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Abstract of the contribution: This paper discusses charging issue caused by leaving procedure.
Discussion
In SA2#144E meeting, during the discussion of Leaving procedure, charging issue was raised and following Editor's note is added to endorsed TS 23.502 CR#2724 (S2-2103033).
Editor's note: Implications on charging services because of AMF triggering the release is FFS.
This paper discusses how to resolve above EN.
According to TS 23.502 AN release procedure, if NG-RAN triggers AN release procedure, e.g. due to inactivity timer expiration, the NG-RAN sends N2 UE Context Release Request message to the AMF. Then the AMF requests to release N3 tunnel by triggering Nsmf_PDUSession_UpdateSMContext. After the N3 tunnel is released, the AMF sends N2 UE Context Release Command message. If the RRC connection is released first, the NG-RAN should discard all received packets via N3 tunnel. Because NG-RAN does not report number of discarded packets, the network will charge the UE based on transmitted packets in the UPF, which will over charges the UE due to discarded packets in the NG-RAN. To avoid such issue, AN release procedure is designed to release N3 tunnel first before releasing RRC connection unless there is error such as RLF.
Observation 1: If NG-RAN release RRC connection before N3 tunnel is released, there is charging issue due to discarded packets in the NG-RAN.
According to endorsed TS 23.502 CR#2724 (S2-2103033), overall procedure shows as following.


Figure 1. Leaving procedure - as in CR#2724
As we mentioned above, this procedure will cause charging issue because all traffics will be discarded by NG-RAN from step 3 until step 6 is completed.
Observation 2: Current leaving procedure has charging issue because NG-RAN needs to discard received packets.
To avoid above issue, we propose following procedure.


[bookmark: _Ref70415180]Figure 2. Leaving procedure - proposal
The main difference is in step 2, i.e. the AMF notifies UE leaving by sending N2 message (e.g. UE Context Modification Request) then the NG-RAN triggers AN release procedure. According to existing AN release procedure, in step 3, N2 UE Context Release Request contains list of PDU Sessions so that the AMF can deactivate PDU Sessions. The AMF triggers N3 tunnel release first and then release NG-RAN connection. As a consequence, there is no charging issue. Note that when the NG-RAN received N2 message in step 2, the NG-RAN may determine to keep the UE in RRC_Inactive state. In this case, NG-RAN will not trigger AN release procedure.
Proposal 1: When the AMF received Release Request from the UE, the AMF notifies it to the NG-RAN and NG-RAN determines to perform AN release to avoid charging issue.
Similar problem happens when a UE is in RRC_Inactive state and paging restriction is enforced by the NG-RAN. For example, if NG-RAN receives packets from the UPF and the packet is restricted by paging restriction, the packet should be discarded by NG-RAN without any interaction with core network. 
Observation 3: When a UE is in RRC_Inactive state, if paging restriction is enforced by the NG-RAN, there is a charging issue.
The simplest solution is keep a UE in CM-IDLE state if the UE provided paging restrictions. This can be done by using N2 Notification procedure. The AMF can request NG-RAN to report RRC state when the AMF notifies UE leaving. When the AMF receives notification that UE is in RRC_Inactive state, the AMF can trigger the AN release procedure.
Proposal 2a: When the AMF received paging restrictions from the UE, the AMF requests NG-RAN to report RRC state of the UE. If the NG-RAN reports the UE is in RRC_Inactive state, the AMF triggers AN release procedure.
Alternative method is indicating NG-RAN whether a UE is allowed to enter RRC_Inactive when the AMF notifies UE leaving by sending N2 message. The NG-RAN determines whether to triggers AN release procedure or goes to RRC_Inactive taking into account whether the UE is allowed to enter RRC_Inactive.
Proposal 2b: When the AMF received paging restrictions from the UE, the AMF notifies UE leaving and also indicates whether UE is allowed to enter RRC_Inactive.

Proposal
Observation 1: If NG-RAN release RRC connection before N3 tunnel is released, there is charging issue due to discarded packets in the NG-RAN.
Observation 2: Current leaving procedure has charging issue because NG-RAN needs to discard received packets.
Proposal 1: When the AMF received Release Request from the UE, the AMF notifies it to the NG-RAN and NG-RAN determines to perform AN release to avoid charging issue.
Observation 3: When a UE is in RRC_Inactive state, if paging restriction is enforced by the NG-RAN, there is a charging issue.
Proposal 2a: When the AMF received paging restrictions from the UE, the AMF requests NG-RAN to report RRC state of the UE. If the NG-RAN reports the UE is in RRC_Inactive state, the AMF triggers AN release procedure.
Proposal 2b: When the AMF received paging restrictions from the UE, the AMF notifies UE leaving and also indicates whether UE is allowed to enter RRC_Inactive.
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