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1. Introduction
With the rapid development of LTE/5G, NR technologies lead a promising era in industrial fields. Recently, 5G technologies have implemented in a variety of industrial applications (e.g., industrial internet, autonomous drive, Telemedicine). Meanwhile, different industrial applications require different NR technologies/performance/services/standards. For instance, autonomous driving requires ultra low latency and high reliability, whereas industrial internet of things (IIoT) focus on dense access of UE.

5G Core Network (5GC), as the core component of cellular networks, together with Radio Access Network (RAN) provide end-to-end communication services for users. However, the released standards on the framework of core network cannot directly apply to industrial fields, due to excessive multiple functions running on one network element, complicated operating process and heavy network architecture, etc. These features benefit commercial communication, however, are inappropriate for industrial scenarios which basically require concise and lightweight functions.

In this document, we will provide discussions of a lightweight 5GC for industrial environment, applications, services and its implementation.
2. Introduction
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Figure 1. Framework of the Lightweight 5GC CT aspect
Comparing with standard core network, it is expected that a lightweight 5GC with less complexity may reduce the cost of deployment. Referring to the framework of Service-based Architecture (SBA) proposed in current releases, each Network Function (NF) is independence to each other. In addition, each NF provides servitization interfaces, while an NF may communicate with other NFs via these interfaces. Different from traditional core networks where network elements are centrally deployed, 5GC divides control plane and user plane, utilizing N4 interface for the communication between two planes. These features bring feasibility to realize a lightweight 5GC, constructing customized and private 5GC for individual industrial park.

Following are our discussions on designing a lightweight 5GC.

First, cutting network elements which are unnecessary for industrial scenarios. In standard 5GC, some network elements, e.g., Security Edge Protection Proxy (SEPP) for international roaming, are unnecessary for industrial, since it is expected that data created in an industrial park would not transmit outside the industrial park. Similar network elements are listed following for discussion: Charging Function (CHF), Short Message Service Function (SMSF).

Second, simplifying and merging functions in core network elements. An entire 5GC contains extensive functions. In contrast, industrial applications generally demand that a network element provides simple function with high reliability. Therefore, designing a lightweight 5GC may consider to simplify functions or merge functions (which are useless for industrial applications) in core network elements, resulting in simplified process of frame interaction in 5GC. Following are our proposals for discussion. 1) In Access and Mobility Management Function (AMF), removing the function of transmitting SMS messages between UE and SMSF; 2) In AMF, removing the function of providing location-service messages between UE and AMF, in addition, removing  the function of providing location-service messages between RAN and Location management function ( LMF); 3) In Session Management Function (SMF), removing the charging related functions, in addition, removing the function of controlling/coordinating the charging data collection in User Plane function (UPF); 4) Simplifying the functions of Deep Packet Inspection (DPI), content based charging and IP Multimedia Subsystem (IMS), in UPF; 4) Merging AMF with Authentication Server Function (AUSF) into one network element, so as to provide an uniform to manage the mobility, registration, association and authentication of UEs; 5) Merging Unified Data Management (UDM) with Unified Data Repository (UDR) into one network element, taking UDR as the backend of UDM. In this way, user data are uniformly managed.

Third, adding special NFs for industrial applications. Besides 5G/LTE, there are some traditional and specific networks in industrial scenarios, e.g., Wi-Fi, WIA-PA, Bluetooth with Low Energy (BLE), Profibus and Modbus, etc. We propose a lightweight 5GC to connect the Non-3GPP networks to a cellular network. In addition, the lightweight 5GC is able to set and mange these Non-3GPP networks. The idea is that: 1)5GC architecture based on 3GPP standard, calling simplified Non-3GPP InterWorking Function (N3IWF) network element;2) adding an Industrial Protocol conversion and Adaptation Function (IPCAF) and Industrial Equipment Registration Management Function(IERMF) as two submodules of N3IWF. As shown in Figure 1, the UEs based on Non-3GPP protocols can access the control plane and the user plane of 5GC via the IERMF and IPCAF submodule respectively. In particular, by establishing N2 interface to AMF, IERMF provides safe, reliable and efficient functions for UEs to associate with 5GC as well as to register in 5GC. Moreover, after transferring the data with different industrial protocols (as they are derived from Non-3GPP networks), IPCAF transmits the transferred data to UPF via N3 interface. Consequently, the data are processed in UPF. In this way, the lightweight 5GC is able to comprehensively manage the Non-3GPP UEs in industrial networks.
3. Conclusion

A lightweight 5GC is appropriate for industrial environment/scenarios/application, as it is low-cost for deployment, in small volume, easy to deploy, safe, reliable, and flexible to configure functions according to applications. We propose the following proposals for discussion: 1) cutting network elements which are unnecessary for industrial scenarios; 2) simplifying and merging functions in core network elements; and 3) adding special NFs for industrial applications.

In the future discussions, we may consider to: 1)  investigating the special requirements of associating Non-3GPP UEs with 5GC; 2) evaluating the cost of merging Non-3GPP networks with 5GC; and 3) analyzing the necessity of adding IPTAF network element and its implementation.
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