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1
Selection of NG-C protocol stack
At TSG-RAN WG3 Meeting #93bis, a Working Assumption was established in favour of SCTP/IP for the signalling transport over NG interface (see [1]).   
Key benefits of SCTP

In LTE SCTP provides useful services not available with other protocols including;

· retransmission and in-order delivery without head-of-line (HOL) blocking, 
· message-level reliable transport, which is more suitable for transmitting signaling messages
· S1-MME link failure detection, 
· native multi-homing for link failure recovery i.e. one SCTP endpoint can support multiple IP addresses, by which a greater survivability is provided in case of failures in the transport network,

· separation of UE and non-UE associated signalling.  
These are useful features for NG2-C interface.
Limitations of SCTP in LTE
However, use of SCTP in LTE networks is restricted in a manner that warrants re-examination for the Nextgen system.    Specifically, in LTE:

1.  Only one SCTP Association is permitted between an eNB and MME

2. Non UE-associated signalling must be carried using one pair of stream identifiers in the same SCTP association used for UE associated signalling.
Two trends in the Nextgen system drive this re-examination:

1. Scalability: The virtualization of both NG RAN and NG Core functions allows dynamic scalability as functions are instantiated and life-cycle managed according to demand.   Hence the assumption that there are relatively static, long-lived core network and RAN function instances can no longer be assumed to be the norm.  For example, dedicated network functions supporting use cases such as Massive IoT may start small for a particular business vertical but grow exponentially, necessitating scale-out and subsequent scale-in of virtual network functions.  While the elastic NG Core structure will remain hidden from the gNB behind the SCTP termination point (see figure 1), there is still a need a need to support greater and more dynamic range of scalability of the SCTP termination point(s) on NG2.
2. Availability: one major issue with a single SCTP association is the single point of failure as presented in figure 1. Network Function Virtualization allows for instantiation of more numerous network function instances in the gNB and NG-Core, distributed on Virtual Machines (VMs) with independent failure modes.   If the gNB and NG-Core are interconnected via only a single SCTP association, and this association fails, the gNB becomes isolated and unable to provide service. If instead the gNB and the NG-Core are connected on NG2 in a more mesh-like manner using multiple SCTP associations, interconnect reliability and accessibility is increased.  Service may be maintained by the gNB without interruption when an association fails, including for UEs with active sessions in the Processing VMs.
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Figure 1:   Single point of failure with one single SCTP Association 

Some protocol stacks other than SCTP/IP don’t feature the key benefits of SCTP/IP but instead offer stateless characteristics which “naturally” address the above limitations more easily. Therefore the choice of SCTP/IP is also related to addressing the above limitations.  
Proposal 1:  It is proposed to turn the Working Assumption on SCTP/IP used over NG-C into an agreement under the assumption that the use of SCTP/IP is enhanced in the new RAN (compared to LTE) with regards to above-described limitations.
2
Dynamic Management of multiple SCTP endpoints
An example use of SCTP/IP addressing the limitations described in section 1 is presented below where multiple SCTP associations have been used between gNB and NG Core. 
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Figure 2:   Multiple SCTP Associations with a single CCNF VNF

In this example the SCTP Termination Points distribute traffic associated with a gNB among multiple Processing VMs.   Both the Termination Points and the Processing VMs may scale elastically in/out as needed to serve traffic from the gNB.  Each SCTP Termination Point operates in parallel and may independently terminate multi-homed NG2 SCTP associations.  Because Processing VMs are reachable via either SCTP Termination Point, reliability is increased.   Hence:

Proposal 2:  An gNB shall not be restricted to a single SCTP association on NG2.

Note in Figure 2, the internal structure of the CCNF VNF is shown only for illustration.  The structure may vary according to implementation and further definition of network functions in SA2.  
Proposal 3: To support elastic scaling, NG2 signalling must support dynamic reconfiguration of the number of SCTP associations over NG2.  This includes transport addresses in the gNB.
UE Associated Signaling
The SCTP protocol defined in RFC4960 and associated specifications is connection-oriented in nature.  These connections will need to be setup and torn down dynamically as endpoints become available in the gNB and NG-Core.   However, the NG-Core decomposition into virtualized network functions such as MM and SM should not be visible to the gNB at the transport layer as that decomposition may vary according to both vendor implementation and the use case for which an NG-Core is instantiated.    Hence:

Proposal 4: A single UE-associated signalling shall use one SCTP association on NG2 that is terminated on one, Common Control Network Function (CCNF).

Note that if the final destination of the higher layer signalling (NG2-AP and NAS) is on a different Network Function, the CCNF may forward the message to that network function.  In addition, the association may change between different signalling transactions for the same UE as the processing resources in the core network may change over time.   The above requirement is less restrictive than in 4G where a single UE-associated signalling can use only one SCTP stream and the stream should not be changed during the communication of the UE-associated signalling.
3
Conclusion and Proposal
As at the last RAN3#93bis meeting SCTP was agreed as a working assumption as the transport protocol for NG2, this paper provides insights into how the use of SCTP may be enhanced in order to more flexibly support NG2 termination in the gNB and NG-Core.

Proposal 1:  It is proposed to turn the Working Assumption on SCTP/IP used over NG-C into an agreement under the assumption that the use of SCTP/IP is enhanced in the new RAN (compared to LTE) with regards to above-described limitations.
Proposal 2: capture in the RAN3 TR 38.801 [2], in the “Detail Description for NG Control Plane” section, the description in section 2 of this paper and proposals for NG2 interface configuration and management as shown in the following annex A.
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Annex A: Text Proposal for NG Control Plane
7.2.6
NG Control Plane
The NG control plane interface (NG-C) is defined between the NR gNB/eLTE eNB and NG-Core entity. The control plane protocol stack of the NG interface is shown on Figure 6.3.2.6-1. The transport network layer is built on IP transport. For the reliable transport of signalling messages, SCTP is added on top of IP. The application layer signalling protocol is referred to as NG-AP (NG Application Protocol).
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Figure 6.3.2.6-1: NG Interface Control Plane
The SCTP layer provides the guaranteed delivery of application layer messages.
In the transport IP layer point-to-point transmission is used to deliver the signalling PDUs.

7.2.6.1
Dynamic management of multiple SCTP endpoints 
An example architecture addressing the scalability and availability requirements of using SCTP/IP in NextGen system is presented below where multiple SCTP associations have been used between the gNB and the NG Core. 
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Figure 1:   Multiple SCTP Associations with a single CCNF VNF

In this example the SCTP Termination Points distribute traffic associated with a gNB among multiple Processing Virtual Machines (VMs).   Both the Termination Points and the Processing VMs may scale elastically in/out as needed to serve traffic from the gNB.  Each SCTP Termination Point operates in parallel and may independently terminate multi-homed NG2 SCTP associations.  Because Processing VMs are reachable via either SCTP Termination Point, reliability is increased.   Hence:
Conclusion 1:  An gNB shall not be restricted to a single SCTP association on NG2.
Note in Figure 2, the internal structure of the CCNF VNF is shown only for illustration.  The structure may vary according to implementation and further definition of network functions in SA2.  

Conclusion 2: To support elastic scaling, NG2 signalling must support dynamic reconfiguration of the number of SCTP associations over NG2.  This includes transport addresses in the NG-RAN.
UE Associated Signaling
The SCTP protocol defined in RFC4960 and associated specifications is connection-oriented in nature.  These connections will need to be setup and torn down dynamically as endpoints become available in the gNB and NG-Core.   However, the NG-Core decomposition into virtualized network functions such as MM and SM should not be visible to the gNB at the transport layer as that decomposition may vary according to both vendor implementation and the use case for which an NG-Core is instantiated.    Hence:

Conclusion 3: A single UE-associated signalling shall use one SCTP association on NG2 that is terminated on one, Common Control Network Function (CCNF).

Note that if the final destination of the higher layer signalling (NG2-AP and NAS) is on a different Network Function, the CCNF may forward the message to that network function.  In addition, the association may change between different signalling transactions for the same UE as the processing resources in the core network may change over time.   The above requirement is less restrictive than in 4G where a single UE-associated signalling can use only one SCTP stream and the stream should not be changed during the communication of the UE-associated signalling.
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