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Abstract of the contribution: This paper proposes extended buffering solution for high latency communications in 5GS.
1.
Discussion

Key Issue #3 (High Latency Communication) has been included in TR 23.724. Functions for high latency communication may be used to handle Mobile Terminated (MT) communication with UEs being unreachable while using power saving functions (see also Key Issue #4 – Power Saving Functions) and for coordinating the maximum latency between the application, the UE and the network.

As the architectural baseline, the 5GS may support resource efficient buffering of downlink data until the UE wakes up from its power saving state. In this case, the open issue to address is where the downlink data can be buffered.

For downlink data transmitted via N6 interface, the downlink data may be buffered in UPF or SMF. The procedures are depicted in the following Figures.

[image: image1.emf] 

UE   AMF   S MF  

1 a .  Data Notification  

2.    N1 N2MessageTransfer  

3.  AMF   detects UE  i n a power saving  state   (e.g. eDRX)  

RAN  

Stop timer T  

DL packet  

4 .  N1 N2MessageTransfer   Response   ("DL buffering requested",   DL Buffering duration  T ,  DL Buffering Suggested Packet Count )  

6 .  Store DL  packets,  until time T  

0 .  UE in  CM - IDLE and potentially  temporarily unavailable (e.g. eDRX)  

UPF  

7 .a  UE triggered  Service request procedure (TS 23. 502   clause  4.2.3.2 )  

5.  F ailure indication   ("DL buffering  requested", DL Buffering duration T,  DL  Buffering Suggested Packet Count )    

7.b Periodic   Registration Update   procedure (TS 23.502 clause 4.2.2.2)  

1b. Data Notification Ack  

8. Downlink data transfer via N6 interface  


Figure 1-1: Downlink data buffered in UPF
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Figure 1-2: Downlink data buffered in SMF

As specified in TS 23.502 clause 4.2.3.3, the SMF has already support to buffer the downlink data during the network triggered Service Request procedure. Also considering the small data transmitted via NEF, e.g. non-IP data transmission via NEF, the downlink data may be buffered in SMF.
Proposal: To achieve a consolidated extended buffering solution for HLCOM, this paper proposes that the downlink data is buffered in SMF for high latency communication.
2.
Text Proposal
It is proposed to include the following solution in TR 23.724.
**** Beginning of Change ****
6.X
Solution #X: Extended buffering in SMF
6.X.1
Introduction
This solution addresses Key Issue 3 (High latency communication). 

High latency communication is handled by extended buffering of downlink data in the SMF controlled by the AMF. The AMF indicates to the SMF to buffer downlink data until the UE is expected to wake up from its power saving state. If an SMF change is invoked, the buffered packets are forwarded and will not be lost.
6.X.2
Functional Description

The handling is specified in the Network Triggered Service Request procedure. When the downlink data is received, the UPF sends the data notification to the SMF, and the SMF indicates the AMF to page the UE. 

The AMF then detects that the UE is in a power saving state (e.g. MICO) and cannot be reached by paging at the moment, so it invokes extended buffering. AMF derives the expected time before radio bearers can be established to the UE. The AMF then indicates DL Buffering Requested to the SMF and includes a 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 data in the SMF and that data transfer is needed when the UE makes signalling with the network. 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 the periodical Registration procedure.
6.X.3
Support of interworking
Editor's Note:
This clause describes if and how EPC-5GC interworking is supported in this solution.

6.X.4
Procedures

6.X.4.1
Data Transfer via N6 interface
The procedure of extended buffering for Data Transfer via N6 interface is depicted as following.
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Figure 6.x.4.1-1: Extended buffering for Data Transfer via N6 interface
0.
The UE is assume to be temporarily unavailable (i.e., in some power saving state).
1.
When the first downlink data packet is received, the UPF sends a Data Notification message to the SMF. The SMF replies with a Data Notification Ack message to the UPF. The UPF forwards the downlink data packets towards the SMF.
2.
The SMF determines to contact the AMF and invokes the Namf_Communication_N1N2MessageTransfer to the AMF. Based on PCC rules, the SMF indicates to the AMF whether extended buffering is enabled or not.
3.
The AMF detects that the UE is in a power saving state (e.g. eDRX or MICO) and cannot be reached by paging at the moment.
4.
Based on the indication from the SMF in step 2 and on the status of the UE of step 3, the AMF decides that it is needed to buffer downlink data until the UE is expected to wake up from its power saving state, and sends a Namf_Communication_N1N2MessageTransfer response to the SMF, including the DL Buffering Requested indication, a DL Buffering Duration time and optionally a DL Buffering Suggested Packet Count. 

5.
The SMF 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 before the buffer time DL Data Buffer Expiration Time has expired for the UE.
6.
The UE triggered Service Request procedure or Periodic Registration procedure may occur.
7.
When receiving UE reachable indication in step 6, the SMF sends the buffered downlink data to the UE.
6.X.4.2
Data Transfer via API
Editor's Note: The detailed procedure for data transfer via API is FFS. It depends on the results of Key Issue 1 and Key Issue 2.
6.X.5
Impacts on existing entities and interfaces

AMF:

- 
determines whether the downlink data shall be buffered, and sends the DL Buffering Requested indication, a DL Buffering Duration time and optionally a DL Buffering Suggested Packet Count to the SMF if necessary.

SMF:

-
forwards part of the policy information to AMF to help it deciding whether extended buffering needs to be applied or not.
-
buffers downlink data based on the indication received from the AMF.
6.X.6
Evaluation

Editor's Note: This clause provides an evaluation of the solution.

**** End of Changes ****
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8. Downlink data transfer via N6 interface
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