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Abstract of the contribution: Clarifies NRF functionality for roaming cases and explicitly calls out reference point for vNRF to hNRF interactions.
Discussion

Current text for the roaming behaviour of the NRF and functions interacting with the NRF is unclear allowing for different interpretations on how to deploy the NRF to support roaming.  The discussions at previous meetings have implied that a network function (e.g. AMF) in the VPLMN will reference its local NRF (i.e. vNRF), and if information is not found there the local NRF will directly reference the NRF in the HPLMN (i.e. hNRF) – however current text can be interpreted that local network function may directly reference the NRF in the HPLMN.
While this text is from the non-roaming architecture section (4.2.3) there is no corresponding text in the roaming section (4.2.4), yet the same entities are not depicted:

“NOTE 3:
For the sake of clarity of the point-to-point diagrams, the UDSF, UDR, NEF and NRF have not been depicted. However, all depicted Network Functions can interact with the UDSF, UDR, NEF and NRF as necessary.”

Also, this text from the network function selection section (6.3.1) does not explicitly mention it is the NRF in the local PLMN that interfact with the NRF in the HPLMN:

“The Local PLMN interacts with the NRF in the target PLMN to retrieve the IP address or the FQDN or the identifier of relevant services of the target NF instance (s).”
This lack of clarity will result in confusion and complexity as differing interpretations attempt to interwork with each other – further it is unlikely that PLMNs will discover this miss-alignment until they attempt to implement roaming between their networks, by which time significant network investment will have already occurred.
Furthermore, although the vNRF to hNRF is expected to be an inter-PLMN reference point there is currently no reference point name specified for it – to simplify future work (stage 3, other SDO’s etc) it will be helpful if one is specified (just as 23.501 identifies ones for other inter-PLMN interfaces).

In summary, the changes proposed to the architecture document (TS 23.501) are:
1. Add architecture diagram to 4.2.4 showing roaming NRF configuration
2. Add note to reference point roaming architecture diagrams to refer to new diagram (reference point architectures do not show NRF)

3. Add vNRF to hNRF reference point to clause 4.2.7

4. Updated the NRF functional description in clause 6.2.6

5. Updated the description of network function discovery when roaming in clause 6.3.1
Proposal
The following changes are proposed to be made to TS 23.501.
NOTE: “N2X” is used to refer to the vNRF to hNRF interface, it is anticipated the rapporteur/editor will replace this with the appropriate sequence number when applying these changes to the TS document.

Revision:
Removed duplicate NOTEs on non-depiction of NRF in p2p architectures
Updated NOTE text
Simplified changes to clause 6.3 to avoid clash with S2-176459
Corrected Cut&paste error in new NRF diagram (correcting VPLMN NF to HPLMN NF)

*** First Change ***

4.2.4
Roaming reference architectures
Figure 4.2.4-1 depicts the 5G System roaming architecture with local breakout with service-based interfaces within the Control Plane.

Editor's note:
Whether the NSSF in the HPLMN plays a role in roaming scenarios is FFS.
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Figure 4.2.4-1 Roaming 5G System architecture- local breakout scenario with AF in VPLMN in service-based interface representation

Figure 4.2.4-2 depicts the 5G System roaming architecture with local breakout with AF in HPLMN in service-based interfaces within the Control Plane.
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Figure 4.2.4-2 Roaming 5G System architecture - local breakout scenario with AF in HPLMN in service-based interface representation

Figure 4.2.4-3 depicts the 5G System roaming architecture in case of home routed scenario when service-based interfaces within the Control Plane.
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Figure 4.2.4-3 Roaming 5G System architecture - home routed scenario in service-based interface representation

Figure 4.2.4-4 depicts 5G System roaming architecture in case of local break out scenario with AF in VPLMN using the reference point representation.
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Figure 4.2.4-4: Roaming 5G System architecture - local breakout scenario with AF in VPLMN in reference point representation

Figure 4.2.4-5 depicts 5G System roaming architecture in case of local break out scenario with AF in the HPLMN using the reference point representation.
NOTE: 
For the sake of clarity the NRF is not been depicted in reference point architecture figures – see Figure 4.2.4-X for details on NRF and NF interfaces.
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Figure 4.2.4-5: Roaming 5G System architecture -local breakout scenario with AF in the HPLMN in reference point representation

Following figure 4.2.4-6 depicts the 5G System roaming architecture in case of home routed scenario using the reference point representation.
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Figure 4.2.4-6: Roaming 5G System architecture-Home routed scenario in reference point representation
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Figure 4.2.4-X: NRF Roaming architecture in reference point representation
*** Next Change ***

4.2.7
Reference points
The 5G System Architecture contains the following reference points:

N1:
Reference point between the UE and the AMF.

N2:
Reference point between the (R)AN and the AMF.

N3:
Reference point between the (R)AN and the UPF.

N4:
Reference point between the SMF and the UPF.

N6:
Reference point between the UPF and a Data Network.

NOTE:
The traffic forwarding details of N6 between a UPF acting as an uplink classifier and a local data network will not be specified in this release.

N9:
Reference point between two Core UPFs.

The following reference points show the interactions that exist between the NF services in the NFs. These reference points are realized by corresponding NF service-based interfaces and by specifying the identified consumer and producer NF service as well as their interaction in order to realize a particular system procedure.

N5:
Reference point between the PCF and an AF.

N7:
Reference point between the SMF and the PCF.

N24:
Reference point between the PCF in the visited network and the PCF in the home network.

N8:
Reference point between the UDM and the AMF.
N9:
Reference point between two Core UPFs.
N10:
Reference point between the UDM and the SMF.

N11:
Reference point between the AMF and the SMF.

N12:
Reference point between AMF and AUSF.

N13:
Reference point between the UDM and Authentication Server function the AUSF.

N14:
Reference point between two AMFs.

N15:
Reference point between the PCF and the AMF in case of non-roaming scenario, PCF in the visited network and AMF in case of roaming scenario.

N16:
Reference point between two SMFs, (in roaming case between SMF in the visited network and the SMF in the home network).

N17:
Reference point between AMF and EIR.

N18:
Reference point between any NF and UDSF.

N19:
Reference point between NEF and SDSF.

Editor's note:
The nature of N18 is FFS and it will be determined in coordination with Stage 3 groups. Depending on the conclusion, the N18 reference point may need to be renamed.

Editor's note:
Whether the N19 reference point between the NEF and the SDSF is a service-based interface or not is FFS. Depending on the conclusion the N19 reference point may also be renamed.

N22:
Reference point between AMF and NSSF.
Editor's note:
The number used for the reference point between AMF and NSSF may need to be updated based on removed/added reference points.

N2X:
Reference point between the NRF in the visited network and the NRF in the home network.
NOTE: in some cases, a couple of NFs may need to be associated with each other to serve a UE.

*** Next Change ***

6.2.6
NRF
The NF Repository Function (NRF) supports the following functionality:

-
Supports service discovery function. Receive NF Discovery Request from NF instance, and provides the information of the discovered NF instances (be discovered) to the NF instance.

-
Maintains the NF profile of available NF instances and their supported services.

NF profile of NF instance maintained in an NRF includes the following information:

-
NF instance ID

-
NF type

-
PLMN ID

-
Network Slice related Identifier(s) e.g. S-NSSAI, NSI ID

-
FQDN or IP address of NF

-
NF capacity information

-
Names of supported services

-
Endpoint information of instance(s) of each supported service

-
Other service parameter, e.g., DNN

Editor's note:
whether service authorization information is included in every NF profile or in an independent authorization profile, is FFS.
In the context of Network Slicing, based on network implementation, multiple NRFs can be deployed at different levels (see clause 5.15.5):

-
PLMN level (the NRF is configured with information for the whole PLMN),

-
shared-slice level (the NRF is configured with information belonging to a set of Network Slices),

-
slice-specific level (the NRF is configured with information belonging to an S-NSSAI).
In the context of roaming, multiple NRFs may be deployed in the different networks (see clause 4.2.4):

-
the NRF(s) in the Visited PLMN (known as the vNRF) configured with information for the visited PLMN.
-
the NRF(s) in the Home PLMN (known as the hNRF) configured with information for the home PLMN, referenced by the vNRF via the N2X interface,

-
in some implementations, the vNRF may be pre-configured with information regarding the home PLMN according to NF information shared by the home PLMN (e.g. in roaming agreement), or it may cache information received earlier for re-use on subsequent actions.
NOTE:
Whether NRF is an enhancement of DNS server is to be determined during Stage 3.
*** Next Change ***

6.3
Principles for Network function and Network Function Service discovery and selection
6.3.1
General

The NF discovery and NF service enables one NF to discover a set of NF instance with specific NF service or a target NF type. NF service discovery is enabled via the NF discovery, as specified in TS 23.502, clause 5.1.1.

Unless the expected NF and NF service information is locally configured on requester NF, e.g. the expected NF service or NF is in the same PLMN the NF and NF service discovery is implemented via the NRF. The NF repository function (NRF) is the logical function that is used to supports the functionality of NF and NF service discovery as specified in clause 6.2.6.

Editor's note:
It is FFS how to identify the NRF in remote PLMN.

Editor's note:
NF and NF services may in principle be discovered independently, however in this release of the specification, the independent discovery of a service within a particular System Procedure will be evaluated on a case by case basis.

In order to enable access to a requested NF type or NF service and no associated NF(s) stored on the requester NF, the requester NF initiates the NF or NF service discovery by providing the type of the NF or the specific service is attempting to discover (e.g. SMF, PCF, UE location Reporting) and other service parameters e.g. slicing related information to discover the target NF. The detail service parameter(s) used for specific NF discovery refer to the related NF discovery and selection clause.

Depending on the chosen message routing model, the NRF may provide the IP address or the FQDN or the identifier of relevant services and/or NF instance(s) to the requester NF for target NF instance selection. Based on that information, the requester NF can select one specific NF instance or a NF instance able to provide a particular NF Service (e.g., an instance of the PCF that can provide Policy Authorization).

For NF discovery across PLMNs, the requester NF provides the  NRF the PLMN ID of the target NF.
The NRF in the local PLMN interacts with the NRF in the target PLMN to retrieve the IP address or the FQDN or the identifier of relevant services of the target NF instance (s).  
NOTE:
Due to network topology hiding or network configuration, it is possible that the IP address or the FQDN of proxy function(s) instead of the target NF instance(s) are provided to the requester NF. The proxy function is transparent to the requester NF. The proxy function may further discover the target NF instance via a local NRF.
*** End of Changes ***
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