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Abstract of the contribution: This contribution proposes the update to solution2 to fix the open issues.
1.
Introduction
1. Clarify how to release Nx tunnel.
The Nx tunnel could be released during the AN release procedure or during the CN-initiated selective deactivation of UP connection of an existing PDU Session procedure, we give the detail procedures for Nx tunnel release.

2. Remove the FFS of DL data buffering at AMF.
3. Remove the FFS for EPC interworking.
4. Clarify how to support NIDD.
2.
Proposal
The following changes are proposed to be applied to TS 23.724.
**************************************Start of 1st change*****************************************
6.2
Solution 2: Infrequent small data transfer through NAS and a direct interface between AMF and UPF

6.2.1
Introduction

This solution applies to Key Issue 1 - Support for infrequent small data transmission.

6.2.2
Functional Description
This solution introduces a user plane interface between AMF and UPF. We call it Nx interface here which is a user plane tunnel. Packets are transferred from UE to AMF through NAS and from AMF to UPF through the Nx tunnel. To support NIDD, packets can be transferred from UE to AMF through NAS and from AMF to NEF. It's shown in the Figure 6.2.2-1.
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Figure 6.2.2-1: Architecture for infrequent small data transfer through NAS and a direct interface between AMF and UPF
The assumption is UE has registered with network and has negotiated with the network of control plane small data transfer capabilities.
During the UE requested PDU session establishment procedure, a session level Nx user plane tunnel is established between AMF and UPF. N11and N4 signalling is used to control the Nx tunnel setup. e.g. exchanges the tunnel info between AMF and UPF.
For MO data transfer, When AMF receives the NAS data PDU including the PDU session ID from UE, AMF identifies the related Nx tunnel based on the PDU session ID and transfers the received data PDU to UPF through the Nx tunnel. The UPF forwards the data to the DN. If the Nx tunnel is not established, N11and N4 signalling is used to control the Nx tunnel setup.
For MT data, after receiving DL data from DN, UPF buffers the DL data and sends Data Notification to SMF, and SMF sends the Data Notification to AMF. AMF paging UE in case the UE is in CM-IDLE state.  Upon reception of paging indication, the UE sends a UE triggered Service Request NAS message to AMF, the Nx tunnel is established after the N11 and N4 signalling interaction. UPF forwards the DL data to AMF through the Nx tunnel. AMF sends the DL data  as NAS data PDU to UE.

For IP data, the UE and AMF may perform header compression. For uplink IP data, UE implements the compressor, and AMF implements the decompressor. For downlink IP data, AMF implements the compressor, and UE implements the decompressor. The header compression is supported at AMF. The NAS data PDU is sent using NAS MM message.
For NIDD support, AMF determines whether or not the NIDD via NEF shall be used for a PDU session based on subscription information and the DNN/S-NSSAI received from UE. The subscription information includes NEF ID for the DNN/S-NSSAI. To setup the Session between AMF and NEF, AMF sends NEF id, the C-Plane address of AMF and the Create NEF Session Request to SMF, SMF forwards the received information to NEF and gets the Create NEF Session Response and the NEF C-Plane address. SMF provides the Create NEF Session Response and the NEF C-Plane address to AMF, thus the Session between AMF and NEF are setup.  NEF supports infrequent small data transmission and capability exposure to AF is similar to the SCEF as described in TS 23.682 [6]

6.2.3
Support of EPC interworking


The existing EPS-5GS interworking principles are used with the differences that the UE should support for small data over NAS in both in 4G and 5G network. Idle-mode mobility from 5GS to EPS and Idle-mode mobility from to EPS to 5GS are supported as the procedures described in TS 23.502 [7] clause 4.11.1.3.
6.2.4
Procedures
6.2.4.1
Nx tunnel setup
The Nx tunnel is setup during the PDU session establishment procedure. Figure 6.2.4.1-1 depicts how to setup an Nx tunnel between AMF and UPF.
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Figure 6.2.4.1-1: Nx tunnel setup
1.
The PDU Session Establishment Request NAS message is received from UE.
2.
If this PDU Session is used for control plane small data transfer and AMF decides to setup Nx tunnel for the data transfer between AMF and UPF, AMF allocates the its Nx tunnel info used for DL data forwarding from UPF. AMF includes its Nx tunnel info in the Nsmf_PDUSession_CreateSMContext Request from AMF to SMF.
3.
The Nsmf_PDUSession_CreateSMContext Response is provided from SMF to AMF.
4.
The SMF sends an N4 Session Establishment Request to the UPF including the Nx tunnel info of AMF. If the Nx Tunnel Info of UPF is allocated by the SMF, the Nx Tunnel Info of UPF is provided to UPF in this step.

5.
The UPF acknowledges by sending an N4 Session Establishment Response. If UPF is responsible for allocating its Nx Tunnel Info, the Nx Tunnel Info of UPF is provided to SMF in this step.

6.
SMF sends the Nx Tunnel Info of UPF to AMF using the Namf_Communication_N1N2MessageTransfer operation. The Nx tunnel is setup between AMF and UPF. PDU Session Establishment Accept message is carried in the N1 SM container.

7.
The PDU Session Establishment Accept NAS message is sent to UE.
6.2.4.2
Nx tunnel release
The Nx tunnel could be released during the AN release procedure as depicted in Figure 6.2.4.2-1 or during the CN-initiated selective deactivation of UP connection of an existing PDU Session procedure as depicted in Figure 6.2.4.2-2.
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Figure 6.2.4.2-1 Nx tunnel release due to AN release
1.
AMF may decide to perform AN release based on local reason or the request received from AN. the AMF sends an N2 UE Context Release Command to the (R)AN. 
2.
If the (R)AN connection with the UE is not already released, the (R)AN requests the UE to release the (R)AN connection. 

3.
The (R)AN confirms the N2 Release by returning an N2 UE Context Release Complete message to the AMF. The N2 signalling connection between the AMF and the (R)AN for that UE is released.

4.
If there are active Nx tunnels between AMF and UPF for the UE, for each active Nx tunnel, the AMF invokes Nsmf_PDUSession_UpdateSMContext Request to deactivate the Nx tunnel for the PDU Session.
5.
SMF sends the N4 Session Modification Request to UPF to remove the Nx tunnel info.
6.
UPF sends the N4 Session Modification Response acknowledging the SMF request.

7.
SMF sends Nsmf_PDUSession_UpdateSMContext Ack to AMF to confirm the Nx tunnel is released.
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Figure 6.2.4.2-2 Nx tunnel release due to selective PDU session deactivation
1.
When SMF determines to deactivate a PDU session and the PDU Session is used for control plane small data transfer, the SMF sends N4 Session Modification Request to remove the Nx tunnel of the corresponding PDU Session. 
2. UPF sends the N4 Session Modification Response acknowledging the SMF request.
3.
The SMF invokes the Namf_Communication_N1N2MessageTransfer service operation to indicate AMF to release the Nx tunnel. AMF removes the related Nx tunnel info.
4.
The AMF invokes the Nsmf_PDUSession_UpdateSMContext service operation to acknowledge the Namf service received in step 3.
6.2.4.3
MO data transport
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Figure 6.2.4.3-1: MO data transfer
1.
UE transfers the data to AMF as the NAS data PDU. The PDU session ID is included in the NAS data PDU.
2.
When AMF receives the NAS data PDU including the PDU session ID from UE, The AMF decompresses the IP header if header compression applies to the PDU session. AMF identifies the related Nx tunnel based on the PDU session ID. If the Nx tunnel is not established, AMF includes its Nx tunnel info in the Nsmf_PDUSession_UpdateSMContext from AMF to SMF.

3.
The SMF sends the Nx tunnel info of AMF to UPF, and the Nx tunnel info of UPF is determined at this step.

4.
SMF sends the Nx Tunnel Info of UPF to AMF. The Nx tunnel is setup between AMF and UPF.

5.
AMF transfers the received data PDU to UPF through the Nx tunnel. The UPF forwards the data to the DN.

6.2.4.4
MT data transport
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Figure 6.2.4.4-1: MT data transfer
1.
When UPF receives downlink data of a PDU session, and the Nx tunnel is not established, the UPF buffers the downlink data. UPF sends Data Notification message to the SMF.

2.
The SMF invokes the Namf_Communication_N1N2MessageTransfer to the AMF.

3.
If the UE is in CM-IDLE state, AMF performs paging for the UE.
4.
Upon reception of paging indication, the UE sends a UE triggered Service Request NAS message to AMF.
5.
AMF includes its Nx tunnel info in the Nsmf_PDUSession_UpdateSMContext from AMF to SMF.

6.
The SMF sends the Nx tunnel info of AMF to UPF, and the Nx tunnel info of UPF is determined at this step.

7.
SMF sends the Nx Tunnel Info of UPF to AMF. The Nx tunnel is setup between AMF and UPF.
8.
UPF forwards the downlink data to the AMF through the Nx tunnel.

9.
The AMF compresses the header if header compression applies to the PDU session and encapsulates the downlink data into the NAS message. AMF sends the DL data as NAS data PDU to UE over NAS signalling.



6.2.4.5
NIDD support

Procedures of NIDD Configuration and MT/MO data transfer are similar to the related procedures in EPS as described in TS 23.682 [6] clause 5.13.
The procedure for PDU Session Establishment enabling Data over NAS and NEF is as following:
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Figure 6.2.4.5-1: PDU Session Establishment enabling Data over NAS and NEF
1. The PDU Session Establishment Request is carried in a NAS message. The session ID and DNN, S-NSSAI, etc. if applicable are also contained in this NAS message.

2.
If this PDU Session is used for control plane small data transfer, and the subscription information includes NEF ID for the corresponding DNN/S-NSSAI, the AMF determines to setup the connection between AMF and NEF, AMF includes NEF id, the C-Plane address of AMF and the Create NEF Session Request (the UE ID, session ID and DNN, S-NSSAI, etc.) with the N1 SM container (PDU Session Establishment Request) in the Nsmf_PDUSession_CreateSMContext Request from AMF to SMF
3.
The SMF replies with an Nsmf_PDUSession_CreateSMContext Response. 
4.
The SMF sends the connection setup request to NEF including the NEF id, the C-Plane address of AMF and the Create NEF Session Request (the UE ID, session ID and DNN, S-NSSAI, etc.). The rate control information may also be included in this message based on the SMF local configuration or interaction with PCF.

5.  If an SCS/AS has performed the NIDD Configuration procedure (similar procedure as described in TS 23.682 [6] clause 5.13) , the NEF associates the NIDD connection with the PDU Session. Otherwise, the NEF rejects the procedure. NEF provides connection setup response to SMF including the C-Plane address of NEF and the Create NEF Session Response.
6. The SMF sends the Namf_Communication_N1N2MessageTransfer to AMF including PDU Session Establishment Accept message and the received C-Plane address of NEF and the Create NEF Session Response. 
7.
After receiving the C-Plane address of NEF and the Create NEF Session Response, the connection between AMF and NEF are setup.  The PDU Session Establishment Accept NAS message is sent to UE.
6.2.5
Impacts on existing entities and interfaces
The following nodes are impacted:

AMF:
-
support the user plane Nx tunnel between AMF and UPF including Nx tunnel info allocation.
-
support the header compression function.
SMF:
-
support the the Nx tunnel info transfer between AMF and UPF.

6.2.6
Evaluation

Editor's note:
This clause provides an evaluation of the solution.
**************************************End of changes*******************************************
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