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Introduction 

A few years ago, fixed broadband reached a significant milestone of one billion subscribers – 
supporting nearly 50 percent of households around the globe. In virtually every part of the 
world, access to fixed broadband is rapidly becoming a necessity, similar to electricity and 
water. Also, fixed broadband connectivity has become an essential part of Mobile Network 
Operators (MNOs) service offerings as they transition from Communication Service 
Providers (CSPs) to Digital Service Providers (DSPs).  
 
Offering integrated fixed-mobile convergence (FMC) services to their customers enhances 
customer loyalty, strengthens their service advantages, and increases revenue streams. 
Fixed broadband is also an essential part of an MNOs offering to enterprise customers 
where they provide premium, fast and reliable connectivity to businesses. That includes 
guaranteed service level agreements, end-to-end network maintenance, and support, 
freeing up the business to concentrate on running their business and increasing profitability.    
 
At the same time, MNOs are rolling out 5G services and utilizing the fixed infrastructure as 
mobile backhaul to help support the increased demands on their mobile network 
infrastructure. Some mobile operators are now positioning radio sites according to their 
proximity to Fiber to the X (FTTx) access points, as this significantly lowers the cost for both 
site access and backhauling. 
 
Although DSL based on copper cable technologies remains the most prevalent fixed 
broadband technology for the majority of the world, its importance is waning, as operators 
realize the opportunities that a Fiber-to-the-Home (FTTH) network presents to their 
business. In fact, in a handful of countries, including Japan, China, Spain, Portugal, Russian, 
Sweden, Finland, to name a few, FTTH has become the dominant fixed broadband 
technology.  

  



 
 

 
 

5 

 
Visit our website: www.radcom.com 

The race to 5G 
In the 5G era, operators can use high-bandwidth and wide-coverage optical access network 
resources to implement integrated construction of home broadband, enterprise broadband, 
and 5G mobile transport over one network so that the network construction costs are 
reduced.  
 
Combining their FTTH and 5G rollouts to gain benefits from using the same infrastructure 
(cables and fibers) will save costs and enhance their service offerings. Converging fixed and 
mobile services on a single access platform providing greater operational flexibility, more 
straightforward network design, and opens new markets for operators. Both fixed & mobile 
operators are racing to establish themselves as full-service operators for triple or quad-play 
services to address revenue decline and loss of market share due to intense competition.  
 
An essential application of 5G will be latency-sensitive services like Ultra-High Definition 
(UHD) video services, including 8K and VR, and offering fixed broadband with gigabit 
connectivity running over FTTH will significantly enhance their offerings to their customers. 
With competition among global operators increasingly intensified fixed-mobile convergence 
packages will continue to be a critical means for the operators to prevent user churn and to 
increase ARPU (average revenue per user). It is this realization of the significance of fixed 
networks that are pushing multiple initiatives to more strongly align the development of 
fixed and mobile networks to create a more converged infrastructure.  
 
For example, in February of this year, one such initiative was announced by ETSI to form a 
new group dedicated to specifying the fifth generation of Fixed Network (ETSI ISG F5G). The 
group aims to study the fixed-network evolution required to match and further enhance the 
benefits that 5G will bring to mobile networks and communications in general. Some of the 
operators included in this initiative are Bouygues Telecom, China Unicom, China 
Telecommunications, Rostelecom, and TIM. Going forward, operators such as Telstra and 
Vodafone have stated that a converged core will let them take full advantage of network 
slicing, a means of providing different network services over the same physical 
infrastructure. Some of these slices might combine fixed and mobile capabilities, from those 
companies. 
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Fixed Broadband Connectivity  

 

Figure 1 - Fixed broadband network architecture 

Copper  
The majority of fixed broadband connections are using Digital Subscriber Lines (xDSL). This 
connection uses traditional copper telephone lines equipped with a Digital Subscriber Line 
Access Multiplexer (DSLAM) that connects multiple DSL subscribers to a high-speed Internet 
backbone line (through an Edge Router Switch). It allows local copper loops to make faster 
connections to the internet. Each customer is connected to a single port of entry. On the 
return route from the internet backbone, DSLAM separates the incoming requests of the 
individual subscribers and sends them to their unique DSL modems.  
 
The challenge with copper is that there is a limitation in terms of bandwidth and the 
distance the subscribers can be from the central hub. Generally, the distance from the 
central hub to the subscriber should be less than 5km. DSL offers download speeds in the 
range of 5–100 Mbps range. Upload speeds are usually in the 1–10 Mbps range and aren’t 
as fast as fiber. However, it is often cheaper, and in rural areas, DSL is often the only wired 
internet option.  
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Fiber 
Fiber is an alternative to DSL connectivity and offers very high bandwidth. Fiber optic cables 
made from glass or plastic use pulses of light to transmit data. However, it is expensive and 
so running a dedicated, direct link to each subscriber isn’t economical. With Fiber to the 
Home (FTTH), the entire access network is fiber. So, this provides the fastest option that 
customers can receive. Yet, in most cases, the existing copper telephone cable is used for 
the final connection to the subscriber. Fiber to the Building (FTTB), Fiber to the Cabinet 
(FTTC), and Fiber to the Node or Neighborhood (FTTN) are all based on a combination of 
fiber optic cable and copper cable. 
 

 
 

Figure 2 - The range of different fiber broadband connection 

Fiber internet download speeds can be anywhere from 250–1,000 Mbps. Unlike DSL, fiber 
usually offers “symmetrical” services, meaning the upload speeds are the same high speed 
as downloads.  Compared to DSL connectivity, fiber won’t slow down if you are located 
further from the operator’s central hub. So, unlike DSL, if fiber reaches the subscriber, they 
are likely to receive service speeds that are incredibly close to those advertised. 

Optical networks 
The stretch of the network from these copper telephone lines to the operators’ central hub 
is filled either by Active Optical Networks (AON) or Passive Optical Networks (PON). These 
networks split the signal so that the pipe from the central hub in the network’s core is 
shared between multiple end-users. The split into individual fibers for each user happens 
reasonably close to the customer; within a few kilometers at most.  
 
The critical difference between AON and PON is how the signal is split between the multiple 
fibers going to each customer. The advantage of PONs is that they don’t require electrical 
power for the splitter, have a high Mean Time Between Failures (MTBF), since passive 
components don’t fail as often, lower installation and operating costs than AONs. They also 
use less energy, and less network infrastructure, than AONs, and are highly reliable. AONs 
enable the last-mile link to operate over longer distances than with a PON: typically, up to 
around 70 to 100km, compared to about 20km for PONs.  
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Included within Passive Optical Networks (PONs) are Broadband Passive Optical Networks 
(BPONs), Ethernet Passive Optical Network (EPON) and Gigabit Passive Optical Network 
(GPON). With the latest version of GPON being a 10-Gigabit version known as XGPON or 
10G-PON.  
 
A single PON consists of an Optical Line Terminal (OLT) belonging to the operator, a splitter, 
and up to 64 Optical Network Units (ONU). The ONU may or may not be at the subscriber or 
business’ premises but serves a single customer. It converts the optical signal to electrical or 
RF signals, which the subscriber’s equipment connects to. An ONU is sometimes called an 
Optical Network Terminal (ONT). An ONT is usually on the subscriber or business premises 
and an ONU somewhere outside. In a GPON, the distance from the OLT to the ONU or ONT 
can be up to 20 km.  
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RADCOM Network Intelligence 

RADCOM provides a comprehensive end-to-end solution that smartly monitors the 
customer experience across both mobile and fixed lines. Offering unified, web-based 
network intelligence to aid operators in delivering superior customer experience across all 
their service offerings.   

 
Figure 3 - RADCOM Network Intelligence for mobile and fixed services 

RADCOM Network Intelligence is cloud-native and can be deployed in various bare metal or 

fully virtualized scenarios, which makes the solution highly cost-effective, automated, and 

cost-effective. RADCOM Network Intelligence includes:  

• RADCOM Network Visibility a stand-alone, fully virtualized network packet broker 

(vNPB) with virtual tapping and filtering. This solution allows the operator to 

optimize their network, manage the traffic flow to monitoring and security tools, and 

comes with built-in troubleshooting capabilities, and captures data close to the 

tapping point. RADCOM Network Visibility provides session-aware load balancing, in-

depth protocol analysis, centralized management at scale, and advanced packet-

broker functionality. As the solution is fully cloud-native, there are no dedicated 

hardware limitations, and it can be dynamically deployed and scaled efficiently with 

a distributed cloud approach to high scale packet brokering. 

• RADCOM Service Assurance provides operators with a smart, end-to-end monitoring 

solution using the following data acquisition and processing methods.  
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o RADCOM virtual probes for packet monitoring in 3G, 4G, 5G, and fixed 

networks and is intended for operators that want to monitor massive 

amounts of packet-based traffic 24/7/365 continually.  

o Our patented, on-demand, solution, RADCOM I.C.O.N., captures and 

monitors multiple types of network events and complements our virtual 

probes to provide comprehensive assurance for the 5G SA core.  

• RADCOM Network Insights delivers business-critical intelligence to the operator by 

providing a complete 360° view of the customer and service experience. RADCOM 

takes the raw data from the RADCOM Network Visibility and RADCOM Service 

Assurance layers and converts it into rich, actionable insights offering business-

critical intelligence to the operator. With these insights, operators can perform root-

cause analysis and troubleshooting at both a high and granular level, with drill-down 

capabilities to the packet or subscriber level.   
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Monitoring fixed-line services  
For fixed-line services, RADCOM enables the operator to understand the end-to-end quality 
of experience, and when service degradations occur to optimize and troubleshoot service 
performance rapidly. Operators can also gain an understanding of network usage and 
trends. Using insights into encrypted traffic, RADCOM provides operators with KQIs for 
gaming (such as RTCP over UDP and update rate), tethering (to see what applications 
subscribers use, data usage, etc.), and video streaming (such as Amazon, Facebook, Netflix, 
YouTube, and others). With built-in DPI, RADCOM’s solution classifies over 3000 apps & 
protocols that subscribers use on their fixed broadband network and provide quality of 
experience metrics for encrypted OTT apps. 
 

 
Figure 4 - Monitoring Encrypted Video KQIs 

 
Covering both control plane and user plane traffic, operators can drill down from the service 
level to the individual subscriber or packet level to troubleshoot and receive event-driven 
notifications for connection issues (RADIUS, Diameter). Troubleshooting can be applied to 
the user plane traffic with drill-downs to view call/session traces. RADCOM Network 
Intelligence enables operators to proactively analyze their fixed-line services, detect any 
network default, and optimize the network performance. 
 



 
 

 
 

12 

 
Visit our website: www.radcom.com 

 
Figure 5 – Troubleshooting fixed-line services using RADCOM's web-based session tracing application 

 
 
RADCOM’s solution monitors DSL and GPON at these points within the network: 
  

• User plane traffic over PPPoE or IPoE between the access network and BNG 

• Radius traffic between the BNG and AAA 

• Diameter traffic between the BNG & PCRF 
 

 

Figure 6 - RADCOM monitoring points in fixed broadband 

Using the data collected and correlated from these monitoring points, RADCOM Network 
Intelligence enables the operator to understand the overall network and service 
performance, know the quality of experience and perform root-cause analysis to rectify any 
subscriber-affecting issues. Alarms can also be assigned to specific service levels so that if 
thresholds are breached, engineers are automatically alerted.  
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Figure 7 - Troubleshooting service degradations with RADCOM’s session tracing application 

 
 

 
Figure 8 - Control plane dashboard - Radius 

  

Control Plane Dashboard - RADIUS 



 
 

 
 

14 

 
Visit our website: www.radcom.com 

For control plane traffic, RADCOM provides operators with the following KPIs; 

• Total Count 

• Success Count 

• Success Ratio 

• Average Duration 

• Release Cause Distribution 
 
These are available in the following dimensions: 

• Entire Network 

• Application ID Name (DIA) 

• Destination Host Name (DIA) 

• Destination Realm Name (DIA) 

• Origin-Host Name (DIA) 

• Origin Realm Name (DIA) 

• Source NE 

• Destination NE 

• Time 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Control Plane Dashboard - Diameter 

Figure 9 - Control plane dashboard - Diameter 
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RADCOM also provides operators with a customer care application for subscriber support 
(QiCare) that is targeted at the Customer Service Assurance Group and provides control 
plane and user plane metrics per subscriber. Additionally, RADCOM also offers a proactive 
care application for subscriber groups (VIP). 
 
 
 
 

 

 

 

 

 
 
 
 
 

Figure 10 – User plane dashboard showing video/app data usage 

Figure 11 - RADCOM's Customer Care Application 
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• For the user plane RADCOM provides the following KPI’s: 
o General: Data volume, success rate, throughput, duration, latency, 

retransmission, etc. 
o Encrypted Video:  Video rebuffering ratio, average video rebuffering count, 

average playout VMOS score, video resolution, average minimal playout 
time, average video duration, total data DL, average download throughput 
(kbps) 
 

• These are available in the following dimensions: 
o Entire Network 
o Time 
o DSLAM, Aggregation switch, BNG (based on customized network 

classification – e.g., VLAN) 
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Migration to 5G 

Fast fixed-broadband access is vital to socio-economic development. However, deploying 
the infrastructure requires high costs, long-term investment, as well as considerable 
strategic planning, understanding of legal frameworks at multiple levels of government, and 
a substantial amount of available labor. In particular, the last few hundred meters (known as 
the last mile) where the home or office is connected to the network infrastructure has 
proven to be a significant obstacle for more widely deploying fast wireline broadband.  
 
A solution to this challenge is Fixed Wireless Access (FWA) that utilizes standardized 3GPP 
mobile networks to deliver ultra-high-speed broadband services to residential subscribers 
and enterprise customers. FWA enables the easy and rapid deployment of fast broadband 
services and is much more cost-effective. FWA based on LTE has been available worldwide 
for some time, although it is much more dominant in some regions than others. In a recent 
report1, GSA identified 395 operators in 164 countries selling FWA services based on LTE. 
However, with the introduction of 5G and high-frequency millimeter waves (mmWaves) 
above 6GHz, the speed of FWA will be comparable to that of fiber.  
 

 
 

Figure 12 – FWA enables speedy last-mile connectivity for operators compared to DSL and fiber  

 
1 Fixed Wireless Access Global Status Update April 2020 – GSA Report 
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5G Fixed Wireless Access 
So far already, 73 operators have announced 5G FWA launches worldwide. SNS Research 
estimates that service revenue from 5G-based FWA subscriptions are expected to grow at a 
CAGR of approximately 84% between 2019 and 2025, eventually accounting for more than 
$40 Billion in revenues in 20252. The majority of 5G-based FWA is expected to be 
implemented in densely populated urban areas. However, some rural carriers (such as C 
Spire and U.S. Cellular in the US market) are examining 5G as a means to deliver last-mile 
broadband connectivity to rural communities as well. So, FWA is being utilized by both fixed 
operators to speed up fixed broadband rollouts and mobile operators to tap into the multi-
play sector, including a new route into the home broadband and video market. This cellular 
connection provides the primary broadband connection for a home or business in the form 
of an FWA service delivered to Customer Premises Equipment (CPE), which in turn offers 
local connectivity for other devices (typically over Wi-Fi). 
 
With FWA emerging as one of the first 5G use cases to be deployed and monetized by 
operators it is critical that service assurance is deployed at the beginning of the rollout to 
ensure the smooth implementation of these new services and to assure the customer 
experience. Going forward, operators will look to automate operations and having a cloud-
native, containerized assurance solution from day one will help operators reach this goal. 

 
2 5G for FWA (Fixed Wireless Access): 2017 – 2030 – Opportunities, Challenges, Strategies & Forecasts by SNS 
Telecom & IT 
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