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Proposed changes:

[bookmark: _Hlk32241584][bookmark: _Hlk32443572]*** 1st Change ***
[bookmark: _Toc28005572][bookmark: _Toc36041447][bookmark: _Toc45134747][bookmark: _Toc51764040][bookmark: _Toc59019957][bookmark: _Toc28005575][bookmark: _Toc36041450][bookmark: _Toc45134750][bookmark: _Toc51764043][bookmark: _Toc59019960][bookmark: _Toc28012828][bookmark: _Toc36040219][bookmark: _Toc44692836][bookmark: _Toc45134297][bookmark: _Toc49607361][bookmark: _Toc51763333][bookmark: _Toc49763254][bookmark: _Toc49764009][bookmark: _Toc51316323][bookmark: _Toc51746503][bookmark: _Toc28007710][bookmark: _Toc44682786][bookmark: _Toc11247840][bookmark: _Toc27044984][bookmark: _Toc36034026][bookmark: _Toc45132173]11.1.1	RADIUS Authentication and Authorization
The SMF also represents the H-SMF in the home routed scenario in this subclause unless specified otherwise.
RADIUS Authentication and Authorization shall be used according to IETF RFC 2865 [8], IETF RFC 3162 [9] and IETF RFC 4818 [10]. In 5G, multiple authentication methods using Extensible Authentication Protocol (EAP) may be used such as EAP-TLS (see IETF RFC 5216 [11]), EAP-TTLS (see IETF RFC 5281 [37]). The SMF shall implement the RADIUS extension to support EAP as specified in IETF RFC 3579 [7].
The RADIUS client function may reside in an SMF. When the SMF receives an initial access request (i.e. the SMF receives the Nsmf_PDUSession_CreateSMContext request with type "Initial request" for non-roaming case or local breakout case, or the H-SMF receives the Nsmf_PDUSession_Create Request with type "Initial request" for home routed case), the RADIUS client function may send the authentication information to a DN-AAA server, which is identified during the DNN provisioning.
When the legacy applications require PAP/CHAP authentication with the UE in 5GS and the legacy DN-AAA server does not support EAP, PAP/CHAP may be used as the authentication protocol, with the external network performing the risk assessment.
The DN-AAA server performs authentication and authorization. The response (when positive) may contain network information, such as an IPv4 address and/or IPv6 prefix for the user when the SMF is interworking with the DN-AAA server.
The information delivered during the RADIUS authentication can be used to automatically correlate the user identity (e.g. SUPI) to the IPv4 address and/or IPv6 prefix, if applicable, assigned/confirmed by the SMF or the DN-AAA server respectively. The same procedure applies, in case of sending the authentication to a 'proxy' DN-AAA server.
For 5G, RADIUS Authentication is applicable to the initial access request. When the SMF receives an Access-Accept message from the DN-AAA server it shall complete the initial access procedure. If Access-Reject or no response is received, the SMF shall reject the initial access procedure with a suitable cause code.
When DN-AAA server authorizes the PDU Session Establishment, it may send DN authorization data for the established PDU Session to the SMF. The DN authorization data for the established PDU Session may include one or more of the following:
-	a reference to authorization data for policy and charging control locally configured in the SMF or PCF;
-	a list of allowed MAC addresses (maximum 16) for the Ethernet PDU Session;
-	a list of allowed VLAN Ids (maximum 16) for the Ethernet PDU Session; and
-	Session-AMBR for the PDU Session.
SMF policies may require DN authorization without DN authentication. In that case, when contacting the DN-AAA server for authorization, the SMF shall provide the GPSI of the UE if available.
The SMF may also use the RADIUS re-authorization procedure for the purpose of IPv4 address and/or IPv6 prefix allocation to the UE. The use cases that may lead this procedure are: 
-	IPv4 address and/or IPv6 prefix allocation after UPF selection during PDU session establishment procedure.
-	IPv6 prefix allocation during adding additional PDU Session Anchor procedure for IPv6 multi-homing.
-	IPv4 address allocation via DHCPv4 procedure after successful PDU session establishment procedure.
[bookmark: _Hlk42801414]The SMF may also trigger request for DN authentication/authorization and/or IP address/prefix allocation based on UE subscription data retrieve from the UDM as defined in subclause 5.2.2.2.5 of 3GPP TS 29.503.
When an IPv4 address and/or IPv6 prefix (including any additional IPv6 prefix of IPv6 multi-homing) is (re-)allocated or de-allocated (not causing the PDU session to be released) by using a method not via the DN-AAA server and if the SMF was required by the DN-AAA server to report such change during authentication procedure or by local configuration, the SMF shall, if applicable, use the authentication session that was established before to inform the DN-AAA server  by sending RADIUS Access-Request with the latest list of IPv4 address and/or IPv6 prefix(es).
When the SMF is notified by the UPF regarding the UE MAC address change (a new one is detected or a used one is inactive), if the SMF was required by the DN-AAA server to report such change during authentication procedure or by local configuration, the SMF shall, if applicable, use the authentication session that was established before to inform the DN-AAA server by sending RADIUS Access-Request with the latest list of UE MAC addresses in use. 
DN-AAA may initiate QoS flow termination and re-authorization, see details in clause 11.2.3 and clause 11.2.4. In the present release, the DN-AAA initiated re-authentication is not supported.
[bookmark: _Hlk64242726]For the 5GS interworking with EPS scenario, EAP based secondary authentication or re-authentication is not applicable to EPS in this release. SMF+PGW-C local policies may be based on the external network requirement, request the DN authorization without the DN authentication when the UE access in EPS or use the RADIUS re-authorization procedure without re-authentication, with the external network performing the risk assessment.

*** 2nd Change ***
11.2.1	Authentication, Authorization and Accounting procedures
The SMF also represents the H-SMF in the home routed scenario in this subclause unless specified otherwise.
When an SMF receives an initial access request (i.e. the SMF receives the Nsmf_PDUSession_CreateSMContext request with type "Initial request" for non-roaming case or local breakout case, or the H-SMF receives the Nsmf_PDUSession_Create Request with type "Initial request" for home routed case) message for a given DNN, the SMF may (depending on the configuration for this DNN) send a RADIUS Access-Request message with EAP extension to an DN-AAA server. Upon receipt of the Access-Request message, the DN-AAA server shall respond with an Access-Challenge message. Multi-round authentication using the Access-Challenge (sent by DN-AAA) and Access-Request messages may be used. The DN-AAA server finally authenticates and authorizes the user by replying with an Access Accept message. If the DN-AAA server is also responsible for IPv4 address and/or IPv6 prefix allocation, the DN-AAA server shall return the allocated IPv4 address and/or IPv6 prefix in the Access-Accept message.
For re-authentication and re-authorization, the SMF shall send a RADIUS Access-Request message with EAP extension and the DN-AAA shall respond with an Access-Challenge message. Multi-round authentication using the Access-Challenge (sent by DN-AAA) and Access-Request messages may be used. The DN-AAA server finally authenticates and authorizes the user by replying with an Access Accept message.
The SMF may initiate RADIUS re-authorization procedures for the purpose of IPv4 address and/or IPv6 prefix allocation (or renew the lease). In this case, the SMF shall set the Service-Type attribute to "Authorize Only" and the 3GPP-Allocate-IP-Type subattribute to the type of IP address to be allocated in the Access-Request message sent to the DN-AAA server. If the SMF is using DHCP signalling towards the UE and the DN-AAA server includes the Session-Timeout attribute in the Access-Accept, the SMF may use the Session-Timeout value as the DHCP lease time. The SMF shall not set the DHCP lease time value higher than the Session-Timeout value. The SMF may renew the DHCP lease to the UE without re-authorization towards the DN-AAA server providing that the new lease expiry is no later than the Session-Timeout timer expiry. If the SMF wishes to extend the lease time beyond the current Session-Timeout expiry, it shall initiate a new AAA re-authorization.
Even if the SMF was not involved in user authentication, it may send a RADIUS Accounting-Request (START) message to a DN-AAA server. This message may contain parameters, e.g. the tuple which includes the user ID and IPv4 address and/or IPv6 prefix, to be used by application servers (e.g. WAP gateway) in order to identify the user. This message also indicates to the AAA server that the user session has started. The user session is uniquely identified by the Acct-Session-Id that is composed of the Charging ID and the SMF IP address.
NOTE:	If the accounting session is required by the DN-AAA server to be created per QoS flow, how to identify the different accounting sessions is implementation specific. The SMF can include the Acct-Session-Id which is extended to include the QFI of the QoS flow or the Acct-Session-Id without QFI extension and with 3GPP-NSAPI combination in the RADIUS Accounting-Request (START).
If some external applications require RADIUS Accounting-Request (START) information before they can process user packets, then the selected DNN (SMF) may be configured in such a way that the UPF is instructed to drop user data until the Accounting-Response (START) is received from the AAA server. The SMF may wait for the Accounting-Response (START) before sending the final authentication response message in Namf_Communication_N1N2MessageTransfer service operation. The SMF may reject the initial access request if the Accounting-Response (START) is not received. The authentication and accounting servers may be separately configured for each DNN.
For IPv4 PDU type, if IPv4 address is allocated via DHCPv4 signalling between the UE and the DN-AAA after PDU session establishment, the SMF may wait to send the Accounting-Request (START) message until the UE receives its IPv4 address in a DHCPACK.
When the SMF receives a message indicating a QoS flow or PDU session release request and providing a RADIUS Accounting-Request (START) message was sent previously, the SMF shall send a RADIUS Accounting-Request (STOP) message to the DN-AAA server, which indicates the termination of this particular QoS flow or PDU session. The SMF shall immediately send the corresponding response (e.g. Nsmf_PDUSession_UpdateSMContext response) to the AMF, without waiting for an Accounting-Response (STOP) message from the DN-AAA server.
The DN-AAA server shall deallocate the IPv4 address and/or IPv6 prefix initially allocated to the subscriber, if there is no session for the subscriber.
Accounting-Request (ON) and Accounting-Request (OFF) messages may be sent from the SMF to the DN-AAA server to ensure the correct synchronization of the session information in the SMF and the DN-AAA server.
The SMF may send an Accounting-Request (ON) message to the DN-AAA server to indicate that a restart has occurred. The DN-AAA server may then release the associated resources.
Prior to a scheduled restart, the SMF may send Accounting-Request (OFF) message to the DN-AAA server. The DN-AAA server may then release the associated resources.
The following figure 11.2.1-1 is an example message flow to show the procedure of RADIUS Authentication and Accounting between an SMF and a DN-AAA server:
1.	UE initiates the PDU Session Establishment procedure, including authentication/authorization information.
2.	The AMF sends Nsmf_PDUSession_CreateSMContext Request including the authentication/authorization information to the SMF and the SMF responds to the service operation.
[bookmark: _Hlk64385037]	According to the configuration in the SMF, step 6 to step 9 are executed before step 3 if the SMF needs to send an EAP-Request message to the UE.
	In the case of home routed, the AMF sends Nsmf_PDUSession_CreateSMContext Request including the authentication/authorization information to the V-SMF and the V-SMF sends Nsmf_PDUSession_Create Request including the authentication/authorization information to the H-SMF.
3.	If the N4 session has not been established before, the SMF triggers the N4 Session Establishment procedure to the UPF.
In the case of home routed, the V-SMF triggers the N4 Session Establishment procedure to the V-UPF and the H-SMF triggers the N4 Session Establishment procedure to the H-UPF.
4.	The SMF sends the Access-Request message to the DN-AAA via the UPF, the message is forwarded from the SMF to the DN-AAA by the UPF in N4 user plane message.
In the case of home routed, the H-SMF sends the Access-Request message to the DN-AAA via the H-UPF, the message is forwarded from the H-SMF to the DN-AAA by the H-UPF in N4 user plane message.
5-10.	The DN-AAA responds with the Access-Challenge message to the SMF via the UPF, the message is forwarded from the DN-AAA to the SMF by the UPF in N4 user plane message. The authentication/authorization information is further transferred to UE via Namf_Communication_N1N2MessageTransfer service and NAS SM Transport message. UE responds to the received authentication/authorization data and such information is transferred in NAS SM Transport message and Nsmf_PDUSession_UpdateSMContext service, then finally sent to the DN-AAA by the SMF, via the UPF, in the Access-Request message.
In the case of home routed, the DN-AAA responds with the Access-Challenge message to the H-SMF via the H-UPF, the message is forwarded from the DN-AAA to the H-SMF by the H-UPF in N4 user plane message. The authentication/authorization information is transferred to V-SMF via Nsmf_PDUSession_Update service and is further transferred to UE via Namf_Communication_N1N2MessageTransfer service and NAS SM Transport message. UE responds to the received authentication/authorization data and such information is transferred in NAS SM Transport message, Nsmf_PDUSession_UpdateSMContext service and Nsmf_PDUSession_Update servic, then finally sent to the DN-AAA by the H-SMF, via the H-UPF, in the Access-Request message.
NOTE:	Step 5 to step 10 can be repeated depending on the authentication/authorization mechanism used (e.g. EAP-TLS).
11.	The SMF receives the final result of authentication/authorization from the DN-AAA in the Access-Accept message, via the UPF.
12.	The SMF requests to start accounting by sending the Accounting-Request (START) message to the DN-AAA via the UPF.
13.	The SMF proceeds with the PDU session establishment procedure and includes the authentication/authorization information in Namf_Communication_N1N2MessageTransfer service.
In the case of home routed, the H-SMF proceeds with the PDU session establishment procedure and includes the authentication/authorization information is transferred to V-SMF via Nsmf_PDUSession_Update service and is further transferred to the AMF via Namf_Communication_N1N2MessageTransfer service.
14.	The DN-AAA responds with the Accounting-Response (START) message. The SMF may wait for the Accounting-Response (START) before sending the Namf_Communication_N1N2MessageTransfer request in step 13.
In the case of home routed, the H-SMF may wait for the Accounting-Response (START) before sending the Nsmf_PDUSession_Update service in step 13.
15.	The AMF sends the NAS PDU Session Establishment Request with the authentication/authorization information to the UE.
16.	The UE sends a NAS message Deregistration Request to the AMF.
17.	The AMF sends Nsmf_PDUSession_ReleaseSMContext Request to the SMF and the SMF responds to the service operation.
	In the case of home routed, the AMF sends Nsmf_PDUSession_ReleaseSMContext Request to the V-SMF and the V-SMF sends the Nsmf_PDUSession_Release Request to the H-SMF.
18-19. The SMF requests to stop accounting by sending the Accounting-Request (STOP) message to the DN-AAA via the UPF and the DN-AAA responds with the Accounting-Response (STOP) message.


[bookmark: _Hlk502758207]Figure 11.2.1-1: RADIUS Authentication and Accounting example (successful case)
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]When PAP/CHAP is used as the authentication protocol with the external DN-AAA server which does not support EAP, the RADIUS Authentication procedures refer to the non transparent access procedures in clause 11.2.1 and the related description in clause 16 in 3GPP TS 29.061 [5].
For the 5GS interworking with EPS scenario, EAP based secondary authentication or re-authentication is not applicable to EPS in this release. If the EAP based RADIUS authentication is successful in the initial access procedure, while afterwards the SMF+PGW-C determines that the UE has moved to the EPS (i.e. the SMF+PGW-C receives the modify bearer request or create session request from the S-GW), then SMF+PGW-C local policies may be based on the external network requirement, request the DN authorization without the DN authentication when the UE access in EPS or use the RADIUS re-authorization procedure without re-authentication, with the external network performing the risk assessment.

*** 3rd Change ***
[bookmark: _Toc28005578][bookmark: _Toc36041453][bookmark: _Toc45134753][bookmark: _Toc51764046][bookmark: _Toc59019963]11.2.4	DN-AAA initiated re-authorization
Some IP applications could need to interwork with the SMF to update the PDU session authorization attributes. For this purpose, the DN-AAA server or proxy may send a RADIUS CoA-Request to the SMF. On receipt of the CoA-Request from the DN-AAA server, if the service-type value of "Authorize Only" is not included, the SMF shall update the corresponding PDU session authorization attributes and reply with a CoA-ACK; otherwise it shall follow the procedure described in IETF RFC 5176 [27]. DN-AAA may also use CoA procedure to revoke the authorization of a PDU session, or to update the authorization data (e.g. allowed UE MAC addresses).
If the SMF updates/deletes the corresponding PDU session, it is not necessary for the SMF to wait for Nsmf_PDUSession_UpdateSMContext from the AMF before sending the RADIUS CoA-ACK to the DN-AAA server.
Figure 11.2.4-1 is an example message flow to show the procedure of DN-AAA initiated re-authorization, messages between the SMF and DN-AAA are forwarded by the UPF in N4 user plane message.


Figure 11.2.4-1: DN-AAA initiated re-authorization with RADIUS
In case the SMF+PGW-C receives a re-authentication request from the DN-AAA server, the SMF+PGW-C should inform the DN-AAA server that the re-authentication is not supported with proper error code. The SMF+PGW-C should not initiate PDN connection release.
NOTE:	The DN-AAA server decides what actions to take (e.g. to request another re-authorization without the association with EAP based re-authentication, or release the session, which is out of 3GPP scope).

*** End of Changes ***
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