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1
Discussion
1.1
Introduction
In SA2#126, S2-182390 introducing a solution for infrequent data transfer over NAS was approved and captured as Solution 1 in TR 23.724 clause 6.1. Some aspects of the solution were left for further studies, in particular:
1.
Interworking with EPS PDN connections;
2.
AMF selection by RAN and enablement of data transfer over NAS-SM by Policy rules received from PCF during PDU session establishment.

3.
Data transport:

4.1
Whether a new or an existing SMF service operation is needed for forwarding data from AMF to SMF;
4.2
Which service operation to be invoked between AMF and SMF to release the PDU session;
1.2
Interworking with EPS PDN Connections

For CIoT specific interworking with EPS PDN Connections it is proposed to use the existing interworking framework of TS 23.501.
Proposal 1.2-1: Update subclause 6.1.3 of TR 23.274 and introduce a reference to TS 23.501 for interworking.
1.3
AMF selection by RAN and enablement of data transfer over NAS-SM
The AMF selection by the RAN should be based on the network slice selection process (i.e., based on the usage of specific S-NSSAI as described in TS 23.501 clause 5.15.2). Consequently, when a UE connects to a specific slice supporting Data over NAS, all network entities located in that slice support data transfer over NAS-SM. No interaction with the PCF is needed for enabling the data transfer over NAS-SM. 
Proposal 1.3-1: Update the functional description in clause 6.1.2 and remove the editor’s note in step 4 of clause 6.1.4.1 in TR 23.724 relating to AMF selection accordingly.

1.4
Aspects related to data transport

1.4.1
SMF service operation for data forwarding
The existing SMF service operations defined in TS 23.502 are about PDU session creation, update and deletion and therefore are not appropriate for the data transfer over NAS-SM – see Table 5.2.8.1-1 from TS 23.502 below. 
Table 5.2.8.1-1: NF services provided by the SMF

	Service Name
	Service Operations
	Operation

Semantics
	Example Consumer(s)

	Nsmf_PDUSession
	Create
	Request/Response
	V-SMF

	
	Update
	Request/Response
	V-SMF, H-SMF

	
	Release
	Request/Response
	V-SMF

	
	Create SM context
	Request/Response
	AMF

	
	Update SM context
	Request/Response
	AMF

	
	Release SM context
	Request/Response
	AMF

	
	SMContextStatusNotify
	Subscribe/Notify
	AMF

	
	StatusNotify
	Subscribe/Notify
	V-SMF

	
	Context
	Request/Response
	AMF

	Nsmf_EventExposure
	Subscribe
	Subscribe/Notify


	PCF, NEF, AMF

	
	Unsubscrib
	
	PCF, NEF, AMF

	
	Notify
	
	PCF, NEF, AMF


Proposal 1.4.1-1: A new SMF service operation specific for data transfer should be introduced.

When the UE sends MO data to the network an indication that the NAS message is for small data transport shall be provided by UE. This indication is used by the AMF to distinguish that this SM NAS message is for data transfer and not an uplink signalling message. The AMF can forward the SM NAS message to SMF by invoking the newly defined Nsmf_PDUSession_UpdateDoNASContext service operation based on this indication.
1.4.2
NF service operation for data transfer completion
Which NF should provide the service operation for data transfer completion via N11: the AMF or the SMF? Is seems more appropriate to have the SMF trigger such operation since it is the SMF that is aware of whether more data is available to be transferred.
In this case, the AMF can subscribe to an event notification from the SMF during PDU session establishment by invoking the existing Nsmf_EventExposure_Subscribe service operation so that when no further data is expected, the SMF notifies the AMF by using the existing Nsmf_EventExposure_Notify service operation (see Figure 1.4.2-1).

Proposal 1.4.2-1: The data transfer completion can be handled by using the Nsmf_EventExposure_Subscribe/ Notify service operation.
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Figure 1.4.2-1: Service operation for data transfer termination
2
Text Proposal

It is proposed to capture the following changes in TR 23.724.
**** Start of Change ****
6.1.2
Functional Description

The following principles apply:

-
Small data transfer via NAS-SM

-
Small data is exchanged between the UE and SMF as payload of SM data transfer message in both uplink and downlink direction. 

-
AMF transparently forwards downlink SM data transfer messages between UE and SMF.

-
NAS transport messages are used to transfer SM data transfer messages between UE and AMF.

- 
The payload container type use for the downlink/uplink NAS transport message carrying SM data transfer message is a new container type “SM data transfer”. This allows the AMF to differentiate between regular SM signalling and SM data transfer and apply overload control accordingly.

-
For uplink NAS transport, the PDU session ID allows the AMF to route the SM data transfer message to the correct SMF as stored in the UE context.  

-
SM data transfer messages are associated with a PDU session.

-
For a UE in CM Idle mode, it should be possible to send an initial NAS transport message with the SM data transfer message as payload. 

NOTE: 
It is currently not possible to send NAS transport message as defined in TS 24.501 [10] as Initial NAS message (the UE needs to perform service request or registration procedure first to establish a secure NAS connection between UE and AMF). It is up to CT1 to decide whether a new NAS message needs to be defined, NAS transport message is extended or service request is extended to transport SM data transfer message. 

-
Supported PDU session types 

-
Small data transfer supports IP and unstructured data

-
Integrity protection, ciphering and header compression

-
Integrity protection and ciphering for small data are performed by AMF (existing NAS PDU integrity protection and ciphering functionality are re-used as is)

-
UE and SMF may perform header compression for IP data

-
AMF selection
- 
The NG-RAN selects a suitable AMF based on the S-NSSAI(s) supporting Data over NAS provided by the UE (see TS 23.501 clause 5.15.2).

-
SMF selection 

-
During the PDU session establishment procedure the UE indicates request for Data Transfer over NAS-SM to be enabled along with the regular information DNN, S-NSSAI if applicable. The AMF takes the Data Transfer over NAS-SM request into account to select an SMF that supports Data Transfer over NAS-SM. 


Support of API(s) for infrequent small data transmission and capability exposure to AF is described in subclauses 6.X and 6.Y.
6.1.3
Support of EPC interworking



The interworking with EPC follows the principles described in TS 23.501 [5] clause 4.3.

6.1.4
Procedures

6.1.4.1
PDU Session Establishment via N6


This procedure takes the PDU Session Establishment procedure as described in TS 23.502 [7], subclause 4.3.2.2.1 as the baseline.
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 Figure 6.1.4.1-1: PDU Session Establishment enabling Data over NAS-SM via N6
1.
The UE sends a PDU session establishment request message as SM payload of a NAS transport message. The NAS transport message contains PDU session ID and a "Data transfer over NAS-SM preference" indication along with other regular information e.g. DNN, S-NSSAI, etc. if applicable. 

2.
The AMF takes the received “Data transfer over NAS-SM requested” indication received from the UE into account to select an SMF that supports Data over NAS-SM if available for the requested DNN, and S-NSSAI if it applies. The AMF stores the association of the PDU Session ID and the selected SMF ID in the UE context.

3.
The AMF forwards the Data transfer over NAS-SM requested indication to the SMF by invoking Nsmf_PDUSession_CreateSMContext request including DNN, S-NSSAI, PDU Session ID. The SMF replies with an Nsmf_PDUSession_CreateSMContext Response. Based on the DNN indicated by UE, the SMF decides to transfer data to the DN via N6.


4.
The SMF selects a UPF.

5.
The SMF configures the UPF for data transfer via N4. 

6.
The SMF sends a PDU Session Establishment Accept providing indication that Data Over NAS-SM is enabled for this PDU session without including the N2 SM container.
7.
After PDU Session Establishment is successful, the AMF subscribes to be notified by invoking Nsmf_EventExposure_Subscribe when no further data is expected.
8.
The AMF forwards the NAS message to the UE.

6.1.4.2
Mobile Originated Data Transport via NAS-SM
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Figure 6.1.4.2-1: Mobile Originated Data Transport via NAS-SM

0.
The UE is in CM-IDLE.

1.
The UE establishes an RRC connection and sends a NAS PDU as part of this. The NAS PDU carries encrypted uplink data as payload of an SM data transfer message, UE identity, an indication indicating that the NAS message is for small data transport and a PDU session ID. The UE may also include Release Assistance Information in the SM data transfer message indicating whether no further uplink or downlink data transmissions are expected, or only a single downlink data transmission (e.g. acknowledgement or response to uplink data) subsequent to this uplink data transmission is expected.
NOTE: 
Which UE identity should be included in the initial NAS message is up to CT1.
2.
NG-RAN forwards the NAS PDU to the AMF.

3.
AMF checks the integrity of the incoming NAS PDU and decrypts the data it contains. 

4.
AMF, by invoking the newly defined Nsmf_PDUSession_UpdateDoNASContext request, forwards the data to the (V-) SMF handling the PDU session identified by the PDU session ID contained in the NAS transport message. The SMF replies with an Nsmf_PDUSession_UpdateDoNASContext response.

5.
The (V-)SMF decompresses the header if header compression applies to the PDU session. The V-SMF forwards the data to the UPF. (In the home-routed roaming case, the UPF may forward the data to a different UPF in the HPLMN via N9.) The UPF forwards the data to the DN, In case of unstructured data, tunnelling may be applied as per clause 5.6.10.3 in TS 23.501 [5]. 

6.
[Conditional] The UPF forwards available downlink data to the (V-)SMF,

7.
[Conditional] The (V-)SMF compresses the header if header compression applies to the PDU session and encapsulates the downlink data as payload in an SM data transfer message. The (V-)SMF forwards the SM data transfer message and the PDU session ID to the AMF using the Namf_Communication_N1N2MessageTransfer service operation. 

8.
[Conditional] The AMF creates a DL NAS transport message with the received PDU session ID and the SM data transfer message (container type is set to SM data transfer). The AMF ciphers and integrity protects the NAS transport message 

9.
[Conditional] The AMF sends the DL NAS transport message to NG-RAN. 

10. [Conditional]
NG-RAN delivers the NAS payload over RRC to the UE.

11. [Conditional]
If no further downlink data is expected based on the Release Assistance Information provided by the UE, then the SMF indicates to the AMF that no further data is expected by invoking the Nsmf_EventExposure_Notify service operation.


12. [Conditional]
Based on the indication received from the SMF in the previous step, the AMF requests NG-RAN to release the UE context as per the AN release procedure in step 14.

Editor’s Note: Release handling when the UE has multiple PDU sessions is FFS.

13.
[Conditional]
If no further NAS PDU activity is detected by NG-RAN, then NG-RAN triggers the AN release procedure.

14.
The UE's logical NG-AP signalling connection and RRC signalling connection are released as per TS 23.502 [7] clause 4.2.6.

Editor's note: The exact NGAP messages to be used for this procedure are expected to be discussed with RAN3.

6.1.4.3
Mobile Terminated Data Transport via NAS-SM
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Figure 6.1.4.3-1: Mobile Terminated Data Transport via NAS-SM

1.
The UPF forwards a downlink data packet to the SMF.

2.
The (V-)SMF compresses the header if header compression applies to the PDU session and encapsulates the downlink data as payload in an SM data transfer message. The (V-)SMF forwards the SM data transfer message and the PDU session ID to the AMF using the Namf_Communication_N1N2MessageTransfer service operation. 

3.
[Conditional] If the UE is in CM Idle, the AMF sends a paging message to NG-RAN.

4.
[Conditional] If NG-RAN received a paging message from AMF, NG-RAN perform paging. 

5.
[Conditional ] If the UE receives paging message, it responds with service request. 

7.
The AMF creates a DL NAS transport message with the received PDU session ID and the SM data transfer message (container type is set to SM data transfer). The AMF ciphers and integrity protects the NAS transport message 

8.
The AMF sends the DL NAS transport message to NG-RAN. 

9.
NG-RAN delivers the NAS payload over RRC to the UE.

10.
While the RRC connection is established further uplink and downlink data can be exchanged. In order to send uplink data, the UE sends an integrity protected NAS PDU as RRC uplink data. The NAS PDU carries encrypted uplink data as payload of an SM data transfer message and a PDU session ID. The UE may also include Release Assistance Information in the NAS PDU indicating whether no further uplink or downlink data transmissions are expected, or only a single downlink data transmission (e.g. acknowledgement or response to uplink data) subsequent to this uplink data transmission is expected.
 

11.
NG-RAN forwards the NAS PDU to the AMF.

12.
AMF checks the integrity of the incoming NAS PDU and decrypts the data it contains. 

13.
AMF, by invoking the newly defined Nsmf_PDUSession_UpdateDoNASContext request, forwards the data to the (V-)SMF handling the PDU session identified by the PDU session ID contained in the NAS transport message. The SMF replies with an Nsmf_PDUSession_UpdateDoNASContext response.

14.
The (V-)SMF decompresses the header if header compression applies to the PDU session. The V-SMF forwards the data to the UPF. (In the home-routed roaming case, the UPF may forward the data to a different UPF in the HPLMN via N9.) The UPF forwards the data to the DN, In case of unstructured data, tunneling may be applied as per clause 5.6.10.3 in TS 23.501 [5]. 

15. [Conditional]
If no further downlink data is expected based on the Release Assistance Information provided by the UE, then the SMF indicates to the AMF that no further data is expected by invoking the Nsmf_EventExposure_Notify service operation.


16. [Conditional]
Based on the indication received from the SMF in the previous step, the AMF requests NG-RAN to release the UE context as per the AN release procedure in step 14.

Editor’s Note: Release handling when the UE has multiple PDU sessions is FFS.

17.
[Conditional]
If no further NAS PDU activity is detected by NG-RAN, then NG-RAN triggers the AN release procedure.

18.
The UE's logical NG-AP signalling connection and RRC signalling connection are released as per TS 23.502 [7] clause 4.2.6.

Editor's note: The exact NGAP messages to be used for this procedure are expected to be discussed with RAN3.

6.1.5
Impacts on existing entities and interfaces


The following nodes are impacted:

AMF: 
-
Invoke the new service operation of SMF to send the PDU data received from UE.

-
Trigger the release of AN resources based on SMF’s indication and the status of PDU session for user plane traffic.
SMF:
-
Support UL data transfer by introducing a new service operation of SMF.

-
Decide the transfer data path to the DN is via N6 or NEF based on DNN indicated by UE.

-
Decide whether no further data is expected based on UE’s indication (i.e. Release Assistance Information) and indicate to AMF.
6.1.6
Evaluation

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

**** End of Changes ****
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