE-CN User Plane connection (i.e. data radio bearer and N3 tunnel).
For the UE in the CM-IDLE state in 3GPP access, either UE or Network-Triggered Service Request procedure may support independent activation of UP connection of existing PDU session. For the UE in the CM-IDLE state in non-3GPP access, UE-Triggered Service Request procedure allows the re-activation of UP connection of existing PDU sessions, but the re-activation only applies for all non-3GPP associated PDU sessions.

A UE in the CM-CONNECTED state invokes a Service Request (see TS 23.502 [3] clause 4.2.3.3) procedure to request the independent activation of the UP connection of existing PDU sessions.
For a PDU session associated in the SMF to the non-3GPP access, the SMF obtains the allowed access type(s) of a PDU session from UE during the PDU session establishment procedure. When DL data of N3GPP PDU session arrives, if UE is CM-IDLE in non-3GPP access and the allowed access type(s) of the non-3GPP PDU session do not include the 3GPP access type, SMF does not send N11 message to AMF, i.e. does not execute step 3b in section 4.2.3.4 of TS23.502.
Note:
if SMF receives the Data Notification message from UPF and the PDU session is associated in the SMF to the non-3GPP access, it can deduce that UE is CM-IDLE in non-3GPP access, because all the N3GPP PDU sessions shall be activated when UE is CM-CONNECTED in non-3GPP access.
Network Triggered re-activation of UP connection of existing PDU sessions is handled as follows:

-
If the UE CM state in the AMF is already CM-CONNECTED on the access (3GPP, non-3GPP) associated to the PDU session in the SMF, the network may re-activate the UP connection of a PDU session using a Network Initiated Service Request procedure.
Otherwise:
-
If the UE is registered in both 3GPP and non-3GPP accesses and the UE CM state in the AMF is CM-IDLE in non-3GPP access, the UE can be paged or notified through the 3GPP access for a PDU session associated in the SMF (i.e. last routed) to the 3GPP access or to the non-3GPP access:
-
If the UE CM state in the AMF is CM-IDLE in 3GPP access, the paging message may include the access type associated with the PDU session in the SMF. The UE, upon reception of the paging message containing an access type, shall reply to the 5GC via the 3GPP access using the NAS Service Request message, which shall contain the list of PDU sessions associated with the received access type and whose UP connections can be re-activated over 3GPP (i.e. the list does not contain the PDU sessions whose UP connections cannot be re-activated on 3GPP based on UE policies). If the PDU session for which the UE has been paged is in the list of the PDU sessions provided in the NAS Service Request, the 5GC shall re-activate the PDU session UP connection over 3GPP access;
-
If the UE CM state in the AMF is CM-CONNECTED in 3GPP access, the notification message may include the PDU session ID. The UE, upon reception of the notification message, shall reply to the 5GC via the 3GPP access using the NAS Service Request message, which shall contain an indication on whether the PDU session UP connection can be re-activated over 3GPP.

NOTE:
A UE that is in a coverage of a non-3GPP access and has PDU Session(s) that are associated in the UE (i.e. last routed) to non-3GPP access, is assumed to attempt to connect to it without the need to be paged.
-
If the UE is registered in both 3GPP and non-3GPP accesses served by the same AMF and the UE CM state in the AMF is CM-IDLE in 3GPP access and is in CM-CONNECTED in non 3GPP access, the UE can be notified through the non-3GPP for a PDU session associated in the SMF (i.e. last routed) to the 3GPP access. The notification message includes the PDU session ID. Upon reception of the notification message, when 3GPP access is available, the UE shall reply to the 5GC via the 3GPP access using the NAS Service Request message.
The deactivation of the UP connection of an existing PDU session causes the corresponding data radio bearer and N3 tunnel to be deactivated. The UP connection of different PDU sessions can be deactivated independently.
* * * * End of first Changes * * * *
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