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Abstract of the contribution: This paper proposes the solution updates for Solution 25 related to the notification procedure. 
Discussion

This paper proposed the following updates for Solution 25:
· Resolve the following EN in clause 6.25.4.1:
Editor’s note: It is FFS if the SMF also provides an indication of maximum amount of data packets to buffer or whether this is determined by UPF.
· Update the procedure of AF notification from SMF.
· Add solution evaluation.

Proposal
It is proposed to include the following solution updates in TR 23.724.
**** Start of 1st Change ****
6.25
Solution 25: HLCom buffering and event notification support for CM-IDLE

6.25.1
Introduction

This solution applies to Key issue 3: High Latency Communication, for the case of extended data buffering at the UPF for mobile terminated user plane data packets while the UE is unreachable and also support AF notifications.

6.25.2
Functional Description

The following principles apply:

-
When the SMF receives a Data Notification message or downlink data packet from UPF, the SMF determines whether Extended Buffering applies for the downlink packet or not, based on:

-
Policy information received from the PCC, which contains:

-
For the PDU session whether Extended Buffering is enabled.

-
Whether the selected UPF supports extended buffering.


If it applies, the SMF including an "Extended buffering applies" indication in Namf_ Communication_N1N2MessageTransfer.

-
Whenever an AMF receives a Namf_ Communication_N1N2MessageTransfer including an "Extended buffering applies" indication from the SMF for a UE that is temporarily unreachable due to power saving function as per Key issue 4, the AMF replies with Namf_ Communication_N1N2MessageTransfer Response indicating the UE is unreachable, and a Maximum estimated wait time for the UE to become reachable. The AMF stores an indication that MT data may be pending for the UE (this indication may be used for power saving solutions).

NOTE:
How the AMF determines the Maximum estimated wait time for the UE to become reachable depends on the power saving solution to be determined in Key issue 4.

-
If the AMF replies with Namf_ Communication_N1N2MessageTransfer Response indicating the UE is unreachable, and a Maximum estimated wait time for the UE to become reachable, SMF decides the extended buffering time.

-
If extended buffering is applied at UPF, SMF sends Failure indication with an indication to the UPF to buffer the downlink data packet Extended Buffering time to the UPF. The SMF may also indicate to the UPF to stop sending Data Notifications while the Extended buffering timer is running.

-
When the UPF receives a Failure Indication with extended buffering time, the UPF buffers the DL data packet and initiates an extended buffering timer with the received value. If the extended buffering timer expires the UPF drops the DL data packet.

-
PCC provides the Policy information for extended buffering to the SMF during Session Management Policy Establishment/Modification.

6.25.3
Support of EPC interworking

Interworking between 5GS and EPC is achieved by a combined P-GW-U+UPF. If a 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).

6.25.4
Procedures

6.25.4.1
Extended data buffering at UPF

Figure 6.25.4.1-1 shows the call flow for extended data buffering at the UPF for user plane mobile terminated data.
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Figure 6.25.4.1-1: Extended buffering at UPF for mobile terminated user plane data

1-2b.
As per current Network Triggered Service Request defined in TS 23.502 [7], clause 4.2.3.3, steps 1 to 3a.

2c.
For the PDU session established to support small data transfer via NAS transmission, UPF sends the received downlink data to the SMF.
3.
The SMF determines whether Extended Buffering is available for the received downlink packet or not, based on:

-
Policy information received from the PCC, which contains:

-
For the PDU session whether Extended Buffering is enabled.

-
Whether the selected UPF supports extended buffering.

-
Subscription information for the UE.

4.
The SMF includes "Extended buffering available" indication in Namf_ Communication_N1N2MessageTransfer.

5.
The AMF determines the UE is temporarily unreachable due to power saving function (see Key issue 4).

6.
The AMF replies with Namf_ Communication_N1N2MessageTransfer Response with a rejection indicating the UE is not reachable due to power saving function, a Maximum estimated wait time for the UE to become reachable. The AMF stores an indication that there may be MT data pending for the UE.

NOTE 1:
How the AMF determines the Maximum estimated wait time for the UE to become reachable depends on the power saving solution to be determined in Key issue 4.

As per currently specified in TS 23.502 [7], the AMF may include in the reject message an indication that the SMF needs not send DL data notifications to the AMF, if the SMF has not subscribed to the event of the UE reachability. The AMF stores an indication that the SMF has been informed that the UE is not reachable.

7.
If the AMF replied with Namf_ Communication_N1N2MessageTransfer Response indicating the UE is unreachable due to power saving function, a Maximum estimated wait time for the UE to become reachable, and if the SMF had determined that Extended Buffering applies, the SMF sends Failure indication with an indication to the UPF to buffer the downlink data packet Extended Buffering time and optionally a DL Buffering Suggested Packet Count to the UPF. The SMF may also indicate to the UPF to stop sending Data Notifications while the Extended buffering timer is running.

NOTE 2:
The DL Buffering Suggested Packet Count is derived from the subscription information which is provided by the SCS/AS via T8 API.
Editor's Note: Whether the AMF or SMF determines the DL Buffering Suggested Packet Count is FFS.
8.
The UPF based on SMF indication buffers the data packet and starts an Extended buffering timer.

9a.
If the UE moves to CM-CONNECTED before the extended buffering timer expires, the UPF sends the buffered downlink data packet(s).

9b.
If the PDU session is established for Data over NAS, the MT data is transmitted as described in clause 6.1.4.3.

9c.
If the Extended buffering timer expires, the UPF drops the buffered data packets.
6.25.4.1A
Extended data buffering at NEF
The same principle of subclause 6.25.4.1 applies to DL data buffered in the NEF in case of data transfer via APIs. For data transfer via NEF, the NEF uses the same interactions with the SMF as the UPF uses in Figure 6.25.4.1-1.
6.25.4.2
AF notification from AMF

6.25.4.2.1
General

The AF may select to send data to the UE only when the UE is available. Availability for the UE would depend on the power saving scheme that the UE is using. For example, if the UE is using MICO, then an availability indication is sent when the UE transitions to CM-CONNECTED state due to MO data or other mobile originated signalling e.g., Registration update. For UEs in eDRX, availability may be triggered just prior to the Paging Time Window (PTW) of the UE.

If AMF receives MT control plane signalling for a UE which is in CM-IDLE, the AMF activates a UE availability notification to the originating NF (see clause 6.24.4.3).

6.25.4.2.2
Event Subscription of UE reachability

If an AF (or AS) wants to send downlink packet(s) when UE becomes reachable, the AF can subscribe for one-time "UE Reachability" monitoring event by following Event Exposure using NEF specified in TS 23.502 [7] clause 4.15.3.2.3. The AF sends DL data when it receives notification that the UE is reachable. 

6.25.4.2.3
MT data transfer with Notification of UE availability

The procedure for MT data transfer with UE reachability information is shown in Figure 6.25.4.2.3-1.


[image: image2.emf]AMF UDM NEF UPF AF

2. Subscribe to UE reachability event

4. Namf_EventExposure_Notify

3. AMF determines UE is 

reachable based on power 

save scheme

SMF

1. AF receives data to 

be sent to UE

5. Nnef_EventExposure_Notify

6. Data is sent from the AF to UE (either over  CP or UP)


Figure 6.25.4.2.3-1: Procedure for MT data transfer with UE monitoring

1.
AF has data to be sent to the UE.

2.
AF subscribes to one-time "UE Reachability" monitoring event using steps 1 to 4 specified in TS 23.502 [7] clause 4.15.3.2.3. 

3.
AMF determines that UE is reachable based on the UE power save scheme. For example, MO data or PTW in case of eDRX.

4.
AMF uses Step 6b of procedure in in TS 23.502 [7] clause 4.15.3.2.3 to notify the NEF.

5.
NEF uses Step 7 of procedure in in TS 23.502 [7] clause 4.15.3.2.3 to notify the AF.

6.
AF sends data for delivery to the UE

6.25.4.2.4
Event Subscription of "Availability Notification after DDN Failure"

The AF can subscribe the "Availability Notification after DNN Failure" monitoring event using NEF specified in TS 23.502 [7] clause 4.15.3.2.3. AMF sets a Notify-on-available flag after a DDN failure or the "UE is unreachable" monitoring event. If the flag is set when the UE next contacts the network, the AMF notifies the NEF that UE is reachable and then NEF informs AF UE is reachable.

6.25.4.2.5
Notification about "Availability Notification after DDN Failure"

The Notification of "Availability Notification after DDN Failure" for CM_IDLE mode is described in Figure 6.24.4.2.3-1 in clause 6.24.4.2.3

6.25.4.3
AF notification from SMF

6.25.4.3.1
Application Notification overall procedure

Figure 6.25.4.3.1-1 describes the Application Notification about Extended buffering procedure
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Figure 6.25.4.3.1-1 Application Notification about HLCom Extended buffering procedure

0.
UE establishes a PDN connection to the DNN.

1.
SCS/AS monitors data delivery status to the 5GC, more details are described in clause 6.25.4.3.2.

2.
DL data is arrived in UPF.

3.
HLCom Extended buffering in UPF is performed as described in clause 6.25.4.1.

4.
UPF pending the DL data as the received information from SMF.

5.
SMF sends the monitoring report to SCS/AS, more details are described in clause 6.25.4.3.3.

6.
SCS/AS may buffer the DL data or send the DL data according to the received monitoring report.

6.25.4.3.2
Event subscription for data delivery status

Figure 6.25.4.3.2-1 is the event subscription procedure for data delivery status of DL data transmission from SCS/AS.


[image: image5.emf]SMF PCF NEF SCS/AS

1. Nnef_EventExposure_Subscribe Request

2. Npcf_EventExposure_Subscribe request

4. Nsmf_EventExposure_Subscribe Response

6. Nnef_EventExposure_Subscribe Response

3. Nsmf_EventExposure_Subscribe request

5. Npcf_EventExposure_Subscribe response


Figure 6.25.4.3.2-1: Event subscription procedure for data delivery status

1.
SCS/AS sends Nnef_EventExposure_Subscribe Request to NEF requesting data delivery status. The IP Filter information is included in the message to identify the IP PDU traffic or the Ethernet packet filter. The monitoring events may include:

-
Packet(s) in extended buffering and Expected wait time

-
Packet(s) discarded

-
Packet(s) transmitted

2.
NEF sends the Npcf_EventExposure_Subscribe Request to PCF. IP Filter information, monitoring event received from step 1 are included in the message.

3.
PCF sends the Nsmf_EventExposure_Subscribe Request (NEF ID, Monitoring Event) message to the SMF which is served the PDN connection to SCS/AS. 

4.
SMF sends the Nsmf_EventExposure_Subscribe Response message to PCF.

5.
PCF send sends the response message to NEF.

6.
NEF sends the response to SCS/AS.

6.25.4.3.3
Monitoring report procedure for data delivery status

This procedure, shown in Figure 6.25.4.3.3-1, informs the AF if the UE is not reachable and Extended DL data buffering is applied, or if UE becomes reachable after the Extended buffering has been applied. SMF sends the monitoring report to SCS/AS. 
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Figure 6.25.4.3.3-1: Monitoring report procedure

0.
The UE is unreachable

1.
When the SCS/AS sends a downlink packet, the SMF determines that extended buffering applies.

2.
SMF sends the Nsmf_EventExposure_Notify (Extended Buffering event) message to NEF. The following parameters may also be included according to the monitoring events in clause 6.25.4.3.2:

-
Packet(s) in extended buffering; and

-
Expected wait time; and
-
DL Buffering Suggested Packet Count.
3.
NEF transfers the Nnef_EventExposure_Notify to SCS/AS. The information about packet(s) in extended buffering allows the SCS/AS to not perform retransmission. The expected wait time indicates the expected pending time before the buffered packet(s) can be transmitted, i.e. before UE becomes reachable. 

The DL buffering suggested packet count indicates the expected maximum amount of data packets that will be buffered in the network. The SCS/AS may buffer the DL data or send the DL data according to the expected wait time and the DL buffering suggested packet count.
NOTE:
The DL Buffering Suggested Packet Count exposed towards the SCS/AS can be modified by the SMF by taking into account the network status and it may differ from the value originally indicated by the SCS/AS to the CN.
4.
If DL data transmission becomes available, for example, UE enters connected mode, CN delivers the buffered downlink packet(s), step 5 and step 6 are perform.

5.
SMF sends the Nsmf_EventExposure_Notify (Extended Buffer event) message to NEF. The following parameter is included:

-
Packet(s) have been transmitted.

6.
NEF sends the Nnef_EventExposure_Notify (Extended Buffer event) message to SCS/AS.

If at any point in time the CN drops the buffered packets, the SMF initiates the Nsmf_EventExposure_Notify (Extended Buffer event) procedure indicating Packet(s) discarded.

6.25.5
Impacts on existing entities and interfaces

PCC:

-
Management of Policies for extended buffering per PDU session.

-
Provide policy information for extended buffering to SMF.

-
Support event exposure for the Monitoring event from NEF.

UPF:

-
Support extended buffering as requested by SMF (for data via N6).

SMF:

-
Receive policies from PCF.

-
Determine whether extended buffering applies, supported extended buffering for DL data or provide request for extended buffering to UPF.

-
Support event exposure for the monitoring event from PCF

AMF:

-
Provide Estimated Maximum wait time to SMF.
NEF:

-
Support extended buffering as requested by SMF (for data via APIs).
6.25.6
Evaluation

The solution proposes extended buffering and event notification for high latency communication. The SMF determines whether Extended Buffering applies for the downlink packet or not based on the policy information from the PCC and UPF capability. In addition, two notification procedures towards the AF are prosed: AF notification from AMF, including the "UE Reachability" event and "Availability Notification after DDN Failure" event; AF notification from SMF, i.e. the "Extended Buffering" event.
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)", and "Send DL data to UEs at the earliest possible opportunity when the UEs are applying power saving functions ".
**** End of Changes ****
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