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Abstract of the contribution: Adding a scheduled network triggered paging for UE in RRC inactive and not reachable in solution 24 
Proposal
It is proposed to add the network scheduled paging for RRC inactive state and currently not reachable in solution 24 in TR 23.724. 
[bookmark: _Toc476030922][bookmark: _Toc470196727]***** First Change *****
[bookmark: _Toc513028772][bookmark: _Toc435670436][bookmark: _Toc436124714][bookmark: _Toc484181145][bookmark: _Toc500949090]6.24.4.4	DL data in CM-CONNECTED mode with Extended buffering
This procedure shows how DL data in CM-CONNECTED mode with Extended buffering is handled. Extended buffering is used for UE that is using a power saving method (see KI#4). Extended buffering should not be used for a UE which has a monitoring event, 'UE Reachability' or 'Availability after DDN failure', configured. For a UE in RRC inactive mode, the AMF provides buffering related support information to SMF/UPF and downlink data handling.
The figure shows the Direct Model case. For the Indirect Model case the UPF may be replaced by a UPF-NIMF.
Editor's note:	It is assumed eDRX/DRX with RRC Inactive is supported (see KI#4 and KI#2)
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Figure 6.24.4.4-1: DL Data Buffering in SMF/UPF for RRC_Inactive mode
0.	Data Buffering is established, either:
0a.	each time when RAN transition a UE using eDRX/DRX to RRC_Inactive state, the RAN sends a N2 Notification to AMF. RAN provides buffering support information if there is any, and (or)
0b.	initially when the PDU Session is moved to CM-CONNECTED and RRC Active/Inactive are used, the AMF notifies SMF/UPF that the PDU session is subject for extended data buffering and buffering support info (e.g. buffering indicator, DL Buffering Duration time and optionally a DL Buffering Suggested Packet Count duration) based on known info (e.g. negotiated eDRX/DRX interval) and/or buffering supporting info from RAN. The message used by AMF can be the existing Nsmf_PDUSession_UpdateSMContext service, or Namf_EventExpousre_Notify, or any new service to deliver the info. If data is buffered in the UPF and not in SMF, the SMF can notify the UPF in a similar way as in CM-IDLE mode.
Editor's note:	The details of buffering support information are FFS.
1.	The application sends downlink data to UPF, and UPF will start to apply extended data buffering based on the indication received in step 0b above e.g. using the buffering information for the extended buffering.
2.	[conditional] The SMF may either request UE reachability report via Namf_MT_EnableUEReachability, based on notification from UPF which can either be similar to the DDN in CM-IDLE mode or a modification of the existing DDN message.
The SMF may optionally just wait for the next MO data from UE in step 5 to trigger the sending of downlink data without invoke enabling the UE reachability reporting above.
3.	The AMF may use the N2 Notification procedure to retrieve UE reachability info. If UE is currently in RRC inactive state and not reachable, the RAN may provide new buffering support information, if there is any. If RAN supports scheduled paging, RAN also indicates to AMF that it will schedule a paging for the next possible UE paging occasion. If RAN does not support the scheduled paging, it may provide next possible UE paging occasion assistance info to AMF.
4.	The AMF notifies the SMF/UPF with the latest reachability info (either UE is reachable or still not reachable with new buffering support information). If the UE is reachable, step 5 is skipped and the procedure continues in step 6.
4a. If supported, the RAN schedules a RAN paging at next possible UE paging occasion. The RAN also marks that a notification to AMF is required when the UE contacts the network next time.
4b. If RAN does not support to schedule RAN paging, the AMF schedules a N2 UE Request, which in turn triggers the RAN paging. AMF may take the assistance info received in step 3 into consideration during N2 Request scheduling. 
NOTE: The N2 request message that can trigger the RAN paging can either be N2 UE Notification Request or Location Report Request.
5.	RAN may perform paging (either scheduled RAN paging or paging triggered by a N2 UE request from AMF) if UE is still in RRC inactive state. At nextWhen UE contacts the network, either due to RAN paging or due to a UE triggered procedure before the RAN paging, and the AMF receives either a N2 notification triggered by a RRC resume or an N2 Path Switch Request if a RRC resume triggers a RAN node change, the AMF notifies the SMF/UPF of the UE reachability.
6.	UPF thus can deliver buffered downlink data to UE.
7.	If the UE does not contact with the network before expiry of the timer set in the SMF/UPF for the extended buffering duration, the buffered data is discarded in the SMF/UPF.
8.	RAN moves the UE to RRC Inactive state.

***** 2nd Change *****

[bookmark: _Toc513028774]6.24.4.5.1	Event Subscription and Notification of UE reachability
If an SCS/AS wants to send downlink packet(s) when UE becomes reachable, the SCS/AS can subscribe for one-time "UE Reachability" monitoring event by following either Event Exposure using NEF specified in TS 23.502 [7] clause 4.15.3, or Core Network Internal Event Exposure specified in TS 23.502 [7] clause 4.15.4. The SCS/AS sends the packet data when it receives notification that the UE is reachable.
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Figure 6.24.4.5.1-1: TS 23.502 [7]: Event Subscription of UE reachability notification
If UE is in CM-CONNECTED and RRC state is unknown (i.e. N2 notification procedure is not activated yet), the AMF shall trigger N2 Notification procedure to retrieve UE information from RAN as shown below (see also TS 23.502 [7] clause 4.8.3).
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Figure 6.24.4.5.1-2: Event Subscription and Notification for UE reachability
1.	AF (i.e. SCS/AS) subscribe to AMF for UE reachability report through Namf_EventExposure_Scubscriber Request service operation, when there is pending DL data towards UE.
2.	If UE is in CM connected state, AMF send N2 Notification Request to the RAN to retrieve UE reachability info. If UE is in RRC inactive state and it is not currently reachable, RAN responds back to AMF indicating UE is not reachable. The RAN also indicates if RAN paging is scheduled for next possible UE paging occasion. If RAN does not support the scheduled paging, it may provide next possible UE paging occasion assistance info to AMF.
2a. 	If supported, the RAN schedules a RAN paging at next possible UE paging occasion as indicated to AMF in step 2 above. The RAN also marks the notification to AMF is required when UE context the network next time.
2b. 	If RAN does not support to schedule RAN paging, the AMF schedules a N2 UE Request, which in turn triggers the RAN paging. AMF may take the assistance info from step 2 into consideration during N2 Request scheduling. 
NOTE: The N2 request message that can trigger the RAN paging can either be N2 UE Notification Request or Location Report Request.
3a.	RAN may perform paging (either scheduled RAN paging step 2a or paging triggered by AMF N2 request step 2b) if UE is still in RRC inactive state.
3b. UE contacts the network with RRC resume, either due to RAN paging or UE triggered procedure before the RAN paging.
4.	RAN reports, either a N2 notification, or an N2 Path Switch Request if a RRC resume triggers a RAN node change, to the AMF that UE is RRC connected and reachable.
5.	AMF notifies NEF/AF/SCS/AS that UE is reachable.
6.	AF/SCS/AS sends downlink data to UE.

Editor's note:	Detailed steps and dependencies to KI Power saving are FFS.
If the SCS/AS optionally wants to fine-tune the delivery of the downlink data within the time-window when the UE is reachable, the SCS/AS can configure optional parameters with proper value (as described in clause 6.24.4.5.3).

***** 3nd Change *****
[bookmark: _Toc513028775]6.24.4.5.2	Notification of Availability after DDN failure
If an SCS/AS wants to get notifications when the UE becomes reachable after a proceeding downlink data delivery failure, the SCS/AS can subscribe for the "Notification of availability after DDN failure" monitoring event.
This is a different monitoring event from the "UE Reachability" monitoring event specified in 6.24.4.5.1. This information is provided to the AMF at registration through subscription data, see clause 6.24.4.5.3. The AMF notes this and sets a Notify-on-available-after-DDN-failure flag after a DDN failure. If the flag is set when the UE next contacts the network, the serving node notifies the NEF that the UE is reachable and clears the flag.
An important use case for this feature is the application that wants to communicate with a UE that sleeps for a long time. If downlink packets from the application are not delivered, the application recognizes that the UE is not available by lack of response within a reasonable time from the UE, and then await notification from the network (i.e. from the AMF via the NEF) of UE reachability.
For UE in CM-IDLE mode, the figure below shows the flow of AMF providing UE availability to NEF/AF after DDN failure.
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Figure 6.24.4.5.2-1: Notification - Availability Notification after DDN Failure (CM-IDLE)
1.	The application sends downlink data to UPF.
2.	The UPF sends a Downlink Data Notification (DDN) message to the SMF if there is no N3 tunnel.
3.	The SMF initiates Namf_Comm_N1N2MessageTransfer_Reqeust service towards AMF to setup N3 tunnel.
4.	The AMF checks the UE reachability in CM-IDLE mode. If UE is not reachable, i.e. due to a power saving method (see KI#4) or paging fails, The AMF send Namf_Comm_N1N2MessageTRansfer Response to indicate the failure.
5.	The SMF sends DDN failure to UPF and the UPF discards data packets.
6.	The AMF shall set the "Notify on availability after DDN failure" flag. The AMF also schedules a CN paging for next possible UE paging occasion.
7.	When UE enters CM-CONNECTED mode, the AMF notes that UE is available and that the Notify-on-availability-after-DDN-failure flag for the UE is set.
8.	The AMF triggers Namf_EventExposure_Notification towards the NEF/Application.
9.	The AMF also clears the Notify-on-availability-after-DDN-failure flag for the UE.
10.	The application realizes the UE is reachable and re-sends data.
For UE in RRC-Inactive state where the N3 tunnel exists, RAN can discard the data if UE is not reachable. But it shall indicate to AMF that downlink data is discarded, and AMF shall set the "Notify on availability after DDN failure" flag. At next N2 notification with change to RRC-Connected (assuming N2 notification is already activated during configuration in 6.24.4.5.3) or Patch Switch Request, AMF triggers notification to application.
The figure below shows the flow of AMF providing UE availability to NEF/AF after DDN failure.
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Figure 6.24.4.5.2-2: Notification - Availability Notification after DDN Failure (CM-CONNECTED / RRC-Inactive)
1.	The application sends downlink data to UPF/RAN.
2.	The RAN check the UE reachability in RRC_Inactive mode. If UE is not reachable, i.e. due to KI#4 (such as eDRX) or RAN paging fails, The RAN send N2 Notificaition to indicate the failure. The RAN also indicates if RAN paging is scheduled for next possible UE paging occasion. If RAN does not support the scheduled paging, it may provide next possible UE paging occasion assistance info to AMF.
3.	The AMF shall set the "Notify on availability after DDN failure" flag.
4.	AMF may optionally send an event notification to the NEF and SCS/AS as a confirmation that the DL data in step 1 was received and that an 'Availability after DDN failure' notification will be sent as soon as the UE becomes available.
4a: If supported, the RAN schedules a RAN paging at next possible UE paging occasion. The RAN also marks that a notification to AMF is required when the UE contacts the network next time.
4b: If RAN does not support to schedule RAN paging, the AMF schedules a N2 UE Request, which in turn triggers the RAN paging. AMF may take the assistance info received in step 3 into consideration during N2 Request scheduling.
NOTE: The N2 request message that can trigger the RAN paging can either be N2 UE Notification Request or Location Report Request.
5.	RAN may perform paging (either scheduled RAN paging or paging triggered by a N2 UE request from AMF) if UE is still in RRC inactive state. When UE contacts the network with RRC resume, either due to RAN paging or due to a UE triggered procedure before the RAN paging, the RAN notifies AMFWhen UE enters CM-CONNECTED mode (RAN notify AMF either through N2 notification in case same RAN node, or Path Switch Request in case of RRC resume triggering RAN node change), the AMF notes that UE is available and that the Notify-on-availability-after-DDN-failure flag for the UE is set (by step 3).
6.	When the AMF receives the notification about UE availability from RAN and the AMF has a Notify-on-availability-after-DDN-failure flag set for the UE (set by step 3), the AMF clears the Notify-on-availability-after-DDN-failure flag for the UE and sends a Namf_EventExposure_Notification towards the NEF/ApplicationAF/SCS/AS.
7.	The application realizes the UE is reachable and re-sends downlink data.
8.	RAN moves the UE to RRC Inactive state.

***** End of Changes *****
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