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5G is a technology, or more accurately a collection of technologies, not a service or a revenue
stream. For 5G to live up to its hype and improve the bottom line for communications service
providers (CSPs), technology must be turned into services, and services into revenue.

This requires major changes to operational and business
support systems (OSS/BSS). However, the service
requirements and the business models supporting many
5G use cases are new and unproven. Such lack of clarity
makes it difficult for CSPs to identify and prioritize the
changes, but they must do so.

It is important, therefore, that CSPs concentrate on
adopting processes and architectural principles, such as
automation and openness, which scale across use cases
and leverage the features that make 5G different from its
predecessors.

e promise of 5G
5G is different from previous generations of mobile
technology. This is an often-made claim, one that is equally
often followed by statements of technical prowess:

Download speeds up to 1,000 times faster than 4G

Latency around 1 millisecond, compared to 4G’s 50-
100 milliseconds

Step changes in capacity due to the higher frequency
and larger bandwidth of 5G spectrum which can
significantly reduce the cost per megabit and support
millions of connections per square kilometer

Enhanced power consumption that improves base
station energy efficiency by 30% to 60%

Reliability of service enhancements based on 5 nines’
availability

Failing to modernize OSS/BSS could
result in an immediate and negative
impact on revenue, with up to 67% of
potential revenue at risk."

“

www.inform.tmforum.org
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There is no doubt that these are indeed significant
improvements and that such functionality can enhance
users' experiences, such as with online virtual reality
gaming. New and improved use cases ranging from
logistics to autonomous cars and digital health also are
possible.

However, such functionality makes 5G better but not
substantively different. After all, doing more, faster, better
and for less, is what each previous generation of mobile
technology has promised to deliver. Indeed, based on this
alone, one could argue that the shift from circuit to packet
data was far more transformative than moving from 4G to
5G.

It’s all about flexibility
5G’s headline-grabbing performance numbers are
impressive, but that level of performance isn’t needed for
many (perhaps most) applications. Experiences of sharing
an image on Instagram or shopping online will not be
noticeably improved by 5G working at its highest possible
performance levels compared to 4G. Neither do the
applications that require the highest level of one technical
parameter like throughput necessarily require a similarly
high level of availability or extremely low latency. Being
able to deliver on such a wide variety of requirements,
concurrently and at scale is key.

Can’t 4G do that?
Another common mantra, usually from cynical mobile
industry commentators, is that there are no 5G use cases
that couldn’t be delivered using 4G. Certainly, when one
breaks down the extensive list of 5G use cases, those that
can only work on 5G are few and relate to services that
require high speeds, ultra-low latency and are ultra-reliable,
such as remote surgery.

Indeed, CSPs could use 4G for many use cases but they’re
not, and here’s why:

• Delivering services with quality of service (QoS)
guarantees can impact negatively on other services
including core services

• QoS for specific services is hard to deliver, monitor and
maintain, and service level agreements (SLAs) aren’t
enforceable

• The cost base means services will be price-prohibitive

• There is no business case because it takes a huge
amount of effort, particularly in building and modifying
support systems, to deliver services for a specific use
case; furthermore, the potential market for that use case
is often unknown and limited

As a technology, 4G can support many of the performance
parameters needed for use cases associated with 5G.
However, it cannot support multiples of them quickly and
efficiently at the same time. That is what 5G must do. 5G
radio access and core network technology supports this,
but significant changes and developments in OSS and BSS
are necessary to turn the promise into revenue-generating
services.

e real promise of 5G is that it gives
CSPs their first realistic opportunity to
differentiate the service levels they deliver
to different customers. It is transformative
because of the flexibility it offers."

“

www.inform.tmforum.org
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What’s new?
In our 2017 Trend Analysis report 5G: Is platform the killer use case? we explained the importance of platform business
models to 5G success. In this report we broaden the scope to identify how dependent 5G success is on operational
transformation. We surveyed 71 respondents from 53 unique CSPs and 73 respondents from 41 suppliers:

Read the report to understand:

• Why 5G is different

• Which services and use cases CSPs are prioritizing for
their 5G rollouts

• How important key developments such as network
functions virtualization, software-defined networking and
network slicing are to 5G-driven revenue growth

• How dependent 5G-driven revenue growth is on
operational and business support systems (OSS/BSS),
and how well these dependencies are understood

• Why automation and open APIs are essential to develop
new use cases and increase revenue

• How TM Forum Catalyst projects are providing a
blueprint for the OSS/BSS transformation needed to
unlock 5G revenue

TM Forum, 2018

Who are the 5G survey respondents?

mobile operators

23%
converged operators

61%

4%

10%

71

cable operator

respondents from 
53 unique companies 73 respondents from 

41 supplier companies

fixed operators

CSPs Suppliers

Network software 
supplier

11%

OSS/BSS supplier

23%

36%
Systems integrators 
& consultants

Network hardware 
supplier

11%

www.inform.tmforum.org
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Who?
53 CSPs and 41 suppliers
For this report we surveyed 71 respondents from 53 unique communications service providers (CSPs) and 73 respondents
from 41 supplier companies. CSP respondents included CTOs, CIOs, corporate and strategy VPs, chief systems architects,
network architects, and managers in engineering, performance and operations, product development, and governance. In
terms of job function, they were fairly evenly split between the network and IT sides of the business. Supplier respondents
included chief marketing officers, chief data scientists, heads of 5G and solution architects.

8%
North America

11%
Latin America/

Caribbean

19%
Europe and/or 
Russia

30%
Middle East 

and/or Africa

30%
Asia-Pacific

2%
Global

CSPs: Where? 
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31%
Fewer than 

5 million

Number of subscribers

1%
100 million to 

150 million

10%
25 million to 

50 million

37%
5 million to 

25 million

6%
50 million to 

100 million

15%
More than 

150 million

Size of CSP 

11%
Network 
hardware supplier

11%
Network function 
software supplier

23%
OSS/BSS 
supplier

14%
Systems 

integrator

22%
Consultant

19%
Other

Type of supplier 

10%
Fixed operator

4%
Cable operator

61%
Converged operator (some combination 
of mobile, fixed voice and data, and TV)

23%
Mobile operator

2%
Other

Type of CSP 
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What are the use cases for 5G?
In their 2017 report 5G business potential, Ericsson and Arthur D. Little predict that 5G will drive 13.6% annual revenue
growth for CSPs from 2016 to 2026 for a total opportunity of around $1.6 trillion. This is an optimistic view and many
CSPs would be delighted with growth amounting to just a third of that prediction, as the global market for communications
services is currently running at around 1.5%. However, the work is useful because it provides a starting point to break
down the 5G revenue opportunity and start building businesses cases.

5G use case discussions are framed by three main scenarios:

What are the use cases for 5G?

TM Forum, 2018 (source for data: International Telecommunication Union)

Self-driving car

Voice

Smart city cameras

Enhanced mobile broadband
Capacity enhancement

Low latency
Ultra-high reliability & low latency

Massive IoT
Massive connec vity

Sensor 
networks

Mission-critical broadband

Industrial & vehicular automation

Augmented reality

Work & play in the cloud

3D video - 4K screens

Gigabytes in a second

www.inform.tmforum.org
https://www.ericsson.com/en/Events/archive/mwcs-2017/5g-business-potential
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Sizing the opportunity
The Ericsson report breaks out fixed wireless access (FWA)
from eMBB to create a fourth category and combines
mMTC and uRLLC for revenue sizing purposes.

To many CSPs this is positive news because they
understand the business cases for FWA and improving
mobile broadband. Both have a precedent in 4G, which
provides a level of certainty for CSPs and their investors.
Similarly, the data to build an FWA business case is
relatively easy to find, especially for triple- and quad-play
operators.

For all other applications, however, there are far more
questions than answers, and CSPs have referred to
building business cases in quicksand. As the technology
lead for one global service provider explains:

e state of play
5G is an increasingly important part of CSPs’ strategic
planning. In our 2017 Trend Analysis report 5G: Is platform
the killer use case?, no respondents were actively deploying
5G. This was expected as the standards hadn’t been
agreed, but less predictable were the 6% of mobile
operators that had no plans to deploy 5G. Today that
number has fallen to 4%, and nearly 10% of respondents
said their companies are actively deploying 5G technology.

Projected 5G revenue in 2026 $1.6 trillion

TM Forum, 2018 (source for data: Ericsson)

38%

55%

7%

   

   

mMTC and URLLC

eMBB

FWA

It’s really hard to monetize massive MTC
and ultra-reliable and low latency use
cases. If operators cannot monetize use
cases, they will not invest in this sector.”

“
Where are CSPs with their 5G strategies?

32%

TM Forum, 2018

41%

2017

2018

12%

6%

9%

41%

9%

28%

14%

4%

4%

   

   

We are monitoring developments

We are deploying 5G technology today

We are participating in 5G trials/proofs of 
concepts

We will wait until all standards are finalized to 
deploy 5G technology

We are a mobile operator but have no plans to 
deploy 5G

We are not a mobile operator, so 5G is not 
applicable

www.inform.tmforum.org
https://inform.tmforum.org/research-reports/5g-platform-killer-use-case/
https://inform.tmforum.org/research-reports/5g-platform-killer-use-case/
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Perhaps more meaningfully, 44% of CSPs surveyed intend
to launch 5G in within the next two years, but these
responses demonstrate that while 5G momentum and
expectations are building, it still has a long way to go
before it is close to mainstream.

Prioritizing deployment
Initially the speed of deployment is being dictated by:

Pent up demand for ultra-high-speed consumer broadband
both fully mobile and in the home

How capacity constrained mobile operators are

Or, in other words, exactly the same drivers behind 3G and
4G, with the addition of 5G being a very real alternative to
fixed broadband solutions to the home, businesses and
public locations. In our survey, CSPs and suppliers agreed
on the primacy of eMBB, but the most noticeable
difference in suppliers’ and CSPs' responses is the higher
ranking given by CSPs to FWA.

CSP �metable for 5G deployment

TM Forum, 2018

13%

31%

14%

28%

8%

6%

   

   

In the next 12 months

In 1-2 years

In 2-3 years

In 3-5 years

Our plans aren’t set/don’t know

We don’t intend to launch 5G

www.inform.tmforum.org
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1

2

3

4

5

6

7

8

9

10

How are CSPs and suppliers priori�zing 5G deployment?

TM Forum, 2018

CSPs Suppliers

Improved mobile 
broadband 
coverage 

Fixed wireless 
access

Smart city

Remote control 
of devices 

Connected 
vehicles

Smart grid

Factory 
automa on/sensor 

connec vity

Digital health

Immersive 
augmented 
reality 

Improved mobile 
broadband 
coverage 

Fixed wireless 
access

Smart city

Remote control 
of devices

Connected 
vehicles

Smart grid

Factory 
automa on/sensor

 connec vity

Digital health

Immersive 
augmented 
reality 

Ultra-high 
defini on 
video

Ultra-high 
defini on 
video

www.inform.tmforum.org
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Analyzing the drivers
There is no doubt that FWA is the driving force behind the North American push towards early 5G deployment. Of the
28% of CSP respondents who said their companies are conducting trials, 65% are focused on eMBB and FWA and 30% on
FWA only.

The lower ranking from vendors is likely a result of representation of different types of suppliers in our survey and the
importance of their services to each of the 5G service groupings than a reflection of a difference in understanding. While
all vendor groups agree on the primacy of improved mobile broadband coverage there are considerable variations in all the
other service options. This is inevitable as the suppliers of different types of equipment will only be talking to their
customers about the services that relate to the products and services the vendor offers. 

OSS/BSS vendors represent the largest vendor group in our survey and their prioritization is both different and revealing
as it provides insight into the service groupings that CSPs are considering which rely most on changes to OSS/BSS (see
Section 3). Therefore, connected vehicle, smart city and ultra-high definition video are high priorities, and all service
groupings bar one come above FWA (see infographic below). This becomes important as we start to drill down into the 5G
business case and its reliance on service groupings that are made possible by 5G but will only become a reality with
operational change.

1 2 3 4 5

678910

OSS/BSS supplier priori�za�on of 5G applica�ons

TM Forum, 2018

Improved mobile 
broadband 

coverage 

Fixed wireless 
access

Smart city

Remote control 
of devices 

Connected 
vehicles Smart grid

Factory 
automation/sensor 

connectivity

Digital health
Immersive 
augmented 

reality 

Ultra-high 
definition 

video
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Barriers to 5G deployment
The most important obstacles to 5G deployment are fundamental issues: Is there enough of the right spectrum, and are
the standards solid and comprehensive enough to build a new radio network? These are essential and will dictate both the
willingness and speed of 5G deployments. However, they are also table stakes: Without them you don’t play but it takes
far more to win. In this case winning equates to revenue growth.

Spectrum licensing 
issues

5G is not yet an 
agreed standard/too 

soon to deploy

Lack of use cases/hard 
to justify a business 
case for deployment

Garnering support from 
top management 

(e.g. inadequate financial 
commitment/aversion to risk)

Lack of a mature 
ecosystem of 

products and services

Lack of necessary 
IT infrastructure

Insufficient investment 
funds 

(i.e. there is no money available 
rather than an unwillingness to 

spend it on 5G)

Concerns about 
security and/or privacy

Concerns about how to 
handle management 

and operations

Ranking the 5G deployment challenges

TM Forum, 2018 

1 2 3

4 5 6

7 8 9
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Business case challenges
The next three most highly ranked barriers all relate to the business case, with close to 60% of respondents directly stating
that the lack of use cases and/or the difficulties in justifying a business case are very or somewhat important and just over
half pointing to difficulties in garnering support from top management.

The close correlation between these numbers is to be expected as senior management would be derelict in their duty if
they didn’t demand a justifiable business case. Finally, a mature ecosystem is essential to defining market share and
addressable market sizing. All of this is leading to an ever more intense search for the service or service groupings beyond
eMBB and FWA that will fully justify 5G investments.

This uncertainty around return on investment is why 5G’s
flexibility is so important. Individually, the business cases
for many 5G applications are either too unclear to
adequately assess or they represent marginal revenue
opportunities that require massive scale to deliver growth
and therefore will take time to develop. This means CSPs
need to find ways to build business cases.

In the next two chapters we identify how CSPs can build
architectures that will provide the technical foundations for
business cases based on flexibility rather than single-
service or limited use cases.

58%
of CSP respondents said 

lack of use cases is a 
significant barrier

56%
said lack of top 

management is a 
challenge

51%
said lack of a 

mature ecosystem 
is an issue 

Building the 5G business case is tough

TM Forum, 2018 

5G development vicious circle

TM Forum, 2018

Search for more 
valuable and 

certain use cases

Variety and 
number of 

potential use cases

Lack of support 
from senior 

management

Lack of a mature 
ecosystem of 
products and 

services

Business case 
uncertainty
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Identifying the importance of flexibility in establishing the 5G business case is a long way from
a roadmap that takes advantage of flexibility to deliver service differentiation and monetize
5G. For that it’s necessary to understand the technology development path and the
management and support systems that turn technology into services.

5G depends on standards
The 5G standards process is an obvious starting point to understand the timeline for service delivery. 5G standards are
necessarily highly technical and include a raft of specifications primarily around radio frequencies (RF) and technologies
that enhance performance such as massive multi-user multiple-input multiple-output (MU-MIMO) or millimeter wave
(mmWave). However, they also lay out a development path for the technology underlying 5G use cases and therefore
provide a baseline timetable:

December 2017

September 2018

December 2018

Release 15 – 5G New Radio 

(NR) non-standalone

New 5G radio working on 

LTE RAN and core network

Enables early deployment of 

5G RAN for capacity, enhanced 

multi-megabit and fixed 

wireless access 

Release 15 – 5G New Radio 

(NR) standalone

Add 5G service-orientated 

core network

Enables more effective support 

of 5G features and flexibility 

through the core (for example, 

functions to handle multiple 

network slices for more 

effective delivery of multiple 

5G uses cases)

Release 16 – phase 1 New specifications for specific 

use cases including 

ultra-reliable low-latency and 

enhanced specifications for 

low power and massive 

machine type communications

Enables CSPs to better address 

and differentiate for key use 

case groupings

Status of 5G standards

TM Forum, 2018 (source for data: International Telecommunication Union)

Due date Standard 5G flexibility relevance Value to CSP use cases

www.inform.tmforum.org
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More phases are planned for Release 16 through to March
2020 which, together with Release 17, will ultimately
disperse control plane functions and create a set of
services that enable an entirely fluid, dynamic approach to
location and scaling. The technical realization of the full 5G
vision will take several more releases over subsequent
years. The 5G vision is also reliant on the availability of
enough of the right spectrum.

In our survey 63% of respondents stated that lack of
standards was an important barrier to 5G deployment, and
69% declared availability of spectrum a significant barrier,
making it the No. 1 impediment to 5G rollout. These issues
will dictate the speed of deployment. Therefore, in
countries where capacity is constrained, or business cases
can easily be built for fixed wireless access (FWA), CSPs
will roll out 5G sooner, beginning in 2018 and becoming
more widespread in 2019. This conclusion is also backed
by trials that are underway.

TM Forum, 2018 (source for data: Innovate UK)

12% 
directly 

service-related

50% 
specifically focused on 

network elements

35% 
undefined

Innovate UK’s assessment of trials

Only Over

is next generation technology will
enable medical services that could save
lives, from remote surgery to remote care
for the elderly,” said Vodafone UK CEO
Nick Jeffery, speaking aer the first UK
trial of 5G at 3.4GHz in April 2018. “It
will enhance industrial applications, from
automated systems to robotics, helping
manufacturers across the UK boost their
productivity. And it will enable families to
share their experiences with loved ones
wherever they are, thanks to innovations
like augmented reality.”

“

Trials proving technology, not use cases
FWA is the most advanced use case globally, but still many trials are focused on understanding RF performance and the
quality of service being delivered. In Europe, Orange completed a month-long FWA customer trial in Romania in July 2018
and is now moving on to focus on the business. Yves Martin, Orange Romania's Chief Marketing Officer, told journalists
that 5G could feasibly be used to connect about 10% of homes in the future.

AT&T, Sprint and Verizon are the most advanced, and their trials have included additional services such as smart home.
Still, issues around signal interference from foliage are as central as service innovation.

In the UK, an Innovate UK-commissioned report, 5G Nation, identified 66 different industry-led 5G projects but few were
service-related.

www.inform.tmforum.org
https://www.digicatapult.org.uk/news-and-views/publication/5g-nation/
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Big changes are required
This is the vision, but as Vodafone Group CTO Scott Petty says, “5G is a multi-year project,” and it is because so much
more than the air interface must change.

The infographic below shows the major changes required. Making these changes is a massive undertaking that
fundamentally impacts many traditional operational and business support system (OSS/BSS) functions, from planning and
optimization to business and revenue assurance. To do this requires a fundamental change in the way that networks are
designed, planned, operated and managed beginning with slicing up the network.

Virtualization is key
Deployment of network functions virtualization (NFV) and
implementation of software-defined networking (SDN) are
designed to deliver flexibility. NFV enables network
resources to be spun-up when they are needed, allowing
CSPs to move away from using over-provisioning as a
quality safety net and obtain a tighter control over costs by
using network resources more efficiently. Coupled with the
separation of the control and data planes in SDN,
operators have the potential to flex, adjust and control the
network in almost unlimited ways.

CSPs have talked about NFV and SDN for a decade, but
deployments in the mobile environment, where flexibility in
the network wasn’t a particularly useful tool, have been
limited. 5G changes that completely with virtualization
going from being interesting to essential for CSPs looking
to bring the full 5G vision to life. But it’s only one more
step.

Key characteris�cs of 5G networks required to deliver flexibility

TM Forum, 2018

Virtualiza�on 

NFV and SDN 
replace physical 

functions and 
manual controls

Differen�a�on 

Multiple network 
slices support 

multiple 
differentiated 

service propositions, 
replacing single 

network proposition

Automa�on 

Automated 
processes replace 

manual ones driven 
by artificial 

intelligence (AI) 
and machine 

learning

End-to-end 
management  
Management 
happens from 

network to customer 
with systems loosely 

integrated using 
open APIs

OSS/BSS 
evolu�on  
Siloed or 

standalone 
systems and 

processes are 
replaced 

Data sharing  
Data is shared 

across all functions 
and processes 

based on a single 
data pool and open 

APIs for 
integration

TM Forum, 2018

84% 
of respondents said 

virtualization is important 
to their 5G plans 

59% 
declared it very 

important

How important is virtualiza�on to 5G?

www.inform.tmforum.org
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Network slicing
Like virtualization, mobile network slicing is a concept
that’s been around for some time, but it has new purpose
with 5G. While slicing is possible on 4G networks, 5G
makes it a much more viable and useful concept as
performance potential almost demands to be divided and
targeted. Furthermore, the new 5G core network is
designed to support multiple slices, something that will be
essential to commercializing the benefits. The new core
also enables more usable 4G slicing, which was not lost on
our CSP respondents. A large majority said they plan to use
4G and 5G slicing.

Slicing benefits both sides of the 5G business case by
increasing the potential for revenue creation and improving
cost efficiency. In a study conducted by BT and Ericsson,
slicing delivered a 40% savings on operational expenditure
(OpEx) compared to a single big network, illustrating the
potential for efficiency. However, for maximum benefits
operators should be looking at many slices not just a few.

CSPs’ network slicing plans

TM Forum, 2018

63%

21%

16%

   

   

We will use 4G and 5G slicing

We will use 5G slicing

We do not intend to use 4G or 5G slicing

Watch a demonstration of Verizon operating drones on a
slice of BT’s network:

5G’s virtuous cycle

TM Forum, 2018

New revenue potential 
through delivering 

differentiated 
performance to 

different customers

Lower costs 
through efficient 

use of network 
resources

www.inform.tmforum.org
https://www.ericsson.com/en/videos/2018/2/autonomous-control-and-management-of-drones
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How many slices?
The number of network slices operators should be aiming
to support is anything but certain. Half of CSP respondents
and nearly as many supplier respondents admitted to not
knowing, and this is perhaps the most telling statistic from
this question and perhaps the entire survey.

Suppliers are slightly more bullish about the development
of slices, with 10% anticipating slices in the thousands.
Converged operators were the CSP group expecting to
deploy the most slices. On the supplier slide, systems
integrators were the most conservative, perhaps because
they understand the complexities of supporting multiple
slices but have no great vested interest in supporting the
proliferation of slicing.

The conservative views of the number of network slices
CSP expect to deploy is somewhat contradicted by CSPs’
and suppliers’ understanding of how many vertical markets
need slices; all but mining and education were identified by
more than a third of respondents. This suggests that CSPs
expect to need slices to target vertical customers, and
given the number of verticals and the vast array of possible
use cases within those verticals, we can assume that more
rather not fewer slices will be required.

Number of slices CSPs and suppliers 
expect to support

22%

TM Forum, 2018

13%

CSPs

Suppliers

6%
3%

52%

4%

17%

7%

6%

10%

8%10%

42%

   

   

1-10

11-30

31-50

51-100

101-1000

1000+

Don’t know

www.inform.tmforum.org
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Fixed wireless access

Education

Government (including smart city)

Emergency service

Healthcare

Energy & utilities

Manufacturing

Which ver�cal sectors will require dedicated slices?

48%
46%

55%
68%

48%
49%

10%
23%

35%
44%

65%
61%

30%
31%

Mining

55%
65%

Transportation

Connected car

66%
73%

48%
68%

Entertainment

66%
59%

TM Forum, 2018

   CSPs Suppliers

Slices for use cases
When you drill down into these verticals, a single slice
would not be enough. For example, connectivity to cars
will be used for many different things (performance
monitoring, traffic flow information, insurance driver data,
entertainment, dash cams live feeds, not to mention
autonomous driving), and some may require or become
more economically viable using separate slices. The same is
true for smart city, healthcare, government and
manufacturing. 

At Mobile World Congress 2018, Andreas Mueller, Senior
Expert and Project Manager, Bosch, claimed that Industry
4.0 is the “killer app” for 5G, but he was equally adamant
about the need for slicing: “We need use case slices or it
[5G] is useless.”

is will be the second great challenge for
5G: Once the networks are deployed, how
will CSPs deliver by use case and possibly
by customer?"

“

www.inform.tmforum.org
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Operational transformation is required
Ultimately 5G NR, virtualization and network slicing
represent the foundations for flexibility and for delivering
the 5G vision. However, while they solve many problems
and make service differentiation not just possible but
desirable, they also pass huge challenges and complexity
onto the systems and processes responsible for operating
them. This begins with transforming these technologies
into services, which is examined in detail in the next
section.

Every time service providers need to
deploy a service we must ask ourselves
what the right approach is,” she says. “Can
that service can be supported by the
network or added to an existing slice, or
do we need a new one?” 

“

Complexity of opera�ons

5G NR

Complexity of 
operations

Simple service 
creation

Thousands more 
functions, features, 

parameters to be 
monitored, measured, 

optimized and 
managed

Virtualization Network slicing

TM Forum, 2018

For many CSPs, the per use case/per user approach to
slicing is too far in the future to discuss sensibly now, but
BT has invested significant time and energy into
investigating the potential of slices. Maria Cuevas, Head of
Core Services for the company believes that the number of
slices will grow incrementally from a few to many over time
but that not every service deployment will need a slice.
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5G New Radio (NR) standards, network virtualization and network slicing are highly valuable
technical concepts that deliver flexibility, but on their own they can’t deliver services beyond
enhanced mobile broadband (eMBB) and fixed wireless access (FWA). To realize 5G’s full
potential, communications service providers (CSPs) must change their operational and
business support systems (OSS/BSS).

While some CSPs and suppliers have discussed the idea of
selling slices to verticals, customers themselves are talking
about how slicing can benefit services, such as
autonomous cars, remote monitoring or emergency button
operation in manufacturing, lower cost connectivity for IoT,
and remote video monitoring. There may be references to
managing slices among potential vertical users, but this is
more about a user interface for the service, not slice
management.

Varying connectivity
What enterprises want is to be able to vary connectivity to
meet both static and dynamic service requirements.
Experience from the fixed sector illustrates that while
enterprise customers don’t want to operate connectivity
services, they do want control, which means customer
dashboards and other interfaces will become increasingly
important.

The challenge therefore is for CSPs is to turn the flexibility
of 5G and associated technology into something
monetizable. This requires overcoming two major
challenges:

Turning technology into services by taking the raw
technical capabilities and creating the systems and
functionality to match connectivity delivered to what
is required for specific features controlled by
application or customer

Turning services into revenue by demonstrating the
effective matching of connectivity delivered to that
required through transparent monitoring and service
level agreements (SLAs)

www.inform.tmforum.org


Section 3

inform.tmforum.org 23

How does OSS/BSS need to change 
to support 5G? 

TM Forum, 2018

Traditional

Siloed Static Scheduled Manual

New

End-to-end Dynamic On-demand Automated

End-to-end vision
Delivering services ‘end-to-end’ seems a simple idea, but in the 5G context it can be confusing. End-to-end can
refer to managing slices across radio access, transport and core networks, but that is a narrow definition. Most
CSPs think about end-to-end in terms of service assurance and being able to follow a service from the user’s
device through the network and back again.

Importantly, it’s not only about providing an end-to-end view but also end-to-end operation. Changing a setting in
one function or system will impact other areas, and the data from other systems will be required to inform the
actions of the first. The systems simply won’t work effectively unless they interact, which requires:

• Decoupling hardwired functions

• More loosely integrating functions by abstracting functional layers

• Using open APIs to enable quick and easy integration of coherent components

Turning technology into services
The vision for 5G beyond eMBB and FWA is to be able to
supply per use case/per user connectivity with different
parameters for each. Furthermore, those use case and user
requirements can be constantly changing. This creates an
unprecedented number of settings and requirements that
must be monitored, measured, analyzed and turned into
actions.

This represents a fundamental change to what OSS/BSS is
required to do:

• Network planning and optimization, formally related but
discrete functions, must become far more closely
coupled as planning becomes closer to a real-time
function

• Product creation and service fulfilment (including
provisioning) will similarly change to become more
closely related and real-time

• Network management systems need to be re-imagined
to operate across multiple domains, physical and virtual

• Service assurance requires far more data, and that data
must flow in both directions from the network to the
user and vice versa

The impact of making these changes should not be
underestimated. Each one represents a considerable
challenge and requires new ways of thinking.

www.inform.tmforum.org
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Functional layers
In its 5G Architecture White Paper, 3GPP defines five separate functional layers that support the operation of services on
5G NR, virtualized and multi-domain networks. Each relates to a collection of functions that theoretically can be
composed on demand and in many combinations to create, activate, operate and deactivate services.

3GPP’s view of 5G opera�ons

Management and orchestration (MANO) layer

•ÊIncludes ETSI NFV MANO functions and acts as an inter-slice broker that handles 
cross-slice resource allocation and interacts with the service management function

•ÊTransforms consumer-facing service descriptions into resource-facing service 
descriptions and vice versa

Control layer
•ÊAccommodates the two main controllers

•ÊTranslates decisions of the control applications into commands to the virtual and physical 
network functions

Multi-domain network operating 
system facilities

•ÊAllocates (virtual) network resources

•ÊMaintains the network state to ensure network reliability in a multi domain environment

Data layer
•ÊComprises the virtual and physical network functions needed to carry and process the 

user data traffic

Service layer 

•ÊBSS, business-level policy and decision functions, applications and services are operated 
by the tenant

•ÊIncludes the end-to-end orchestration system

TM Forum, 2018 (based on 3GPP descriptions)
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Orchestration happens everywhere
Orchestration is a central capability in making 5G
differentiation manageable, but it’s not just about network
functions virtualization (NFV) orchestration. Orchestration
must happen everywhere – including in partners’ networks.
Overall, orchestration will be used to:

• Manage technology – configuring physical network
functions and virtual network functions (for example,
virtual routers, firewalls, IP Multimedia Subsystem,
evolved packet core) and cloud applications

• Manage resources – both physical and virtual functions
are modeled as logical resources, which are stored in
catalogs and can be orchestrated as part of a service
chain

• Orchestrate the orchestrators – this is essentially the
OSS layer, where service planning, provisioning,
configuration and assurance happen

• Manage customer interaction – this will be the engine
behind the portal where the customer requests new
services or makes changes to existing services

While the 3GPP defines the key components needed to
deliver an end-to-end view of a network slice, the TM
Forum Open Digital Architecture (ODA) goes further,
offering a functional architecture CSPs can use for end-to-
end management and orchestration of 5G networks and
other digital services and enablers. We’ll discuss this in
more detail below. You can also learn more about the
Forum’s approach to management and orchestration by
reading these reports and the ODA white paper:

Dynamic and on-demand imperatives
Many functions and systems not only have been siloed but
also are static and rely on scheduled events. Network
planning and service provisioning are examples of processes
that will need to operate in real time to meet the flexibility
requirements of differentiated 5G services.

Mobile network planning is a relatively manual and static
process. To manage and balance capacity and coverage,
planners use tools to schedule adjustments to base station
density and power. Upgrades typically are planned in a
similarly scheduled way. This is perhaps an overly simplistic
description, but it helps to illustrate just how different 5G
slicing will be. In a virtual environment, constant
optimization and elasticity are required to react to service
provisioning requirements, and planners must ensure there
are enough network resources available to manage the
demands effectively and efficiently. The lines between
planning and optimization blur.

Similarly, service provisioning processes today require a lot
of manual intervention, which makes them complex and
time-consuming. There are three basic mobile services –
voice, SMS and data – and differentiation of them, where it
exists, is based on the generation of technology being used.
This changes with 5G and data becomes something that
can have many variations. Whether operators establish a
finite set of service classes that are applied to different
network slices or whether there will be even greater
flexibility is still to be established. Most likely service
variations will evolve over time, but in any case major
upgrades to network and service provisioning will be
necessary.

Orchestration: Get ready for
the platform revolution

TM Forum’s Open Digital
Architecture

5G: Is platform the killer
use case?
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Automation is essential
What becomes obvious is that automation is essential for
5G – and not just for existing processes or single processes
in isolation. It is required not only for provisioning and
assurance processes, for example, but also for the full
product lifecycle from design through to deployment and
decommissioning.

As Howard Watson, CEO of BT Technology, Service and
Operations explains, 5G operations is a greenfield
environment that demands the creation of new automated
processes.

Watch Watson explain in this video from Mobile World
Congress 2018:

e role of AI and analytics
Automation is not just about automating process steps defined by a human; it is about fully automating the process plus
changes to and improvements of the process using artificial intelligence (AI) and machine learning to create completely
closed loops that don’t require human interaction.

Without automation, the differentiation of 5G services at scale will not be possible. However, it will require closed loop
operation to enable the level of automation needed for differentiation at the cost and speed required for a 5G vision that
includes hundreds of slices delivering services to thousands of different enterprises.

TM Forum, 2018

Automating processes 
based on known steps

Applying AI based on 
known assumptions

Applying 
experience-based 
machine learning

Applying 
prediction-based 
machine learning

Open loop Closed loop
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Catalyst demonstrates closed loop operations
At Digital Transformation World 2018, a TM Forum Catalyst project called CEM/OSS for hybrid networks predictive analytics &
dynamic offer migration demonstrated a new, AI-based automated solution that creates closed loop operations across
network, OSS and BSS domains.

TM Forum Catalysts are rapid-fire, proof-of-concept projects connecting service providers, technology suppliers and
global enterprises to create innovative solutions to common industry challenges. There are two key roles in the
projects: the Catalyst champion, which is the company seeking a solution to a business problem, and the participants
that contribute their expertise to solve it.

Although not specifically related to 5G, this re-invention of OSS/BSS is illustrative of the kind of automation necessary for
5G operation. The key architectural elements of the solution were to create a central analytics capability that interacts
with closed loop functions for each of the three viewpoints and systems shown below. The creation of closed loops within
each of the three systems and across them is essential to ensure that information is turned into a usable capability. These
are then linked to customer engagement management (CEM) triggers that action the capabilities.

Proof of concept focuses on telco analy�cs

TELCO 
ANALYTICS

CEM trigger

Video QoE 
triggers

CEM monitoringPerformance mgt

OSS

HYBRID NETWORKS: NFP & NFV

Dynamic catalogAuto CSR 

BSS

CEM analytics

For new offer

4G traffic dataNFV KPIs

NFV KPIs

Physical 
infrastructure

Physical probes

Virtual 
infrastructure

VNF/LB/PEM

VM

NFVI

VNF-M

VIM

ETSI MANO

Orchestrator

Open 
APIs

Open 
APIs

PM 
offer catalog 

updates

CEM monitoring to detect potential new offers Offers cloned from observed CEM analyticsOpen 
APIs

NFV KPIs

4G heavy usage Product order Product canvas

Order management

Service activation

Video QoE

Policy MGT
 Broadband 
traffic data 
NFV KPIs 

TM Forum, 2018
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Watch Atos’ Samia Benrachi and Pedro Benito explain
how data analytics capabilities combine with closed loop
operations to deliver much-improved functionality across
three different use cases – dynamic catalog, CEM
monitoring and performance management:

Operations that bring 5G to life
Since 5G differentiation and the OSS needed to support it
have not been implemented yet, the discussions about
what’s required remain largely theoretical. To bring the
concepts to life and demonstrate what operational
flexibility can deliver when combined with 5G NR,
virtualization and network slicing, two other TM Forum
Catalysts used the Tour de France bicycle race as an
example to show how slices could be dynamically set up
and torn down to meet the various (and changing) needs of
broadcasters, race organizers and fans.

The 5G intelligent service operations project concentrated on
service delivery, the practicalities of working with slices
and how to build attractive service propositions, while the
5G intelligent service planning and optimization project
showed how to plan 5G networks and automate
optimization. Both were demonstrated recently at Digital
Transformation World.

The teams were able to demonstrate successful
implementation of five different OSS/BSS use cases shown
in the graphic below:

5G Catalyst use cases

TM Forum, 2018

UC1: Network 
slice design

UC2: Network 
slice activation

UC3: Reactively 
close loop

UC4: Proactively 
close loop

UC5: Customized 
customer experience

Improved and 
automated network 
planning to address 

complex network 
design

Automated service 
creation across 

multi-layer, 
multi-domain and 
multi-technology

Automatic rerouting 
of the service due to 

quality of service 
violation

Proactively close loop 
due to predicted SLA 

violation 

Adapt fulfillment and 
billing to customer’s 

specific needs

•ÊReduced time to 
service

•ÊEase of planning

•ÊReduced time to 
service

•ÊZero-touch 
fulfillment

•ÊReduced resolution 
time

•ÊAutomated healing

•ÊBetter customer 
experience

•ÊBetter network 
utilization

•ÊTransparency &  
efficiency

•ÊBetter customer 
experience
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Watch the teams discuss their Catalyst projects:

Building requirements into a complete architecture
The OSS/BSS changes required to realize the 5G vision (making processes end to end, dynamic, on-demand and
automated) are complicated, and as the Catalysts demonstrate, they are also related. Addressing them as part of a single
coherent and workable architecture is even more complicated, but the TM Forum Open Digital Architecture (ODA) aims to
do just that.

Launched in February 2018, ODA provides a common operations and IT management ‘blueprint’. It combines proven
cloud-computing best practices with TM Forum’s work on zero-touch orchestration operations and management; digital
ecosystem management; data analytics; AI and a suite of more than 50 Open APIs.

TM Forum Open Digital Architecture: a work in progress

TM Forum, 2018
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ODA requirements
ODA development is necessarily iterative beginning with
requirements and setting out the architectural principles,
which in addition to those outlined above include:

Security and privacy by design

Agile governance

Componentization

Intent-based management

A central role for the catalog in exposing capabilities
and ensuring interoperability of them

Putting ODA to the test
Testing the workability of the ODA is important to its
development. At Digital Transformation World, two
Catalyst projects demonstrated the important role for a
common architecture for service interoperability that relies
on Open APIs.

In the Blade Runner project, Vodafone and Du used ODA
information and data models, along with Open APIs to
exchange information about their service models. This was
demonstrated though a 5G enterprise use case using
augmented reality to help a local engineer in a Dubai mine
repair earth-moving equipment (such as from Caterpillar or
JCB) by receiving instructions from an expert located at an
enterprise customer’s facility in Germany.

Watch this video to learn more about the Catalyst:

The Automating network as a service Catalyst did not focus
specifically on 5G, but the team did explore and test ODA
principles, showing how products such as Ethernet,
software-defined wide area networking and a virtual
firewall running in an open source environment can be
ordered through a portal and then automatically activated
across hybrid networks made up of virtualized and physical
components. The team’s work is key to demonstrating the
layers of ODA, from customer management to network
resource management, and how Open APIs can be adapted
and used at each layer.

Watch Telstra’s Guy Lupo explain the Catalyst:

But where’s the money?
The operational challenges that need to be overcome to
turn flexibility into potential services is significant, but even
this isn’t the end game for CSPs. They must also be able to
turn differentiated services into revenue and understand
the impact of these operational transformations on
revenue potential to define their version of the 5G vision.
These issues are addressed in the next section.
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Reports of attractive 5G revenue forecasts, impressive trial results and eye-catching use cases
are appearing everywhere, but clear business plans and defined routes to revenue are
noticeable primarily by their absence. That’s because there are so many options, dependencies
and uncertainties. At the very heart of that uncertainty is how exactly 5G can be monetized.
What’s the business case?

At the Huawei Global Mobile Broadband Forum in
November 2017, outgoing BT CEO Gavin Patterson
suggested that the 5G business case still needs to be built,
and while Deutsche Telekom’s CTO Bruno Jacobfeuerborn
agreed, he was positive it would emerge.

Watch Jacobfeuerborn discuss the business case for 5G
at Mobile World Congress 2018:

Operators have been effective in turning connectivity and
traffic volumes (minutes, messages and megabytes) into
revenue, but attempts to monetize other capabilities and
services have resulted in expensive failures, such as
experiments into app stores. This means the 5G business is
surrounded by as much trepidation as excitement.

First steps
The two most advanced 5G use cases – enhanced mobile
broadband (eMBB) and fixed wireless access (FWA) – are
not only the most technically advanced, they are also the
use cases with the most certain routes to monetization.

eMBB is promising
eMBB is a continuation of the 3G and 4G mobile
broadband evolution. It is widely expected to be sold in the
same way as its predecessors. As with 4G, 5G eMBB will
provide the opportunity for CSPs to win market share from
competitors. However, there is serious doubt about
whether CSPs will be able to charge a premium for 5G, and
even if it is possible, it will be a short-term policy.

A more significant revenue uptick is expected to come
from the greater usage that 5G’s increased performance
will encourage. As such, eMBB in its most basic form does
not require major changes in revenue assurance and billing
systems.

e only certainty is that one use alone
case won’t define 5G, and neither will a
single monetization model. However, new
monetization models are not something
that mobile operators have succeeded
with in the past."

“
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Low-hanging FWA fruit
5G FWA monetization is following a similar path in the
fixed environment. CSPs can reach the low-hanging fruit by
targeting underserved home broadband subscribers with
fiber-like performance because 5G can reach remote
locations that fiber can’t, either physically or economically.
However, this can require the integration of fixed and
mobile business support systems (BSS) which is
challenging, especially if the CSP doesn’t have a strong
fixed business to leverage.

Qatar-based Ooredoo faced this issue when it launched a
home access fiber service. Renowned as a mobile operator,
Ooredoo created an FWA service using virtual CPE.
However, take-up was slow. The company knew it had a
plethora of 4G customers with high home usage who could
benefit from the service, but it didn’t have the ability to
access network data and match it against the customer
experience to identify and target them. Fixing this type of
issue and ensuring that it doesn’t become an onerous
manual process full of delays will be an integral part of
maximizing the 5G FWA opportunity.

5G FWA is a revenue growth opportunity that CSPs cannot
ignore, and in the US mobile operators are pushing
towards commercial launches in Q4 2018. Verizon
Chairman and CEO Lowell McAdam explained his
company’s strategy like this: “Our strategy is to get digital
content out there over the fastest pipe we can at the
lowest cost and that’s why 5G makes so much sense.”

Watch McAdam discuss Verizon’s 5G strategy:

Yet fully monetizing the FWA opportunity will take more
than deploying the technology and pricing to compete with
fixed alternatives. As the recent TM Forum Catalyst
CEM/OSS for hybrid networks predictive analytics & dynamic
offer migration showed (see Section 3), for a mobile
operator to maximize a fixed opportunity, it’s necessary not
only to integrate the fixed and mobile BSS but also to
integrate BSS and operational support systems (OSS). Only
then can new offers be dynamically created and offered to
the customer.
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Beyond FWA and eMBB
Monetizing 5G capabilities beyond eMBB and FWA is more challenging because CSPs must:

Monetize differentiation of connectivity

Build complicated service propositions with multiple partners

In the previous sections of this report, we explained the importance of connectivity differentiation in 5G and
demonstrated the amount of technical innovation and operational transformation it requires. However, this effort will not
deliver the value expected if it cannot be monetized effectively.

Our survey demonstrates that CSPs expect the connectivity properties per slice to vary to meet the requirements of
different services. Yet that is the starting point, not the end game, for monetization

Included network-based services 
(e.g voice, messaging, data only)

Privacy levels

Coverage

Which elements will vary per network slice?

73%

70%

63%

54%

51%

46%

39%

Other QoS elements – 
jitter, delay, etc.

Security levels

Latency

Throughput speed

TM Forum, 2018
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What are the obstacles?
Mobile operators face major challenges in turning slice variations into revenue. In our survey, CSPs and suppliers agreed on
the five most significant barriers to effective differentiated service performance on 5G.

Ranking the 5G service differen a on challenges

TM Forum, 2018
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Centralized catalog is key
Section 3 outlined the network management and OSS
integration issues, but it is important to highlight again the
role of product creation and the ability to identify
customers’ requirements and build services to match them
using capability settings in a centralized catalog. The ability
to add, edit and access the catalog easily and quickly will
be essential to this process.

Integration with OSS is essential and mirrors the
requirements of the catalog. Flexible and reactive rating
and billing capabilities are required, which are a long way
from the comparatively rigid rating required by current
pricing plans. The end game will be for enterprise
customers to build their own products using a simple
graphical user interface, but this is a long way off.

What will CSPs sell?
Selling differentiated connectivity to enterprise customers
is not new. CSPs offering fixed services have been doing
this for years, and many of the characteristics of fixed
managed services sold to enterprises can be transferred to
the mobile environment, most importantly service level
agreements (SLAs).

SLAs are used for mobile enterprise services currently. For
example, Vodafone launched global SLAs as far back as
2009. However, these are primarily used for managed
mobility services and relate to parameters such as the time
it takes to replace SIMs and deliver new devices and the
time it takes to notify and repair faults. They do not often
relate to the connectivity-related parameters identified as
needing to flex across slices.

Changing sales propositions
SLAs are a recognizable concept for both CSPs and
enterprise customers. Some potential 5G customers are
already talking in those terms. For example, Andreas
Mueller, Senior Expert and Project Manager at Bosch, says
that he wants end-to-end quality of service (QoS), backed
by accurate and granular SLA monitoring in real time and
the potential for third-party SLA monitoring. However,
questions remain about how meaningful, enforceable and
monetizable SLAs for 5G can be.

CSPs rated the lack of sales training and understanding
higher than suppliers with a majority viewing it as an
important barrier. This reflects CSPs’ experiences with
enterprise and wholesale services as they’ve tried to
introduce more solutions-based selling.

Asking a customer how many E1s or T1s they want is very
different from establishing the service needs of that
customer and creating a connectivity and service package
for them. Different product catalogs and pricing
mechanisms are required as outlined above but so are
different skills, timescales, and contract terms and
conditions. The effect of these should not be
underestimated. On-demand services require on-demand
contracts, and legal departments do not work that way.
Operators will need to move to umbrella contracts that
allow for the specific details of a new SLA to be agreed. 

Furthermore, the creation of the SLA product, the rating
and billing, the monitoring of services delivered, and the
feedback of the information to the customer would need
to be automated in closed and related loops, similar to
those outlined in the CEM/OSS for hybrid networks
predictive analytics & dynamic offer migration Catalyst. The
over-riding principle must be end-to-end management as
information from the network will need to be
understandable and accessible to the customer relationship
management system, and changes made or requested by
the customer will impact all the way down to optimizing
the network.

Who defines the SLA?
Finally, how the service and SLA are defined and who
defines them will be heavily influenced by the route to
market. If operators are delivering services to other CSPs
or technologically savvy partners, then the SLAs are likely
to be technical and similar to those CSPs have across
interconnections and with their global carriers. However, if
the customer is less focused on technology, the CSP or
another service provider in the supply chain will have to
turn technical performance parameters into
understandable key performance indicators (KPI), such as
service downtime, or a self-policing mechanism that sends
alarms to the customer if the performance requirements
aren’t being met and defines the results of failure.

TM Forum, 2018
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Multiple routes to market
In our 2017 5G report 5G: Is platform the killer use case?, we
found that while 5G isn’t an essential piece of the platform
business model, that business model is incredibly important
to the 5G business case.

Many of the 5G use cases from immersive augmented
reality gaming to connected vehicles, smart cities, factory
automation and smart health, require service expertise that
sits outside the core capabilities of most CSPs. This will lead
to far more complicated value chains with other service
capabilities layered on top of connectivity, and the potential
for service delivery and even billing via a service provider
other than the CSP.

Our survey illustrates that there will be no single route to
market for all 5G use cases and that the choice of route is
yet another unknown for many of them. Connected car is
one of the most advanced massive machine-type
communications (mMTC) or ultra-reliable and low latency
communications (uLLC) use cases. However, 33% of CSP
respondents didn’t know which route to market they would
be most likely to use as the primary channel. Indeed, the
only use cases where over 50% of respondents were sure
of their primary route were extensions of existing services –
eMBB, FWA and improved mobile broadband coverage, and
in those cases the primary channel identified was direct to
consumer.

For more about the potential roles for CSPs in digital
ecosystems see our Trend Analysis report Vision 2020:
Future CSP business models

Survey respondents were asked to identify which channel
they expected to be the primary route to market for each
set of use cases. The following chart illustrates the average
ranking for each channel and use case combination.
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Section 4

e power of partnerships
Beyond the traditional service use cases for 5G, two clear
trends are emerging:

• CSPs recognize they cannot deliver many of the use
cases alone and will need others to supply services –
partnerships are preferred but they don’t scale easily, so
we expect support for platforms to gather momentum

• CSPs are moving away from rigid, long-term relationships
towards more flexible interactions as partnerships are
favored over joint ventures and multi-service/multi-
channel platforms over traditional wholesale and reseller
channels

Both trends lead to a single operational demand: the ability
to add and remove partners, suppliers and channels to and
from the CSP’s support systems quickly and easily. This
requires:

Standard, open APIs to onboard partners

Ability to settle revenue across multiple partners

Service assurance across the entire ecosystem

Ability to identify and counter fraud across the
entire ecosystem

Potential impact
In the first four sections of this report we have identified
many of the known technological, operational and
monetization dependencies of 5G use cases. In the next
section, we will look at the impact on potential revenue
those dependencies will have.
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5G is a confusing mashup of technology innovation, process re-invention and business
evolution. All these elements need to come together to realize the vision. Within these three
pillars of change are steps that go together to build a coherent 5G business that first enhances
and then expands the traditional mobile business.

CSPs are embarking on the 5G development process, moving step by step to:

• Improve service performance

• Create new service capabilities

• Improve cost efficiency

• Support service differentiation

• Improve service creation efficiency

• Support service differentiation at scale

• Increase the sales channels and market reach

• Increase the range and variety of pricing options

By cross-referencing these steps against the technology, operational and business process changes that need to take
place, it is possible to begin to build the framework of a business case.

www.inform.tmforum.org
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Saving money is a driver
eMBB and FWA have business cases that while not set in
stone have solid foundations. There are definable revenue
opportunities that CSPs can model based on their own
experiences. Furthermore, there are clear cost efficiencies
to be achieved from 5G. Depending on the extent of cost
savings vary from 40% to around 90% depending on level
of virtualization.

While talking about Verizon’s plans to rollout of 5G in some
US cities by the end of the year, the company’s Chairman
and CEO Lowell McAdam stated:

5G will deliver 1MB of service for about
one tenth of what 4G does today and that
allows us to push out into markets and
applications at a good cost that we’ve
never been able to do before.”

“

5G business model impact

TM Forum, 2018
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IT is the business
The 5G business case is complicated, full of dependencies
and unknowns, and no single use case is likely to justify the
expense of nationwide 5G deployments. While CSPs and
governments work with partners to demonstrate the
feasibility and potential value to vertical enterprise
customers, operators should also concentrate on ensuring
that the capabilities that are being considered for one
vertical or partner can be used for others, and that all
capabilities can scale quickly.

As TM Forum CEO Nik Willetts stated during his keynote
presentation at Digital Transformation World:

For 5G use cases that require dynamic service creation and
delivery across complex ecosystems, this couldn’t be more
true.

Watch Willetts’ keynote presentation:

IT is no longer the back-office cost center
of our business. Today IT is the business.”“

Finding new revenue
The business case for OpEx reduction is one that resonates
well with investors as the risks involved are controlled.
However, for operators to make a return on the billions
they are investing in 5G, they know they must also find
new sources of revenue.

According to the second edition of Ericsson’s The 5G
Business Potential report, there will be a $619 billion 5G
opportunity in 2026 based on the new mMTC and uLLC
scenarios. It further breaks down the total addressable
market allocating:

• 33% available if the operator provides connectivity and
provisioning

• 54% if the operator takes on an enabler role

• 13% if the operator creates the services either
themselves or through collaborations

Applying the operational dependencies we have identified
in this report against the known requirements of use cases
from digital vertical markets clarifies the amount to which
these 5G use cases depend on OSS/BSS transformation. In
order to calculate the impact of OSS/BSS operations on
5G revenue potential across 12 verticals, we modeled the
likely demand for differentiated services, the likely demand
for dynamic variance of differentiated services and the
likely demand for ecosystem enablement. Based on our
analysis, it is possible to calculate that:

TM Forum, 2018
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5G offers many new, exciting opportunities and a mind-boggling number of options,
dependencies and unknowns. Building business plans is a tough challenge, and any attempt
must focus on transforming operational and business support systems (OSS/BSS) as well as
the underlying technology building blocks and eye-catching use cases. Without the right IT
structures and design principles in place, 5G will continue to be confusing and is likely to
disappoint both potential enterprise customers and communications service providers (CSPs)
hoping for growth. Following are steps for operators to include in their 5G planning processes
to bring the full 5G vision to life.

Plan in stages across divisions
Very few of 5G’s full capabilities will be part of early
deployments, so setting realistic expectations is important.
CSPs should take a step-by-step approach involving
technology, operations and business divisions to identify
the key operational changes required to offer all kinds of
5G use cases, not just the technical ones. Differentiated
service capabilities will require sophisticated business
planning. Operators should build phased plans and ensure
that the base technology and operational processes will be
in place to deliver service offerings to market on time and
that they will scale.

ink horizontally as well as vertically
Single use cases are unlikely to deliver the return on
investment CSPs are looking for. Flexibility is 5G’s great
differentiator. Operators should build business cases based
on multiple use cases using a single flexible infrastructure,
such as that defined in the TM Forum Open Digital
Architecture.

Introduce automation from the start
Developing services quickly and at scale is inherent in
many 5G service offerings. Manual processes will not be
able to keep up with the service demand, nor take
advantage of the efficiency potential of virtualized
networks.

Adopt AI
Deploy artificial intelligence to replace human and policy-
driven processes and move from reactive to proactive. This
is likely to require a combination of traditional network
engineering knowledge as well as advanced coding
capabilities. These are rarely found in the same individuals
and CSPs must identify how they will bring these skill sets
together.

www.inform.tmforum.org
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Use a common approach to data
CSPs must adopt a common approach to data across all IT
domains. Data from the network will be used to inform
customers, and information from the customer will impact
on the network and everything in between. Data must be
made easily available and usable across IT. Use standard
APIs, such as TM Forum’s Open APIs, to enable efficient
sharing and access to data.

Operate end-to-end
OSS/BSS boundaries and IT operations silos must be
broken down. Even the most effective siloed operation
cannot guarantee the successful creation, operation and
settlement of differentiated 5G services. Single processes
must be replaced by a series of related process loops as
illustrated in the 5G intelligent service operations and 5G
intelligent service planning and optimization Catalysts. CSPs
must coordinate orchestration and management to address
this.

Start creating SLAs early
Service level agreements will be a very important part of
selling differentiated 5G services and the majority of
current SLAs and their supporting business and legal
processes will not meet the future requirements of 5G.
Solving these issues and particularly establishing flexible
legal contracts will be essential and will take considerable
time to develop.

Include the sales team in product
development
Selling differentiated services is very different from selling
basic connectivity. Learn from the experiences of fixed
enterprise and wholesale businesses to understand how
best to train sales staff and equip them with the necessary
tools.

Understand risks and rewards in your
market
Every market is different and will offer different
opportunities. Understanding the needs of the end user
will be important in building a successful 5G business plan.

Get involved!
TM Forum’s Collaboration Community and Catalyst
Program are addressing many of the challenges related to
platforms, monetizing the Internet of Everything and 5G
network slicing. TM Forum Catalysts act as an accelerator
to complement the R&D efforts of the companies involved
by bringing them together to address specific business and
technology challenges. The companies work closely on
projects lasting from three to six months, culminating in
live demonstrations at TM Forum’s events. To find out
more or to get involved, contact Andy Tiller.
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How to tap into the 5G
monetization opportunity
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5G is much more than unprecedented speed. Its architecture
will profoundly transform the way we experience our homes
and cities, how we drive and the way we access healthcare.
And it will provide augmented and virtual content in a way
that will forever expand the boundaries of our reality.

Architected for Monetization
As service providers gear up to tap into the 5G
opportunity, the key performance elements that will be
leveraged for monetization include:

• Enhanced mobile broadband, which provides fiber-like
experiences over a wireless radio link, enabling key use
cases such as ultra-high definition video, including 3D
rendering and fixed-wireless broadband.

• Ultra-reliable, low latency communications, which
includes use cases that demand extremely low latency,
such as AR, VR and gaming, as well as vehicle-to-vehicle
communications and remote surgery, which have the
extra requirement of reliability in order to ensure safety,
capitalizing on the advancing mobile edge computing
paradigm.

• Massive connectivity, which enables virtually everything
to be connected in an IoT driven world, with more than
one million device connections per square kilometre.
With the accelerated proliferation of Industry 4.0, there
are many commercial applications that will benefit (and
which can be monetized). Smart cities will also benefit
from the increase in densification of connectivity,
essentially powering the connected life of their citizens.

However, although performance is a key element of 5G’s
monetization potential, perhaps the key aspect is the
architectural characteristics of the 5G network will enable
service providers to not only optimize performance, but
truly tap into the tremendous monetization opportunities.
In fact, more than previous generations of networks, 5G
has been architected to monetize the digital economy and
move service providers from providing access to the digital

ecosystem, but also to shape and extract value from the
digital economy. For this, three main characteristic of 5G
will aid service providers most in their monetization
strategies. 

Virtualization: The software-driven network will enable a
new service delivery model that delivers unprecedented
speed. A fully virtualized network will therefore enable
service providers to be more aggressive with service
launches and adopt a “fail-fast” business approach due to
the flexibility, agility, scalability, cost optimization and short
time to market.

Network slicing: This entails partitioning a single network
infrastructure into multiple virtual occurrences to extend
the capabilities of the network. Slicing enables service
providers to optimize multiple parameters of the service
delivery, such as bandwidth and latency, for a specific type
of service per slice, (e.g. video on demand or connected
home), without impacting overall network performance.
Network slices can be monetized as “Network Slice as a
Service”, which can be bundled into offers for enterprise
customers or as a quality differentiator for consumer
services.

Edge computing: This enables service providers to move
applications and services to the network’s edge,
decentralizing them from central data centers to edge data
centers. This way, many value-added services that require
ultra-low latency can deliver on their performance
requirements and be monetized accordingly. Edge
computing can be monetized via partner and enterprise
applications and consumer-targeted value-added services
that are hosted on the network edge.

Anthony Goonetilleke,
Group President -

Entertainment, Media &
Technology at Amdocs
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Getting the right business model
An equally crucial aspect to 5G monetization is having a
clear business case for their operators’ offerings. But to
build such business cases, operators must first gain a clear
understanding of the business models available to them.
Every business model will require an understanding of what
use cases the service will leverage, as well as how it will be
monetized.

This is more difficult than it may seem, and we can
illustrate the difficulty with an example. Virtual Reality is
often cited as a killer use case for 5G. But to effectively
monetize VR service providers must go further and ask
themselves where the money will come from. One
possibility is that consumers will pay operators for VR
devices and applications and perhaps even quality of
service. Another is that VR device manufacturers will pay
service providers to tailor a slice of their network for the
service and for hosting applications at the network edge,
with the low latency and enhanced broadband capabilities
they require to deliver a superior experience.  A simplistic
model that may seem a good fit for the subscription
economy would be providing a holistic VR service - minus
today’s hefty price tag, which can easily jump over $1,000
for a headset and the compute power to run it.

So the road from use case to monetization must move
through a clear understanding of the business models we
will apply to monetize those use cases and the impressive
capabilities of 5G.  We can identify three main 5G
Monetization business models:

Business-to-consumer (B2C): This model will focus on
offerings that leverage the 5G network to strengthen
service offerings to end customers, such as fixed-wireless
and content, and will also include increasing bundling of
partner services. Monetization elements of these offerings
include QoS-based data, goods and subscriptions, such as
content, media and partners.

Business-to-business (B2B): This is a large area of
potential growth for service providers with opportunities to
monetize embedded connectivity, managed connectivity
and virtual network functions such as security. Service
providers will have the opportunity to expand their
relationships with enterprise to facilitate intelligent
operations and automation as well as the potential to
integrate partner solutions in their offerings. They can also
leverage advanced use cases such as AR-guided technical
support.

Business-to-business-to-any (B2B2X): This may be the
biggest potential growth area for operators. The flexible,
virtual nature of 5G networks will enable service providers
to equip application developers and device manufacturers
with embedded connectivity and virtual network functions
as a services, in order to power their products. This
provides service providers with the opportunity to offer
wholesale services that leverage open platforms for
customers to onboard themselves, equip themselves with
services and then settle with the operator easily and
efficiently.

Five “must-haves” of monetization
systems
Opportunity abounds for service providers to monetize
their 5G networks, and with a clear view to the business
models and monetization models of their services they can
build more predictive and compelling business cases for
their business. It now remains to discuss the capabilities
required of monetization systems to actually realize the
potential of these new business and monetization models.
5G Monetization systems will have to evolve to meet the
requirements of the 5G ecosystem, not least in these key
areas:

Monetization-specific features and capabilities:
monetization systems will need to charge customers for
new types of events like API calls, edge computing
capacity, network slicing capabilities; QoS tiers, and
offerings related to network as a service

Service launch acceleration capabilities: with new virtual
networks, operators will be able to to adopt a fail-fast
mode of operations, and their monetization systems must
support that model with real-time configuration of new
services and features, fast and easy price plan
configuration, and be able to automatically sequence
launch activities

www.inform.tmforum.org
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About Amdocs
Amdocs is a leading software & services provider to the world’s most successful communications and media companies. As
our customers reinvent themselves, we enable their digital and network transformation through innovative solutions,
delivery expertise and intelligent operations.

Amdocs and its 25,000 employees serve customers in over 85 countries. Listed on the NASDAQ Global Select Market,
Amdocs had revenue of $3.9 billion in fiscal 2017. Find out more about Amdocs at www.amdocs.com.

Amdocs customers are at the forefront of 5G innovation and deployment, and as such Amdocs is there to help them
effectively launch and monetize 5G services. We have developed advanced capabilities that bridge the gap between 5G
use cases and the monetization models service providers must have in order to maximize the return on this significant
investment. Our solution breaks down the IT/Network barrier with a full suite of 5G enabled BSS capabilities as well as
our market leading Network Orchestration solution. This system enables the creation, management and monetization of all
product configurations that are made possible by the 5G ecosystem and 5G network slicing.

We are no longer limited to monetizing voice, text and data – the next frontier is monetizing the experience!

Partner platform features: in order to maximize the
potential of their business models – particularly B2B2X –
monetization systems must be open for fast, self-service
partner onboarding, with exposed APIs for automation, and
standardized APIs for accelerating service launch

Infrastructure features: monetization systems must be
virtualized, automated, cloud-native, micro-services based,
DevOps driven, and always on in order to be able to match
the virtualized and sliced nature of the 5G network.

Intelligence: certainly not least, monetization systems must
integrate artificial intelligence, machine learning, and big
data analytics for greater segmentation granularity, the
ability to identify high value target market segments and
conducting accurate business opportunity evaluations

Download - Monetizing the Next Generation Mobile Network
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An introduction to MYCOM OSI’s 5G assurance
capabilities demonstrated through TM Forum 5G
Catalyst proof of concepts by Ian Meakin, Global
Head of Marketing, MYCOM OSI 

Along with headline capabilities of massive improvements
in speed, capacity and latency, a key benefit of 5G is the
ability to deliver dedicated and differentiated Quality of
Service (QoS) to different groups of users and applications
over the same network infrastructure, using dynamic on
demand network slicing. With use cases broadly
categorized in to eMBB (enhanced Mobile Broadband),
uRLLC (ultra-Reliable and Low Latency Communications)
and mMTC (massive Machine Type Communications), CSPs
can monetize 5G by means of new and better digital and
IoT services as well as offer differentiated QoS/SLA tiers.
They can also reduce costs by reducing network capacity
dimensioning overheads to meet undifferentiated QoS
requirements.

To realize these 5G benefits, assurance of QoS and
network slices is critical.

MYCOM OSI is a leading provider of service assurance to
Tier 1 CSPs including at one of the top 5 largest CSPs
globally and at the world’s first telco cloud
(NFV/SDN/Cloud) network. It is at the forefront of 5G
service assurance, has participated in three TM Forum 5G
Catalysts and manages the 5G test network of the UK’s 5G
Innovation Centre at the University of Surrey. It’s cloud
native Experience Assurance and Analytics™ (EAA) solution
helps automate network and service operations today and
is ready and future-proofed to help CSPs in their digital
transformation journey to NFV/SDN and 5G. MYCOM OSI
won the 2018 TM Forum Excellence Award for
Operational Transformation and Agility.

5G networks move from the lab to the
real world
5G networks have taken their first steps out of trials and
labs into reality with innovative use cases demonstrated
during the winter Olympics in South Korea early in 2018
and operators planning to launch some commercial
services this year.

And recently the ‘how’ of deploying and assuring dynamic,
self-orchestrating 5G networks has been explored and
successfully demonstrated in two TM Forum 5G Catalyst
proof of concepts. They used the world famous Tour de
France cycle race to demonstrate the real world benefits
and value of 5G and new technologies available, such as
innovative immersive subscriber experiences, fast and
reliable connectivity for broadcasters and efficient
automated, Artificial Intelligence (AI)-driven operations for
CSPs. One of the proof of concepts built on a previous TM
Forum Catalyst that demonstrated 5G assurance for a
smart connected factory and connected cars.

CSPs can monetize 5G by means of new
and better digital and IoT services as well
as offer differentiated QoS/SLA tiers. ey
can also reduce costs by reducing the
degree of over-provisioning of networks
to meet undifferentiated QoS
requirements. To realize these 5G
benefits, assurance of QoS and network
slices are critical.”

“
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5G Proof of Concept Scenario – the
Tour de France
Providing connectivity for the Tour de France – to
broadcast 6,300 hours of video to 190 countries on 100
channels – is a huge challenge. The massive span and scale
of the event requires a new network to be created on each
of the 21 days of the race, as the race moves along
3,535km of often hostile terrain, making traditional
planning obsolete. With 5G technology, CSPs can deliver a
new range of enriched experiences and capabilities that
existing networks cannot offer whilst greatly simplifying the
complex task of connecting the race to the 12 million on-
the-ground spectators and millions of broadcast viewers
around the world.

The TM Forum 5G Catalyst proof of concepts ‘5G
Intelligent Service Planning and Optimization’ and ‘5G
Intelligent Service Operations’ demonstrated new

experiences and capabilities that have the potential to be
applied to other major sporting events and future networks
in general, including:

Immersive fan experience with on demand 4K video
streaming from multiple cameras, real time 3600 VR/AR
and real time rider statistics from IoT sensors for an
unprecedented sports fan experience

Dynamic network planning, optimization and operation of a
moving network using drones, edge computing, network
slices, closed loop automation and AI to predict cyclist,
spectator and network behavior

Dynamic network slice management and closed loop
assurance to guarantee quality of slice-based services,
including on demand 4K video to individual subscribers,
rider telemetry, IoT-provided statistics, drone-based
cameras and emergency services

MYCOM OSI Catalyst Video Demonstrations

2017:5G Service Operations -
Real Time Service Assurance

2018: 5G Intelligent Service
Planning & Optimization

2018: 5G Intelligent Service
Operations
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Network slicing is a key 5G capability that
offers significant business opportunities
for CSPs to deliver new digital and IoT
services within new business models, but
this is wholly dependent on guaranteeing
the QoS for each slice”, commented
Mounir Ladki, President and CTO of
MYCOM OSI. “e challenge is how to
assure QoS and SLAs whilst managing the
complexity of highly dynamic, real time,
on demand network slices and the TM
Forum 5G Catalysts demonstrated how
we address these challenges with our
automated closed loop assurance
solution.”

“
MYCOM OSI's contribution
In the Catalysts, MYCOM OSI’s Experience Assurance and
Analytics™ (EAA) solution provided closed loop,
automated, real time assurance to guarantee QoS and SLAs
for multiple 5G network slices with different service quality
requirements. Such slices included eMBB for broadcaster
video, subscriber video and telemetry slices and uRLLC for
rider telemetry and emergency services slices. These 5G
network slices were dynamically created in response to
rider, spectator and network behavior, either reactively or
proactively through predictions based on AI/Machine
Learning (ML) to anticipate demand.

MYCOM OSI demonstrated how its closed loop assurance
uses policy-based and KPI-driven automation that
integrates AI/ML-based predictive and prescriptive
analytics to ensure that QoS and SLAs are continuously
delivered in dynamic 5G network slices.

The capabilities include automated root cause analysis
across all domains and from network through service,
customer and device. To demonstrate simplification and
speed of integration with any ecosystem, MYCOM OSI
EAA solution integrated with 5G RAN and core networks,
Service Orchestrators, Domain Orchestrators and Service
Platforms using TOSCA and TM Forum Open APIs,
including TMF 628 and TMF 642.

“Network slicing is a key 5G capability that offers
significant business opportunities for CSPs to deliver new
digital and IoT services within new business models, but
this is wholly dependent on guaranteeing the QoS for each
slice”, commented Mounir Ladki, President and CTO of
MYCOM OSI. “The challenge is how to assure QoS and
SLAs whilst managing the complexity of highly dynamic,
real time, on demand network slices and the TM Forum 5G
Catalysts demonstrated how we address these challenges
with our automated closed loop assurance solution.”

www.inform.tmforum.org
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‘5G Intelligent Service Planning and Optimization’ Catalyst
The ‘5G Intelligent Service Planning and Optimization’ Catalyst, championed by AT&T, BT, NTT, Orange, and Telecom Italia,
demonstrated how a movable 5G network that enables new immersive experiences can be dynamically planned,
optimized, integrated and assured during the Tour de France. It showed dynamic service creation and planning along with
reactive and proactive closed loop automation in conjunction with AI to provide optimal experience. Ecosystem
participants included Aria Networks, Ericsson, MYCOM OSI and Wipro.

www.inform.tmforum.org
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‘5G Intelligent Service Operations’ Catalyst
The ‘5G Intelligent Service Operations’ Catalyst, championed by AT&T, BT, KDDI Research, NTT,  Orange, Telecom Italia,
Telenor and Vodafone, demonstrated how CSPs can enable new revenue streams by managing and launching 5G slice-
based services, including 4K video streaming, drone-based broadcasting and IoT–provided statistics at events like the Tour
de France. The catalyst showcased end-to-end slice management, dynamic service orchestration, reactive and proactive
assurance and policy management that assure SLAs and customer experience using multi-level closed loop automation.
Ecosystem participants included MYCOM OSI, Netcracker, Tech Mahindra and TEOCO.

The ‘5G Intelligent Service Operations’ proof of concept built on the previous TM Forum Catalyst ‘5G Service Operations –
Real Time Service Assurance’ in which MYCOM OSI participated. In this MYCOM OSI demonstrated agile closed loop
automation of operations to deliver 5G assurance, whilst continuously optimizing infrastructure utilization and meeting
QoS/SLA commitments using two use cases – a connected smart factory with IoT sensors and robots and connected cars
– deployed on a common 5G RAN and Core infrastructure.

www.inform.tmforum.org
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About MYCOM OSI
MYCOM OSI provides award-winning Assurance, Automation & Analytics solutions that enable digital transformation of
Tier-1 CSPs by helping evolve to Network Virtualization, deliver Digital/IoT services, optimize Customer Experience and
automate Digital NOC/SOCs. The cloud native Experience Assurance and Analytics™ (EAA) solution integrates Digital
Service Quality Management, Performance Management, Fault Management, Automation/Orchestration and Analytics. It is
available on private and public clouds as a subscription service, and is deployed in the word’s first end-to-end NFV/SDN
telco cloud. MYCOM OSI has 8/10 largest global CSPs as customers. Headquartered in London with 250+ staff
worldwide, it has been 100% focused on telecom networks for 25+ years. Visit www.mycom-osi.com

Experience Assurance and Analytics™
(EAA) solution
MYCOM OSI’s EAA solution is the industry’s first cloud
native assurance and automation solution to be deployed
on private and public clouds under a subscription model at
leading CSPs and provides:

• Single, integrated assurance suite that manages end-to-
end network and service quality across all hybrid (virtual
and physical) Telco (3G/4G RAN, Backhaul/transmission,
Core, Messaging) and IT (Cloud/Datacenter/Application)
network domains

• Proactive and real-time surveillance with automated
bottom-up service impact and top-down root cause
analyses

• Dynamic service on-boarding and lifecycle management
through catalog-driven service modelling with automated
discovery, monitoring, visualization, alerting and analysis
for virtual and physical infrastructure components

• Unified inventory, dynamic topology with auto-discovery,
and integration with streaming, real- time and non-real-
time data frameworks including data lakes and Kafka
Universal Data Bus

• Closed loop assurance, with policy- and analytics-driven
auto-recovery and self-healing support integrating to

orchestration engines (Service and Domain),
Inventory/Configuration Management, IT Service
Management

• Closed loop automated network management using
assurance data that governs the end-to-end network and
coordinates local orchestrators (virtual) and configuration
management (physical)

• Ecosystem and framework-agnostic interoperability to
NFV, SDN, virtualization and telco cloud architectures,
vendors and open source technologies (OSM, ONAP)
through industry standard open APIs (such as ETSI, TMF
Open APIs and TOSCA)

• Elastic scaling, high availability and operational agility via a
self-orchestrated and cloud native platform, deployable
on private and public clouds, utilizing microservices,
containers, industry-standard cloud technology and
DevOps continuous integration and continuous
deployment.

As we enter the exciting era of 5G, there are many
opportunities and challenges to be addressed around use
cases, services, business, technology and operations but
QoS is central and critical to the promise of 5G and
MYCOM OSI looks forward to continuing to work with its
customers, partners and industry colleagues to bring further
innovation in this area.

Visit 2017 “5G Service Operations –
Real time Service Assurance”

Visit 2018 “5G Intelligent Service
Planning and Optimization”

Visit 2017 “5G Intelligent Service Operations”

www.inform.tmforum.org
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By Edward J. Finegold,
Director – Strategy,

Netcracker

Many service providers face both digital transformation
and the transition from 4G to 5G simultaneously. Global-
scale transformation initiatives are underway. As use
cases for 5G services take shape, new requirements for
BSS and OSS are becoming apparent.

Many of these new requirements apply to both digital
transformation and 5G:

• Real time provisioning and service assurance.

• Multi-tenant, cloud-based online charging.

• Multi-domain and multi-partner enhancements to BSS.

• Highly scalable, distributed, real-time orchestration.

• Real-time QoS management with closed-loop and
analytics-driven service assurance.

• End-to-end management of hybrid virtual and physical
networks across access, aggregation & core
infrastructure including 4G, 5G and fixed networks.

• Real-time network slicing and sharing across wireless and
fixed infrastructure.

3 Practical Use Case Examples
Looking closely at three practical use cases – two near term, one longer term – clarifies how these new OSS and BSS
requirements relate to commercializing and delivering new services. Common goals for both digital transformation and 5G
include increasing speed to market; adopting DevOps practices; gaining more zero-touch automation; and monetizing new
business models and partner structures.

www.inform.tmforum.org


Netcracker

inform.tmforum.org 54

Use Case 1: Fixed Wireless Access (FWA)
5G fixed wireless services can combine broadband access, fixed line features and mobility services. To support them, many
service providers will need to gain a single customer view that cuts across fixed, mobile and wireless domains. Systems and
processes need to recognize customers in both wireless and fixed-wireless modes. Real-time, location-aware rating and
charging are needed to measure and charge for consumption particularly to enable more on-demand, consumption-based
services like dynamic network slices.

Hybrid service orchestration across virtual and physical networks becomes necessary as 5G rolls out and networks
incorporate more NFV-enabled components and services. To achieve zero-touch automation and end to end service
management, self-sufficient domain orchestration is needed. This is critical to bring network slicing to market across fixed
and wireless infrastructure. Use of mobile edge computing (MEC) may also become a differentiator as well as a means to
evolve to a virtualized core that can scale elastically and enable greater degrees of dynamic, end to end services on-
demand.

Self Sufficient Domain Orchestration

In this short video, Ari Banerjee explains Orchestration’s
evolving role

Use Case 2: Fixed-like Enterprise Services (FLES)
Fixed-like enterprise services provide another practical,
near term 5G use case. The basic requirements for
engaging digital enterprises are common in many ways
regardless of access infrastructure. Self-service access
through an omnichannel, digital portal for account,

customer and service management is also table stakes. To
offer services, however, a digital marketplace is needed to
build and sell enterprise offerings. As a strategic partner in
digital transformation, Netcracker has developed a digital
marketplace with a robust service catalog. It delivers fully
commercialized multi-partner services, leveraging the
Netcracker Ecosystem 2.0 initiative, to drastically reduce
time to market for business services.

5G has the potential to offer advantages to enterprises like
custom, dynamic network slicing. This important capability,
however, requires dynamic QoS management; QoS-aware
real-time charging; and hybrid network and service
orchestration across physical and virtual networks.
Delivering network slicing to market is assisted
substantially with an approach that includes a repository of
pre-defined network slice configurations; a design studio to
create slice-based services quickly using those pre-defined
assets; and zero-touch domain orchestration capability that
can automatically instantiate those network slice offerings.

www.inform.tmforum.org
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5G Infrastructure-as-a-service

In this video, Sue White provides an expert discussion on
how zero-touch domain orchestration is delivered.

Use Case 3: 5G Infrastructure as a Service
Fast forward and consider a 5G infrastructure as a Service
example. It flips the service model inside out because it
involves more multi-party and mulit-tenant relationships
and introduces an entirely digital consumption model. In
this use case, 5G infrastructure is exposed to 3rd parties
through APIs while slice-based wholesale offerings are
presented in a catalog. Online charging is made available
via API to third-parties, which in turn requires a multi-
tenant OCS architecture approach.

5G infrastructure as a Service also entails dynamic network
and service capabilities, but some different applications.
For example, dynamic, wholesale network slicing becomes
possible where offerings can be presented in a catalog and
instantiated on-demand. Slice-aware hybrid orchestration
remains a requirement as well as dynamic QoS
management for slice-based services, but 3rd party access
to manage infrastructure becomes necessary. In this
environment, real-time charging must not only be exposed
for API-based consumption, but also used to charge and
compensate 3rd party users and partners for dynamic and
automated infrastructure usage.

www.inform.tmforum.org
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Service Providers Take Action
For service providers, success in adopting these new 5G-
enabling capabilities often relies on experienced teams that
have delivered them and can provide the hands on services
and knowledge involved in taking on digital transformation;
service and network virtualization; the 4G to 5G transition;
and both BSS and OSS transformation. There are clear
examples of successful transformations like these
happening across the global communications industry.
Netcracker is frequently selected as a strategic partner to
help service providers deliver them with a combination of
industry-leading solutions; seasoned and professional
delivery teams; and world-class domain experts.

Telefonica Rolls Out New Security Services and Full Stack
Platform in 12 Weeks
Telefonica is among the industry’s leaders given its group
wide transformation effort that spans continents and
hundreds of millions of subscribers. In one example,
Telefonica Business Solutions leveraged the
NEC/Netcracker Network as a Service (NaaS) platform to
launch new enterprise services in 12 weeks. Telefonica was
able to launch a digital marketplace of fully commercialized
VNF-based services and value added, cloud applications.
Operations automation for hybrid virtual-physical network
environments was also achieved to enable end-to-end
service orchestration. And DevOps was adopted to
continue to drive ongoing service introduction post-launch.
Within roughly 3 months, Telefonica had delivered a new
security offering to market for enterprise customers and is
positioned to bring subsequent services to market faster
and more digitally for business customers.

Bouygues Telecom Converges Revenue Management for Mobile
and Fixed Services
Reflecting the industry-wide trend towards convergence,
Bouygues Telecom is working with Netcracker to converge
its revenue management capabilities across its fixed and
mobile service offerings and subscriber bases. Bouygues
Telecom works to provide its customers with the most
innovative, user-friendly digital services. Rationalizing core
revenue management infrastructure provides a basis for
transforming how a service provider creates and delivers
products, engages customers and collects revenue. It also is
a precursor to enabling 5G’s fixed-mobile model.

5G Intelligent Service Operations Catalyst Delivers Dynamic
Network Slicing
A recent winner of the TM Forum’s Outstanding Catalyst
Communications Award, the 5G Intelligent Service
Operations Catalyst was service provider-led, with AT&T,
Orange, Telecom Italia, KDDI Research, Telenor, BT, NTT
Communications and Vodafone all involved. It focused on
generating new revenue streams by deploying and
managing slice-based 5G services, such as 4K video
streaming. Taking on a complex use case, the catalyst team
demonstrated a solution example based on covering the
Tour de France with drones for endless camera angles and
sensors for a range of rider telemetry and location data.
This service example requires multiple network slices,
including high-bandwidth drone broadcasting and ultra-low
latency drone control. Using NEC/Netcracker’s advanced
Service Orchestration, network slices of any type could be
deployed dynamically but aged and managed with lifecycle
automation.

Etisalat Drives Cloud Transformation and Rolls Out vCPE
In the course of a substantial transformation program,
Etisalat implemented NEC/Netcracker’s full-stack NaaS
solution to accelerate time to market for new services,
introduce new levels of automation and advance its cloud
transformation initiative. Etisalat is the first service provider
in the Middle East and Africa regions to go to market with
consumer and business vCPE offerings. Additonally,
NEC/Netcracker’s NFV Orchestration solution will help to
enable Etisalat’s new cloud-based network to support
services across 5G, IoT and smart cities; scale seamlessly;
and to manage dynamic network services and virtual
resources.

Vodafone Adopts Automated Domain Orchestration for Zero-
Touch Cloud Services
Vodafone has taken on a well-publicized cloud
transformation in which NEC/Netcracker will provide
automated domain orchestration capabilities in order to
enable Vodafone to deliver zero-touch cloud services. An
important goal is to enable dynamic, closed-loop operations
that also leverage automated lifecycle management.
Vodafone aims to reduce time to market for new services
and is also working to streamline and automate operational
process across operating companies to increase service
efficiency and flexibility.
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Delivering 5G & Transformation
The dual challenge of delivering on digital transformation and 5G requires partners who have proven approaches and
solutions across people, process and technology. As the worldwide leader in BSS, OSS and SDN/NFV, Netcracker is
engaged with service providers around the globe to deliver successful digital transformations during the transition from 4G
to 5G. Please visit Netcracker’s website for third party research that assesses our solutions and to help you deliver on your
digital and 5G initiatives.

Netcracker differentiators

About Netcracker
For more information on Netcracker and NEC/Netcracker solutions and services, please contact us at:
sales@netcracker.com

www.inform.tmforum.org
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Communications service providers (CSPs) are undergoing a
radical change to better meet the expectations and digital
needs of their customers. They are fundamentally changing the
customer experience, rethinking digital business models, and
evolving their networks with 5G and Cloud technologies to
deliver new digital experiences to enterprises and consumers.
In the telecommunications and media sector alone, digital
services are a $2.3 Trillion opportunity. (1) 

The digital economy is blurring industry boundaries and creating disruptive business models.  CSPs have moved into the
media, entertainment, automotive, finance, and energy sectors (see Figure 1). AT&T, Verizon and Bell Canada have
acquired media and entertainment companies to become major content providers. Orange has set up a 100% mobile-only
bank and O2 is offering vehicle insurance-as-a-service. Softbank is offering Internet of Things (IoT) services such as home
energy usage monitoring, while NTT DoCoMo is delivering mobile payment, environmental, and drone services.   

Oracle is working with global CSPs and enterprises today to build digital-intelligent, connected partner ecosystems across
vertical industries and consumer segments. In the future, 5G ecosystems will bring together the mobile connectivity,
service and device management, and monetization expertise of CSPs with vertical-specific devices, applications and
industry know-how of partners as shown in Table 1.

(1) Unlocking $100 Trillion for Business and Society from Digital Transformation, World Economic Forum, January 2017.
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Table 1: Intelligent, Connected Partner
Ecosystems and 5G Services
Smart City
Smart city services are connecting traffic, public safety,
weather, parking, and smart cars and applying cloud-based
analytics and Artificial Intelligence to data to become more
efficient, safe and enjoyable. These services are being
delivered by an ecosystem of CSPs, cities, security
providers and automotive companies.  In the future,
dedicated 5G network ‘slices’ will advance smart cities with
real-time uncompressed video surveillance and mobile
environmental drones (high data rates/priority/QoS, low
latency)  as well as simpler smart-meter readings (low date
rates/priority/quality of service, higher latency).

Smart Home
Partnerships among CSPs, entertainment providers, utilities
and home maintenance and appliance suppliers will enable
smart home services such as streaming events with
interactive augmented and virtual reality, and consumer
robotics that control cleaning, utility usage, outdoor
maintenance, and security surveillance.

Healthcare
Healthcare institutions, first responders, medical device
manufacturers and CSPs are coming together to offer
connected health – monitoring wearables that analyze and
transmit data to health centers and first responders to
improve care. With a dedicated 5G network slice, these
services will be delivered with high reliability/priority/QoS
and low latency.

Industry Automation
Manufacturers, agricultural industries, device and sensor
providers and CSPs are providing real-time connected
device monitoring and control on and off-site to improve
operations and security. For example, automated sensor-
driven harvesters are using data-drive machine learning to
optimize crop yields based on environmental conditions.

Finance
Financial institutions, software providers, systems
integrators and CSPs are joining forces to provide secure,
mobile, real-time currency, payments and banking
transactions using new cloud-based Blockchain and AI
technologies.

These new business models require an innovative,
integrated 5G and Cloud platform that can:

• Scale, manage, secure, analyze and monetize billions of
transactions and  zettabytes of complex data generated
by digital services and content

• Manage billions of devices and machines as more people
and ‘things’ become connected and communicate with
each other

• Leverage service based architectures and dynamic
network slices to meet specific application requirements
for connectivity, security, scalability, reliability,
compliance, geography, and data management

• Simplify, secure and automate network and cloud
functions and operational processes

They also require a digital business engine that can:

• Monetize digital services and customer data using a wide
array of usage, subscription, transaction, advertising
sponsorship, and network slice-as-a-service models

• Enable complex partner ecosystems with shared cloud,
network and commercial infrastructure and systems

• Span future 5G services with differing quality of service
(QoS), scalability and latency requirements from ultra-
reliable low latency communications (URLLC) for high
priority public safety services to enhanced mobile
broadband (eMBB) for High Definition video to massive
machine-type communications (mMTC) for smart meters 

• Apply new cloud-based Artificial Intelligence (AI),
Machine Learning (ML), Security and Blockchain
innovations to deliver personalized customer experiences
across all channels
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Integrated 5G and cloud platform
5G networks will be vastly different than earlier mobile network generations. Gone is the one-size-fits-all approach to
network infrastructure. 5G brings a service based architecture, IT-centric cloud services, and an exciting new ability to
personalize network ‘slices’ to match the specific requirements of industry vertical applications and customer segments as
shown in Figure 2. This will allow CSPs to launch and evolve custom-fit network slices-as-a-service rapidly to generate
new revenue growth while lowering capital and operating costs. 

Network slicing uses the principles  of modern cloud
architecture to slice a physical network into multiple,
independent virtual networks that can meet service-
specific requirements for network priority, latency, data
rates, quality of service and other parameters. The
Network Slice Selection Function (NSSF) in the 5G Next
Generation Core (NGC) is required to select a slice type for
a given user as well as determine the appropriate slice
instance based on interactions with slice life cycle
management systems that monitor factors such as load
levels. Oracle is developing these capabilities with flexible
deployment options to make it easier for CSPs to launch
and scale specialized network slice services such as those
described in Table 1 above, and bring a unique value
proposition to their partner ecosystems.  

The 5G NGC’s Service Based Architecture (SBA) is based
on IT principles such as HTTP2 signaling, a stateless
Representational State Transfer (REST) framework, and the
ability to decompose mobile network functions into smaller
units. SBA provides CSPs with improved service agility,
network extensibility, and integration with cloud
applications. Oracle is working with standards bodies today
to address SBA challenges such as signaling and traffic
management, interworking, and cloud service integration
to ensure secure and reliable CSP services.

A modular 5G Policy Control Function (PCF) that can be
shared across multiple network slices or deployed within a
specific slice plays a critical role by enabling network policy
decisions such as network slice selection, QoS, network
access selection, and mobility management, as well as
device, application, charging, and analytics-based policies.
Autonomous Databases will also be critical to manage
structured and unstructured data within the 5G network. 

The integration of 5G and Cloud offers numerous
advantages to CSPs. For example, Oracle’s AI, ML and
Blockchain cloud applications can be integrated with 5G to
improve network management and operations as well as
create and evolve services from intelligent device data.

Cloud computing can also improve coordination between
the NSSF and enterprise cloud applications. It expands the
NSSF’s ability to select appropriate slices, and instantiate or
remove network slices based on applications and devices in
use. For example, a hospital may require a specific network
slice for remote medical procedures in an emergency. The
slice could be torn down once the emergency is resolved.
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Innovative monetization infrastructure for digital business
A modern service and network orchestration layer will be required for CSPs and enterprises to profitably monetize 5G and
Cloud services as shown in Figure 3.  This layer efficiently instantiates, scales and orchestrates new network slice-based
offerings that can combine existing physical and new 5G virtual network functions.

Digital business models will be many and varied, encompassing subscription, consumption, and sponsored approaches.
Some examples of future 5G service offerings include:

• Rental style “product as a service” offers:  pay by distance/time/area

• Smart home packages: monthly subscription plus communications usage charges)

• Smart city packages: monthly parking subscription with a fixed amount of included hours and location information on
available spaces, free outdoor Wi-Fi service with advertising

• Industrial automation packages:  subscription plus additional communications and 3D printing utilization fees 

• Enhanced mobile broadband offers: subscription plus additional charges for streaming/cloud/AR services

CSP monetization infrastructure will need to scale to support extreme levels of usage-based charging transactions across
multiple network slices. The 5G Charging Function supports both online and offline charging. Integrated online charging
and policy will be essential for CSPs to provide customers with a real-time experience that places them in control of their
services and spending. 4G LTE and LTE-Advanced services are expected to co-exist alongside 5G services for many years.
A scalable and efficient monetization infrastructure that can support today’s advanced non-linear data charging needs,
while providing a foundation for future 5G NGC charging architectures is critical.
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Oracle

Mobile virtual network operators and enterprises that do
not own network infrastructure are increasingly looking
towards public cloud-based monetization for their digital
services. Many CSPs Oracle is engaged with are also
viewing cloud monetization as a cost efficient, agile
strategy for new digital services. Cloud based monetization
will form part of the broader 5G technology ecosystem
that includes AI, ML and Blockchain solutions. AI can be
used to gather and analyze customer and machine data,
predict what customers want, manage ‘value’ transactions
securely, and respond quickly with personalized offers. For
example, AI can provide real-time responses to a remote
video camera capturing a security breach or weather
sensors monitoring a storm by processing the information,
seeking out patterns over time and running predictive
analytics.  AI and ML can help in customer profiling and
analyzing offer conversion rates, billing and revenue trends,

content and application usage trends and network activity
to evolve services.  By applying AI, ML and analytics to
customer data, digital companies can understand what
customers want, why they want it, and what they may want
in the future. They can also create more personalized
content by recommending new plans, applying new
discount, bundling and pricing models, and delivering new
services such as on-demand programming and fleet
management location services. Blockchain technology can
be used to secure and guard customer and IoT data, and
offer secure identity management services that give
customers control over their data. Many device
management services can be delivered using a Blockchain-
based IoT platform such as device authorization and
authentication, secure and remote tracking, and
maintenance and repair.
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About Oracle
Oracle is a  leading provider of communications and cloud solutions that help our customers connect, monetize, and
engage in innovative ways to create new digital experiences.  We deliver integrated communications and cloud solutions
to service providers and enterprises to accelerate their digital  journey in a communications-driven world from network
evolution to digital business to customer experience. For more information, go to www.oracle.com/communications.

Conclusion
The future belongs to service providers that can capture the trillions of dollars in digital service opportunities unleashed by
the merging of 5G and Cloud technologies. By taking advantage of 5G’s service based architecture, network slicing,
monetization infrastructure and cloud integration, CSPs can engage in new partner ecosystems to deliver dynamic and
intelligent digital  services across multiple verticals. The integration of 5G and Cloud will deliver true Network and IT
convergence.  To succeed in this new digital world, CSPs will need a partner that brings Cloud and IT expertise and
innovation to 5G, with a global track record in creating new industry vertical ecosystems and applications. For further
information, visit www.oracle.com/communications.
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Agile & Virtualized

TM Forum Digital 
Maturity Model

The DMM is a ‘living’ maturity model
and set of metrics to help companies
measure their true digital maturity.

Members can access a guidebook as
well as an Excel spreadsheet

containing the actual model. It is also
available as iOS app.

Agile OSS/BSS Toolkit
This toolkit includes a complete

blueprint for a platform for managing
a multi-vendor hybrid/NFV

infrastructure, which includes open
APIs, information models, best

practices and deployment guides.

Open Digital Architecture
Developed collaboratively by the

world’s largest telecom operators and
their partners, the ODA provides a

common operations and IT
management ‘blueprint’. It combines

proven cloud-computing best
practices with TM Forum’s work on
zero-touch orchestration operations
and management; digital ecosystem
management; data analytics; AI and

Open APIs.

Open & Partner Effectively

Open APIs
TM Forum offers more than 50 APIs
to manage services end to end and
throughout their lifecycle in a multi-

partner environment.

Digital Trust Challenges and
Opportunities Standard

This technical report outlines the key
concepts of digital trust and identifies
the top seven digital trust challenges.

Monetizing the Internet of
Everything Guide

This information guide describes a
standardized approach and a

monetization template for new,
innovative services.

Customer Centricity

Customer Experience
Implementation Suite

This set of tools consists of a
guidebook, hundreds of metrics, a

maturity model, lifecycle model, ROI
model and more than 54

implementation use cases.

Big Data Analytics Solution
Suite

This set of tools includes a big data
reference model, a guidebook

containing more than 65 use cases
and 1700+ pre-defined metrics.

360 Degree View of a
Customer

This guidebook offers a 360-degree
view of a customer and explains how

to put customers at the center of
considerations and actions.
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Research & Media

Digital Transformation
Tracker
Digital Transformation
Tracker 2: How to fix
the cultural divide

Digital Transformation
Tracker
Digital
Transformation
Tracker 1: e race
is on

Trend Analysis Report
AI: e time is
now

Trend Analysis Report
5G: Is platform the
killer use case?

Trend Analysis Report
Vision 2020:
Future CSP
Business models

Quick Insights
Customer
centricity: Creating
the digital
experience

Quick Insights
Microservices:
Piecing together a
strategy

Quick Insights
Data analytics &
AI: Key to end-to-
end management

ebooks
Platforms: How to
join the revolution

ebooks
TM Forum Open
APIs: Enabling a
zero-integration
API economy
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Frameworx Overview
Frameworx is a suite of best practices and standards that,
when adopted, enable a service-oriented, highly automated
and efficient approach to business operations. Frameworx
provides hundreds of standardized Business Metrics that
allow for benchmarking, as well as a suite of interfaces and
APIs that enable integration across systems and platforms.
Frameworx also includes adoption of best practices to help
companies implement and use the standards and
management best practices to ensure ongoing
conformance.

Watch an overview of Frameworx:

Frameworx has been widely adopted and proven to
significantly improve agility in IT and operations, resulting
in increased margins, lower costs and optimal customer
experience. Frameworx is created and evolved by TM
Forum members who participate in the Forum's
Collaboration Community. 

Download latest files Get training

8 things Frameworx can do for you: 

1. Reduce transformation risk by delivering a proven
blueprint for agile, efficient business operations 

2. Innovate and reduce time-to-market with streamlined
end-to-end service management 

3. Create, deliver and manage enterprise-grade services
across a multi-partner ecosystem

4. Improve customer experience and retention using proven
processes, metrics and maturity models

5. Optimize business processes to deliver highly efficient,
automated operations 

6. Reduce integration costs and risk through standardized
interfaces and a common information model 

7. Gain independence and confidence in your procurement
choices through conformance certification and
procurement guides 

8. Gain clarity by providing a common, industry-standard
language
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Business Process Framework (eTOM)
The Business Process Framework (eTOM) is a
comprehensive, industry-agreed, multi-layered view of the
key business processes required to run an efficient,
effective and agile digital enterprise.

Watch an overview of the Business Process Framework:

6 things you can do with the Business Process
Framework:

1. Create a common language for use across departments,
systems, external partners and suppliers, reducing cost
and risk of system implementation, integration and
procurement 

2. Adopt a standard structure, terminology and
classification scheme for business processes to simplify
internal operations and maximize opportunities to
partner within and across industries

3. Apply disciplined and consistent business process
development enterprise-wide, allowing for cross-
organizational re-use

4. Understand, design, develop and manage IT applications
in terms of business process requirements so
applications will better meet business needs

5. Create consistent and high-quality end-to-end process
flows, eliminating gaps and duplications 

6. Identify opportunities for cost and performance
improvement through re-use of existing processes and
systems

Download latest files Get training

Information Framework (SID)
The Information Framework (SID) provides standard
definitions for all the information that flows through the
enterprise and between service providers and their
business partners.

Watch an overview of the Information Framework:

5 things you can do with Information Framework:

1. Reduce integration costs by adopting standards-based
information models and using them in applications and
interfaces

2. Save hundreds of design hours by starting with a mature
framework and 1500 entities developed and vetted by
subject matter experts

3. Speed time to market by using well-understood
integration interfaces based on the Information
Framework, eliminating the need for data translation
between systems

4. Avoid wasting precious development time on debates
with your team, partners, or vendors by adopting a
widely proven, industry accepted, rich and extensible
information model

5. Mandate conformance to the Information Framework
and save time and money during vendor evaluation and
procurementDownload latest files Get training
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Application Framework (TAM)
The Application Framework (TAM) provides a common
language and means of identification for buyers and
suppliers across all software application areas.

Watch an overview of the Application Framework

5 things you can do with the Application Framework:

1. Streamline procurement by using common definitions
and language to specify and evaluate solutions

2. Document and then rationalize your application
inventory during transformation projects or mergers and
acquisitions

3. Integrate faster and with lower costs by defining and
clearly communicating the functions provided within
each application

4. Reduce custom development costs with modular,
standard application requirements

5. Increase automation and efficiency with standard,
deployable components

Get trainingDownload latest files
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Open APIs
TM Forum's 50+ REST-based Open APIs have been developed collaboratively by communications service providers (CSPs),
government organizations and their partners. When used internally, the Open APIs help companies transform their IT,
increase operational agility and improve customer centricity. Externally they enable end-to-end seamless connectivity,
interoperability and portability across complex digital ecosystems. 

To date, 28 of the world’s leading CSPs and technology suppliers have signed the Open API Manifesto publicly
demonstrating their endorsement of TM Forum’s Open APIs. CSPs that adopt the Open APIs can position them as a
preferred requirement in their IT requests for proposal, and technology partners can commit to using the Open APIs in
relevant product applications. Together they can unlock many growth opportunities, including dramatically improving
business and IT agility, reducing the cost and complexity of operations, and reducing integration cost, risk and time for the
entire supply chain. 

The Open APIs are often tested, improved and extended through TM Forum’s Catalyst Program. Catalysts are proof-of-
concept projects that bring together companies large and small to create innovate solutions to common challenges,
demonstrating how solutions can be achieved by leveraging key TM Forum best practices and standards. Catalyst teams
work on the projects for four to six months before demonstrating them at TM Forum’s flagship events.

Access the Open APIs Learn more

Best Practices
TM Forum members have collaborated to produce an extensive library of standards, best practices, guidebooks, technical
reports and much more covering the most important topics for companies operating in the digital economy.

We have arranged these resources into toolkits by topic. Click on the link below to access the full toolkits and download*
all the available resources.

*Downloads are available to employees of TM Forum member companies only. Interested in joining as a member? Click
here.

Access the Toolkits
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Open Digital 
Architecture

A blueprint for success in the digital
markets of tomorrow

"TM Forum’s Open Digital Architecture
creates a pragmatic transformation roadmap

which we are drawing on  

as we identify the architectural patterns
within of our existing infrastructure.  It will

enable us to deliver efficient  and reliable
services into the  new digital economy."

George Glass
Chief Systems Architect
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For more about TM Forum’s Collaboration Community,
please contact Andy Tiller, Executive Vice President,
Collaboration & Innovation, via atiller@tmforum.org


