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Abstract of the contribution:
This contribution proposes the RAN paging failure handling solution in TS 23.502.
Proposal: 
According to the current description in TS 23.501, if RAN paging failure happens and there are pending user plane data for transmission, the NG-RAN node may keep the N2 connection active or initiate the NAS signaling connection release procedure. However, it’s still not clear how to handle the pending user plane data. 
It’s not suitable to discard the DL data especially for the URLLC services. Also, if CN paging is triggered and succeeds, the DL data can be forwarded to the new RAN node. 

In another contribution, the source companies introduce the basic ideas to handle the RAN paging failure case. In this contribution, the source companies propose the detailed procedure and update the existing NAS signaling connection release procedure.  
The detailed procedure is based on the following two proposals:

Proposal 1: If RAN paging failure happens and the NG-RAN initiates the NAS signaling connection release procedure, CN paging will be triggered by the AMF.

This contribution proposes that the AMF initiates CN paging after receiving the indication of RAN paging failure for the following reasons:

(1) The UE in RRC Inactive state monitors both CN paging and RAN paging simultaneously;

(2) CN paging will be sent within a larger area and can be applied to the case that the UE has already entered into IDLE state due to certain reasons.

Based on the above analytics, the source companies think that CN paging is a better solution than RAN paging for the case of RAN paging failure. 

Proposal 2: The DL data needs to be forwarded to the new NG-RAN node after the UE responds the CN paging with a service request. 
In order to reduce the latency for handling the DL user plane data, the source companies propose the following solution. The detailed flows can be found in another contribution. We just highlighted the basic principles here:

(1) When the NG-RAN paging failure happens in the NG-RAN node, it sends the N2 UE Context Release Request to AMF including the cause value “RAN paging failure”. It also sends the “RAN transparent container” to the AMF. The “RAN transparent container” includes the UE context which needs to be transmitted to the target NG-RAN.
(2) When the AMF receives the request with the cause value “RAN paging failure”, it will suspend the following steps in the NAS signaling connection release procedure, and initiate CN paging for this UE.If the AMF doesn’t receive the service request from the UE within certain time, it will perform the following steps in the NAS signaling connection release procedure to deactivate the PDU sessions of the UE.
(3) If the AMF receives service request from the UE through the new NG-RAN, it forwards the “RAN transparent container” to the new NG-RAN. The new NG-RAN configures for the UE based on the “RAN transparent container”. The AMF updates the PDU sessions in SMFs and UPFs for this UE. The new NG-RAN retrieves the pending user plane data from the old NG-RAN node either through the direct Xn interface or through indirect path via UPF.  

Based on the above proposals, we propose to update the NAS signalling connection release procedure in clause 4.2.6 and add a new procedure in clause 4.8 in TS23.502.

**************************************Start of 1st change*****************************************
4.2.6
NAS signalling connection release
This procedure is used to release the logical NG-AP signalling connection and the associated N3 User Plane connections, and (R)AN RRC signalling and resources.

When the NG-AP signalling connection is lost due to (R)AN or AMF failure, the NAS signalling connection release is performed locally by the AMF or the (R)AN as described in the procedure flow below without using or relying on any of the signalling shown between (R)AN and AMF. The NAS signalling connection release causes all UP connections of the UE to be deactivated.

The initiation of NAS signalling connection release may be due to:

-
(R)AN-initiated with cause e.g. O&M Intervention, Unspecified Failure, (R)AN (e.g. Radio) Link Failure, User Inactivity, Release due to UE generated signalling connection release, mobility restriction, RAN paging failure etc.; or

-
AMF-initiated with cause e.g. Unspecified Failure, etc.

Both (R)AN-initiated and AMF-initiated NAS signalling connection release procedures are shown in Figure 4.2.6-1.
For this procedure, the impacted SMF and UPF are all under control of the PLMN serving the UE, e.g. in Home Routed roaming case the SMF and UPF in HPLMN are not involved.
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Figure 4.2.6-1: NAS signalling connection release procedure

1. If there is some confirmed (R)AN conditions (e.g. Radio Link Failure, RAN paging failure) or for other (R)AN internal reason, the (R)AN may decide to initiate the UE context release in the (R)AN. In this case, the (R)AN sends an N2 UE Context Release Request (Cause, List of PDU Session ID(s) with active N3 user plane) message to the AMF. Cause indicates the reason for the release (e.g. AN Link Failure, O&M intervention, RAN paging failure, unspecified failure, etc.). The List of PDU Session ID(s) indicates the PDU Sessions served by (R)AN of the UE. This step is described in TS 38.413 [10], clause 8.3.2 "UE Context Release Request (gNB initiated)".
If the cause value is “RAN paging failure”, the NG-RAN also sends to the AMF the RAN paging area, RAN transparent container. The AMF then suspends the steps 2 to 7 and initiates CN paging. If CN paging fails, the AMF performs the remaining steps in this procedure; If CN paging succeeds, the AMF performs steps 3-10 in Figure 4.8.x-1 without performing the remaining steps in this procedure.
2.
AMF to (R)AN: If the AMF receives the N2 UE Context Release Request message or due to an internal AMF event, the AMF sends an N2 UE Context Release Command (Cause) to the (R)AN. The Cause indicates either the Cause from (R)AN in step 1 or the Cause due to an AMF internal event. In case the (R)AN is a 3GPP RAN this step is described in detail in TS 38.413 [10], clause 8.3.3 "UE Context Release (AMF initiated)". In case the (R)AN is an N3IWF this step is described in clause 4.12.

3.
[Conditional] If the (R)AN connection (e.g. RRC connection or NWu connection) with the UE is not already released (step 1), the (R)AN requests the UE to release the (R)AN connection. Upon receiving (R)AN connection release confirmation from the UE, the (R)AN deletes the UE's context. 

4.
The (R)AN confirms the N2 Release by returning an N2 UE Context Release Complete (List of PDU Session ID(s) with active N3 user plane) message to the AMF. The List of PDU Session ID(s) indicates the PDU Sessions served by (R)AN of the UE. The N2 signalling connection between the AMF and the (R)AN for that UE is released. The (R)AN provides the list of recommended cells / TAs / NG-RAN node identifiers for paging to the AMF.
This step shall be performed promptly after step 2, i.e. it shall not be delayed, for example, in situations where the UE does not acknowledge the RRC Connection Release.

5.
[Conditional] AMF to SMF: For each of the PDU Sessions in the N2 UE Context Release Complete, the AMF invokes Nsmf_PDUSession_UpdateSMContext(PDU Session ID, PDU Session Deactivation, Cause). The Cause in step 5 is the same Cause in step 2. If List of PDU Session ID(s) with active N3 user plane is included in step 1b, the step 5 to 7 are performed before step 2.

For each of the PDU Sessions whose UP connection have been deactivated because the UE is outside of the availability of the LADN, the AMF reports the UE location information to the SMFs that have subscribed for the UE location reporting. 
6a
[Conditional] SMF to UPF: N4 Session Modification Request (AN tunnel info to be removed, Buffering on/off).


The SMF initiates an N4 Session Modification procedure indicating the need to remove AN Tunnel Info.  Buffering on/off indicates whether the UPF shall buffer incoming DL PDU or not. For the PDU Sessions corresponding to the LADN, the SMF may enable the Downlink Data Notification in case that previously the SMF notified the UPF to discard downlink data for the PDU Sessions and/or to not provide further Data Notification message.

See clause 4.4 for more details.

The treatment of GBR QoS flows follow TS 23.501 [2], clause 5.7 "QoS model".
6b.
[Conditional] UPF to SMF: N4 Session Modification Response acknowledging the SMF request.

See clause 4.4 for more details.
7.
[Conditional] SMF to AMF: Nsmf_PDUSession_UpdateSMContext Ack for step 5. AMF considers the N2 and N3 as released. When the AMF receives all acknowledgments from the SMF(s), the AMF enters CM-IDLE state.
**************************************Start of 2nd change*****************************************
4.8
RAN-CN interactions

Editor's note:
Includes procedures specific to the RAN e.g. potential procedures for RRC Connected Inactive state. Procedures for Hand-Over are documented in another clause.
4.8.x
RAN paging failure handling procedure
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Figure 4.8.x-1: RAN paging failure handling procedure
0. If the RAN paging failure happens in the NG-RAN node, the NG-RAN node decides to initiate the NAS signalling connection release procedure. 
1. The NG-RAN sends a N2 UE Context Release Request message to the AMF. It includes Cause value, RAN paging area, RAN transparent container and List of PDU Session ID(s) with active N3 user plane. Cause value indicates the reason for the release (RAN paging failure). RAN transparent container includes the UE context which could benefit the target NG-RAN node. 
2a. The AMF checks the Cause value of the request. If the cause value indicates the “RAN paging failure”, the AMF temporarily changes the UE from CM-CONNECTED state to CM-IDLE state, and initiates CN paging.
The AMF does not inform the corresponding SMF(s) about the transition to CM-IDLE state during the CN paging process. Correspondingly, the N3 tunnels between the UPFs and the source NG RAN node are kept. If further DL packets arrive at the UPFs, the DL packets are forwarded to the source NG-RAN node. 

2b. When the UE receives CN paging, the UE initiates service request procedure. During the RRC Connection establishment procedure with the target NG-RAN node, the UE includes RRC establishment cause, and Location information. RRC establishment cause should be set to ‘responds to paging’.
   If the AMF does not receive the service request from the UE within certain time, it will skip the remaining steps and perform step 2-7 in Figure 4.2.6-1.
3a. The AMF sends to the target NG-RAN node a N2 UE Context Establishment Request message. The AMF includes the RAN transparent container and List of PDU Session ID(s) which are received from the source NG-RAN. 
3b. The target NG-RAN sends response including SM N2 response list, PDU sessions failed to be setup list and Direct Forwarding Path Availability.   

   The “Direct Forwarding Path Availability” element informs the AMF whether there is the direct path between the source NG-RAN and target NG-RAN.  

   For each target NG-RAN accepted PDU session, the SM N2 response list includes RAN tunnel info.
4.  For each of the PDU sessions accepted by the target NG-RAN, the AMF requires the SMF to update the PDU sessions: the AMF sends a N11 PDU session modification Request (PDU session ID, RAN tunnel info, Source AN tunnel address maintenance).  RAN tunnel info is the information of the target RAN. 

    “Source AN tunnel address maintenance” is optionally included if there is no direct path between source NG-RAN and target NG-RAN. It indicates that the source NG-RAN tunnel info needs to be reserved. 
5a. SMF to UPF: N4 Session Modification Request (PDU session ID, RAN tunnel info, Source AN tunnel address maintenance).

   The SMF initiates a N4 Session Modification procedure indicating the need to change RAN Tunnel address.  If the UPF receives “Source AN tunnel address maintenance” indication, the UPF needs to maintain the source NG RAN tunnel info for these PDU sessions.
5b.
UPF to SMF: N4 Session Modification Response acknowledging the SMF request.

6.
SMF to AMF: N11 PDU session modification Response (N2 SM Information).
7.
After the AMF collects all the PDU session modification Response in step 6 from the SMF(s) that were notified in Step 4, the AMF sends N2 UE context update request to target NG RAN node (N3 CN tunnel info, N2 SM Information). The target NG RAN node sends response to AMF to confirm the UE Context update.
8a-8c. The AMF sends a Data forwarding Command (Target NG-RAN address, Sessions subject to forwarding, Sessions to Release) message to the source NG-RAN. The Sessions subject to forwarding includes list of Sessions to be forwarded. The Sessions to Release includes the list of Sessions to be released.
The source NG RAN node should start forwarding of downlink data from the source NG-RAN to target NG RAN. This may be either direct (step 8b) or indirect data forwarding (step 8c).
9.  NG-RAN to UE: The NG RAN performs RRC Connection Reconfiguration with the UE depending on the QoS Information for all the QoS Flows of the PDU Sessions activated and Data Radio Bearers. The User Plane security is established at this step.


The NG RAN forwards the MM NAS Service Accept to the UE. The UE locally deletes context of PDU sessions that are not available in 5G CN.

10a. The AMF sends to the source NG-RAN a N2 UE Context Release Request.
10b. The source NG RAN confirms the N2 Release by returning an N2 UE Context Release Complete message to the AMF. Then the signalling connection between the AMF and the source NG-RAN for that UE is released.
****************************************End of change*******************************************
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