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Introduction

A DISC paper [1] and SID [2] were submitted at CT4#111-e proposing that CT4 studies new restoration solutions in Rel-18 not relying on NF (service) set deployments and enabling the support of back-up NFs between NFs from different vendors. The SID was postponed to the next meeting.  

This DISC paper reminds the 5GC architecture design principles to support resiliency in the 5GS and provides views from the source companies on the way forward.


Discussion

It was proposed in [2] that CT4 studies new restoration solutions in Rel-18 not relying on NF (service) set deployments and enabling the support of back-up NFs between NFs from different vendors (excluding solutions that would require to standardize shared data). 

It was argued during the discussion by the proponents of the study that (see Chairman's notes [3]): 
· NF set deployment assumes NFs from the same vendor, while operators wish the ability to deploy NFs from different vendors in their network that can back-up each other.  
· the implementation or deployment of NF set framework is complex and that accordingly CT4 should seek alternative solutions. 

The NF set framework is an essential enabler of the 5GC architecture, that has been specified by 3GPP (SA2, CT4, CT3, SA3, SA5) since Rel-15 and over multiple releases, to support 5GC resiliency, scalability and load distribution: 

· Rel-15 (5GS Phase 1)
· AMF set support, incl. corresponding support by NG-RAN.

· Rel-16 (enhanced SBA, LOCL)
· The NF set framework was extended to all NF types in 5GC control plane and to support direct and indirect communications. The concept of NF Service Set was also defined. 
· PFCP was extended to enable UPF to support SMF set [6], i.e., to seamlessly reselect an alternative SMF in an SMF set when the SMF currently serving a PDU session is no longer available.
· Load and Overload control solutions [8] enable to advertise load and overload of an NF (service) set

· Rel-17 (RPCSET, SBIProtoc17)
· Restoration of PDN connections in PGW-C/SMF Set ([4]) enables seamless service continuity of PDU sessions / PDN connections that can move between EPS and 5GS when a combo SMF/PGW-C is no longer available.  
· NRF set support was defined ([5]) by enabling an NF or SCP to discover the NRF instances of an NRF set and by preserving the registered profiles and NF status subscriptions in the NRF set when the NRF through which the profiles were registered, or subscriptions created is no longer available. 


Excerpt from TS 23.501: 
5.21.0	General

5GC supports different virtualized deployment scenarios, including but not limited to the options below:
-	A Network Function instance can be deployed as distributed, redundant, stateless, and scalable NF instance that provides the services from several locations and several execution instances in each location.

-	A Network Function instance can also be deployed such that several network function instances are present within a NF set provide distributed, redundant, stateless and scalability together as a set of NF instances.
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A Network Function instance can be deployed such that several network function instances are present within an NF Set to provide distribution, redundancy and scalability together as a Set of NF instances. The same is also supported for NF Services. 

NF (service) Set perfectly fits to a cloud-based architecture, which is the trend of the industry and corresponds to what the ecosystem expects for 5G deployments.

Extensive standardization work has taken place since Rel-15 and throughout all 3GPP WGs to support the NF (service) set framework, including 5GS system architecture requirements in SA2, extensive protocol work in CT4 and CT3, security related work in SA3 (e.g. extensions to the Oauth2 access token procedures to support access token valid for a request targeting any NF of an NF set), charging and OAM impacts in SA5.

NF set can be achieved by NFs sharing the same context data. Context data shared between NFs of an NF set are not standardized, so it is assumed that the NFs in the set are from the same vendor. This does not hinder though the possibility for an operator to deploy NFs from different vendors, in different NF sets, e.g., an AMF region may comprise multiple AMF sets from different vendors, or e.g., a S-NSSAI/DNN may be served by different SMF sets from different vendors. Furthermore, instances of an NF (service) set might span on more than one Data Center to offer reliability even in the event of a whole Data Center failure. 

NF set can support different types of deployments. Deployment using primary and secondary NFs, or active-standby model is one possible deployment of the NF set framework. Binding procedures can be used to bind subsequent requests targeting a resource to a specific NF service (set) instance. (Routing) Binding Indication also supports indicating a backup NF to be preferably selected when doing an NF (re)selection (see clause 6.12.1 of TS 29.500).  

5GC restoration solutions based on NF set deployment do not cause extra signalling in the network and are transparent to UEs, i.e. resource / session contexts affected by a NF failure or scale-in operation can be taken over seamlessly by alternative NF(s) in the same set. In comparison, legacy restoration solutions specified in EPC (which do not support data context sharing) can result in massive signalling in the RAN and the CN, which can cause further signalling overload, high signalling latency and result in degraded end user's service perception, e.g., to re-establish all the PDN connections affected by a PGW failure. 

Extensive implementation efforts are also being undertaken by vendors to implement the above concepts in products. Operators in the same spirit have invested/are planning/designing solutions leveraging the NF set functionality. So far, there is no limitation identified rather a clear improvement comparing with the EPC restoration solutions. Ecosystem should be given sufficient time to implement existing 3GPP solutions, instead of being required to spend new efforts on alternative solutions. 


Conclusion

Extensive standardization and implementation efforts have been undertaken to support 5GC resiliency, scalability and load distribution solutions relying on NF sets, as defined from Rel-15 onwards. 

NFs from different vendors can be deployed in different NF sets. 

Introducing alternative options in Rel-18 would cause a fragmentation of the solutions space, would delay the roll-out of 5GC restoration mechanisms (not before 2025 for new Rel-18 alternatives) and impair open interoperability between NFs from different vendors due to the multiplication of solutions. This would also penalize vendors who have made the efforts to implement existing 3GPP functionality defined over three 3GPP releases since Rel-15. It is also anticipated that new restoration solutions would result in increased signalling.  

The source companies do not agree with CT4 studying new restoration solutions aiming at being alternatives to the NF set framework. 

On the other hand, they are open to consider potential enhancements to the existing 5GC restoration solutions relying on NF set, if specific technical issues were identified. Such technical issues should be described and agreed first by CT4.
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