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Discussion
This paper discusses how to add a second access of a MA-PDU Session. There are two candidate procedures, i.e. SM procedure (PDU Session Establishment or PDU Session Modification[footnoteRef:1]) or Service Request procedure. Following clauses shows procedures for each scenario, i.e. non-roaming, home routed roaming with the same AMF and home routed roaming with the different AMFs. [1:  For SM signalling, this paper considers PDU Session Establishment procedure only. Please see Observation 5.] 

1. Non-roaming and local breakout scenario
A. Initial MA-PDU Session Establishment
Figure 1 shows initial MA-PDU Session Establishment over 3GPP access when the UE is in the HPLMN. It assumes that the UE is registered in the HPLMN via 3GPP access and the UE is not registered in non-3GPP access.
In step 2, the UE sends PDU Session Establishment request to the AMF. Based on the Request Type, the AMF creates new context for the MA-PDU Session, i.e. stores PDU Session ID, SMF Identity, S-NSSAI and Access Type. Then the AMF sends SM signalling to the SMF by using Nsmf_PDUSession_CreateSMContext service operation. Then the SMF creates new context for the MA-PDU Session and provides SM Context ID to the AMF. This SM Context ID is used by the AMF to trigger the Nsmf_PDUSession_UpdateSMContext service operation in step 10. After the SMF creates the MA-PDU context, the SMF sends N1 SM container (PDU Session Establishment Accept) to the UE and N2 SM information to the RAN to establish user plane resources.



[bookmark: _Ref449087]Figure 1. Initial MA-PDU Establishment (non-roaming)
B. Addition of the second access using SM signalling (Establishment request)
Figure 2 shows addition of the second access using SM signalling when the UE is in the HPLMN.
It is assumed that the UE established MA-PDU Session in 3GPP access as shown in Figure 1. After that, the UE registers HPLMN via non-3GPP access. In step 14, the UE sends PDU Session Establishment Request to the network with Request Type = "Existing PDU Session". At this point, the AMF has the MA-PDU Session context and associated SM Context ID. The AMF should not update associated access type of the PDU Session and just forwards the NAS message to the SMF. In step 15, the AMF triggers Nsmf_PDUSession_UpdateSMContext and the SMF establishes user plane resource over non-3GPP access and provides PDU Session Establishment Accept to the UE by triggering Namf_Communication_N1N2MessageTransfer service.
Note that no additional indication is required to notify access addition to the SMF. If the SMF receives "Existing PDU Session" from the AMF for a Multi-Access PDU Session, the SMF considers it as an addition of secondary access to the existing MA-PDU Session. This means that MA-PDU Session is not handed over between the 3GPP access and non-3GPP access.


[bookmark: _Ref515045]Figure 2. Addition of the second access using SM signalling (non-roaming)
C. Addition of the second access using Service Request
Figure 3 shows addition of the second access using Service Request when the UE is in the HPLMN.
It is assumed that the UE established MA-PDU Session in 3GPP access as shown in Figure 1. After that, the UE registers HPLMN via non-3GPP access. In step 14, the UE sends Service Request to the network with List Of PDU Sessions To Be Activated, which includes the PDU Session ID of the MA-PDU Session. At this point, the AMF has the MA-PDU Session context and associated SM Context ID. In step 15, the AMF triggers Nsmf_PDUSession_UpdateSMContext and the SMF establishes user plane resource over non-3GPP access by including N2 SM information in the Nsmf_PDUSession_UpdateSMContext response.
In this scenario, there is no impact to the Service Request procedure to support second access addition.
There are following differences compared to SM signalling procedure:
-	In SM signalling procedure, SM NAS message is sent to the UE while in Service Request procedure, Service Accept is sent to the UE
-	In SM signalling procedure, the AMF should not update associated access type while in Service Request procedure, there is no impact
-	In SM signalling procedure, the SMF sends N2 SM information in Namf_Communicaction_N1N2MessageTransfer request while in Service Request procedure, N2 SM information is sent in Nsmf_PDUSession_UpdateSMContext response.
Observation 1: In non-roaming scenario, there is no impact to the Service Request procedure to support second access addition.


[bookmark: _Ref515097]Figure 3. Addition of the second access using Service Request (non-roaming)
D. Addition of the second access based on event subscription
Figure 4 shows addition of the second access based on event subscription when the UE is in the HPLMN.
It is assumed that the UE established MA-PDU Session in 3GPP access as shown in Figure 1. During the MA-PDU Session Establishment procedure, the SMF subscribes mobility event of the UE so that the SMF can be notified when the UE registers via non-3GPP access. After that, the UE registers HPLMN via non-3GPP access. In step 14, the AMF notifies the UE registration to the H-SMF. Based on the event report, the SMF performs N2 setup procedure over the non-3GPP access.


[bookmark: _Ref1400448]Figure 4. Addition of the second access based on event subscription (non-roaming)
2. Home routed roaming with the same AMF
A. Initial MA-PDU Session Establishment
Figure 5 shows initial MA-PDU Session Establishment over 3GPP access when the UE is in the VPLMN. It assumes that the UE is registered in the HPLMN via 3GPP access and the UE is not registered in non-3GPP access.
In step 2, the UE sends PDU Session Establishment request to the AMF. Based on the Request Type, the AMF creates new context for the MA-PDU Session, i.e. stores PDU Session ID, SMF Identity, S-NSSAI and Access Type. Then in step 3, the AMF sends SM signalling to the V-SMF by using Nsmf_PDUSession_CreateSMContext service operation. In step 4 the V-SMF provides SM Context ID to the AMF. In step 5, the V-SMF triggers Nsmf_PDUSession_Create service to the H-SMF. In step 7, the H-SMF creates MA-PDU Session context and provides SM Context ID and CN Tunnel Info to the V-SMF. Note that this Tunnel Info is used for 3GPP access. In step 8, V-SMF sends N1 SM container (PDU Session Establishment Accept) to the UE and N2 SM information to the RAN to establish user plane resources.


[bookmark: _Ref515235]Figure 5. Initial MA-PDU Establishment (home routed roaming with the same AMF)
B. Addition of the second access using SM signalling (Establishment request)
Figure 6 shows addition of the second access using SM signalling when the UE is in the VPLMN.
It is assumed that the UE established MA-PDU Session in 3GPP access as shown in Figure 5. After that, the UE registers to the same VPLMN via non-3GPP access. In step 16, the UE sends PDU Session Establishment Request to the network with Request Type = "Existing PDU Session". At this point, the AMF has the MA-PDU Session context and associated SM Context ID. The AMF should not update associated access type of the PDU Session and just forwards the NAS message to the SMF. In step 17, the AMF triggers Nsmf_PDUSession_UpdateSMContext to the V-SMF. In step 20, V-SMF triggers Nsmf_PDUSession_Update to the H-SMF. The H-SMF provides CN-Tunnel Info for non-3GPP access to the V-SMF. In step 23, V-SMF establishes user plane resource over non-3GPP access and provides PDU Session Establishment Accept to the UE by triggering Namf_Communication_N1N2MessageTransfer service.


[bookmark: _Ref517871]Figure 6. Addition of the second access using SM signalling (home routed roaming with the same AMF)
C. Addition of the second access using Service Request
Figure 7 shows addition of the second access using Service Request when the UE is in the VPLMN.
It is assumed that the UE established MA-PDU Session in 3GPP access as shown in Figure 5. After that, the UE registers HPLMN via non-3GPP access. In step 16, the UE sends Service Request to the network with List Of PDU Sessions To Be Activated, which includes the PDU Session ID of the MA-PDU Session. At this point, the AMF has the MA-PDU Session context and associated SM Context ID. In step 17, the AMF triggers Nsmf_PDUSession_UpdateSMContext and includes Access Type, Operation Type = "UP activate" and SM Context ID. In step 18, the V-SMF triggers Nsmf_PDUSession_Update and includes Access Type, Operation Type = "UP activate" and SM Context ID. Based on the information, the H-SMF provides CN-Tunnel Info for non-3GPP access to the V-SMF. In step 22, the V-SMF establishes user plane resource over non-3GPP access by including N2 SM information in the Nsmf_PDUSession_UpdateSMContext response.
In this scenario, the Service Request procedure need to be extended to the HPLMN while current Service Request procedure only impacts to the serving PLMN.
There are following differences compared to SM signalling procedure:
-	In SM signalling procedure, SM NAS message is sent to the UE while in Service Request procedure, Service Accept is sent to the UE
-	In SM signalling procedure, the AMF should not update associated access type while in Service Request procedure, there is no impact
-	In SM signalling procedure, the SMF sends N2 SM information in Namf_Communicaction_N1N2MessageTransfer request while in Service Request procedure, N2 SM information is sent in Nsmf_PDUSession_UpdateSMContext response.
-	In SM signalling procedure, the AMF and V-SMF provides Request Type = "Existing PDU Session" in Nsmf_PDUSession_UpdateSMContext and Nsmf_PDUSession_Update while in Service Request procedure, Operation Type = "UP activate" is sent in Nsmf_PDUSession_UpdateSMContext and Nsmf_PDUSession_Update response.
Observation 2: In home routed roaming with the same AMF scenario, the Service Request procedure need to be extended to the HPLMN to support second access addition.
Above impact to the Service Request procedure can be avoided if the CN-Tunnel Info for non-3GPP access is allocated during the initial PDU Session Establishment. In step 7 of Figure 5, if the H-SMF provides two CN-Tunnel Info (i.e. one for 3GPP access and the other one for non-3GPP access) to the V-SMF, steps 19 to 21 are not necessary. Then Service Request procedure only impacts to serving network nodes without involving HPLMN nodes.
Note that even though Service Request procedure impacts to the serving PLMN, the H-SMF need to know the activation and deactivation of the user plane resources to decide traffic steering, switching and splitting.
Observation 3: In home routed roaming with the same AMF scenario, the Service Request procedure impact to HPLMN can be avoided if the H-SMF allocates CN-Tunnel Info for both access and provides it to the V-SMF during the initial PDU Session Establishment procedure.


[bookmark: _Ref518683]Figure 7. Addition of the second access using Service Request (home routed roaming with the same AMF)
D. Addition of the second access based on event subscription
Figure 8 shows addition of the second access based on event subscription when the UE is in the VPLMN.
It is assumed that the UE established MA-PDU Session in 3GPP access as shown in Figure 5. During the MA-PDU Session Establishment procedure, the H-SMF subscribes mobility event of the UE to the V-SMF and V-SMF subscribes mobility event to the V-AMF so that the H-SMF can be notified when the UE registers via non-3GPP access. After that, the UE registers HPLMN via non-3GPP access. In step 16, the V-AMF notifies the UE registration to the V-SMF and V-SMF relays the notification to the H-SMF. Based on the event report, the SMF performs N2 setup procedure over the non-3GPP access. In step 19, the H-SMF triggers Nsmf_PDUSession_Update Request and indicates to setup user plane resources of specific access, e.g. non-3GPP access. Based on the indication the V-SMF setup user plane resource in non-3GPP access.


[bookmark: _Ref1402234]Figure 8. Addition of the second access based on event subscription (home routed roaming with the same AMF)
Observation 4: H-SMF need to include UP activation flag to differentiate between user plane activation and change of CN-Tunnel information.
3. Home routed roaming with the different AMFs
A. Initial MA-PDU Session Establishment
Figure 9 shows initial MA-PDU Session Establishment over non-3GPP access when the UE is in the VPLMN and selected N3IWF in the HPLMN. Unlike Clause 1 and Clause 2, it is assumed that the UE first registers HPLMN via non-3GPP access before it registers VPLMN via 3GPP access.
In step 2, the UE sends PDU Session Establishment request to the H-AMF. Based on the Request Type, the H-AMF creates new context for the MA-PDU Session, i.e. stores PDU Session ID, SMF Identity, S-NSSAI and Access Type. Then the H-AMF sends SM signalling to the H-SMF by using Nsmf_PDUSession_CreateSMContext service operation. Then the H-SMF creates new context for the MA-PDU Session and provides SM Context ID to the AMF. This SM Context ID is used by the H-AMF to trigger the Nsmf_PDUSession_UpdateSMContext service operation in step 11. After the H-SMF creates the MA-PDU context, the H-SMF sends N1 SM container (PDU Session Establishment Accept) to the UE and N2 SM information to the RAN to establish user plane resources.


[bookmark: _Ref521658]Figure 9. Initial MA-PDU Establishment (home routed roaming with the different AMFs)
B. Addition of the second access using SM signalling (Establishment request)
Figure 10 shows addition of the second access using SM signalling when the UE is in the VPLMN.
It is assumed that the UE established MA-PDU Session in non-3GPP access as shown in Figure 9. After that, the UE registers to the VPLMN via 3GPP access. In step 15 the UE sends PDU Session Establishment Request to the network with Request Type = "Existing PDU Session". At this point, the V-AMF does not have the MA-PDU Session context. Based on the subscription in the UDM, the V-AMF can select the same H-SMF and create new MA-PDU Session context. In step 16, the V-AMF triggers Nsmf_PDUSession_CreateSMContext to the V-SMF. In step 19, V-SMF triggers Nsmf_PDUSession_Create to the H-SMF. Note that V-SMF does not have the MA-PDU Session context. As a result, step 16 and step 19 shall be "Create" service operation. Because of these steps, it is not possible to use PDU Session Modification procedure for SM signalling. In addition, the V-AMF need to know S-NSSAI of the PDU Session, which is provided by the UE when the UE sends PDU Session Establishment request.
Observation 5: In home routed roaming in the different AMFs scenario, the PDU Session Modification procedure cannot be used to establish an additional access.
In step 21, the H-SMF provides CN-Tunnel Info for 3GPP access to the V-SMF. In step 22, V-SMF establishes user plane resource over 3GPP access and provides PDU Session Establishment Accept to the UE by triggering Namf_Communication_N1N2MessageTransfer service.


[bookmark: _Ref561605]Figure 10. Addition of the second access using SM signalling (home routed roaming with the different AMFs)
C. Addition of the second access using Service Request
Figure 11 shows addition of the second access using Service Request when the UE is in the VPLMN.
It is assumed that the UE established MA-PDU Session in non-3GPP access as shown in Figure 9. After that, the UE registers to the VPLMN via 3GPP access. In step 15 the UE sends Service Request to the network with List Of PDU Sessions To Be Activated, which includes the PDU Session ID of the MA-PDU Session. At this point, the V-AMF does not have the MA-PDU Session context. Based on the subscription in the UDM, the V-AMF can select the same H-SMF and create new MA-PDU Session context. However, the V-AMF does not know S-NSSAI and Access Type of the PDU Session. This is a similar condition with mobility from EPC to 5GC with N26 interface. When the UE moves from EPC to 5GC (either idle or connected mobility), the AMF does not have enough session context and triggers Nsmf_PDUSession_CreateSMContext service operation. (Look step 14 of clause 4.11.1.3.3 in TS 23.502 (for idle mobility) and step 4 of clause 4.11.1.2.2 in TS 23.502 (for connected mobility)). Similar to EPS interworking, in step 16, the V-AMF triggers Nsmf_PDUSession_CreateSMContext to the V-SMF. In step 18, V-SMF triggers Nsmf_PDUSession_Create to the H-SMF. In step 20, the H-SMF provides S-NSSAI, Access Type and H-CN Tunnel Info to the V-SMF. In step 21, the V-SMF provides S-NSSAI and Access Type to the V-AMF. Then the V-AMF stores S-NSSAI and Access Type of the MA-PDU Session. At the same time, the V-SMF establishes user plane resources in 3GPP access.
In this scenario, the Service Request procedure need to be extended to the HPLMN while current Service Request procedure only impacts to the serving PLMN. However, different from the home routed roaming with the same AMF scenario, Service Request procedure shall be extended to the HPLMN because there is no session context in the V-AMF and V-SMF.
There are following differences compared to SM signalling procedure:
-	In SM signalling procedure, SM NAS message is sent to the UE while in Service Request procedure, Service Accept is sent to the UE
-	In SM signalling procedure, the AMF should not update associated access type while in Service Request procedure, there is no impact
-	In SM signalling procedure, the V-SMF sends N2 SM information in Namf_Communicaction_N1N2MessageTransfer request while in Service Request procedure, N2 SM information is sent in Nsmf_PDUSession_UpdateSMContext response.
-	In SM signalling procedure, the V-AMF and V-SMF provides Request Type = "Existing PDU Session" in Nsmf_PDUSession_CreateSMContext and Nsmf_PDUSession_Create while in Service Request procedure, Operation Type = "UP activate" is sent in Nsmf_PDUSession_CreateSMContext and Nsmf_PDUSession_Create response.
-	In SM signalling procedure, the V-AMF can select the V-SMF based on information (S-NSSAI and PDU Session ID) provided by the UE and subscription information form the UDM. In Service Request procedure, the V-AMF selects a V-SMF based on default S-NSSAI, which is similar behaviour with EPS interworking with N26 interface.
Observation 6: In home routed roaming in the different PLMN scenario, the Service Request procedure shall be extended to the HPLMN to support second access addition.


[bookmark: _Ref562674]Figure 11. Addition of the second access using Service Request (home routed roaming with the different PLMN)
D. Addition of the second access based on event subscription
Figure 12 shows addition of the second access based on event subscription when the UE is in the VPLMN.
It is assumed that the UE established MA-PDU Session in non-3GPP access as shown in Figure 9. During the MA-PDU Session Establishment procedure, the H-SMF registers PDU Session information in the UDM including that the PDU Session is MA-PDU Session. After that, the UE registers VPLMN via 3GPP access. In step 15, the V-AMF fetches subscription information for the UE and if there is a MA-PDU Session, the V-AMF selects V-SMF and notifies the UE registration. The V-SMF relays the UE notification based on the H-SMF identity provided by the V-AMF. When the H-SMF received the UE registration event, the H-SMF triggers Nsmf_PDUSession_Create Request towards the V-SMF including PDU Session ID, CN-Tunnel Information, UP activation flag. The V-SMF creates a PDU Session context when it receives the request. After that, the V-SMF establishes a user plane resource over 3GPP access. When the V-SMF sends N2 SM information via V-AMF, the V-SMF provides S-NSSAI of the MA-PDU Session and the V-AMF updates the S-NSSAI value.


[bookmark: _Ref1404003]Figure 12. Addition of the second access based on event subscription (home routed roaming with the different AMFs)
Observation 7: H-SMF need to provide PDU Session information to the V-SMF so that the V-SMF can create MA-PDU Session context. Similar to the Service Request procedure, the V-AMF may need to trigger V-SMF relocation based on updated S-NSSAI.

Summary
According to the Observation 1, 2 and 3, for the non-roaming, local breakout and home routed roaming with the same AMF scenarios, SM signalling procedure is similar to the Service Request procedure. Service Request procedure can reduce one signalling in the core network, i.e. Namf_Communication_N1N2MessageTransfer. However, it is not a significant resource saving. The main advantage of using Service Request procedure is reducing UE complexity because the UE need not to remember status of MA-PDU Session, i.e. whether the UE had sent PDU Session Establishment over the second access.
According to Observation 6, for the home routed roaming with the different AMF scenario, Service Request procedure shall be extended to the HPLMN. The procedure is not a complete new procedure because it is similar with the procedures for EPS interworking. The difference is that in case of ATSSS, the procedure is performed during the Service Request procedure, not the Registration or handover procedure. After Service Request is completed, the V-AMF may need to perform V-SMF re-allocation procedure after receiving S-NSSAI from the H-SMF, which is supported by eNS conclusion. However, this is a drawback of Service Request procedure and if default V-SMF does not support ATSSS, overall procedure may not work until V-SMF is re-located.
According to Observation 4 and 7, the procedure for second addition based on mobility event subscription has impacts which are not supported in any Rel-15 procedures especially in case of home routed roaming case. The H-SMF need to include user plane activation request because V-SMF does not know whether the request is for the user plane setup or QoS update without such indication. The H-SMF need to store in the UDM that a PDU Session is a MA-PDU Session and based on the subscription form the UDM, the V-AMF need to create MA-PDU Session context if subscription information contains MA-PDU Session. The H-SMF need to trigger Nsmf_PDUSession_Create service towards the V-SMF and include PDU Session information (e.g. PDU Session ID, S-NSSAI, etc). Based on the information the V-SMF creates PDU Session context. In addition, similar with Service Request procedure, the V-AMF may need to perform V-SMF re-allocation procedure.

Proposal
Based on above discussion, different PLMN scenario requires further study and should not be supported in Rel-16 as concluded during the study. We propose that MA-PDU Session is supported only when the UE is registered in the same PLMN via both accesses and Service Request procedure is used to establish the user plane resources for a MA-PDU Session.
Proposal: Since we believe that the scenario with different PLMNs requires further consideration and should not be supported in Rel-16, we propose to use the Service Request procedure to establish the user-plane resources for a MA-PDU Session, as it is currently used to establish the user-plane resources for other (single-access) PDU Sessions.
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PDU Session ID, SM NAS (PDU Session Establishment Request))

Create session contexts

-PDU Session ID (=1)

-SMF Identity (V-SMF)

-S-NSSAI (= X)

-Access Type (= Multi Access)

3. Nsmf_PDUSession_CreateSMContext Request(MA-PDU indication, Request Type = 

“initial Request”, PDU Session ID, SM NAS (PDU Session Establishment Request))

1. UE is registered VPLMN via 3GPP access

4. Nsmf_PDUSession_CreateSMContext Response (SM Context ID)

5. Nsmf_PDUSession_Create Request(MA-PDU indication, 

Request Type = “Initial Request”, PDU Session ID)

Create session contexts

-SM Context ID

-PDU Session ID (=1)

-V-SMF Identity

-S-NSSAI (= X)

-Access Type (= Multi Access)

7. Nsmf_PDUSession_Create Response (SM Context ID, H-CN Tunnel Info)

6. N4 Session Establishment

Stores SM Context ID

8. Namf_Communication_N1N2MessageTransfer (Access Type, N2 SM information, 

N1 SM container (PDU Session Establishment Accept))

9. N2 PDU Session Request (N2 SM information, N1 SM container (PDU Session Establishment Accept))

10. RRC Connection Reconfiugration (PDU Session Establishment Accept)

11. N2 PDU Session Request Ack (N2 SM information)

12. Nsmf_PDUSession_UpdateSMContext Request(SM Context ID, N2 SM information)

13. N4 Session Modification

14. Nsmf_PDUSession_UpdateSMContext Response ()

Stores SM Context ID
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2. MM NAS (Request Type = “initial Request”, MA-PDU indication, PDU Session ID, SM NAS (PDU Session Establishment Request))


Create session contexts
- PDU Session ID (=1)
- SMF Identity (V-SMF)
- S-NSSAI (= X)
- Access Type (= Multi Access)


3. Nsmf_PDUSession_CreateSMContext Request(MA-PDU indication, Request Type = “initial Request”, PDU Session ID, SM NAS (PDU Session Establishment Request))


1. UE is registered VPLMN via 3GPP access


4. Nsmf_PDUSession_CreateSMContext Response (SM Context ID)


5. Nsmf_PDUSession_Create Request(MA-PDU indication, Request Type = “Initial Request”, PDU Session ID)


Create session contexts
- SM Context ID
- PDU Session ID (=1)
- V-SMF Identity
- S-NSSAI (= X)
- Access Type (= Multi Access)


7. Nsmf_PDUSession_Create Response (SM Context ID, H-CN Tunnel Info)


6. N4 Session Establishment


Stores SM Context ID


8. Namf_Communication_N1N2MessageTransfer (Access Type, N2 SM information, N1 SM container (PDU Session Establishment Accept))


9. N2 PDU Session Request (N2 SM information, N1 SM container (PDU Session Establishment Accept))


10. RRC Connection Reconfiugration (PDU Session Establishment Accept)


11. N2 PDU Session Request Ack (N2 SM information)


12. Nsmf_PDUSession_UpdateSMContext Request(SM Context ID, N2 SM information)


13. N4 Session Modification


14. Nsmf_PDUSession_UpdateSMContext Response ()


Stores SM Context ID
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15. UE is registered VPLMN via non-3GPP access

N3IWF UE RAN V-AMF V-SMF V-UPF H-SMF H-UPF

16. MM NAS (Request Type = “Existing PDU Session”, PDU Session ID, 

SM NAS (PDU Session Establishment Request))

Eixisting session contexts

-PDU Session ID (=1)

-SMF Identity (V-SMF)

-S-NSSAI (= X)

-Access Type (= Multi Access)

17. Nsmf_PDUSession_UpdateSMContextRequest(MA-PDU indication, Request Type = 

“Existing PDU Session”, SM Context ID, SM NAS (PDU Session Establishment Request))

18. Nsmf_PDUSession_UpdateSMContext Response ()

22. Nsmf_PDUSession_Update Response (H-CN Tunnel Info)

19. N4 Session Modification

21. N4 Session Modification

23. Namf_Communication_N1N2MessageTransfer (Access Type, N2 SM information, 

N1 SM container (PDU Session Establishment Accept))

24. N2 PDU Session Request (N2 SM information, N1 SM container (PDU Session Establishment Accept))

25. IKE_CREATE_CHILD_SA

26. PDU Session Establishment Accept

27. N2 PDU Session Request Ack (N2 SM information)

28. Nsmf_PDUSession_UpdateSMContext Request(SM Context ID, N2 SM information)

29. N4 Session Modification

30. Nsmf_PDUSession_UpdateSMContext Response ()

20. Nsmf_PDUSession_UpdateRequest(MA-PDU indication, 

Request Type = “Existing PDU Session”, SM Context ID)

Existing session contexts

-SM Context ID

-PDU Session ID (=1)

-V-SMF Identity

-S-NSSAI (= X)

-Access Type (= Multi Access)
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Existing session contexts
- SM Context ID
- PDU Session ID (=1)
- V-SMF Identity
- S-NSSAI (= X)
- Access Type (= Multi Access)


15. UE is registered VPLMN via non-3GPP access


N3IWF


UE


RAN


V-AMF


V-SMF


V-UPF


H-SMF


H-UPF


16. MM NAS (Request Type = “Existing PDU Session”, PDU Session ID, SM NAS (PDU Session Establishment Request))


Eixisting session contexts
- PDU Session ID (=1)
- SMF Identity (V-SMF)
- S-NSSAI (= X)
- Access Type (= Multi Access)


17. Nsmf_PDUSession_UpdateSMContext Request(MA-PDU indication, Request Type = “Existing PDU Session”, SM Context ID, SM NAS (PDU Session Establishment Request))


18. Nsmf_PDUSession_UpdateSMContext Response ()


22. Nsmf_PDUSession_Update Response (H-CN Tunnel Info)


19. N4 Session Modification


21. N4 Session Modification


23. Namf_Communication_N1N2MessageTransfer (Access Type, N2 SM information, N1 SM container (PDU Session Establishment Accept))


24. N2 PDU Session Request (N2 SM information, N1 SM container (PDU Session Establishment Accept))


25. IKE_CREATE_CHILD_SA


26. PDU Session Establishment Accept


27. N2 PDU Session Request Ack (N2 SM information)


28. Nsmf_PDUSession_UpdateSMContext Request(SM Context ID, N2 SM information)


29. N4 Session Modification


30. Nsmf_PDUSession_UpdateSMContext Response ()


20. Nsmf_PDUSession_Update Request(MA-PDU indication, Request Type = “Existing PDU Session”, SM Context ID)
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16. Service Request (List Of PDU Sessions To Be Activated)

17. Nsmf_PDUSession_UpdateSMContextRequest(Access Type, UP activate, SM Context ID)

19. Nsmf_PDUSession_UpdateRequest(Access Type, 

UP activate, SM Context ID)

18. N4 Session Modification

23. N2 PDU Session Request (N2 SM information)

15. UE is registered VPLMN via non-3GPP access

N3IWF UE RAN V-AMF V-SMF V-UPF H-SMF H-UPF

Eixisting session contexts

-PDU Session ID (=1)

-SMF Identity (V-SMF)

-S-NSSAI (= X)

-Access Type (= Multi Access)

Existing session contexts

-SM Context ID

-PDU Session ID (=1)

-V-SMF Identity

-S-NSSAI (= X)

-Access Type (= Multi Access)

21. Nsmf_PDUSession_Update Response (H-CN Tunnel Info)

20. N4 Session Modification

22. Nsmf_PDUSession_UpdateSMContextResponse (Access Type, N2 SM information)

26. N2 PDU Session Request Ack (N2 SM information)

27. Nsmf_PDUSession_UpdateSMContextRequest(SM Context ID, N2 SM information)

29. Nsmf_PDUSession_UpdateSMContextResponse ()

28. N4 Session Modification

24. IKE_CREATE_CHILD_SA

25. Service Accept
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Eixisting session contexts
- PDU Session ID (=1)
- SMF Identity (V-SMF)
- S-NSSAI (= X)
- Access Type (= Multi Access)


Existing session contexts
- SM Context ID
- PDU Session ID (=1)
- V-SMF Identity
- S-NSSAI (= X)
- Access Type (= Multi Access)


21. Nsmf_PDUSession_Update Response (H-CN Tunnel Info)


20. N4 Session Modification


22. Nsmf_PDUSession_UpdateSMContext Response (Access Type, N2 SM information)


26. N2 PDU Session Request Ack (N2 SM information)


27. Nsmf_PDUSession_UpdateSMContext Request(SM Context ID, N2 SM information)


29. Nsmf_PDUSession_UpdateSMContext Response ()


28. N4 Session Modification


24. IKE_CREATE_CHILD_SA


25. Service Accept


16. Service Request (List Of PDU Sessions To Be Activated)


17. Nsmf_PDUSession_UpdateSMContext Request(Access Type, UP activate, SM Context ID)


19. Nsmf_PDUSession_Update Request(Access Type, UP activate, SM Context ID)


18. N4 Session Modification


23. N2 PDU Session Request (N2 SM information)


15. UE is registered VPLMN via non-3GPP access
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H-UPF
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21. N2 PDU Session Request (N2 SM information)

15. UE is registered VPLMN via non-3GPP access

N3IWF UE RAN V-AMF V-SMF V-UPF H-SMF H-UPF

Eixisting session contexts

-PDU Session ID (=1)

-SMF Identity (V-SMF)

-S-NSSAI (= X)

-Access Type (= Multi Access)

20. Namf_Communication_N1N2MessageTransfer Request (Access Type, 

N2 SM information)

23. N2 PDU Session Request Ack (N2 SM information)

24. Nsmf_PDUSession_UpdateSMContextRequest (N2 SM information) / Response

25. N4 Session Modification

22. IKE_CREATE_CHILD_SA

16. Namf_EventExposure_Notify (Registration state change (Registered))

17. Nsmf_EventExposure_Notify (Registration state change (Registered))

18. N4 Session Modification

19. Nsmf_PDUSession_Update Request (SM Context ID, 

CN-Tunnel Info, UP active + Access Type)

26. Nsmf_PDUSession_Update Response ()

27. N4 Session Modification
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Eixisting session contexts
- PDU Session ID (=1)
- SMF Identity (V-SMF)
- S-NSSAI (= X)
- Access Type (= Multi Access)


26. Nsmf_PDUSession_Update Response ()


27. N4 Session Modification


20. Namf_Communication_N1N2MessageTransfer Request (Access Type, N2 SM information)


23. N2 PDU Session Request Ack (N2 SM information)


24. Nsmf_PDUSession_UpdateSMContext Request (N2 SM information) / Response


25. N4 Session Modification


22. IKE_CREATE_CHILD_SA


16. Namf_EventExposure_Notify (Registration state change (Registered))


17. Nsmf_EventExposure_Notify (Registration state change (Registered))


18. N4 Session Modification


19. Nsmf_PDUSession_Update Request (SM Context ID, CN-Tunnel Info, UP active + Access Type)


21. N2 PDU Session Request (N2 SM information)


15. UE is registered VPLMN via non-3GPP access
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H-SMF


H-UPF
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N3IWF UE RAN V-AMF H-AMF V-SMF V-UPF H-SMF H-UPF

2. MM NAS (Request Type = “initial Request”, MA-PDU indication, 

PDU Session ID, SM NAS (PDU Session Establishment Request))

Create session contexts

-PDU Session ID (=1)

-SMF Identity (H-SMF)

-S-NSSAI (= X)

-Access Type (= Multi Access)

3. Nsmf_PDUSession_CreateSMContext Request(MA-PDU indication, Request Type = 

“initial Request”, PDU Session ID, SM NAS (PDU Session Establishment Request))

Create session contexts

-SM Context ID

-PDU Session ID (=1)

-AMF Identity (H-AMF)

-S-NSSAI (= X)

-Access Type (= Multi Access)

1. UE is registered HPLMN via non-3GPP access

4. Nsmf_PDUSession_CreateSMContext Response (SM Context ID)

6. Namf_Communication_N1N2MessageTransfer (Access Type, N2 SM information, 

N1 SM container (PDU Session Establishment Accept))

7. N2 PDU Session Request (N2 SM information, N1 SM container (PDU Session Establishment Accept))

8. IKE_CREATE_CHILD_SA

9. PDU Session Establishment Accept

5. N4 Session Establishment

Stores SM Context ID

10. N2 PDU Session Request Ack (N2 SM information)

11. Nsmf_PDUSession_UpdateSMContext Request(SM Context ID, N2 SM information)

12. N4 Session Modification

13. Nsmf_PDUSession_UpdateSMContext Response ()
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2. MM NAS (Request Type = “initial Request”, MA-PDU indication, PDU Session ID, SM NAS (PDU Session Establishment Request))


10. N2 PDU Session Request Ack (N2 SM information)


11. Nsmf_PDUSession_UpdateSMContext Request(SM Context ID, N2 SM information)


12. N4 Session Modification


13. Nsmf_PDUSession_UpdateSMContext Response ()


Create session contexts
- PDU Session ID (=1)
- SMF Identity (H-SMF)
- S-NSSAI (= X)
- Access Type (= Multi Access)


3. Nsmf_PDUSession_CreateSMContext Request(MA-PDU indication, Request Type = “initial Request”, PDU Session ID, SM NAS (PDU Session Establishment Request))


Create session contexts
- SM Context ID
- PDU Session ID (=1)
- AMF Identity (H-AMF)
- S-NSSAI (= X)
- Access Type (= Multi Access)


1. UE is registered HPLMN via non-3GPP access


4. Nsmf_PDUSession_CreateSMContext Response (SM Context ID)


6. Namf_Communication_N1N2MessageTransfer (Access Type, N2 SM information, N1 SM container (PDU Session Establishment Accept))


7. N2 PDU Session Request (N2 SM information, N1 SM container (PDU Session Establishment Accept))


8. IKE_CREATE_CHILD_SA


9. PDU Session Establishment Accept


5. N4 Session Establishment


Stores SM Context ID
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14. UE is registered VPLMN via 3GPP access

15. MM NAS (Request Type = “Existing PDU Session”, PDU Session ID, 

SM NAS (PDU Session Establishment Request))

Select H-SMF and V-SMF

Create session contexts based on 

Subscription from UDR

-PDU Session ID (=1)

-SMF Identity (H-SMF)

-S-NSSAI (= X)

-Access Type (= Multi Access)

16. Nsmf_PDUSession_CreateSMContextRequest(MA-PDU indication, Request Type = 

“Existing PDU Session”, PDU Session ID, SM NAS (PDU Session Establishment Request))

19. Nsmf_PDUSession_CreateRequest(MA-PDU indication, 

Request Type = “Existing PDU Session”, PDU Session ID)

17. Nsmf_PDUSession_CreateSMContext Response (SM Context ID)

Stores SM Context ID

Updatesession contexts

-SM Context ID

-PDU Session ID (=1)

-AMF Identity (H-AMF)

-S-NSSAI (= X)

-Access Type (= Multi Access)

-V-SMF Identity

21. Nsmf_PDUSession_Create Response (H-CN Tunnel Info, 

SM Context ID)

18. N4 Session Establishment

20. N4 Session Modification

22. Namf_Communication_N1N2MessageTransfer (Access Type, N2 SM information, 

N1 SM container (PDU Session Establishment Accept))

23. N2 PDU Session Request (N2 SM information, N1 SM container (PDU Session Establishment Accept))

24. RRC Connection Reconfiugration (PDU Session Establishment Accept)

N3IWF UE RAN V-AMF H-AMF V-SMF V-UPF H-SMF H-UPF

Stores SM Context ID

26. N2 PDU Session Request Ack (N2 SM information)

27. Nsmf_PDUSession_UpdateSMContext Request(SM Context ID, N2 SM information)

28. N4 Session Modification

29. Nsmf_PDUSession_UpdateSMContext Response ()
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Stores SM Context ID


26. N2 PDU Session Request Ack (N2 SM information)


27. Nsmf_PDUSession_UpdateSMContext Request(SM Context ID, N2 SM information)


28. N4 Session Modification


29. Nsmf_PDUSession_UpdateSMContext Response ()


14. UE is registered VPLMN via 3GPP access


15. MM NAS (Request Type = “Existing PDU Session”, PDU Session ID, SM NAS (PDU Session Establishment Request))


Select H-SMF and V-SMF
Create session contexts based on Subscription from UDR
- PDU Session ID (=1)
- SMF Identity (H-SMF)
- S-NSSAI (= X)
- Access Type (= Multi Access)


16. Nsmf_PDUSession_CreateSMContext Request(MA-PDU indication, Request Type = “Existing PDU Session”, PDU Session ID, SM NAS (PDU Session Establishment Request))


17. Nsmf_PDUSession_CreateSMContext Response (SM Context ID)


19. Nsmf_PDUSession_Create Request(MA-PDU indication, Request Type = “Existing PDU Session”, PDU Session ID)


Stores SM Context ID


Update session contexts
- SM Context ID
- PDU Session ID (=1)
- AMF Identity (H-AMF)
- S-NSSAI (= X)
- Access Type (= Multi Access)
- V-SMF Identity


21. Nsmf_PDUSession_Create Response (H-CN Tunnel Info, SM Context ID)


18. N4 Session Establishment


20. N4 Session Modification


22. Namf_Communication_N1N2MessageTransfer (Access Type, N2 SM information, N1 SM container (PDU Session Establishment Accept))


23. N2 PDU Session Request (N2 SM information, N1 SM container (PDU Session Establishment Accept))


24. RRC Connection Reconfiugration (PDU Session Establishment Accept)
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14. UE is registered VPLMN via 3GPP access

N3IWF UE RAN V-AMF H-AMF V-SMF V-UPF H-SMF H-UPF

15. Service Request (List Of PDU Sessions To Be Activated)

Select V-SMF

Create session contexts based on 

Subscription from UDR

-PDU Session ID (=1)

-SMF Identity (H-SMF)

-S-NSSAI (= ?)

-Access Type (= ?)

16. Nsmf_PDUSession_CreateSMContextRequest(PDU Session ID, UP activate)

21. Nsmf_PDUSession_CreateSMContext Response (SM Context ID, 

N2 SM information, S-NSSAI, Access Type)

18. Nsmf_PDUSession_Create Request(PDU Session ID, UP activate)

Update session contexts

-SM Context ID

-PDU Session ID (=1)

-AMF Identity (H-AMF)

-S-NSSAI (= X)

-Access Type (= Multi Access)

-V-SMF Identity

20. Nsmf_PDUSession_Create Response (H-CN Tunnel Info, 

SM Context ID, S-NSSAI, Access Type)

17. N4 Session Establishment

19. N4 Session Modification

Stores SM Context ID

Stores SM Context ID

22. N2 PDU Session Request (N2 SM information)

23. RRC Connection Reconfiugration (Service Accpet)

24. N2 PDU Session Request Ack (N2 SM information)

25. Nsmf_PDUSession_UpdateSMContext Request(SM Context ID, N2 SM information)

26. N4 Session Modification

27. Nsmf_PDUSession_UpdateSMContext Response ()

Updatesession contexts based on 

Subscription from UDR

-PDU Session ID (=1)

-SMF Identity (H-SMF)

-S-NSSAI (= X)

-Access Type (= Multi-Access)

Similar to EPC interworking
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15. Service Request (List Of PDU Sessions To Be Activated)


Select V-SMF
Create session contexts based on Subscription from UDR
- PDU Session ID (=1)
- SMF Identity (H-SMF)
- S-NSSAI (= ?)
- Access Type (= ?)


16. Nsmf_PDUSession_CreateSMContext Request(PDU Session ID, UP activate)


21. Nsmf_PDUSession_CreateSMContext Response (SM Context ID, N2 SM information, S-NSSAI, Access Type)


18. Nsmf_PDUSession_Create Request(PDU Session ID, UP activate)


Update session contexts
- SM Context ID
- PDU Session ID (=1)
- AMF Identity (H-AMF)
- S-NSSAI (= X)
- Access Type (= Multi Access)
- V-SMF Identity


20. Nsmf_PDUSession_Create Response (H-CN Tunnel Info, SM Context ID, S-NSSAI, Access Type)


17. N4 Session Establishment


19. N4 Session Modification


Stores SM Context ID


Stores SM Context ID


Similar to EPC interworking


22. N2 PDU Session Request (N2 SM information)


23. RRC Connection Reconfiugration (Service Accpet)


24. N2 PDU Session Request Ack (N2 SM information)


25. Nsmf_PDUSession_UpdateSMContext Request(SM Context ID, N2 SM information)


14. UE is registered VPLMN via 3GPP access


26. N4 Session Modification


27. Nsmf_PDUSession_UpdateSMContext Response ()


Update session contexts based on Subscription from UDR
- PDU Session ID (=1)
- SMF Identity (H-SMF)
- S-NSSAI (= X)
- Access Type (= Multi-Access)
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14. UE is registered VPLMN via 3GPP access

N3IWF UE RAN V-AMF H-AMF V-SMF V-UPF H-SMF H-UPF

17. N4 Session Modification

Create session contexts based on 

Subscription from UDR

-PDU Session ID (=1)

-SMF Identity (H-SMF)

-S-NSSAI (= ?)

-Access Type (= Multi Access)

15. Namf_EventExposure_Notify (H-SMF Identity, 

Registration state change (Registered))

16. Nsmf_EventExposure_Notify (Registration state change (Registered))

18. Nsmf_PDUSession_CreateRequest (PDU Session ID, 

CN-Tunnel Info, S-NSSAI, UP activate + Access Type)

Update session contexts

-SM Context ID

-PDU Session ID (=1)

-AMF Identity (H-AMF)

-S-NSSAI (= X)

-Access Type (= Multi Access)

-V-SMF Identity

20. N2 PDU Session Request (N2 SM information)

19. Namf_Communication_N1N2MessageTransfer Request (Access Type, 

S-NSSAI, N2 SM information)

22. N2 PDU Session Request Ack (N2 SM information)

23. Nsmf_PDUSession_UpdateSMContextRequest (N2 SM information) / Response

24. N4 Session Modification

21. IKE_CREATE_CHILD_SA

25. Nsmf_PDUSession_Update Response ()

26. N4 Session Modification

Updatesession contexts based on 

Subscription from UDR

-PDU Session ID (=1)

-SMF Identity (H-SMF)

-S-NSSAI (= X)

-Access Type (= Multi Access)

Create session contexts

-SM Context ID

-PDU Session ID (=1)

-AMF Identity (H-AMF)

-S-NSSAI (= ?)

-Access Type (= Multi Access)
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Create session contexts based on Subscription from UDR
- PDU Session ID (=1)
- SMF Identity (H-SMF)
- S-NSSAI (= ?)
- Access Type (= Multi Access)


15. Namf_EventExposure_Notify (H-SMF Identity, Registration state change (Registered))


Create session contexts
- SM Context ID
- PDU Session ID (=1)
- AMF Identity (H-AMF)
- S-NSSAI (= ?)
- Access Type (= Multi Access)


17. N4 Session Modification


16. Nsmf_EventExposure_Notify (Registration state change (Registered))


18. Nsmf_PDUSession_Create Request (PDU Session ID, CN-Tunnel Info, S-NSSAI, UP activate + Access Type)


Update session contexts
- SM Context ID
- PDU Session ID (=1)
- AMF Identity (H-AMF)
- S-NSSAI (= X)
- Access Type (= Multi Access)
- V-SMF Identity


20. N2 PDU Session Request (N2 SM information)


19. Namf_Communication_N1N2MessageTransfer Request (Access Type, S-NSSAI, N2 SM information)


22. N2 PDU Session Request Ack (N2 SM information)


23. Nsmf_PDUSession_UpdateSMContext Request (N2 SM information) / Response


24. N4 Session Modification


21. IKE_CREATE_CHILD_SA


25. Nsmf_PDUSession_Update Response ()


26. N4 Session Modification


Update session contexts based on Subscription from UDR
- PDU Session ID (=1)
- SMF Identity (H-SMF)
- S-NSSAI (= X)
- Access Type (= Multi Access)


14. UE is registered VPLMN via 3GPP access
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N3IWF UE RAN H-AMF H-SMF H-UPF

2. MM NAS (Request Type = “initial Request”, MA-PDU indication, 

PDU Session ID, SM NAS (PDU Session Establishment Request))

Create session contexts

-PDU Session ID (=1)

-SMF Identity (H-SMF)

-S-NSSAI (= X)

-Access Type (= Multi Access)

1. UE is registered HPLMN via 3GPP access

3. Nsmf_PDUSession_Create Request(MA-PDU indication, 

Request Type = “Initial Request”, PDU Session ID)

Create session contexts

-SM Context ID

-PDU Session ID (=1)

-V-SMF Identity

-S-NSSAI (= X)

-Access Type (= Multi Access)

5. Nsmf_PDUSession_Create Response (SM Context ID)

4. N4 Session Establishment

Stores SM Context ID

6. Namf_Communication_N1N2MessageTransfer (Access Type, N2 SM information, 

N1 SM container (PDU Session Establishment Accept))

7. N2 PDU Session Request (N2 SM information, N1 SM container (PDU Session Establishment Accept))

8. RRC Connection Reconfiugration (PDU Session Establishment Accept)

9. N2 PDU Session Request Ack (N2 SM information)

10. Nsmf_PDUSession_UpdateSMContext Request(SM Context ID, N2 SM information)

11. N4 Session Modification

12. Nsmf_PDUSession_UpdateSMContext Response ()
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2. MM NAS (Request Type = “initial Request”, MA-PDU indication, PDU Session ID, SM NAS (PDU Session Establishment Request))


Create session contexts
- PDU Session ID (=1)
- SMF Identity (H-SMF)
- S-NSSAI (= X)
- Access Type (= Multi Access)


1. UE is registered HPLMN via 3GPP access


3. Nsmf_PDUSession_Create Request(MA-PDU indication, Request Type = “Initial Request”, PDU Session ID)


Create session contexts
- SM Context ID
- PDU Session ID (=1)
- V-SMF Identity
- S-NSSAI (= X)
- Access Type (= Multi Access)


5. Nsmf_PDUSession_Create Response (SM Context ID)


4. N4 Session Establishment


Stores SM Context ID


6. Namf_Communication_N1N2MessageTransfer (Access Type, N2 SM information, N1 SM container (PDU Session Establishment Accept))


7. N2 PDU Session Request (N2 SM information, N1 SM container (PDU Session Establishment Accept))


8. RRC Connection Reconfiugration (PDU Session Establishment Accept)


9. N2 PDU Session Request Ack (N2 SM information)


10. Nsmf_PDUSession_UpdateSMContext Request(SM Context ID, N2 SM information)


11. N4 Session Modification


12. Nsmf_PDUSession_UpdateSMContext Response ()



