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	Reason for change:
	#1 Separate indication for EPS interworking support with N26 and without 26
DP S2-1900126 may be referenced for more discussion.

The CT4 LS S2-1900037 (C4-188612) pointed out a misalignment between stage 2 and stage 3 regarding the EPS interworking indication, i.e. 

stage 3 specifies that the AMF sends explicit indication for EPS interworking with N26 (or without N26) to the SMF so that SMF request EBI allocation only if EPS interworking with N26 is supported, 

while according to stage 2, the SMF does not have info if interworking with N26 is supported, and EBI allocation rejection from the AMF is considered as “EPS Interworking with N26 not supported.

The above CT4 LS also explained the following reasons why explicit indication for EPS interworking with N26 is needed:

1. It saves network traffic from unnecessary EBI assignment service operation invocations by the SMF to the AMF, when N26 interface is not supported for EPS interworking.
2. The SA2 alternative requires the SMF to derive that N26 is not supported from the receipt of a negative response during an EBI assignment procedure. The SMF may not be able then to discover that N26 becomes supported when N26 is enabled in the PLMN, unless the SMF periodically initiates EBI assignment procedures.

3. As a general protocol design principle, negative responses are intended for abnormal cases. Using negative responses to derive a particular configuration within a PLMN for normal procedures is not preferred in general.
The above reasoning makes sense in our view, and it’s proposed to align with stage 3, i.e. to have separate indication for EPS interworking with N26 or without N26, therefore SMF does not request EBI allocation for EPS interworking without N26. 

#2 How the EPS interworking indication is handled in the home routed roaming scenario is missing.
#3 A few corrections

	
	

	Summary of change:
	Clause 4.11.1.4.1 
Clarify that PGW determines the status of EPS IWK with N26  based on the indication received from AMF and other info such as User Plane Security Enforcement information.

Clause 4.11.1.4.3 
Separate the AMF-initiated PDU Session Modification from UE initiated modification, as in AMF-initiated modification, if EPS IWK with N26 status is changed from “supported” or “not supported”, the AMF is aware that all the EBIs for the PDU Session are to be revoked and SMF does not need to include the released EBI list. 

Clause 4.11.5.1 
Replace “common” with “applicable” as separate indications for wN26 and woN26 are proposed.
Clauses 4.11.5.2, 4.11.5.3 and 4.11.5.4.

Corrrection: replace “UE radio capability“ with “5GMM Capability” where “S1 mode supported” is included.
Clarify that the AMF determines if EPS IWK with N26 or without N26 is supported, and pass that the result to the SMF.

Clauses 4.11.5.3 and 4.11.5.4

Add the missing scenario for Home Routed roaming. 

Clause 4.11.5.3 

Correction: remove “Nsmf_PDUSession_UpdateSMContext”, as the status of EPS IWK support is included Nsmf_PDUSession_CreateSMContext.

	
	

	Consequences if not approved:
	Misalignment with stage 3;

Possibly unnecessary signaling due to EBI allocation request for scenario without N26 if SMF request EBI allocation for every PDU Session and gets rejected; or if EBI rejection for one PDU Session is considered N26 not supported for the serving PLMN, then EPS IWK may not work due to SMF not being able to become aware when EPS interface with N26 is supported;

Possibly confusing statistic of EBI allocation failure where EBI allocation is not applicable.
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*************** Start of changes ***************
4.11.1.4.1
EPS bearer ID allocation
Following procedures are updated to allocate EPS bearer ID(s) towards EPS bearer(s) mapped from QoS flow(s) and provide the EPS bearer ID(s) to the NG-RAN:

-
UE requested PDU Session Establishment (Non-roaming and Roaming with Local Breakout (clause 4.3.2.2.1).

-
UE requested PDU Session Establishment (Home-routed Roaming (clause 4.3.2.2.2).

-
UE or network requested PDU Session Modification (non-roaming and roaming with local breakout) (clause 4.3.3.2).

-
UE or network requested PDU Session Modification (home-routed roaming) (clause 4.3.3.3).
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1. UE requested PDU Session Establishment 

(Non-roaming and Roaming with Local Breakout) 

UE requested PDU Session Establishment 

(Home-routed Roaming) 

UE or network requested PDU session modification 

(non-roaming and roaming with local breakout)

UE or network requested PDU session 

modification (home-routed roaming) 

Figure 4.3.2.2.2-1         steps 1-11      or

Figure 4.3.2.2.1-1        steps 1-9        or

Figure 4.3.3.3-1           steps 1-2

Figure 4.3.3.2-1            steps 1-2        or

2.Namf_Communication_EBIAssignment Request

10. UE requested PDU Session Establishment 

(Non-roaming and Roaming with Local Breakout) 

UE requested PDU Session Establishment 

(Home-routed Roaming) 

UE or network requested PDU session modification 

(non-roaming and roaming with local breakout)

UE or network requested PDU session 

modification (home-routed roaming) 

Figure 4.3.2.2.2-1         steps 15-23    or

Figure 4.3.2.2.1-1        steps 12-20     or

Figure 4.3.3.3-1           steps 5-17

Figure 4.3.3.2-1            steps 4-12        or

PGW-C+SMF

3. Nsmf_PDUSession_Update SM Context

7.Namf_Communication_EBIAssignment Response

(R)AN

4. Namf_Communication_N1N2MessageTransfer 

5. N2 PDU Session Request 

6. (if EBI release)

Network requested PDU session modification (non-roaming 

and roaming with local breakout)

Network requested PDU session modification (home-routed 

roaming) 

Figure 4.3.3.3-1           steps 1a-16

Figure 4.3.3.2-1            steps 1a-12        or

9a. Namf_Communication_N1N2MessageTransfer 

8. N4 Session Establishment 

V-SMF

9b. Namf_Communication_N1N2MessageTransfer 

9b. Nsmf_PDUSession_Create Response (establishment/

Nsmf_PDUSession_Update Request (modification)

Home-routed roaming

Non-roaming or LBO

9.  Generate parameters


Figure 4.11.1.4.1-1: Procedures for EPS bearer ID allocation
1.
Procedure as listed in this step is initiated as specified in the relevant clauses of this specification. The relevant steps of the procedure as specified in the figure above are executed.
2.
If the PGW-C+SMF (or H-SMF in case of home routed case), determines,  based on the indication of EPS interworking support with N26 as defined in clauses 4.11.5.2,  4.11.5.3 and 4.11.5.4, and operator policies e.g. User Plane Security Enforcement information, that EPS bearer ID(s) needs to be assigned to the QoS flow(s) in the PDU Session, PGW-C+SMF invokes Namf_Communication_EBIAssignment Request (PDU Session ID, ARP list) (via V-SMF Nsmf_ PDUSession_Update in case of home routed case). When V-SMF receives Nsmf_PDUSession_Update request from H-SMF for EPS bearer ID allocation request, V-SMF needs to invoke Namf_Communication_EBIAssignment Request (PDU Session ID, ARP list). If the PGW-C+SMF (or H-SMF in case of home-routed roaming) serves multiple PDU sessions for the same DNN but different S-NSSAIs for a UE, then the SMF shall only request EBIs for PDU sessions served by a common UPF (PSA). In case different UPF (PSA) are serving those PDU sessions, then the SMF chooses one of the UPF (PSA) for this determination based on operator policy.

Steps 3 to 6 apply only when AMF needs to revoke EBI previously allocated for an UE in order to serve a new SMF request of EBI for the same UE.
3.
[Conditional] If the AMF has no available EBIs, the AMF may revoke an EBI that was assigned to QoS flow(s) based on the ARP(s) and S-NSSAI stored during PDU Session establishment, EBIs information in the UE context and local policies. If an assigned EBI is to be revoked, the AMF invokes Nsmf_PDUSession_UpdateSMContext (EBI(s) to be revoked) to request the related SMF (called "SMF serving the released resources") to release the mapped EPS QoS parameters corresponding to the EBI to be revoked. The AMF stores the association of the assigned EBI, ARP pair to the corresponding PDU Session ID and SMF address.
4.
The "SMF serving the released resources" that receives the request in step 3 shall invoke Namf_Communication_N1N2Message Transfer (N2 SM information (PDU Session ID, EBI(s) to be revoked), N1 SM container (PDU Session Modification Command (PDU Session ID, EBI(s) to be revoked))) to inform the (R)AN and the UE to remove the mapped EPS QoS parameters corresponding to the EBI(s) to be revoked. In home routed roaming scenario, the H-SMF includes EBI(s) to be revoked to V-SMF to inform V-SMF to remove the mapped EPS bearer context corresponding to the EBI(s) to be revoked.
NOTE 1:
The SMF can also decide to remove the QoS flow if it is not acceptable to continue the service when no corresponding EPS QoS parameters can be assigned.

For home routed roaming scenario, the "SMF serving the released resources" sends an N4 Session Modification Request to request the PGW-U+UPF to release N4 Session corresponding to the revoked EBI(s).


In home routed roaming case, the V-SMF starts a VPLMN initiated QoS modification for the PDU Session and the Namf_Communication_N1N2Message Transfer is invoked by the V-SMF based on the corresponding QoS modification message received from H-SMF.

5.
If the UE is in CM-CONNECTED state, the AMF sends N2 PDU Session Request (N2 SM information received from SMF, NAS message (PDU Session ID, N1 SM container (PDU Session Modification Command))) Message to the (R)AN.

If the UE is in CM-IDLE state and an ATC is activated, the AMF updates and stores the UE context based on the Namf_Communication_N1N2MessageTransfer and step 5-6 are skipped. When the UE is reachable, e.g. when the UE enters CM-CONNECTED state, the AMF forwards the N1 message to synchronize the UE context with the UE.
6.
The rest steps of the procedure are executed as specified in the figure above.
7
If the AMF successfully assigns EBI(s), it responds with the assigned EBI(s). Otherwise, it responds with a cause indicating EBI assignment failure.


If a PDU Session from another SMF already exists towards the same DNN, the AMF revokes the EBI(s) from the existing PDU Session(s) to the same DNN but different SMFs if the AMF makes the decision, based on the operator policy, that the existing PDU Session cannot support EPS interworking N26.


The AMF stores the DNN and PGW-C+SMF in which the PDU Session(s) support EPS interworking to UDM in clause 4.11.1.6.

NOTE 2:
The above applies only when the S-NSSAI(s) for the PDU Sessions are different, otherwise the same SMF is selected for PDU Sessions to the same DNN.

8.
The PGW-C+SMF sends an N4 Session Establishment/Modification Request to the PGW-U+UPF.


For home routed roaming scenario, if the EBI is assigned successfully, the PGW-C+SMF prepares the CN Tunnel Info for each EPS bearer. If the CN Tunnel info is allocated by the PGW-C+SMF, the PGW-U tunnel info for the EPS bearer may be provided to PGW-U+UPF. If the CN Tunnel info is allocated by PGW-U+UPF, the PGW-U+UPF sends the PGW-U tunnel info for the EPS bearer to the PGW-C+SMF. The PGW-U+UPF is ready to receive uplink packets from E-UTRAN.
NOTE 3:
In the home routed roaming scenario the PGW-C+SMF prepares the CN Tunnel Info for each EPS bearer and provide it to V-SMF. Thus when the UE move to EPC network, the V-SMF does not need interact with the PGW-C+SMF to get the EPS bearer context(s).

NOTE 4:
If the CN Tunnel info is allocated by the PGW-C+SMF and not provided to PGW-U+UPF at PDU Session establishment, when the UE moves to the target RAT the PGW-U+UPF cannot receive UL data until the PGW-C+SMF has provided the Tunnel Info to the PGW-U+UPF in N4 Session Modification. This causes a short interruption to the UL data during the intersystem handover execution.

9.
If the PGW-C+SMF receives any EBI(s) from the AMF, it adds the received EBI(s) into the mapped EPS bearer context(s).


In home routed roaming scenario, the PGW-C+SMF generates EPS bearer context which includes per EPS bearer PGW-U tunnel information. In addition, if the default EPS bearer is generated for the corresponding PDN Connection of PDU Session (i.e. during the PDU Session establishment procedure), the PGW-C+SMF generates the PGW-C tunnel information of the PDN connection and include it in UE EPS PDN connection.

9a.
[Conditional] In non-roaming or LBO scenario, the PGW-C+SMF includes the mapped EPS bearer context(s) and the corresponding QoS Flow(s) to be sent to the UE in the N1 SM container. PGW-C+SMF also indicates the mapping between the QoS Flow(s) and mapped EPS bearer context(s) in the N1 SM container. PGW-C+SMF also includes the mapping between the received EBI(s) and QFI(s) into the N2 SM information to be sent to the NG-RAN. The PGW-C+SMF sends the N1 SM container and N2 SM information to AMF via Namf_Communication_N1N2MessageTransfer.
9b
[Conditional] In home routed roaming scenario, the PGW-C+SMF sends mapped EPS bearer context(s), the mapping between the received EBI(s) and QFI(s), and EPS bearer context to V-SMF via Nsmf_PDUSession_Create Response in case of PDU Session Establishment, or via Nsmf_PDUSession_Update Request in case of PDU Session Modification. The V-SMF stores the EPS bearer context, and generates N1 SM container and N2 SM information, and forwards them to AMF via Namf_Communication_N1N2MessageTransfer.
10.
The N1 SM container and N2 SM information are sent to the UE and NG-RAN respectively. The relevant steps of the procedure as specified in the figure above are executed.
*************** Next changes ***************
4.11.1.4.3
EPS bearer ID revocation

Following procedures are updated to revoke the EPS bearer ID(s) assigned to the QoS flow(s):

-
UE or network requested PDU Session Release for Non-roaming and Roaming with Local Breakout (clause 4.3.4.2).

-
UE or network requested PDU Session Release for Home-routed Roaming (clause 4.3.4.3).

-
UE or network requested PDU Session Modification (non-roaming and roaming with local breakout) (clause 4.3.3.2).

-
UE or network requested PDU Session Modification (home-routed roaming) (clause 4.3.3.3).

When the PDU Session is released as described in clauses 4.3.4.2 or 4.3.4.3, and the SMF invokes Nsmf_PDUSession_StatusNotify to notify AMF that the SM context for this PDU Session is released, the AMF releases the association between the SMF ID and the PDU Session ID, and releases the EBIs assigned for this PDU Session. When all the PDU sessions which are allocated with EBIs are released in the same SMF, the AMF may revoke DNN and PGW-C+SMF FQDN for S5/S8 interface in the UDM using Nudm_UECM_Update service operation.

NOTE 1:
If the PGW-C+SMF in which the PDU sessions support EPS interworking is changed for the same DNN, the AMF can update the DNN and new PGW-C+SMF FQDN for S5/S8 interface in the UDM using Nudm_UECM_Update service operation.
When the UE initiates a PDU Session Modification as described in clauses 4.3.3.2 or 4.3.3.3, and the SMF needs to release the assigned EBI from a QoS flow (e.g. when the QoS flow is released), the SMF can indicate the Released EBI list in the Nsmf_PDUSession_UpdateSMContext Response to the AMF. The AMF releases the corresponding EBI allocation for this PDU Session.
When the AMF initiates a PDU Session Modification as described in clauses 4.3.3.2 or 4.3.3.3 to change the status of EPS interworking with N26 to “not supported”, the AMF releases the EBIs assigned for this PDU Session and SMF release the assigned EBIs from the QoS Flows belonging to this PDU Session. 
When the SMF initiates a PDU Session Modification as described in clauses 4.3.3.2 or 4.3.3.3, and the SMF needs to release the assigned EBI from a QoS flow (e.g. when the QoS flow is released), the SMF invokes Namf_Communication_EBIAssignment and indicates the Released EBI list to the AMF. The AMF releases the corresponding EBI allocation for this PDU Session.

*************** Next changes ***************
4.11.5
Impacts to 5GC Procedures

4.11.5.1
General

This clause captures impacts to 5GC procedures in other clauses of this specification to support interworking with EPS. These impacts are applicable to interworking based on N26 and interworking without N26.

4.11.5.2
Registration procedure

The following impacts are applicable to clause 4.2.2.2 (Registration procedure) when the UE has established PDU Session(s):

-
Step 17: Additional trigger for Step 17 Nsmf_PDUSession_UpdateSMContext are:

-
If status of interworking with EPS for a PDU session changes, e.g. due to change of 5GMM capability (e.g. "S1 mode supported"), the UE subscription data change (e.g. Core Network Type Restriction to EPC, EPC interworking support per (S-NSSAI, subscribed DNN)), the AMF invokes Nsmf_PDUSession_UpdateSMContext (EPS Interworking Indication with N26 or without N26) to SMF. The SMF determines whether the PDU session supports interworking with EPS need be changed. If it needs to be changed, the SMF invokes Nudm_UECM_Update service operation to add or remove the PGW-C FQDN for S5/S8 interface from the UE context in SMF data stored at the UDM.

For interworking with the N26 interface, if status of interworking with EPS for a PDU session is changed at PGW-C+SMF, the PGW-C+SMF invokes EBI allocation or revocation as described in clause 4.11.1.4.1 and clause 4.11.1.4.2 respectively.

4.11.5.3
UE Requested PDU Session Establishment procedure

The following impacts are applicable to clause 4.3.2.2 (UE Requested PDU Session Establishment procedure) to support interworking with EPS:
In clause 4.3.2.2.1 Non-roaming and Roaming with Local Breakout
-
Step 3:
 
The AMF determines that  a PDU Session supports EPS interworking with N26 or without N26, based on e.g. 5GMM capability (e.g. "S1 mode supported"), UE subscription data (e.g. Core Network Type Restriction to EPS, EPC interworking support per (S-NSSAI, subscribed DNN)) and network configuration if EPS interworking with N26 or without N26 is supported. The AMF then includes in the Nsmf_PDUSession_CreateSMContext 
an indication whether the PDU Session supports EPS Interworking with N26 or without N26.
-
Step 4: If the EPS interworking indication received from AMF indicates that the UE supports EPS interworking and the SMF determines (e.g. based on UE subscription data (e.g. whether EPS interworking is allowed for this DNN and S-NSSAI)) that the PDU Session supports EPS interworking, the PGW-C+SMF FQDN for S5/S8 interface is included in the Nudm_UECM_Registration Request.

In clause 4.3.2.2.2 Home-routed Roaming
-
Step 3a: The AMF determines if PDU Session supports EPS interworking with N26 or without N26 as for clause 4.3.2.2.1 Non-roaming and Roaming with Local Breakout. The AMF then includes in the Nsmf_PDUSession_CreateSMContext an indication whether the PDU Session supports EPS Interworking with N26 or without N26.
-
Step 6 The V-SMF pass the received EPS interworking indication to the H-SMF in Nsmf_PDUSession_Create.
-
Step 7: If the EPS interworking indication received from V-SMF indicates that the PDU Session supports EPS interworking and the SMF determines (e.g. based on UP integrity protection of UP Security Enforcement Information as described in clause 4.11.1.1) that the PDU Session supports EPS interworking, the PGW-C+SMF FQDN for S5/S8 interface is included in the Nudm_UECM_Registration Request.
For interworking with the N26 interface, if the PDU Session supports interworking with EPS, the PGW-C+SMF invokes EBI allocation as described in clause 4.11.1.4.1.

4.11.5.4
UE or Network Requested PDU Session Modification procedure

The following impacts are applicable to clause 4.3.3.2 (UE or network requested PDU Session Modification (non-roaming and roaming with local breakout)) to support interworking with EPS:

-
Step 1: In addition to the triggers listed in step 1 of clause 4.3.3.2, the procedure may be also triggered by the following event:

-
AMF initiated modification: If the support of EPS Interworking for this PDU Session has changed, e.g. the change of the UE's subscription data (e.g. Core Network Type Restriction to EPS), or change of 5GMM capability (e.g. "S1 mode supported"), the AMF invokes Nsmf_PDUSession_UpdateSMContext to update the status of EPS interworking support in the SMF.

-
Step 3a: This step also applies to AMF initiated modification. For AMF initiated modification, the SMF may determines whether the PDU session supports EPS interworking need be changed. If it need be changed, the SMF invokes Nudm_UECM_Update service operation to add or remove the PGW-C FQDN for S5/S8 interface from the UE context in SMF data stored at the UDM ,

The following impacts are applicable to clause 4.3.3.3 (UE or network requested PDU Session Modification (home-routed roaming)) to support interworking with EPS:
-
Step 1a (AMF to V-SMF):  Same impact as for step 1 of clause 4.3.3.2 above.
-
Step 1a (V-SMF to H-SMF):  The V-SMF pass the new status of EPS interworking support to the H-SMF.

-
Step 1a (H-SMF to V-SMF):  Same impact as for clause 3a of 4.3.3.2 above.
For interworking with the N26 interface, if status of interworking with EPS for a PDU session is changed at PGW-C+SMF, the PGW-C+SMF invokes EBI allocation or revocation as described in clause 4.11.1.4.1 and clause 4.11.1.4.2 respectively.

*************** End of changes ***************
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�Duplicated with the next para


�Not needed based on stage 3 that unchanged value is not sent (ref: Table 6.1.6.2.4-1: Definition of type SmContextUpdateData of TS 29.502)





3GPP


UE
AMF
PGW-C+SMF
PGW-U+UPF

1. UE requested PDU Session Establishment (Non-roaming and Roaming with Local Breakout)
UE requested PDU Session Establishment (Home-routed Roaming)
UE or network requested PDU session modification (non-roaming and roaming with local breakout)
UE or network requested PDU session modification (home-routed roaming)
Figure 4.3.2.2.2-1         steps 1-11      or
Figure 4.3.2.2.1-1        steps 1-9        or
Figure 4.3.3.3-1           steps 1-2
Figure 4.3.3.2-1            steps 1-2        or
2.Namf_Communication_EBIAssignment Request

10. UE requested PDU Session Establishment (Non-roaming and Roaming with Local Breakout)
UE requested PDU Session Establishment (Home-routed Roaming)
UE or network requested PDU session modification (non-roaming and roaming with local breakout)
UE or network requested PDU session modification (home-routed roaming)
Figure 4.3.2.2.2-1         steps 15-23    or
Figure 4.3.2.2.1-1        steps 12-20     or
Figure 4.3.3.3-1           steps 5-17
Figure 4.3.3.2-1            steps 4-12        or
PGW-C+SMF
3. Nsmf_PDUSession_Update SM Context
7.Namf_Communication_EBIAssignment Response
(R)AN
4. Namf_Communication_N1N2MessageTransfer
5. N2 PDU Session Request

6. (if EBI release)
Network requested PDU session modification (non-roaming and roaming with local breakout)
Network requested PDU session modification (home-routed roaming)
Figure 4.3.3.3-1           steps 1a-16
Figure 4.3.3.2-1            steps 1a-12        or
9a. Namf_Communication_N1N2MessageTransfer
8. N4 Session Establishment
V-SMF
9b. Namf_Communication_N1N2MessageTransfer
9b. Nsmf_PDUSession_Create Response (establishment/Nsmf_PDUSession_Update Request (modification)
Home-routed roaming
Non-roaming or LBO
9.  Generate parameters



