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[bookmark: _Toc20204369][bookmark: _Toc20204630]4.24.1	UPF anchored Mobile Originated Data Transport in Control Plane CIoT 5GS Optimisation
This clause describes the procedures for Mobile Originated Transport in Control Plane CIoT 5GS Optimisation where the PDU Session is terminated at a UPF.



Figure 4.24.1-1: UPF anchored Mobile Originated Data Transport in Control Plane CIoT 5GS Optimisation
1.	If the UE is CM-CONNECTED it sends a NAS message carrying the ciphered PDU session ID and ciphered uplink data as payload. If the UE is in CM-IDLE, the UE first establishes an RRC connection or sends the RRCEarlyDataRequest message and sends a NAS message as part of this.
	The UE may also send NAS Release Assistance Information (NAS RAI) included in the NAS message. NAS RAI indicates that no further Uplink and Downlink Data transmissions are expected, or that only a single Downlink data transmission (e.g. Acknowledgement or response to Uplink data) subsequent to this Uplink Data transmission is expected.
1a.	In the NB-IoT case, during step 1 the NG-RAN, based on configuration, may retrieve the NB-IoT UE Priority and the Expected UE Behaviour Parameters from the AMF, if not previously retrieved. Based on such parameters, the NG-RAN may apply prioritisation between requests from different UEs before triggering step 2 and throughout the RRC connection. The NG-RAN may retrieve additional parameters (e.g. UE Radio Capabilities).
2.	NG-RAN forwards the NAS message to the AMF using the Initial NAS message procedure (if the UE was in CM-IDLE before step 1) or using the Uplink NAS transport procedure (if the UE was in CM-CONNECTED before step 1). If RRCEarlyDataRequest message was received in step 1, the NG-RAN includes "EDT Session" indication in the N2 Initial UE message.
	The RAI signalled by MAC, see TS 36.321 [56], shall not be used when using Control Plane CIoT 5GS Optimisations.
3.	AMF checks the integrity of the incoming NAS message and deciphers the PDU session ID and uplink data.
	If a NAS RAI is received from the UE and it conflicts with the Expected UE Behaviour, the NAS RAI takes precedence.
3a.	If the AMF received "EDT Session" indication from the NG-RAN in step 2, the AMF sends an N2 message to the NG-RAN.
a)	In case of NAS RAI with Uplink data and it indicated that Downlink data was not expected, and the AMF does not expect any other signalling with the UE, the AMF shall
-	either send a NAS service accept in the N2 Downlink NAS Transport message and include End Indication to indicate that no further data or signalling is expected with the UE; or
-	alternatively, the AMF sends an N2 Connection Establishment Indication message including End Indication to indicate that no further data or signalling is expected with the UE.
b)	If the AMF determines more data or signalling may be pending, the AMF sends an N2 Downlink NAS Transport message or Initial Context Setup Request message without End Indication.
3b.	If 3a was executed, the NG-RAN completes the RRC early data procedure as follows.
a)	For the case of 3a.a) the NG-RAN proceeds with RRCEarlyDataComplete message. The procedure is completed in step 5.
b)	For the case of 3a.b) the NG-RAN proceeds with RRC connection establishment procedure. In that case, all steps up to step 13 apply.
4.	AMF determines the (V-)SMF handling the PDU session based on the PDU session ID contained in the NAS message and passes the PDU Session ID and the data to the (V-)SMF by invoking a Nsmf_PDUSession_SendMOData service operation.
	If no Downlink Data is expected based on the NAS RAI from the UE in step 1 and if the AMF is not aware of pending MT traffic, then AMF does not wait for step 7 and continues with step 12.
5.	The (V-)SMF decompresses the header if header compression applies to the PDU session and forwards the data to the UPF. In the home-routed roaming case, the V-SMF forwards the data to V-UPF then to the H-UPF. The UPF forwards the data to the DN based on data forwarding rule, e.g., in case of unstructured data, tunneling may be applied according to clause 5.6.10.3 in TS 23.501 [2].
6.	[Conditional] In the non-roaming and LBO case, the UPF forwards available downlink data to the (V-)SMF, in the home-routed roaming case, the H-UPF forwards the data to the V-UPF then to the V-SMF.
7.	[Conditional] The (V-)SMF compresses the header if header compression applies to the PDU session. The (V‑)SMF forwards the downlink data 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 PDU session ID and the downlink data. The AMF ciphers and integrity protects the NAS transport message
9.	[Conditional] The AMF sends the DL NAS transport message to NG-RAN. If NAS RAI indicated for single uplink and single downlink packets (e.g. acknowledgment expected) and AMF has determined the data transmission is for single uplink and single downlink packets, the AMF includes an End Indication in the DL NAS transport message to indicate that no further data or signalling is expected with the UE.
10.	[Conditional] NG-RAN delivers the NAS payload over RRC to the UE.
11.	If no further data or signalling is pending and AMF received NAS RAI indicating single downlink data transmission, then AMF triggers the AN release procedure (clause 4.2.6) and the procedure stops after this step.
12.	[Conditional] If no further activity is detected by NG-RAN, then NG-RAN triggers the AN release procedure.
13.	[Conditional] The UE's logical NG-AP signalling connection and RRC signalling connection are released according to clause 4.2.6.
NOTE:	The details of the NGAP messages to be used for this procedure are specified in TS 38.413 [10].
***** Next change *****
[bookmark: _Toc20204370]4.24.2	UPF anchored Mobile Terminated Data Transport in Control Plane CIoT 5GS Optimisation
This clause describes the procedures for Mobile Terminated Data Transport in Control Plane CIoT 5GS Optimisation where the PDU Session is terminated at a UPF.


Figure 4.24.2-1: Mobile Terminated Data Transport in Control Plane CIoT 5GS Optimisation
1.	Downlink data is received by the UPF. If buffering is configured in the UPF, then the flow continues in step 2a, otherwise the flow continues in step 2f.
2a. [conditional] If buffering is configured in the UPF, then the UPF sends a Data Notification to the SMF.
2b.	[conditional] The SMF sends a Data Notification ACK to the UPF.
2c.	[conditional] The SMF sends a Namf_MT_EnableUEReachability request to the AMF.
	The SMF determines whether Extended Buffering applies based on local policy and the capability of the UPF. If Extended Buffering applies, the SMF includes "Extended Buffering support" indication in Namf_MT_EnableUEReachability request.
2d.	[conditional] If AMF determines the UE is unreachable (e.g., if the UE is in MICO mode or the UE is configured for extended idle mode DRX), then the AMF rejects the request from the SMF with an indication that the UE is not reachable. If the SMF included Extended Buffering support indication, the AMF indicates the Estimated Maximum Wait time in the response message. If the UE is in MICO mode, the AMF determines the Estimated Maximum Wait time based on the next expected periodic registration timer update expiration or by implementation. If the UE is configured for extended idle mode DRX, the AMF determines the Estimated Maximum Wait time based on the start of next PagingTime Window. The AMF stores an indication that the SMF has been informed that the UE is unreachable.
2e.	[conditional] If the SMF receives an "Estimated Maximum Wait time" from the AMF and Extended buffering applies, the SMF sends a failure indication to the UPF with an Extended Buffering time and optionally a DL Buffering Suggested Packet Count. The Extended Buffering time is determined by the SMF and should be larger or equal to the Estimated Maximum Wait time received from the AMF. The DL Buffering Suggested Packet Count parameter is determined by the SMF and, if available, the Suggested Number of Downlink Packets parameter may be considered. The SMF may also indicate to the UPF to stop sending Data Notifications. The procedure stops after this step.
2f.	[conditional] If buffering is not configured in the UPF , then the UPF forwards the downlink data to the (V‑)SMF in non-roaming and LBO cases. In the home-routed roaming case, the H-UPF forwards the data to the V-UPF and then to the V-SMF.
2g.	[conditional] The SMF determines whether Extended Buffering applies based on local policy and the capability of the SMF.
	If user data is received in step 2f and Extended buffering is not configured for the SMF, then (V-)SMF compresses the header if header compression applies to the PDU session and encapsulates the downlink data as payload in a NAS messageNamf_Communication_N1N2MessageTransfer service operation. The (V-)SMF forwards the NAS message and the PDU session ID to the AMF using the Namf_Communication_N1N2MessageTransfer service operation. If Extended Buffering applies, then (V-SMF) keeps a copy of the downlink data.
	If user data is received in step 2f and Extended Buffering applies, the SMF includes "Extended Buffering support" indication in Namf_Communication_N1N2Message Transfer.
2h.	[conditional] AMF responds to SMF.
	If AMF determines that the UE is reachable for the SMF, then the AMF informs the SMF. Based on this, the SMF deletes the copy of the downlink data.
	If AMF determines the UE is unreachable for the SMF (e.g., if the UE is in MICO mode or the UE is configured for extended idle mode DRX), then the AMF rejects the request from the SMF. The AMF may include in the reject message an indication that the SMF need not trigger the Namf_Communication_N1N2MessageTransfer Request to the AMF, if the SMF has not subscribed to the event of the UE reachability.
	If the SMF included Extended Buffering support indication, the AMF indicates the Estimated Maximum Wait time, in the reject message, for the SMF to determine the Extended Buffering time. If the UE is in MICO mode, the AMF determines the Estimated Maximum Wait time based on the next expected periodic registration timer update expiration or by implementation. If the UE is configured for extended idle mode DRX, the AMF determines the Estimated Maximum Wait time based on the start of next PagingTime Window. The AMF stores an indication that the SMF has been informed that the UE is unreachable.
	If the SMF receives an "Estimated Maximum Wait time" from the AMF and Extended Buffering applies, the SMF store the DL Data for an Extended Buffering time. The Extended Buffering time is determined by the SMF and should be larger or equal to the Estimated Maximum Wait time received from the AMF. The SMF does not send any additional Namf_Communication_N1N2MessageTransfer message if subsequent downlink data packets are received.
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 performs paging.
5.	[Conditional] If the UE receives paging message, it responds with a NAS message sent over RRC Connection Establishment.
5a.	[Conditional] In the NB-IoT case, during Step 5, the NG-RAN, based on configuration, may retrieve the NB-IoT UE Priority and the Expected UE Behaviour Parameters from the AMF, if not previously retrieved. Based on such parameters, the NG-RAN may apply prioritisation between requests from different UEs before triggering step 6 and throughout the RRC connection. The NG-RAN may retrieve additional parameters (e.g., UE Radio Capabilities).
6.	[Conditional] The NAS message is forwarded to the AMF.
7a.	[Conditional] AMF to SMF: Namf_MT-EnableUEReachability Response.
	If the SMF used the MT_EnableUEReachability request in step 2c and the UE has not responded to paging then the AMF sends a response to the SMF indicating that the request failed.
7b.	[Conditional] SMF to UPF: If the SMF has received a Namf_MT-EnableUEReachability response from the AMF indicating that the request failed, the SMF indicates to the UPF to discard the buffered data and the procedure stops after this step.
7c.	[Conditional] AMF to SMF: Namf_Communication_N1N2Transfer Failure Notification.
	If the SMF used the Namf_Communication_N1N2MessageTransfer service operation in step 2g and the UE has not responded to paging, the AMF sends a failure notification to the SMF based on which the SMF discards the buffered data. The procedure stops after this step.
8a.	[Conditional] AMF to SMF: Namf_MT-EnableUEReachability Response.
	If the SMF used the MT_EnableUEReachability request in step 2c, then the AMF indicates to the SMF that the UE is reachable.
8b.	[Conditional] SMF to UPF: N4 Session Modification Request.
	If the SMF received an indication from the AMF that the UE is reachable, then the SMF indicates to the UPF to deliver buffered data to the SMF.
8c.	[Conditional] UPF to SMF: N4 Session Modification Response.
8d.	[Conditional] Buffered data is delivered to the SMF.
8e.	[Conditional] (V-)SMF compresses the header if header compression applies to the PDU session and encapsulates the downlink data as payload in a NAS messageNamf_Communication_N1N2MessageTransfer service operation. The (V-)SMF forwards the NAS message and the PDU session ID to the AMF using the Namf_Communication_N1N2MessageTransfer service operation.
9.	The AMF creates a DL NAS transport message with the PDU session ID and the NAS messageNamf_Communication_N1N2MessageTransfer received from the SMF. The AMF ciphers and integrity protects the NAS transport message.
10.	The AMF sends the DL NAS transport message to NG-RAN.
11.	NG-RAN delivers the NAS payload over RRC to the UE.
12.	While the RRC connection is established further uplink and downlink data can be exchanged. In order to send uplink data, the procedure continues as per steps 1-10 of the UPF anchored Mobile Originated Data Transport in Control Plane CIoT 5GS Optimisation procedure (clause 4.24.1).
13.	[Conditional] If no further activity is detected by NG-RAN, then NG-RAN triggers the AN release procedure.
14.	[Conditional] The UE's logical NG-AP signalling connection and RRC signalling connection are released according to clause 4.2.6.
NOTE:	The details of the NGAP messages to be used for this procedure are are specified in TS 38.413 [10].

***** Next change *****
5.2.8.1	General
The following table shows the SMF Services and SMF Service Operations.
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/I-SMF

	
	Update
	Request/Response
	V-SMF/I-SMF, H-SMF

	
	Release
	Request/Response
	V-SMF/I-SMF

	
	CreateSMContext
	Request/Response
	AMF

	
	UpdateSMContext
	Request/Response
	AMF

	
	ReleaseSMContext
	Request/Response
	AMF

	
	SMContextStatusNotify
	Subscribe/Notify
	AMF

	
	StatusNotify
	Subscribe/Notify
	V-SMF/I-SMF

	
	Context
	Request/Response
	AMF, I-SMF, SMF

	
	ContextPush
	Request/Response
	SMF

	
	SendMOData
	Request/Response
	AMF

	Nsmf_EventExposure
	Subscribe
	Subscribe/Notify
	NEF, AMF

	
	Unsubscribe
	
	NEF, AMF

	
	Notify
	
	NEF, AMF

	
	AppRelocationInfo
	
	AF

	Nsmf_NIDD
	Delivery
	Request/Response
	NEF



[bookmark: _Toc20204631]***** Next change *****
5.2.8.2	Nsmf_PDUSession Service
5.2.8.2.1	General
Service description: This service operates on the PDU Sessions. The following are the key functionalities of this NF service:
-	(between AMF and SMF) Creation / Deletion / Modification of AMF-SMF interactions for PDU Sessions;
	The resource handled between AMF and SMF via Create / Update / Release SM context operations corresponds to the AMF-SMF association for a PDU Session;
	When the AMF has got no association with an SMF to support a PDU Session, the AMF creates such association via the Nsmf_PDUSession_CreateSMContext operation. The context created is identified via the SM Context ID. Otherwise (e.g. at hand-over between 3GPP and Non 3GPP access) the AMF uses the Nsmf_PDUSession_UpdateSMContext operation.
NOTE 1:	In TS 29.502 [36] SM Context ID is referred to as smContextRef for N11, and pduSessionRef and pduSessionUri for N16.
	When the UE is handed-over from an (old) AMF towards another (new) AMF, the old AMF provides the new AMF with the SMF addressing information corresponding to the AMF-SMF association related with each PDU Session of that UE. The new AMF can thus further act upon the association with the SMF via Nsmf_PDUSession_UpdateSMContext and Nsmf_PDUSession_ReleaseSMContext operations. This may take place:
-	at inter AMF change due to AMF planned maintenance or due to AMF failure described in TS 23.501 [2] clause 5.21.2;
-	at inter AMF mobility in CM-CONNECTED state described in clause 4.9.1.3;
-	at inter AMF mobility in CM-IDLE state described in clause 4.2.2.2.
-	(between AMF and SMF) Passing MO Small Data from AMF to SMF in clause 4.24.1.
-	(between V-SMF and H-SMF) Creation / Deletion / Modification of PDU Sessions;
	Even though the V-SMF creates the PDU Session resource onto the H-SMF, each of the V-SMF and of the H-SMF needs to be able to modify a PDU Session and/or to ask for PDU Session Release. Thus, at Nsmf_PDUSession_Create, V-SMF informs the H-SMF about addressing information for its corresponding PDU Session resource, allowing H-SMF to use later on the Nsmf_PDUSession_Update and Nsmf_PDUSession_Release and Nsmf_PDUSession_StatusNotify operations.
NOTE 2:	The PDU Session resource in V-SMF is created when the AMF requests to create SM context of this PDU Session
NOTE 3:	H-SMF also informs the consumer (V-SMF) about addressing information about its PDU Session resource, but this is part of normal resource creation operation in REST and not specific to this service.

***** Next change *****
[bookmark: _Toc20204637][bookmark: _Toc20204405]5.2.8.2.x	Nsmf_PDUSession_SendMOData service operation
Service operation name: Nsmf_PDUSession_SendMOData.
Description: When the AMF has received MO Small Data from the UE in NAS procedure, this service operation allows the AMF to send the MO Small Data to the SMF.
Input, Required: SM Context ID, N1 container received from the UE
Input, Optional:, AN type.
Output, Required: Result Indication.
Output, Optional: Cause, N1 SM container to be transferred to the AN/UE, type of N2 SM information.
See clause 4.24.1 for an example usage of this service operation.
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