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Proposal
The updates below include separation of extended buffering and notification procedures (in clause 6.24.4.1 Extended buffering and clause 6.24.4.25 Notification procedures). Some clauses (and figures) have been renumbered accordingly.

Description of EPC Interworking added in 6.24.3. 

Some clarifications added and Editor’s Notes removed.

***** First Change *****
6.24
Solution 24: High latency communication with extended buffering and event notifications
6.24.1
Introduction

This clause addresses the high latency communication key issue #3.

6.24.2
Functional Description
Functions for High latency communication may be used to handle mobile terminated (MT) communication with UEs being unreachable while using power saving functions e.g. UE Power Saving Mode, extended idle mode DRX or MICO. "High latency" refers to the initial response time before normal exchange of packets is established. That is, the time it takes before a UE has woken up from its power saving state and responded to the initial downlink packet(s).

High latency communication is handled by extended buffering of downlink data in the UPF/SMF. Optionally High latency communication can also be handled by notification procedures.

High latency communication by extended buffering of downlink data in the UPF/SMF is controlled by the AMF/SMF. The AMF asks the SMF/UPF, to buffer downlink data until the UE is expected to wake up from its power saving state, see clause 6.24.4.1. If a SMF/UPF change is invoked, the buffered packets are forwarded and will not be lost. The number of packets to buffer is decided by the SMF/UPF, but the AMF may optionally provide supporting information. Optionally, a suggested number of packets to buffer may also be provided by the SCS/AS as input to the SMF/UPF, see key issue 10.

An SCS/AS may optionally use notification procedures to handle High latency communication (see clause 6.24.4.2). The SCS/AS requests to receive notification when a UE wakes up from its power saving state to be able to send downlink data to the UE when the UE becomes reachable. Especially, for long latencies (e.g. infrequent mobile terminated communication) this is suitable. This notification procedure can be triggered based on following monitoring events (see clause 4.15.3.1 in TS 23.502 [7]):

-
Monitoring event: UE Reachability; or

-
Monitoring event: Availability after DDN failure.

An SCS/AS may request a one-time "UE Reachability" notification when it wants to send data to the UE. Alternatively, the SCS/AS may request repeated "Availability after DDN failure" notifications where each notification is triggered by a DDN failure, i.e. the SCS/AS sends a downlink packet which is discarded by SMF/UPF but which triggers the AMF to send an event notification to the SCS/AS next time the UE wakes up.

If CM-CONNECTED with RRC inactive state is activated for the UE with power saving state for long time, the downlink data handling (i.e. CN extended buffering) and notification is handled in the 5GC in the same way applied for CM-IDLE state, with additional support of information from RAN side. The RAN support information for high latency communication is provided through the N2 notification procedure, see clause 4.8.3 in TS 23.502 [7].


The tools for High latency communication make the behaviour of the 3GPP network predictable when sending mobile terminated data to UEs applying power saving functions. The network will deliver downlink packets with high reliability for both stationary and mobile UEs when the UE wakes up from its power saving state. Therefore, SCS/AS can adapt its retransmissions to reduce the load on both the SCS/AS itself and the network.

6.24.3
Support of EPC interworking


Interworking between 5GC and EPC is achieved by a combined P-GW/SMF and P-GW-U+UPF. If a SMF/UPF has data buffered for a UE when the UE moves to EPC and becomes reachable then buffered data will get delivered in EPC (and vice versa).
6.24.4
Procedures

6.24.4.1
Extended buffering

Functions for High latency communication may be used to handle mobile terminated (MT) communication with UEs being unreachable while using power saving functions (see KI#4). "High latency" refers to the initial response time before the delivery of MT packets is possible. That is, the time it takes before a UE has woken up from its power saving state and responded to the initial downlink packet(s).

The High latency communication includes invoking extended buffering of MT data at the UPF when the UE is in a power saving state and not reachable. The handling shall be specified in the Network Triggered Service Request procedure. Establishing the user plane for delivering the buffered data when the UE contacts the AMF by signalling shall be specified in the Registration procedure. The AMF uses its parameter DL Data Buffer Expiration Time in the MM context information to know if there is buffered DL data to be delivered when the UE becomes reachable. When set, the DL Data Buffer Expiration Time shall be cleared at any user plane setup to the RAN when the buffered DL data can be delivered. At Registration procedure with AMF change, the old AMF shall indicate in the context response to the new AMF that buffered DL data is waiting and hence the new AMF shall establish the user plane for delivery of the buffered DL data. When the DL Data Buffer Expiration Time has expired, the AMF considers no DL data to be buffered and no indications of Buffered DL Data Waiting are sent during context transfers at Registration procedure. At Registration procedure with UPF change, the buffered DL data is forwarded to the new UPF.
For UE in CM-CONNECTED with RRC-Inactive mode, it is operator configured local policies in the network that decides if and when CN extended buffering or RAN buffering is used and for what sleep cycle lengths.
For HLCOM, it's the SMF/UPF that provides CN extended buffering, and the AMF provides buffering related support information towards SMF/UPF.

For UE in CM-IDLE mode and UE in CM-CONNECTED RRC-Inactive mode, AMF provides buffering support information to SMF/UPF based on the NAS level information negotiated between UE and AMF based on the following:

-
MICO related parameters.

-
Other UE sleep cycle related parameters (related to KI#4).

-
eDRX related parameters (related to KI#4). A UE using MICO mode is assumed to be able to benefit from Extended buffering. Any DL data being buffered for the UE can be delivered to the UE when it contacts the network.

Editor's note:
The details for the handling of extended buffering is FFS and is dependent on KI#4 Power saving functions.

6.24.4.1.1
DL data in CM-IDLE mode

For UE in CM-IDLE mode, the figure below shows the call flow of AMF providing buffering related support information to SMF/UPF and downlink data handling. 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.
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Figure 6.24.4.1.1-1: Data Buffering in SMF/UPF for CM-IDLE mode

The Network Triggered Service Request procedure as specified in TS 23.502 [7] clause 4.2.3.3 would be updated based on the description below.

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, and UE not reachable due to power saving. If UE is not reachable due to eDRX/DRX, the AMF schedules a paging.

5.
The AMF sends Namf_Comm_N1N2MessageTRansfer Response to indicate the UE is unreachable. If the UE is unreachable due to power saving, the AMF also indicates DL Buffering Requested and provides buffering supporting information (e.g. DL Buffering Duration time and optionally a DL Buffering Suggested Packet Count).
The AMF stores a new value for the DL Data Buffer Expiration Time in the MM context for the UE based on the DL Buffering Duration time. The DL Data Buffer Expiration Time is used for UEs using power saving state and indicates that there are buffered DL data waiting in the UPF. When the DL Data Buffer Expiration Time has expired, the AMF considers no DL data to be buffered and no indications of Buffered DL Data Waiting are sent during context transfers at Registration procedure.
NOTE:
If AMF is configured to support Notify on availability after DDN failure as specified in clause 6.24.4.5.2, Extended data buffering is not invoked.

6.
The SMF sends DDN failure with DL Buffering Requested indication and buffering supporting information to UPF. The SMF includes the DL Buffering Duration time and optionally a DL Buffering Suggested Packet Count.
7.
The UPF starts extended data buffering based on the buffering support information. The UPF stores a new value for the DL Data Buffer Expiration Time based on the DL Buffering Duration time and does not send any additional Data Notification if subsequent downlink data packets are received in the UPF before the DL Buffer Expiration Time has expired for the UE.
8.
When UE enters CM-CONNECTED mode, the AMF notifies the same SMF that received the UE unreachable indication in step 5.

At, for example, periodic or mobility registration update as specified in TS 23.502 [7] clause 4.2.2.2 extended buffering is handled with the following addition to step 22 (Registration Accept). If the DL Data Buffer Expiration Time for the UE in the AMF has not expired, the user plane setup procedure is activated. The message sequence should be similar for the UE triggered Service Request procedure specified in clause 4.2.3.2 of TS 23.502 [7] from the step when AMF activates the User Plane connections of the PDU Session(s).
9.
SMF/UPF trigger the setting of N3 tunnel and delivery the buffered data packets.
6.24.4.1.2
DL data in CM-CONNECTED mode without CN extended buffering
The figure below shows the handling of downlink data in CM-CONNECTED mode without extended buffering in CN but with temporary buffering in the RAN. This procedure is used for UEs not applying any power saving method or the power saving time is limited. For UEs that do apply power saving methods (i.e. potentially very long buffering times), see clause 6.24.4.4.
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Figure 6.24.4.1.2-1: DL data in CM-CONNECTED mode without extended buffering

1.
DL data arriving in UPF is forwarded on the N3 towards RAN.

2a.
If the RRC connection is in RRC Inactive mode, RAN pages the UE. DL data is temporarily buffered in the RAN. If the UE does not respond to paging, e.g. may be temporarily unreachable, the RAN discards the DL data.

2b.
If the RRC connection is in active mode, or transitions to active mode, the DL data is sent to the UE.

6.24.4.1.3
DL data in CM-CONNECTED mode with CN 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.

NOTE This solution assumes eDRX with RRC Inactive is supported (see KI#4 and KI#2)
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Figure 6.24.4.1.3-1: DL Data Buffering in SMF/UPF for RRC_Inactive mode

0.
Depending on local configuration, Data Buffering is established when RAN transition a UE using eDRX to RRC_Inactive state, the RAN sends a N2 Notification to AMF. RAN provides buffering support information if there is any. The AMF notifies SMF/UPF that the PDU session is subject for extended data buffering and includes buffering support info.
1.
The application sends downlink data to UPF, and UPF will start to apply extended data buffering when N3 tunnel exists based on the indication received in step 0 above e.g. using the buffering information for the extended buffering.

2.
[conditional] The SMF may 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. RAN schedules a paging at next possible UE paging occasion and marks that a notification to AMF is required when the UE contacts the network next time. RAN also indicates to AMF that it has scheduled a paging for the next possible UE paging occasion.

NOTE:
The N2 request message that can trigger the RAN paging can be N2 UE Notification Request.
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.

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

5.
When UE contacts with 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 after a user inactivity timeout or based on Release Assistance Information if available in Expected UE Behavior. Depending on sleep cycle length and local configuration the RAN may then execute step 0 above and re-establish the CN extended data buffering in SMF/UPF, otherwise RAN buffering is used at next DL data event.
6.24.4.2
Notification procedures

If SCS/AS selects to send downlink data when UE becomes reachable, it can use one-time UE-Reachability notification (see clause 6.24.4.2.1). SCS/AS may also select the Notification of UE availability after downlink data delivery failure (see clause 6.24.4.2.2).
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).
6.24.4.2.1
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 (the figure below is a copy of the figure in TS 23.502 clause 4.15.3.2.3). The SCS/AS sends the packet data when it receives notification that the UE is reachable.
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Figure 6.24.4.2.1-1: 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 reachability information from RAN as shown below ( see also TS 23.502 [7] clause 4.8.3 for details).
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Figure 6.24.4.2.1-2: Event Subscription and Notification for UE reachability

1.
Same as the figure 6.24.4.2.1-1 step 3a, 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.
Same as the figure 6.24.4.2.1-1 step 6b, 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 6.24.4.2.3).

6.24.4.2.2
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 6.24.4.2.1. This information is provided to the AMF at registration through subscription data, see clause 6.24.4.2.3. 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 6.24.4.2.2-1: Notification - Availability Notification after DDN Failure (CM-IDLE)

1. AMF is provisioned with “Availability Notification after DDN failure” related information during registration (e.g. via UDM), and the application sends downlink data to UPF.
NOTE: See notification parameter provisioning flows in clause 6.24.4.2.3 below.
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 6.24.4.2.3) 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 6.24.4.2.2-2: Notification - Availability Notification after DDN Failure (CM-CONNECTED / RRC-Inactive)

1. AMF is provisioned with “Availability Notification after DDN failure” related information during registration (e.g. via UDM), and the application sends downlink data to UPF/RAN.
NOTE: See notification parameter provisioning flows in clause 6.24.4.2.3 below.
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 after a user inactivity. Depending on sleep cycle length and local configuration, RAN may establish CN extended data buffering in SMF/UPF by executing step 0 in clause 6.24.4.1.3 above. Otherwise RAN buffering is used at next DL data event.
6.24.4.2.3
Configuration for notification related approaches
For high latency communication, with the UE event notification approach as defined in 6.24.4.2.1 and UE availability notification after DDN failure approach as defined in 6.24.2.2.2 above, AF (e.g. SCA/AS) may need to provide some parameters to serving node (e.g. AMF). Below are 2 different ways of parameters provisioning. 
NOTE: 
Solutions (e.g. solution 15) for Key issue 10, Network Parameter Configuration API via NEF, also cover similar approaches
6.24.4.2.3.1
Configuration of notifications via UDM

The figure below illustrates the procedure of configuring monitoring events parameters at the UDM or the AMF/SMF. 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 6.24.4.2.3.1-1: Monitoring event parameters configuration and deletion via UDM procedure

1.
AF (SCS/AS) provides one or more configuration parameter(s) related to monitoring events 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.
Based on received configuration parameters related to notifications, the AMF shall trigger the N2 notification procedure to delivery info to RAN (e.g. info related to Notification after DDN failure) and also retrieve the RRC state and reachability info and act accordingly as specified in the notification based approaches, if UE is in CM-CONNECTED mode.
6.24.4.2.3.2
Configuration directly at AMF

The current event exposure functionality specified for AMF in TS 23.502 is considered as sufficient for AF to do monitoring related configuration towards AMF via NEF.





6.24.4.3
Notification of Availability after MT control plane signalling 

The intention with this procedure is to describe how MT CP signalling is handled when CM-CONNECED w/ RRC_INACTIVE is used in combination with a power saving method. The handling can be applied by other procedures such as MT SMS, NW initiated NAS signalling etc. Briefly RAN returns a NAS-Non-delivery notification back to AMF (indicating UE is unreachable). RAN and AMF remember the unreachability state and RAN reports to AMF at next RRC resume. 
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 6.24.4.3-1: 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 6.24.4.3-2: 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




AMF:

· Based on UE power saving state info, and optionally configuration parameters from UDM, providing DL data buffering information to SMF.

· Providing/Retrieving necessary information to/from RAN through N2 procedure to support providing DL data buffering information to SMF.
· Event notification to SMF/UPF/NEF with UE reachability, and event activation after subscription or DDN failure or signalling failure.

· Paging scheduling based on UE power saving info.

· Notification related parameter configuration from UDM

SMF:

-
Forwards part of the policy information to AMF to help it deciding whether extended buffering needs to be applied or not.
- 
Parameter configuration from UDM, if it’s deployed
-
Buffers downlink data based on the buffering info received from the AMF, if SMF buffering is applied.
UPF:

-
Buffers downlink data based on the buffering info received from the SMF, if UPF buffering is applied.
UDM:
-
Pass configuration info to AMF (or SMF).

-
Subscriber event request to AMF (or SMF)
NEF:

-
Receives configuration from the AF and passes to the UDM.

RAN:

-
Provide RRC inactive related info to CN, if RRC inactive is applied
-
Data buffering if RRC inactive without power saving state or if limited power saving time 

6.24.6
Evaluation


The solution covers two different ways for SCS/AS to use for handling of “sleeping devices” i.e. high latency communications: a) extended buffering, and b) availability notifications.

a) Extended buffering is provided differently depending on CM state and sleep cycle length:

CM-IDLE: An EPS like CN extended buffering made in UPF or in SMF depending on local configuration.

CM-CONNECTED w/ RRC_INACTIVE: Two options a) CN extended buffering made in UPF/SMF or b) no CN extended buffering i.e. buffering in RAN
b)  Availability notifications
UE Reachability Notification: An EPS like solution for CM-IDLE mode, and a new handling for CM-CONNECTED w/ RRC_INACTIVE. 

Availability Notification after DDN failure: An EPS like solution for CM-IDLE mode, and a new handling for CM-CONNECTED w/ RRC_INACTIVE.  

The solution also provides a way for the AF to provide configuration parameters to AMF (or SMF) through NEF/UDM in case UE Reachability notification or Availability Notification after DDN failure are used. 
***** End of Changes *****
�Replaced by new text in step 6 above
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