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Discussion

For Key Issue 3- High latency communication, the following two categories of solution are proposed:
· Extended buffering of downlink data in the network (Solution 11, Solution 24 and Solution 25)

· Notification procedures (Solution 10, Solution 24, Solution 25 and Solution 39)
This paper only proposed solution evaluations and interim conclusions for the Notification procedures.
Change 1:

Solution 10 update:

· Add impacts on existing entities and interfaces;

· Add solution evaluation.

Change 2:

Solution 24 update:
· Delete Editor’s note in clause 6.24.4.5 Notification procedures;

· Add solution evaluation related to Notification procedures.

Change 3:

Solution 39 update:

· Add solution evaluation.

Change 4:

A solution evaluation of Key Issue 3 related to Notification procedures is added.
Change 5:
Interim conclusion of Key Issue 3 related to Notification procedures is proposed.

Proposal
It is proposed to include the following solution update and interim conclusion in TR 23.724.
**** Start of 1st Change ****
6.10
Solution 10: Solution for supporting High Latency Communication

6.10.1
Introduction

This solution addresses the Key Issue 3 - "High Latency Communication".

6.10.2
Functional Description
Functions for High latency communication can be used to handle mobile terminated (MT) communication with UEs being unreachable while using power saving functions in 5GS.

High latency communication is handled by notification procedures requested by NFs, e.g. AF, SMF, UPF, when a UE wakes up from its power saving state and sends downlink data to the UE when the UE is reachable. This notification procedure is based on notification service operations including UE Reachability, and Availability after DDN (downlink data notification) failure.

For UE allowing high latency communication, the following two notification service operations can be used to optimize system resources and reduce signaling overhead:

-
UE reachability notification for MT communication

-
UE availability notification procedure after DDN failure

6.10.3
Support of interworking

The same principle of Solution 25 applies.
6.10.4
Procedures

6.10.4.1
Support for UE Reachability Notification for Mobile Terminated Communication

The network can accommodate the UE with scheduled MT communication, e.g. the AF/SMF subscribes the notification service from the AMF for the UE reachability.

For AF requesting event exposure from the AMF for the UE reachability notification, the AF can buffer the packets for MT communication before receiving the notification.

Further, the SMF can request event exposure from the AMF for the UE reachability. There are two alternatives to handle DDN due to MT communication when the UPF receives the MT packets.

Alternative 1:

1.
The UPF notifies the SMF for the downlink packets by sending DDN.

2.
The SMF checks the UE's reachability and determines if it needs to send the DDN to the AMF or not. 

If the UE is in power saving mode, the SMF notifies the UPF to buffer the packets and indicates the buffer size, expected time for UE's availability, e.g. next time to be in idle state.

If the UE is in idle mode, the SMF further sends the DDN to the AMF.

Alternative 2:

1.
The SMF has notified the UPF about the buffering information according to the UE reachability.

2.
The UPF buffers the packets accordingly and sends the DDN only after reaching the maximum size of the buffering

Further, if the UE is in CM-CONNECTED mode with RRC INACTIVE, extended buffering may be done at RAN. If RAN based paging fails or if RAN notification update guard timer expires RAN initiates AN release and send buffered data to AMF. AMF can then initiate CN based paging and take further action as specified in clause 6.10.4.2 step 4 onwards.
6.10.4.2
Support for UE Availability Notification Procedure after DDN Failure

The AF/SMF/UPF can subscribe to UE availability notification after DDN failure.

For the AF requesting event exposure from the AMF for the UE availability notification after DDN failure, the AF buffers the packets for MT communication before receiving the notification for UE availability.

For the SMF subscribing UE availability notification after DDN failure, the UPF buffers the packets for MT communication until receiving the notification for UE availability from the AMF or reaching the buffering criteria indicated by the SMF/AMF.

For the UPF subscribing UE availability notification after DDN failure, the UPF buffers the packets for MT communication until receiving the notification for UE availability from the AMF/SMF or reaching the buffering criteria indicated by the AMF/SMF.

Figure 6.10.4.2-1 shows the notification procedure subscribed by the SMF for UE availability after DDN failure.

Editor's note:
It is FFS for the notification procedure subscribed by UPF/AF for UE availability notification after DDN failure.
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Figure 6.10.4.2-1: Notification procedure for UE availability after DDN failure

1.
The UPF receives downlink data packets from data network.

2.
The UPF sends downlink data notification message to the SMF.

3.
When a SMF sends DDN (downlink data notification) to the AMF, it indicates also if it subscribes the notification service from the AMF for the UE availability when DDN failure.

4.
The AMF may initiate paging procedure.

5.
The DDN failure may be of many causes: paging failure, the paging suspension due to activated MICO mode, the UE activates high latency communication. If the DDN failure happens, the AMF replies to the SMF for the DDN failure with an indication for confirming the notification service for the next UE availability. Further, the AMF may base on UE's reachability information to calculate buffering info and then include the following information in DDN response message: the buffer size (number of packets), buffering time, expected UE reachable time.

6.
The SMF forwards the buffering information to the UPF. The UPF starts to buffer packets according to the received buffering info.

7.
The UE contacts the AMF via registration update procedure.

8.
The AMF notifies the SMF/UPF for the UE availability.

9.
The UPF starts to deliver buffered downlink packets.
Impacts on AMF:

-
Support for UE Reachability Notification from AF and SMF;

-
Support for UE Availability Notification Procedure after DDN Failure from AF/SMF/UPF.
Impacts on SMF:

-
Support subscribing to UE availability notification after DDN failure, and indicate buffering information to UPF.

-
Requesting event exposure from the AMF for the UE reachability, checking the UE's reachability and determining if it needs to send the DDN to the AMF or not, and notification to the UPF to buffer packets and indicate the buffer size, expected time for UE's availability, if necessary;
Impacts on UPF: 

-
Support subscribing to the UE availability notification after DDN failure;

-
Buffer the packets for MT communication until receiving the notification for UE availability from the AMF/SMF or reaching the buffering criteria indicated by the AMF/SMF.
6.10.6
Evaluation


The solution proposes two Notification procedures for Mobile Terminated Communication, UE reachability notification and UE availability notification procedure after DDN failure. The solution also combines the downlink packet buffering function with the Notification procedure, increasing the complexity of MT communication handling for AMF/SMF/UPF.

The solution addresses the Architectural requirements of Key Issue 3 to “Provide the AF (i.e. SCS/AS) with UE status information (e.g. reachability notification or the time when the UE is expected to be reachable)”.
**** 2nd Change ****
6.24.4.5
Notification procedures

If SCS/AS selects to send downlink data when UE becomes reachable, it can use one-time UE-Reachability notification (see clause 6.24.4.5.1). If SCS/AS may also select the Notification of UE availability after downlink data delivery failure (see clause 6.24.4.5.2).
If AMF or RAN receives MT control plane signalling for a UE which is not reachable currently, the AMF activates a UE availability notification to the originating NF (see clause 6.24.4.5.5).
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 for details).
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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. RAN schedules a paging at next possible UE paging occasion and also indicates to AMF that paging is scheduled for the next possible UE paging occasion. RAN marks that a notification to AMF is required when UE contacts the network next time.
NOTE:
The N2 request message that can trigger the RAN paging can be N2 UE Notification Request.
3a.
RAN may perform paging when the UE becomes reachable for paging.

3b. UE contacts the network with RRC resume, either due to RAN paging or due to 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:
There are dependencies to KI Power saving.

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).

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, RAN sends a N2 Notification to indicate the failure. 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 The RAN also indicates if RAN paging is scheduled for next possible UE paging occasion.
NOTE: The N2 request message that can trigger the RAN paging can be N2 UE Notification.
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.

5a.
RAN may perform paging when the UE becomes reachable for paging. 

5b.
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 AMF either through N2 notification, or Path Switch Request in case of RRC resume triggering RAN node change).

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/AF/SCS/AS.

7.
The application realizes the UE is reachable and re-sends downlink data.

8.
RAN moves the UE to RRC Inactive state.
6.24.4.5.3
Configuration for notification related approaches

6.24.4.5.3.1
Configuration of notifications via UDM

The figure below illustrates the procedure of configuring monitoring events parameters at the UDM or the AMF. The procedure is similar to external parameter provisioning in TS 23.502 [7] clause 4.15.6.2

The procedure is also used for replacing and deleting a monitoring event configuration.
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Figure 6.24.4.5.3.1-1: Monitoring event parameters configuration and deletion via UDM procedure

1.
AF (SCS/AS) provides one or more configuration parameter(s) related to monitoring even for HLCOM to be updated in Nnef_ParameterProvision_UpdateRequest to the NEF.


The PUI identifies the UE and the Transaction Reference ID identifies the transaction request between NEF and AF (SCS/AS).
2.
If the AF (SCS/AS) is authorised by the NEF to provision the parameters, the NEF requests to update and store the provisioned parameters as part of the subscriber data via Update Request message, the message includes the provisioned data and NEF reference ID.


If the requester is not authorised to provision data, then the NEF continues in step 4 indicating the reason to failure in Nnef_ParameterProvision_Update response.

3.
UDM/UDR resolves the PUI to SUPI and stores the monitoring events parameters as part of the subscription data and responds with Update response message.


If the SUPI cannot be derived from the PUI, then the Update Response indicates the reason in the cause value.
4.
NEF responds the request with Nnef_ParameterProvision_update response. If the procedure failed, the cause value indicates the reason.

5.
UDM/UDR notifies the AMF of the updated subscriber data via Nudm_SDM_UpdateNotification Notify message.
6.
The AMF handling according to clause 6.24.4.5.4

6.24.4.5.3.2
Configuration directly at AMF

6.24.4.5.4
AMF handling to trigger RAN notification

For UE in CM-IDLE, or CM-CONNECTED with RRC states known as RRC inactive, AMF triggers notification towards NEF as specified in clause 6.24.4.5.2 from step 8 when UE becomes RRC active (i.e. when AMF receives NAS signalling from UE or RAN indicates UE is in RRC active through N2 Notification procedure).

For UE in CM-CONNECTED with RRC state known as RRC active, AMF immediately triggers notification procedure towards NEF as specified in clause 6.24.4.5.2 from step 8.

For UE in CM-CONNECTED with RRC state unknown, AMF shall trigger the N2 Notification procedure to retrieve the UE RRC state info and act accordingly as specified above based on RRC states information from RAN.

6.24.4.5.5
Notification of Availability after MT control plane signalling 

If the network invokes any MT control plane signalling delivery to a UE when UE is not reachable due to a power saving state (e.g. MICO, eDRX etc), the AMF activates a UE availability notification to the originating NF.

For UE in CM-IDLE mode, the figure below shows the flow of AMF providing UE availability to NF after MT control plane signalling delivery failure.
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Figure 6.24.4.5.5-1: Notification - Availability Notification after MT control plane signalling failure (CM-IDLE)

1.
Any NF, e.g. SMF, in 5GC may trigger MT control signalling to UE through Namf_Communication_N1N2MessageTransfer Service Operation (). The N1N2TransferFailure Notification Target Address is included to subscribe to unreachability event in step 5. The MT control signalling may for example be SMF that triggers MT control signalling due to DL data. 

2.
If the UE is currently not reachable due to a power saving method (see KI#4), the AMF returns a Namf_Communication_N1N2TransferFailureNotification with cause to indicate power saving as the failure and indicate that AMF will send a notification as soon as the UE becomes reachable. If the UE is currently not doing power saving, the AMF initiates the network triggered service request procedure and responds to the consumer NF with a result indication, If the AMF detects that the UE fails to respond to paging, the AMF invokes the Namf_Communication_N1N2TransferFailureNotification to indicate the failure to the consumer NF with a result indication and indicate that AMF will send a notification as soon as the UE becomes reachable. The AMF sets the "Notify on availability after MT control plane signalling failure" flag if not already set and schedules a CN paging if not MICO mode and if not already scheduled. The AMF remembers the NF to notify.

3.
When eDRX is used, the AMF may perform paging when the UE becomes reachable i.e. in PTW. 

4.
When UE enters CM-CONNECTED mode, either due to AMF paging or due to a UE triggered procedure before the paging, the AMF notes that UE is available and that the Notify on availability after MT control plane signalling flag for the UE is set.

5.
The AMF triggers Namf_EventExposure_Notify service towards the corresponding NF(s) in step 1/2. The AMF also clears the "Notify on availability after MT control plane signalling failure" flag for the UE.

6.
The NF realizes that the UE is reachable and re-sends the control plane signalling if needed.

For UE in RRC-Inactive state where the N2 connection exists, the RAN can indicate the non NAS delivery due to UE not reachable. And the AMF shall set the "Notify on availability after MT control signalling" flag. At next UE contact to network, AMF is notified and triggers a notification towards corresponding NF.

The figure below shows the flow of AMF providing UE availability to NF after MT control plane signalling delivery failure in RRC inactive state.
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Figure 6.24.4.5.5-2: Notification - Availability Notification after MT control plane signalling failure (CM-CONNECTED / RRC-Inactive)

1.
Any NF, e.g. SMF, in 5GC may trigger MT control signalling to UE through Namf_Communicaiton_N1N2messagerTransfer Request () (event subscription parameters may be included in case the UE is not reachable) and AMF sends N2 Downlink NAS transport to RAN if AMF considers the UE in CM-CONNECTED mode. The MT control signalling may for example be SMF that triggers MT control signalling due to DL data.

2.
The RAN checks the UE reachability if UE is in RRC_Inactive state. If UE is not reachable, i.e. due to KI#4 (such as eDRX) or if RAN paging fails, the RAN sends a NAS non-delivery message to AMF to indicate the failure. If UE is not reachable due to eDRX, the RAN schedules RAN paging for the next possible UE paging occasion (if not already scheduled). and includes an indication to AMF that a paging has been scheduled. The RAN marks that a notification to AMF is required when the UE contacts the network next time.
NOTE: The N2 request message that can trigger the RAN paging can be N2 UE Notification Request.
3.
AMF sends Namf_Communication_N1N2messageTransfer Response to the corresponding NF in step 1 and indicating that AMF will send a notification as soon as the UE becomes reachable. The AMF sets the "Notify on availability after MT control plane signalling failure" flag if not already set. The AMF remembers the NF to notify.
4.
RAN may perform paging when the UE becomes reachable i.e. in PTW. 

5.
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 AMF (either through N2 notification, or Path Switch Request in case of RRC resume triggering RAN node change).

6.
When the AMF receives the notification about UE availability from RAN and the AMF has a "Notify on availability after MT control plane signalling failure" flag set for the UE (set by step 3), the AMF sends Namf_EventExposure_Notification towards the corresponding NF(s) in step 3 and clears the "Notify on availability after MT control plane signalling failure" flag for the UE.

7.
The NF realizes the UE is reachable and re-sends the MT signalling.

8.
RAN moves the UE to RRC Inactive state.
6.24.5
Impacts on existing entities and interfaces
Editor's note:
This clause describes impacts to existing entities and interfaces.

The AMF, SMF and UPF are enhanced to support extended buffering as described in clause 6.24.4.

The N11 and N4 interfaces are enhanced to support extended buffering as described in clause 6.24.4.

The AMF and NEF are enhanced to support Notification procedures as described in clause 6.24.4.

6.24.6
Evaluation


The solution proposes the Notification procedure triggered by UE Reachability event or Availability after DDN failure event. The Notification procedure for the UE in CM-CONNECTED with RRC inactive state is also proposed. The proposed Notification procedure is based on the same principles as the Notification procedure for HLCOM in EPC, and addresses the Architectural requirements of Key Issue 3 to “Provide the AF (i.e. SCS/AS) with UE status information (e.g. reachability notification or the time when the UE is expected to be reachable)”.
 **** 3rd Change ****
6.39
Solution 39: UE availability after DDN failure for multiple AFs
6.39.1
Introduction
This solution addresses Key Issue 3 (High latency communication) in case of multiple Application Functions (AFs).

When multiple AFs communicate with a UE, each of them can subscribe to the “Availability after DDN failure” event. When a Downlink Data Notification (DDN) failure occurs it should be possible for the CN to notify only a subset of all the AFs that subscribed to the “Availability after DDN failure” event (e.g., only the AF(s) that previously sent the data which trigged the DDN failure, or only the AF(s) that want to be notified for a specific traffic type).
6.39.2
Functional Description

When an AF subscribes to the “Availability after DDN failure” event, the AF includes a Traffic Descriptor to identify the data sent by the AF. The event is subscribed to UDM through NEF.

When the AF send the downlink data, CN identifies which AF sent the down link data by using the Traffic description information received from AF. When the UE becomes available, the CN notifies the AF that has subscribed to the event and sent the data.
The function can be divided into Event Subscription and Activate Event Report:

-
Event Subscription

-
AF subscribe the “availability DDN failure event”. The subscribing event includes traffic description information to identify the data sent by the AF. The event is subscribed to UDM through NEF. The NEF generate NEF Reference for the event. The NEF Reference ID identify the correlation between the event and the AF that subscribe the event.
-
The UDM send the subscription to AMF including NEF Reference ID and Event type
-
The UDM send the subscription to SMF for existing PDU Session or during PDU Session establishment. The SMF send traffic filters to detect the traffics sent by the AF. These traffic filters are designed according to the traffic description info sent by AF. The UPF detects the traffic sent by AF and report to the SMF in the DDN message. 
-
Activate Event Report

-
After receiving the DDN message for the AF service, the SMF send message to AMF including the NEF Reference ID.
-
AMF activate the event after DDN failure based on the NEF Reference ID.
-
When the UE become reachable, the AMF notify the corresponding AF that has subscribed the event and sent the data.
6.39.3
Support of EPC interworking

The solution is only applied for 5GC.
6.39.4
Procedures

6.39.4.1
Event Configuration
The procedure of Event Configuration is depicted in Figure 6.39.4.1-1.
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Figure 6.39.4.1-1: Event Configuration - Availability Notification after DDN Failure
1.
The AF subscribes to the "Availability after DDN failure" event by invoking Nnef_EventExposure_subscribe(UE ID/Group ID, AF ID, Availability after DDN failure, DNN/S-NSSAI/AF-Service-ID, Traffic Descriptor) service of the NEF. The "Availability after DDN failure" element is used to identify the event type of the subscription.


The Traffic Descriptor is sent by the AF if it wants to be notified of the availability after DDN failure for a specific traffic type. The Traffic Descriptor can be e.g. an IP-3-Tuple(destination IP address/IPv6 prefix, port number, protocol in use), an Application ID, a non-IP descriptor, or an Ethernet traffic descriptor or other descriptor information that can be used to identify specific AF service. UE ID can be GPSI and Group ID can be external group ID.

2.
The NEF receives the request from the AF and invokes Nudm_EventExposure_subscribe (UE ID/Group ID, AF ID, Availability after DDN failure, DNN/S-NSSAI/AF-Service-ID, Traffic Descriptor, NEF ID, NEF Reference ID) towards the UDM. The NEF Reference ID is used to identify the correlation between the event and the AF that subscribe the event.

3.
From UDM to AMF: Namf_EventExposure_Subscribe request(Availability after DDN failure, NEF ID, NEF Reference ID). The AMF responds to the request.

4.
The UDM determines the SMF based on the Slice information, DNN, and/or AF Service ID. From UDM to SMF: Nsmf_EventExposure_Subscribe(Availability after DDN failure, Traffic Descriptor, NEF ID, NEF Reference ID). Traffic Descriptor is used to indicate the traffic corresponding to the event and identify the AF that provide the service. The SMF generates a Traffic Indicator that allows the SMF to correlate the Traffic Descriptor, NEF ID and NEF Reference ID for future events.

5.
The SMF sends an N4 Session Establishment/Modification Request to the UPF and provides Traffic Descriptor and the related Traffic Indicator to the UPF.

6.
The SMF acknowledges the execution of Nsmf_EventExposure_Subscribe.

7.
The UDM acknowledges the execution of Nudm_EventExposure_Subscribe.

8.
The NEF acknowledges the execution of Nnef_EventExposure_Subscribe.

6.39.4.2
Notification
The procedure for notification after DDN failure is depicted if Figure 6.39.4.2-1.
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Figure 6.39.4.2-1: Notification - Availability Notification after DDN Failure
1.
UPF receives the downlink data sent by AF.

2.
UPF sends Downlink Data Notification (DDN) message to the SMF, including the Traffic Indicator related to the Traffic Descriptor that triggered the event so the SMF can determine which service the downlink data belongs to.

3.
Based on the Traffic Indicator, the SMF can determine which Event the downlink data belongs to and determine the NEF ID and the NEF Reference ID to be sent to the AMF. The SMF sends Namf_CommunicationN1N2MessageTransfer to AMF including the NEF ID and the NEF Reference ID.

4.
If DDN fails (e.g. UE is not reachable), the AMF sends Namf_CommunicationN1N2MessageTransfer response to SMF to notify if of the DDN failure.

5.
The SMF sends DDN failure indication to UPF.

6.
The AMF notes the subscription option for notification of availability after DDN failure for the UE, and sets a Notify-on-available-after-DDN-failure flag corresponding to the NEF ID and NEF Reference ID received in step 3.

7.
At some later time, the UE contacts the network, e.g., to perform registration, or as it executes a service request.

8.
If the Notify-on-available-after-DDN-failure flag for the UE is set then AMF sends Namf_EventExposure_Notify(UE ID, NEF Reference ID) to the NEF to notify that the UE is available.

9.
NEF identifies the corresponding AF based on NEF Reference ID and sends Nnef_EventExposure_Notify to AF to notify that the UE is available. Only the AFs linked to the Traffic Indicator (and related Traffic Descriptor) are notified.

6.39.5
Impacts on existing entities and interfaces

NEF:

- 
Receives the Traffic Descriptor from the AF and passes to the UDM.

UDM:
-
Subscribes to the AMF event “Availability after DDN failure”, passing the NEF ID and NEF Reference ID to the AMF.
-
The UDM sends the subscription to “Availability after DDN failure” to the SMF for an existing PDU Session or during PDU Session establishment including Traffic Descriptor, NEF ID and NEF Reference ID.
SMF and UPF:

-
The SMF sends the Traffic Descriptor to the UPF so it can detect the traffic sent by the AF along with a Traffic Indicator for UPF to relate the Traffic Descriptor with the Traffic Indicator. The UPF detects the traffic sent by AF and sends to the SMF the DDN message including the Traffic Indicator. 
-
After receiving the DDN message, the SMF sends a message to AMF including the NEF ID and the NEF Reference ID.
AMF:

-
AMF activates the event after DDN failure based on the NEF ID and the NEF Reference ID.
-
When the UE becomes reachable, the AMF notifies the corresponding AF that has subscribed the event and sent the data.
6.39.6
Evaluation


The Solution proposes the Availability after DDN failure Notification procedure in case of multiple Application Functions (AFs). The AF provides the Traffic Descriptor information during the Event Configuration procedure, and the Traffic Descriptor information can be used by the network to determine the corresponding AF.
The solution addresses the Architectural requirements for Key Issue 3 “Provide the AF (i.e. SCS/AS) with UE status information (e.g. reachability notification or the time when the UE is expected to be reachable)”.
**** 4th Change ****
7.3
Key Issue 3: High latency communication

For Key Issue 3 - High latency communication, the following two categories of solution are proposed:

· Extended buffering of downlink data in the network (Solution 11, Solution 24 and Solution 25)

· Notification towards the AF(s) (Solution 10, Solution 24, Solution 25 and Solution 39)
For solutions to Notification towards the AF(s):

Solution 10 proposes two Notification procedures for Mobile Terminated Communication, UE reachability notification and UE availability notification procedure after DDN failure. The solution also combines the downlink packet buffering function with the Notification procedure, increasing the complexity of MT communication handling for AMF/SMF/UPF.
Solution 24 proposes the Notification procedure from the AMF triggered by UE Reachability event or Availability after DDN failure event. The Notification procedure for the UE in CM-CONNECTED with RRC inactive state is also proposed and this aspect is not in scope for event notifications towards the SCS/AS. The triggers to generate the events within the network depend upon solutions to other key issues and are not in scope for notification procedures aspect of this key issue. The proposed Notification procedure is based on the same principles as the Notification procedure for HLCOM in EPC. In addition, this solution proposes a procedure to notify internal 5GCN NFs of UE availability after MT CP signalling.
Solution 25 proposes two notification procedures towards the AF: one from the AMF and a second one from the SMF.
Solution 39 proposes the Availability after DDN failure Notification procedure in case of multiple Application Functions (AFs). The AF provides the Traffic Descriptor information during the Event Configuration procedure, and the Traffic Descriptor information can be used by the network to determine the corresponding AF.
Solutions 24, 25 and 39 address the Architectural requirements of Key Issue 3 to “Provide the AF (i.e. SCS/AS) with UE status information (e.g. reachability notification or the time when the UE is expected to be reachable)”. The triggers to generate the events were considered since they depend upon solutions to other key issues.
**** 5th Change ****
8.3
Key Issue 3: High latency communication

Key Issue 3 – High latency communication has two main parts:

-
Extended buffering of downlink data in the network;

-
Notification towards the AF(s).
For the notification sub-issue of Key Issue 3, it is recommended to take the part of Solution 24 that describes the notification towards the AF (the triggers to generate the events depend upon solutions to other key issues) and Solution 39 as basis for normative work.

**** End of Changes ****
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