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 INTRODUCTION 

To meet the needs of new services, with diverse and demanding performance requirements 
across various verticals of industries, the 3GPP standards development organization laid the 
foundation of the new 5G core. The new 5G core is the foundation to the commercial success 
of 5G as it will enable new service types.  The opportunity is to support a wide range of service 
types, each with the associated economic models and technical requirements, by making 5G 
inherent for the deterministic shift of business transformation from B2C to B2B. The new 5G 
core network will provide the facility to this business diversity. 

In this paper, the focus is towards the technological transformation of the core network journey 
towards the cloud native, on-demand, and micro-service based distributed architecture to meet 
the business diversity requirements. 
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5G DRIVES BEST-EFFORT-TO-
DETERMINISTIC SHIFT OF WIRELESS 

NETWORKS TOWARDS B2B 

In the past three decades, mobile communications technologies have developed rapidly. During 
the evolution of 2G, 3G, 4G, and 5G, the services carried by the mobile network as well as the 
positioning and value of the network have changed greatly. The 2G network provided voice, 
SMS, and a few simple data services, and was a walled garden service. When 3G/4G networks 
were deployed, especially after the iPhone was launched, OTT services were changing rapidly, 
and mobile networks gradually became pipes for carrying services. This trend is almost 
irreversible in the B2C market. Mobile communications networks have become public 
infrastructure resources such as water, electricity, and coal. Therefore, the communications 
industry has placed higher demands on the 5G network. By taking advantage of 5G, carriers 
hope to transform their networks from assets to network as a service (NaaS), and help them 
gradually expand from B2C to B2B. 
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Figure 1： From 2C to 2B, 5G is Driving Digital Transformation to a Fully Connected World 

 
 
On the 5G network, individual subscribers will enjoy a better, faster, and richer service 
experience. More and more 5G applications are emerging in vertical industries, such as drone 
patrol, drone logistics, telemedicine, ambulance automatic rescue, autonomous driving, 
assisted driving, and industrial control. The best-effort service provided by the 4G network 
cannot meet multi-dimensional and differentiated network requirements of diverse vertical 
industry applications, such as ultra-low latency, deterministic latency, mobility, reliability, and 
tenant security isolation. For example, in typical URLLC-related power differential protection, 
the network must be able to provide a deterministic capability that has a latency of 20 ms and 
a jitter no longer than 600 us. A network with such a capability is called a deterministic network. 
The 5G deterministic network has this "differentiated + deterministic" service capability, which 
transforms the traditional application-adaptive network into an application-defined network 
and caters for the different network requirements of different industry applications. 
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5G CORE IS THE BRAIN OF THE 5G 
NETWORK 

AS THE RESOURCE SCHEDULING CENTER, THE 5G CORE NETWORK IS OF VITAL IMPORTANCE 
AND THE KEY TO THE SUCCESS OF NEW 5G SERVICES. From the perspective of an end-to-end 
network, the core network is located between the radio access network (RAN) and services. It 
is in close proximity to services and the only part that supports service awareness (SA). 
Therefore, the core network must use cloud technologies to stay agile, open, and experience-
assured. This is the key to carriers' value improvement and revenue growth. Carriers cannot take 
back services from OTT providers in the 4G era. However, the core network can effectively 
control and optimize service experience to improve carriers' competitiveness in the industry 
chain. 

 

Figure 2： 5G Core Enables Full Access and All Services 

 
With the advent of 5G, the digital transformation of telecom networks will enter a fully-
connected era. The core network can completely control QoS from end to end with 4G. 
However, due to limited radio network resources, the Internet-based consumer services mainly 
require high bandwidth, and do not have strict requirements on SLA. Therefore, the 4G mobile 
network is still a best-effort network. Enterprises that have strict SLA requirements usually use 
a fixed VPN for service processing. 5G mobile networks have multi-access capabilities, and 
therefore have the opportunity to replace the fixed VPN to provide communication services for 
B2B. This poses extremely high SLA requirements on the 5G end-to-end network, especially for 
deterministic latency, security and reliability based on authority and domain, and differentiated 
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services for different industries. Therefore, it is vital to provide a deterministic network for 
carriers to expand B2B services through the 5G core network. With the 5G core network, carriers 
can learn the E2E network topology, orchestrate the network based on resource usage, and 
implement differentiated SLA control based on SA. 

The next 3-5 years will be critical for carriers to deploy 5G networks and deepen digital 
transformation. An agile core network can quickly respond to agile service requirements and 
expand carrier services from B2C to B2B. 
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CLOUD NATIVE ARCHITECTURE 
ENABLES AGILE CORE NETWORK 

Cloud technologies have been developing in the IT industry for many years, and their value is 
not doubted. Decoupling of hardware from software and COTS hardware greatly simplifies 
network capacity calculation and the capacity expansion process. Engineering personnel do not 
need to calculate the exact number of specific boards required for capacity expansion through 
complex procedures and do not need to consider the spare parts for each board. Instead, they 
only need to periodically purchase COTS hardware in batches. More importantly, service 
software is completely free from the restriction of dedicated hardware. Carriers can innovate 
and introduce new services more frequently through software upgrades. They can also abstract 
network software into various capability sets and expose them to OTT SPs to form a new 
business model, and achieve NaaS. 

STATELESS DESIGN LAYS FOUNDATION FOR CARRIER-CLASS RELIABILITY AND 
ELASTIC NETWORK 

Cloud technologies are complex although their value is obvious. They originate from IT and 
cannot fully meet telecom network requirements. This brings challenges to carriers' network 
cloudification. The cloud OS and virtualization software (Hypervisor) are introduced to decouple 
software from hardware. However, they lack high performance and reliability required by 
telecom networks. 

Telecom networks must be cloudified based on their basic network requirements. The telecom 
networks should maintain robustness when introducing elasticity and agility through 
cloudification. Specifically, they should maintain 99.999% carrier-class reliability and system 
performance in the case of large traffic throughput. The key to achieve this goal is to cloudify 
the traditional telecom software, so that the software complies with the stateless IT three-layer 
software architecture (interface layer, service processing layer, and database layer). This 
architecture does not simply separate VNFs, cloud OSs, and hardware. 

It should be noted that, although the value of software cloudification reconstruction is obvious, 
the software reconstruction itself is very difficult. First, because the telecom software system is 
very large and complex, and millions of lines of software codes are involved, the workload of 
software reconstruction will be huge. Second, the status of a large number of subscribers in the 
entire system changes frequently. The system efficiency is greatly affected if the service 
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processing software and state machine are split. There is no existing universal database software 
that can meet such high database read/write requirements. If the software of the embedded 
telecom system is completely inherited during the cloud transformation, risks such as the 
reliability deterioration of cloud hardware cannot be addressed. This is also the main reason 
why the cloud network fault rate of global carriers has increased in recent years. 
 

 

Figure 3： Cloud Native Architecture Inherited from IT Industry 

Unlike stateless IT software, the state machine for telecom software has an extremely complex 
design. The telecommunication system must maintain UE contexts for a long time to ensure that 
the calls and Internet access services are not interrupted. If the context information is not 
synchronized or is lost, subscriber services will be interrupted. On the 4G network, all 
subscribers use persistent connections and are always online unless they are powered off. 
Unlike stateless IT software, telecom network software cannot be flexibly migrated between 
VMs. Therefore, the key to cloud reconstruction of carrier software is to separate data from 
service software to form an independent status database layer. Accordingly, the service 
processing software becomes a stateless service processing layer, which is agile and elastic. For 
example, a common carrier software system can create new VMs for capacity expansion and 
allocate new subscribers to the new VMs for processing when required. However, the state 
machines of existing subscribers have been anchored on the old VMs. Consequently, the system 
cannot migrate these subscribers to the new VMs. The capacity pressure of the old VMs is not 
relieved due to the creation of the new VMs. If the traffic volume on the old VMs keeps 
increasing, the overload problem still persists on the old VMs. After reconstruction, the stateless 
service processing software can be flexibly migrated as IT software. After elastic capacity 
expansion, the load of new and old VMs can be rebalanced within seconds. This process also 
involves the interface layer in the three-layer software architecture, that is, the independent 
load balancing software modules. These modules are used to efficiently balance the loads 
among service processing modules while supporting the large traffic throughput of the entire 
system. 
 
In addition to elastic scaling, the stateless three-layer software architecture can achieve carrier-
class reliability (99.999%) for the entire system through distributed software architecture when 
IT COTS servers with 99.9% reliability are deployed. Traditional telecom hardware is highly 
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reliable, and therefore embedded telecom software adopts 1+1 or N+1 redundancy on modules. 
1+1 redundancy consumes double resources. It is used to protect only a few important modules, 
such as the main control modules, to ensure that the reliability is higher than 99.999%. Other 
modules adopt the static N+1 configuration to implement the redundancy of modules in each 
slot. The cloud-based three-layer software architecture provides the dynamic N-way 
redundancy function, that is, the N+M all-active modules are used to provide higher software 
redundancy. In this way, an entire VNF can still ensure service continuity even when multi-point 
faults occur on COTS servers. 

MICROSERVICES AND CONTAINERS RESHAPE THE BUSINESS MODEL 

By leveraging the IT microservice design concept, 3GPP introduces the service-based 
architecture (SBA) to the 5G core network to reconstruct NFs and split each NF into several 
services. To match the 3GPP network architecture design concept and make the 5G core 
network more agile, the core network needs to reconstruct the three-layer software 
architecture and introduce microservices. Services are further decoupled and split into 
microservices. These microservices communicate and manage with each other through a unified 
service governance framework. In addition to the independent database module and load 
balancing module in the three-layer architecture, the entire service processing software is 
designed as several independent microservices, such as access management microservices, 
session management microservices, security authentication microservices, and interface link 
microservices. This reconstruction greatly improves service agility. 
Microservices have independent life cycle management and are small in software. Microservices 
are developed, released, and tested at a finer granularity, improving agility and reshaping the 
mode for O&M. 

 

Figure 4： Micro-service Improves Agility and Reshapes the O&M 

Microservice-level release: The traditional version has a large volume and is released in a 
package every half a year, which cannot meet the requirements of rapid service changes on the 
5G network. As a result, new opportunities are missed. In microservice architecture, 
microservices can be independently released on a yearly, monthly, or even weekly basis. 
Microservice-level upgrade: The upgrade impact of a traditional version is large because the 
upgrade is performed for the entire system. In microservice architecture, microservices are 
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upgraded through A/B test. Only one or several microservices can be upgraded, and the upgrade 
impact is small. 
Microservice-level testing: For an upgrade of the entire system after the traditional version is 
used on the network, all test cases (over 3000) need to be executed and the test period is about 
three months. After the microservice architecture is used, microservices are independently 
upgraded. Only a few test cases (over 30) affected by the microservice needs to be tested, and 
the test period is within days. Microservices can be released on a monthly basis, tested, 
upgraded, and rolled out on a daily basis. The time to market (TTM) reduces from about 1 year 
to about 1 month. 
On 5G networks, B2B services require different network capabilities. The microservice 
architecture orchestrates networks. According to service requirements, different microservices 
are provided on demand to meet different network requirements of vertical industries. 
 

 

Figure 5： Comparison of Container Based and VM Based Architecture 

Containers are more agile and lightweight so that they can better meet the requirements of 5G 
service agility and help carriers accelerate service innovation and go-to-market in the B2C/B2B 
market. Mainstream cloud vendors currently adopt the container technology. Container-based 
IT applications have been introduced to global carriers' networks. The container-based telecom 
network itself can integrate these enterprise applications more smoothly. Among the four 
elements of Cloud Native in an IT system, the first two are microservice and container. 
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Traditional telecom networks are usually upgraded only once a year due to complex systems. 
New services can be rolled out only after the upgrade. With SBA architecture, each new service 
involves only a few service modules. Therefore, both the product development of vendors as 
well as network upgrades and maintenance of carriers become faster and more agile than ever 
before. This greatly reduces carriers' service innovation costs and maximizes the return on 
investment (ROI) of new services. 
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software version are the operations that carriers invest the most but may be the most risky 
during service rollout. A large number of engineers need to be prepared to work late at night 
under great pressure to upgrade the software. In most cases, the time window for upgrade 
operation is only four hours in the middle of the night when traffic is light. In this period, the 
software must be upgraded, fully tested, and verified within the first two hours. If any problem 
occurs, the software must be completely rolled back within the remaining two hours. With the 
rapid development of data services, many subscribers are using their mobile phones to access 
the Internet even in the 4 hours near midnight. The upgrades are still risky. 
 

 

Figure 6: Micro-service Level A/B Test Enables Quick Trial and Error 

Therefore, an A/B test is required to solve the problem of difficult software upgrades. With the 
A/B test, the entire software upgrade process is not a one-time switchover from the old version 
to the new version. Instead, both A and B versions are running during the entire software 
upgrade process. At the early stage of the upgrade, a few resources in the system resource pool 
are used to instantiate a microservice of B version. Various tests are then performed on B 
version. After the test is successful, the remaining systems are upgraded to the new version 
based on certain resources. The advantage of A/B test is that it minimizes the risks of system 
upgrades and minimizes the extra resources required for a system upgrade. In some cases, it 
does not require any extra resources. Common software version defects are identified during 
A/B test. In the early phase of A/B test, only a small range of systems are upgraded. Even if 
defects are found, the system still runs on the mature old version, which has a low risk. In 
addition, it is convenient to roll back the new version to the old version without any loss. The 
entire A/B test process is automatically implemented, which reduces the operation difficulty for 
engineers. After the version upgrade is complete, the old version can be retained in the system 
for a period of time as required to prevent problems that are not identified during the upgrade. 
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HETEROGENEOUS HARDWARE COPES WITH RAPID TRAFFIC GROWTH ON 5G 
NETWORKS 

According to the development trend of x86 in the past five years, the annual performance 
improvement is only 14%, which is far lower than Moore's Law. The traffic growth on carriers' 
4G networks doubles every year. This value will be further increased on 5G networks. Therefore, 
the hardware platform of the 5G network should not be limited to the x86 server, especially the 
user plane hardware that forwards high traffic volume. A platform with higher integration and 
higher performance is required to address this issue. 

 

Figure 7： Dilemma between the Moore’s Law Failure and Fast Traffic Growth 

To sum up, the stateless design, microservices, A/B test, and heterogeneous hardware of the 
Cloud Native software architecture not only improve agility and efficiency, but also provide high 
reliability and performance required by telecom networks. 
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5G MULTI-DIMENSIONAL SLICING + 
MEC ENABLING DETERMINISTIC 

NETWORK EXPERIENCE 

A deterministic network refers to a mobile private network with predictable and deterministic 
capabilities built using 5G network resources. This greatly improves user experience over 4G's 
"best effort" approach. B2B and B2C applications on a 5G network require deterministic SLA 
from end to end. Take B2C entertainment services as an example: by itself, an ultra-high-
bandwidth network cannot keep up with the service requirements of 360-degree panoramic VR 
video. Ultra-low latency is also required to deliver real-time images to the person as they move. 
B2B services pose higher requirements for deterministic networks. For example, resources have 
to be dynamically allocated along a high-speed flight path to backhaul drone video to servers. 
The RAN and transport networks provide basic capabilities to prepare for a deterministic 
network. Base stations provide wide coverage and high bandwidth while a transport network 
provides low latency. However, the brain of this deterministic capability is the 5G core network. 
The core network provides a secure, reliable, and predictable network environment, as well as 
a data transmission path with a deterministic range of latency, packet loss, and jitter. Only the 
core network can learn the topology for the entire network, schedule global resources, 
orchestrate, schedule, and manage network services, and provide deterministic experience 
(including latency) of service applications and networks based on SA. 
 

 

Figure 8： From Best Effort 4G to Differentiated Deterministic 5G 
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HYPER-PERFORMANCE HETEROGENEOUS MEC IS THE BASIS OF 5G DETERMINISTIC 
NETWORK — MINIMIZING NETWORK LATENCY BY TERMINATING EDGE SERVICES 

A series of core network solutions need to be proposed to realize and deploy a 5G deterministic 
network. The heterogeneous ultra-performance MEC lays the foundation for the 5G 
deterministic network, and dynamic network slicing helps realize it. 
 
 

 

Figure 9： Ultra-performance Heterogeneous MEC Deliver Ultra-low Latency via Service 
Local Closed-Loop 

MEC was proposed in the 4G era and is establishing itself in the 5G era. In 4G, ETSI has defined 
the MEC concept and main framework based on the NFV architecture. However, edge user 
planes have not been deployed on a large scale due to the lack of sufficient driving force in the 
4G MBB consumer market. MEC is indispensable for new 5G services that are sensitive to 
latency. As one of the major structural differences between 4G and 5G, MEC adopts the 4G CUPS 
concept and combines the connectivity and computing capabilities on the 5G network. 
Connectivity is the foundation of carrier networks. 5G applications pose more requirements for 
connectivity. MEC needs to deliver ultra-high forwarding capabilities, together with 5G UPFs, to 
tackle the need for over 10 Gbit/s bandwidth for a single eMBB user. It also needs to provide a 
high-performance computing platform to build an ecosystem and integrate diverse third-party 
apps. To address the requirements mentioned above, MEC must accommodate containers and 
VMs and support high-performance and highly-integrated hardware. From a business 
perspective, MEC provides a platform where carriers can innovate services. Considering the 
agility of service innovation and the requirement that each industry service must be managed 
by the core network, the control plane, and management plane of the 5G core network, and 
MEC must collaborate with each other efficiently to implement single-point injection and multi-
point provisioning. As MEC sites are scattered and numerous, one-stop user plane installation 
and plug-and-play are required to solve the deployment difficulties, and fast replication is 
required to solve the problem of batch MEC service provisioning. 
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DYNAMIC INTELLIGENT NETWORK SLICING IS THE PIVOT OF 5G DETERMINISTIC 
SLA COMMITMENTS 

MEC delivers low latency for a deterministic network while dynamic network slicing fits 
differentiated service requirements. Dynamic slicing makes service rollout agile and resource 
utilization efficient, meeting diversified requirements of vertical industry applications. The 
efficiency of dynamic slicing is reflected throughout the entire life cycle of a slice, including the 
design, purchase, generation, and O&M. 
 

 

Figure 10：Dynamic Intelligent Network Slicing as Key Element of 5G DN Guarantees 
Deterministic SLA 

 
First, good slice design is key and incorporates business logic and technical logic. Dynamic slice 
design involves two important capabilities: template-based design and atomized network 
capabilities. New service requirements can be precisely mapped to required network functions 
and network resources using template parameters. Take Lego blocks as an example: a fine work 
requires high-quality design and building blocks. Only smaller and finer blocks can refine a 
smoother, perfect appearance. To help carriers deploy services flexibly, the dynamic slice 
template can be customized in multiple dimensions, such as users, use cases such as eMBB, 
URLLC, and mMTC, as well as services, such as VoNR, VR, and other functional services or 
services of vertical industries. The entire design process is displayed in the slice design studio on 
a unified portal. The complete slice template is immediately available for purchase in the slice 
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store. Then, the MANO quickly orchestrates and generates a slice based on the purchased 
template. After slices are put into use, slice purchases, such as tenants and carriers, can monitor 
slice resources and KPIs in real time on a unified portal. 
 
The solution using MEC and network slicing effectively help build a 5G deterministic network. 
To apply deterministic networks to more vertical industries and industrial scenarios, carrier 5G 
networks must be able to flexibly integrate various applications. Specifically, carriers provide 
capabilities from outside to inside and from inside to outside. With outside to inside, carriers 
provide a platform on a 5G network to enable third-party applications to run on the 5G network. 
Depending on the capabilities and requirements of applications, a 5G network can be used as 
the IaaS (for example, running on the carrier's servers directly) or PaaS (using basic carrier-
provided platform capabilities such as load-balancing, NAT, and firewall). From inside to outside, 
carriers encapsulate basic network capabilities and expose them for third parties by providing 
an API or SDK. The capabilities cover infrastructure capabilities, including a hardware platform, 
computing, and networking; service capabilities including voice services, data services, and 
security services; as well as management capabilities including telecom network configuration 
management, slice provisioning, and resource scheduling. In this way, the entire carrier network 
is digitalized and becomes a NaaS. 
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BUILDING AN AUTOMATIC NETWORK 
FOR AUTONOMOUS DRIVING 

5G core networks are becoming increasingly complex as more NFs, interfaces, and protocols are 
introduced. New technologies such as microservices and containers, and new network 
architectures such as CUPS, MEC, and slicing are emerging. This brings agility to new service 
deployment but increases complexity of network management and O&M. Carriers are feeling 
the intense pressure created by operating expense (OPEX). Existing O&M personnel will face 
unimaginable challenges. To cope with these challenges, the industry and carriers have been 
continuously thinking up and exploring solutions. They expect to use digital technologies such 
as automation and AI to reshape the mode for O&M, reduce OPEX, and improve operations 
efficiency. The industry partners believe that automated and AI-enabled autonomous driving 
networks will gradually replace manual operations. It uses machine learning algorithms to be 
aware of networks and services, analyze data, make decisions, and control network behaviors. 
It is key to resolving problems and ensuring carrier success. 
 

5G-ORIENTED CD/CT ENABLES WORKFLOW ORCHESTRATION AND AUTOMATED 
UPGRADES 

Conventionally, frontline service personnel would manually download each version required for 
an upgrade, to check and perform the upgrade, test with the upgrade tool, and if required, roll 
back the upgrade sequentially. The entire upgrade process requires manual operation and is 
time-consuming, complex, and error-prone. To solve these problems, the autonomous driving 
network provides an end-to-end workflow engine to flexibly orchestrate delivery during an 
upgrade. In addition, the autonomous driving network boasts the automated test design and 
simulation, and reshapes the method for testing. None of the testing requires manual 
intervention. It meets requirements for quick version upgrade tests and zero service 
interruption during A/B test in the 5G era. 
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Figure 11： CD/CT Pipeline, Streamlining Network Workflow 

Orchestratable workflow engine: The workflow engine can automatically schedule 
corresponding delivery activities. In addition, the workflow engine exposes capabilities to 
customers for secondary orchestration during the design phase, quickly meeting customer 
requirements. The design solution of the workflow engine can be verified to ensure that the 
workflow engine correctly reflects customer requirements and that upgrade activities are 
correctly implemented. 
Customizable test cases: Test cases in the existing test case set can be modeled to help 
customers implement secondary development of test cases. In addition, test cases can be 
simultaneously orchestrated in multiple places to meet test case requirements in different 
service scenarios. 
Simulatable test triggering: Multiple test scenarios can be simulated and 85% of the testing 
process automated. 
Wide test coverage: A test covers manufacturing terminals and third-party applications to 
provide support for MEC ecosystem construction. Tests on 5G slices can be simulated for SLA 
assurance. 

CLOUD-EDGE SYNERGY, CLOUD-BASED ARCHITECTURE, AND PROACTIVE AI-
ENABLED O&M 

According to Gartner's report, 37% of network faults are caused by network changes. 75% of 
network problems are found only when customers submit complaints to carriers. O&M 
personnel spend 90% of their time in fault location. The traditional O&M mindset is far from 
enough to address the challenges facing the telecom industry. The autonomous driving solution 
introduces AI technologies to the telecom network. Closed-loop capabilities are built through 
local AI-based training, optimization, and reasoning. Capabilities and service tool cases are 
brought online. In addition, service cases and management cases are shared, and network O&M 
data is stored in one place and shared in multiple places. In this way, intelligent O&M capabilities 
are built to cover multiple dimensions. AI brings predictability. With this prediction feature, the 
core network can proactively perform O&M and locate faults before faults occur. 
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Figure 12： Cloud-Edge Synergy Enhances Proactive O&M Efficiency 

CLOUD+EDGE SYNERGY ENABLES CLOUD-BASED INTELLIGENT O&M: The cloud provides a data 
lake for automatic upload of data and a training platform for online development of models. 
The online AI framework is used to connect the local network and cloud to build closed-loop 
capabilities, including local model retraining, optimization, and reasoning. 
 
A CLOUD-BASED ARCHITECTURE ENABLES ONLINE ROBOT ATTENDANCE: Online health checks 
are provided for various scenarios. Execution of change preparation and operation processes, 
exception detection after a change, multi-dimensional event aggregation, and auxiliary root 
cause analysis are automated to implement fault demarcation within 30 minutes. This helps 
prevent 25% of problems caused by changes in advance, and builds a highly-reliable core 
network. 
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ACCESS AGNOSTIC CORE 
CONVERGENCE EVOLUTION- 

SIMPLIFYING NETWORK DEPLOYMENT AND O&M 

As 5G "is on", 5G core network deployment will reconstruct existing carrier core networks on a 
large scale. It comes together with reconstruction of NFV infrastructure, which is the basis of 
the core network. In the 5G era, core network construction faces more complex challenges than 
ever: Once a carrier network is constructed, it will be used for a generation. Construction of the 
5G core network must be considered carefully since the core network is the most complex node 
in the network. 3GPP defines four integrated native NE pairs to ensure service continuity and 
smooth subscriber migration.

 

Figure 13： 4G and 5G interworking model 
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According to 3GPP specifications, four NE pairs on both 4G and 5G networks need to be 
integrated: UPF+PGW-U on control plane, SMF+PGW-C on user plane, HSS+UDM for 
subscription data management, and PCF+PCRF for policy control. 
 
4G/5G USER PLANES ARE CONVERGED, WHILE MAINTAINING THE SAME IP ADDRESS FOR 
SERVICE CONTINUITY. 
Coverage is intermittent in the initial phase of 5G deployments. When a subscriber moves, the 
subscriber is frequently handed over among 4G and 5G networks. If 4G and 5G gateways are not 
converged, the subscriber needs to reselect a gateway as it moves. The new gateway will 
reallocate an IP address to the subscriber, interrupting services during network re-access. 

 

 

 

 

 

Figure 14:  Divided Gateway Deployment Scenario 
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CONVERGENT 4G/5G CONTROL-PLANE SMF+GW-C, FEATURING ONE-TIME PICKUP OF VOICE 
SERVICES 
Voice services have high requirements on service continuity. In the initial phase of 5G 
deployments, voice services cannot be used due to discontinuous coverage. Voice services need 
to fall back to 4G networks to use VoLTE because there is no standard interface between the 5G 
SMF and the 4G GW-C and they cannot interwork with each other. If the SMF and GW-C are not 
converged, the EPS fallback will fail. The subscriber needs to access the 4G network again, 
affecting voice service connectivity. 

 

Figure 15:  Divided Control-plane Deployment 

CONVERGENT 4G/5G UDM+HSS, FEATURING SUBSCRIBER UPGRADES WITHOUT CHANGING 
SIM CARDS OR PHONE NUMBERS 
As mobile communications networks evolve from 2G, 3G, to 4G, many mobile phone numbers 
have been used by subscribers since the 2G era. Why can a subscriber keep its phone number 
unchanged during network evolution? The answer is that the subscriber data management NEs, 
including HLR for 2G and HSS for 3G and 4G, are always integrated according to the 3GPP 
specifications. The mobile phone number of a subscriber is always stored on the integrated NE. 
In the 4G era, the mobile network and terminal mutually authenticate each other using a 
different encryption algorithm to avoid spoofed base stations. When a subscriber upgrades from 
3G to 4G, the subscriber needs to go to the business hall to change its SIM card. A 5G network 
is compatible with the 4G encryption algorithm, simplifying the upgrade. When a 4G subscriber 
upgrades to 5G, the subscriber only needs to use a 5G terminal, instead of changing the phone 
number. It can automatically access a 5G network after the terminal is powered on. 
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Figure 16: Auto Provisioning of 5G Services 

 
CONVERGED CONTROL PLANE AMF+MME DELIVERS AN OPTIMAL CROSS-NETWORK 
EXPERIENCE 
According to 3GPP specifications, 5G AMFs and 4G MMEs can either communicate with each 
other over the N26 interface or be deployed independently. However, historical data shows that 
independent deployment delivers a poor user experience. Around 2012, many LTE carriers 
chose to build an overlay network, and the handover success rate on the control plane was less 
than 90%. In the subsequent commercial network construction, carriers selected the convergent 
2G, 3G, and 4G core network. The handover success rate increased by 20%, and the exchanged 
signaling for interworking decreased by 37%. The overlay network is now a transition plan for 
experimental networks. 
 

 

Figure 17: Divided AMF and MME Deployment  
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According to the statistics of global commercial networks, 99% of carriers adopt the convergent 
network construction. A fully convergent core network not only ensures service continuity and 
a greater user experience; it also simplifies networking and O&M. 

 

Figure 18:  Convergent Deployment Simplifies Networking and O&M 

SIMPLIFIED NETWORKING: Base stations for 2G, 3G, 4G, and 5G are connected to the same core 
network, simplifying the network architecture. Unified external interface IP addresses simplify 
network configurations of base stations, switches, routers, and peripheral systems. 
SIMPLIFIED DEPLOYMENT: The core network is fully converged. Planning and deployment are 
completed at the same time, reducing the workload by 50% over an overlay network 
construction. In addition, backward compatibility can be achieved. Base stations for 2G, 3G, and 
4G still use the original interface configuration, and no adjustment or re-interconnection is 
required. 
SIMPLIFIED O&M: The convergent core network uses a unified management node to perform 
O&M. When an overlay network is used, two nodes perform O&M, and operations such as fault 
location are complex and inefficient. 
 
3GPP specifications, user experience, and the history of experience from global carriers show 
that the convergent core network is the best choice. 5G deployment has just started, but 5G 
core is purpose-built with the future in mind. The construction of NFV infrastructure and 5G core 
network should happen at the same time to minimize costs without changing parameters for 
2G, 3G, and 4G base stations.  
 
NON-3GPP ACCESS AND FMC 
The 5G Core is to be designed to be access agnostic. A non-3GPP Inter-Working Function 
(N3IWF) has been defined as part of the untrusted non-3GPP access. Both 5G NR and non-3GPP 
access are interfaced to the 5G Core using the same user plane (N3) and control plane interfaces 
(N2), with the N3IWF terminating N2 and N3 interfaces when using non-3GPP access.  
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Figure 19: 3GPP and Non-3GPP Access for 5G SBA Architecture 

As of the wireline, the Broadband Forum (BBF) decided to address Fixed Mobile Convergence 
(FMC) in 5G networks. The BBF are working tightly with the 3GPP in defining Wireline Access 
Gateway Function (W-AGF) that resides between the wireline access infrastructure and wireless 
core network. 

 

 

Figure 20: 5G paves the way towards true FMC deployment 
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Deploying fixed mobile core convergence will dramatically reduce the number of isolated 
components and technologies required to support broadband services. Not only does this lower 
capital and operational expenses, it also simplifies management and provisioning. With 5G’s 
Service Based Architecture (SBA), wireline access can be injected with the kind of features 
promised by 5G Core infrastructure, such as end-to-end network slicing, service chaining and 
orchestration. With common Quality-of-Service (QoS) policy control, regardless of the access 
technology, traffic can also be policed end-to-end. 

5G DETERMINISTIC NETWORK BENEFITS TO THE INDUSTRIES 
A 5G deterministic network provides 5G connections with differentiated network capabilities 
and deterministic SLA commitments. Additionally, it builds a prosperous ecosystem to innovate, 
incubate, implement, and replicate projects for carriers, enterprise users, and industry 
application partners in the upstream and downstream of the industry chain. The 5G-enabled 
smart healthcare solution has already been made available for everyday people. The solution 
effectively solves the problem of uneven distribution of medical resources between developed 
and underdeveloped areas through remote surgery, remote emergency ambulance, and remote 
consultation. 5G-enabled smart healthcare is expected to have increased the life span of the 
average person in underdeveloped regions by two years in 2030. The 5G-enabled smart grid will 
have reduced power failures in China by more than 80% in 2013, safeguarding people's lives and 
production. The UHD industry based on the 5G deterministic network will have benefited 60% 
of the world's population in 2025. With multimedia technologies such as 4K/8K, VR, and 
holographic technology, the UHD industry will deliver immersive experiences and bring people 
closer together. 
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CONCLUSION 

The four key pillars for the agile 5G Core comprises of Cloud native architecture, Distributed 
and on-demand user plane, Converged and Service-oriented Programmable Core and Agile 
Network Slicing. 

The value of 5G Core is Enable All Access and Enable All Services. 

The 5G deterministic network is based on stateless design cloud native architecture. Dynamic 
intelligent network slicing provides differentiated and deterministic network service to a variety 
tenants of verticals, uplifts the work mode, and reassembles the service process, finally 
improving industry efficiency. The 5G core network uses microservice-centric architecture to 
provide differentiated slice orchestration. Flexible E2E service orchestration and automated 
deployment ensure secure service isolation and independent operations, accelerating slice 
rollout. The hyper performance heterogeneous MEC platform provides the ever best bit-cost, 
computing capability to provide industry applications with appropriate differentiated and 
deterministic network services, and to lay the foundation to evolve from "best-effort" to 
"guaranteed" delivery. Flexible resource scheduling and combination based on microservices 
provide differentiated SLA guarantee for different tenants. 
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ABBREVIATIONS 

3GPP 3rd Generation Partnership Project 
B2B Business to Business 
B2C Business to Consumer 
NaaS Network as a Service 
URLLC Ultra-Reliability and low latency communication 
SA Service Awareness 
QoS Quality of Service 
SLA Service Level Agreement 
COTS Commercial of-the-shelf 
VPN Virtual Private Network 
OTT Over the Top 
VNF Virtual Network Functions 
OS  Operating System 
VM Virtual Machine 
SBA Service Based Architecture 
O&M Operation and Maintenance 
CUPS Control and user plane separation 
MEC Mobile Edge Computing 
mMTC Massive Machine Type Communication 
VoNR Voice over New Radio 
VR Virtual Reality 
MANO Management and Network Orchestration 
PaaS Platform as a Service 
IaaS Infrastructure as a Service 
CD/CT Continuous Development/Continuous Testing 
AI Artificial Intelligence 
NFV Network Function Virtualization 
UDM Unified Data management  
HSS Home Subscriber Server 
UPF User Plane Function 
PGW-C Packet Data Network (PDN) Gateway-Control Plane 
PGW-U Packet Data Network (PDN) Gateway-User Plane 
PCF Policy Control Function 
PCRF Policy and Charging Rules Function 
NE Network Element 
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VoLTE Voice Over LTE 
EPS Evolved Packet System 
SMF Session Management Function 
AMF Access and Mobility Management Function 
MME Mobility Management Entity 
UHD Ultra-High-Definition 
DN Data Network 
RCA Root Cause Analysis 
E2E End to End 
BBF Broadband Forum 
W-AGG Wireline Access Gateway Function 
FMC Fixed Mobile Convergence 
NRF Network Repository Function 
NSSF Network Slice Selection Function 
SCP Service Communication Proxy 
SEPP Security Edge Protection Proxy 
N3IWF Non-3GPP Interworking Function 
NWDAF Network Data Analytics Function 
SMSF Short Message Service Function 
AF Application Function 
AUSF Authentication Server Function 
EIR Equipment Identity Register 
CHF Charging Function 
5G-RG 5th Generation Residential Gateways 
NG-RAN New Generation Radio Access Network 
FN-RG Fixed Network Residential Gateway 
UE User Equipment 
NF Network Function 

 

  



34 

EITC 5G DETERMINISTIC NETWORK EMPOWERS THOUSANDS OF INDUSTRIES                                                                                                       

 

 www.du.ae    

CONTRIBUTION 

THIS PAPER IS JOINTLY DEVELOPED BY DU 
AND HUAWEI: 

Dr. Ayman ElNashar (du) 

Mr. Mohanad ElSakka (du) 

Mr. Huxiaoyong (Huawei)     

Mr. Muhammad Waqas (Huawei) 

Mr. Zhouzhiyong (Huawei) 

                  

 


