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background
Explosive growth in mobile traffic, fuelled by 
smartphone subscribers consuming and sharing video, 
is expected to continue in the next wave of 4K, 8K and 
3D formats, along with augmented and virtual reality 
apps. Connecting subscribers to their favorite media – 
regardless of location – and providing a better quality of 
experience (QoE) are becoming key retention strategies 
for service providers.

Monetizing those connections is proving difficult in the 
face of regulatory barriers, intense competition and a 
“flat” network infrastructure that is expensive to update, 
customize and scale. Speed tiers and speed boosts based 
on usage, content and other contextual factors are being 
tested in some markets, but net neutrality rules are 
limiting the revenue upside. Meanwhile, 4G investments 
have not stemmed the decline in average revenue per 
user (ARPU), and efforts to reduce costs have mostly 
resulted in zero net gains.

Service providers are exploring new ways to convert 
network service quality into revenue, such as extending 
the mobile infrastructure to the home. And while the 
consumer market will remain the chief source of revenue 
in the near term, the greatest potential for new business 
is coming from enterprise markets, encompassing mobile 
broadband and Internet of Things (IoT) applications in 
diverse segments such as industrial automation, smart 
cities, eHealth and connected cars.
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Cloud RAN: powering the enterprise and IoT
Cracking the lucrative enterprise space will place higher 
demands on mobile networks which will be required to 
support the diversity of vertical specific and IoT use cases. 
The IoT landscape is set to explode with the proliferation 
of use cases and connected things powered by superfast 
5G, from autonomous cars to remote surgery and cyber-
physical systems. Even now, in a relatively uniform digital 
landscape, the old paradigm of taking years to launch 
new services and upgrade expensive hardware in physical 
networks is crumbling under intense pressure from 
Google, Apple and other disruptors. Service providers 
are embracing Network Functions Virtualization (NFV) 
to bring a software-centric, agile approach to service 
delivery and network management.

NFV projects are largely focused on the core and 
infrastructure, with only a small number of service 
providers prioritizing Radio Access Network (RAN) 
virtualization in the next couple of years. Getting started 
with cloud concepts in the RAN is an effective bridging 
strategy that moves a step closer to the NFV vision 
of a fully programmable network and enables service 
providers to validate new capabilities and processes 
before 5G becomes a commercial reality.

Migrating from a physical to fully virtualized RAN (vRAN) 
will help service providers to:

•	Dynamically	manage	network	resources
•	Increase	spectral	efficiency	and	throughput
•	Improve	QoE	(latency,	capacity	and	coverage)
•	Drive	revenue	from	value-added	services
•	Leverage	network	orchestration	and	service	chaining
•	Develop	5G-ready	networks



virtualization  
in the RAN
While the RAN contributes about two-thirds of the cost 
of running mobile networks, only a few service providers 
have near-term plans to capitalize on the CAPEX and 
OPEX advantages of NFV for radio management. Early 
use cases for NFV have focused on virtual CPE and edge 
equipment, largely because of the immediate ROI value 
and low potential for disruption in the network.

A recent study by IHS Infonetics found that service 
providers’ highest priorities for NFV use cases in 2016-
17 are vEPC, private networks for enterprise and new 
IP-based	services	such	as	voice	over	LTE	(VoLTE).	Of	
those surveyed, only 24 percent indicated that RAN 
virtualization is a top priority in the next two years, and 
almost half have no definite plans or timelines in place. In 
their	May	2016	report,	Deutsche	Bank	echoed	this	finding	
and put vRAN deployments out to 2022 or later – roughly 
in the same window as 5G.

So why the lag? Considering that the number of cell sites 
in a large network can run into the hundreds of thousands, 
the transition to vRAN architecture poses major challenges 
and risks to existing operations. NFV is a relatively 
nascent model with limited standardization, increasing 
the difficulty involved in integrating new interfaces and 
communications protocols into legacy networks.

With	the	cycle	of	LTE	rollouts	nearing	completion	in	many	
developed markets, there’s no compelling event to justify 
expending resources and CAPEX investments to  
re-architect the RAN. Until 5G brings new air interfaces 
and greater complexity in supporting widely different IoT 
use cases, some service providers are opting for a  
gradual evolution. 

This involves employing a “cloud-first” strategy that starts 
to bring some of the benefits of the virtualized RAN 
into	markets	where	LTE	deployments	are	still	ongoing,	
such	as	CALA,	and	in	the	run-up	to	LTE	Advanced.	5G	
will force a shift to vRAN to support the myriad of use 
case requirements, but starting the migration now 
provides the opportunity to establish new processes and 
technologies in a phased and controlled manner.

  making the 
business case  
for vRAN

  The RAN is the costliest part of the network and 
the root of 80 percent of performance issues that 
can	have	a	significant	impact	on	customer	QoE.	
Extending NFV to the RAN would reduce costs by 
at least 40 percent overall, according to analysis 
of RAN operational costs conducted by Amdocs 
and estimates from service providers. Since the 
baseband	unit	(BBU)	represents	about	60	percent	
of base station costs, moving it to a centralized 
cloud architecture translates into immediate  
ROI benefits.

  Migrating from cloud RAN to full vRAN architecture 
will bring greater flexibility and efficiency, with user-
centric access to frequencies that are tied to users 
instead of being fixed to specific locations.

  In addition, having a clearer separation between 
radio	resource	units	(RRUs)	and	BBUs	will	open	the	
door for open platforms and interfaces supporting 
multi-vendor RRU nodes, leading to better quality 
and lower prices compared to today’s  
proprietary stacks.
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RAN evolution: 
from “distributed”
to “cloud”
Over the past five years, RAN architecture has begun 
a progression from “fully distributed” to “increasingly 
centralized”, with the aim of increasing spectral efficiency 
and trimming OPEX for major cost centers, such as rent, 
power and security.

Distributed:	In	existing	physical	networks,	distributed	RAN	
infrastructures provide coverage and capacity for mobile 
connectivity with baseband and radio resources positioned 
close to the point of service delivery, with typical zones of 
10-20	km	for	macrocells.	Base	stations	are	comprised	of	
baseband	units	(BBU)	controlling	one	to	two	distributed	
radio remote units (RRU), connected by fiber to antennas 
that direct signals to licensed mobile devices. The main 
downsides of this model are cost and inefficient spectrum 
utilization. There’s no scaling up or resource reallocation, 
making it necessary to use expensive overprovisioning to 
handle worst-case traffic loads.

Centralized: Service providers have been experimenting 
with centralized RAN concepts, where base station 
functions	are	decoupled	into	centralized	BBUs	controlling	
distributed remote radio heads (RRHs) at the cell site.

In this model, the fronthaul connections between the RRH 
and	the	BBU	can	be	extended	to	a	couple	of	kilometers.	
BBU	centralization	reduces	OPEX	for	housing	the	physical	
boxes, along with power consumption and security costs 
involved	in	managing	fewer	“BBU	hotels.”	For	example,	a	
large	BBU	could	manage	up	to	six	RRHs,	a	savings	of	three	
times over traditional distributed models. This approach 
achieves	better	spectral	efficiency	since	the	BBUs	are	co-
located, enabling better synchronization than in distributed 
models.	However,	the	link	from	the	RRU	to	the	BBU	is	the	
same, and it’s limited to coverage areas of a 10-20 km 
radius because of latency constraints.

Particularly for service providers with smaller coverage 
areas and fewer network assets, the cost of adding fiber 
to	connect	RRHs	to	centralized	BBUs	is	a	major	barrier	to	
the business case for centralization. Urban areas with high 
cell densities are ideal candidates for centralization, due to 
the high concentration of cells within range of cloud RAN 
sites and greater availability of low-latency fiber. 

Cloud RAN (C-RAN): Service providers are exploring 
C-RAN	as	the	foundation	of	their	LTE	Advanced	rollouts.	
C-RAN takes the centralized concept one step further, 
applying virtualization to RAN elements so that instead 
of unique physical or network nodes, resources are pooled 
and run on hypervisors. Cloud infrastructure can support 
different network applications using common hardware 
and interfaces, making it easier to integrate multi-vendor 
components.
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Some hardware may still be proprietary and purpose-built 
to accelerate processing, but centralized operation of 
BBUs	in	the	cloud	offers	savings	in	system	management	
and maintenance, while enabling greater flexibility 
to respond to variable traffic patterns. Shared radio 
resources can be dynamically allocated to meet demand, 
reducing the need for overprovisioning. Ongoing hardware 
improvements have the potential to extend coverage to 
a 100 km radius or more, offering advantages for service 
providers who cover large or rural areas.

Implementing C-RAN components that are hypervisor- 
and platform-agnostic using elements that can be 
migrated to NFV increases ROI for network assets, builds 
internal expertise and avoids vendor lock-in.

the RAN promises to flip the network-centric model and 
flat IP structure into a top-down, multi-tenant ecosystem 
powered by agile and scalable software architectures. 
Dynamically	allocated	resources	will	be	provisioned	based	
on traffic requests using software-defined radios and 
NFV processes. 

From an efficiency perspective, the implementation of 
vRAN will optimize spectrum utilization and reduce the 
footprint and power consumption of radio and fronthaul 
gear,	by	centralizing	BBUs	in	a	remote	location	on	virtual	
servers and moving to commercial off the shelf (COTS) 
hardware for nodes traditionally based on expensive 
proprietary equipment.

NFV with network orchestration of RAN resources will 
open up the business model advantages of an open 
and flexible vRAN. Services can be turned up in minutes 
instead of months and be programmed to automatically 
scale	or	self-heal.	Service	providers	can	maximize	QoE	
for consumer and enterprise customers and drive 
revenue with value-added edge services, such as content 
optimization for broadband video. And as IoT markets 
grow, vRAN capability will support the customization, 
elastic scalability and extreme reliability needs of a wider 
range of use cases than can be managed today.

vRAN migration: 
key challenges and 
opportunities
While C-RAN brings some of the advantages of resource 
pooling and dynamic allocation, it doesn’t go far enough 
to address the massive scalability and customization that 
will drive 5G networks. Extending NFV from the core into
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Centralizing radio coordination through NFV simplifies the management of complex, heterogeneous networks
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summary
NFV ushers in a transformation of both business and 
operational processes for building, testing, deploying and 
upgrading network services. Some service providers have 
embraced it as the foundation of their roadmaps, with 
ambitious targets to virtualize the bulk of their networks 
over the next few years. Others are hard-pressed to 
find a business case to justify steep investments in new 
technology and expertise.

Priorities for NFV in the near term are focused on vCPE 
and vEPC applications, where there are cost and revenue 
advantages to provisioning enterprise equipment and 
new	services	such	as	VoLTE.	While	applying	NFV	to	the	
RAN does come with CAPEX and OPEX savings from 
centralization and the transition to standard, x86 servers, 
in	markets	where	LTE	rollouts	are	already	completed	or	
nearing the end, it’s a significant architectural “redo” that 
requires careful roadmap planning.

A viable alternative is to start the migration to vRAN 
by applying centralization and cloud concepts to radio 
resources	to	support	LTE	coverage	expansions,	temporary	
services	and	small	cell	densification	in	urban	areas.	By	
integrating components that can are aligned to NFV 
architectures and open-development platforms, service 
providers can take a staged approach to their network 
transformation.

5G is coming, and it will it will push NFV across the 
network to the edge as use cases such as autonomous 
cars and tactile apps force new processes to handle 
the customization, dynamic allocation and automation 
required to provision and scale these services. Network 
orchestration is emerging as a strategic capability for 
managing increasingly complex, responsive networks and 
advanced technologies, including concepts such as network 
slicing	and	service	chaining.	Developing	a	roadmap	
that supports the evolution from cloud to increasingly 
automated vRAN orchestration will help service providers 
navigate the shift to the 5G-ready network.

Technology considerations for vRAN
Centralizing radio coordination simplifies the task 
of managing heterogeneous networks with a mix of 
spectrum, virtual and physical resources, and macro and 
small cells. However, the larger the legacy network, the 
higher the risk from introducing vRAN architectures. Today, 
for their initial vRAN rollouts, service providers are targeting 
greenfield coverage areas and boosting capacity for 
temporary events, such as sporting conferences.

A number of technology considerations need to be 
addressed in vRAN migration plans, including:

•		Cell interference: As mobile operators add spectrum 
and apply densification techniques such as cell-splitting 
and	small	cells	to	increase	capacity,	the	BBU	processing	
demands will significantly increase, as will the potential 
for higher levels of interference in the network. 
Managing multiple frequencies – and different air 
interfaces as 5G comes online – will require optimization 
of	RRUs	to	ensure	synchronization	with	the	BBUs	and	
minimizing or eliminating interference.

•	 	Throughput and latencies: Synchronization 
requirements for radio access protocols are at the 
microsecond or nanosecond level. As such, centralization 
of real-time RAN functions will require low-latency, 
high-bandwidth connections between the cell site 
and a centralized control point. General-purpose 
processors are less efficient at running functions in the 
physical layer, and the lack of standardization and tools 
are hindering efforts to move away from dedicated 
hardware.	Layer	1	functions,	for	example,	can’t	currently	
be hosted on popular NFV infrastructure platforms 
such as OpenStack. Some service providers are opting 
for hybrid configurations of commodity hardware and 
purpose-built accelerators to bridge the gap.

•	 	Massive multiple-input and multiple-output (MIMO): 
MIMO antennas can send and receive more than one 
data signal simultaneously over the same radio channel. 
MIMO can be co-located in antennas but has to be 
controlled	by	one	BBU.	The	introduction	of	massive	
MIMO configurations – which will be of increasing 
interest with the move into ever-higher frequency bands 
– will further highlight the need for optimized transport 
and baseband processing for centralized baseband 
configurations. This can be mitigated if centralization is 
isolated to higher layers of the protocol stack.
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why amdocs 
for network 
transformation?
With our broad network expertise and vendor-
neutral approach, Amdocs takes a holistic approach 
to maximizing coverage, capacity and performance 
of mobile and fixed networks, while achieving cost 
efficiencies and business objectives. Our vision is to help 
service providers derive maximum business value from the 
open network, create a 5G-ready ecosystem and enhance 
the data experience for all customers.

The Amdocs Services portfolio spans the entire network 
from the RAN and backhaul to EPC and IMS, and can 
help customers throughout the entire design, deploy 
and operate phases of their network transformations. 
We help service providers globally run more efficient 
networks, with greater revenue generation and high 
service quality.

Amdocs’ added value:

•	 	A	trusted,	independent	partner	with	a	unique	blend	of	
cross-domain expertise, proven and scalable solutions, 
and network ROI focus

•	 		Extensive	experience	in	mobile	network	–	including	RAN	
– launch and optimization

•	 	Network	and	IT	domain	knowledge	with	NFV	software	
and systems integration expertise

•	 	Big	data	analytics	and	data	science	solutions
•	 	Pedigree	in	successfully	delivering	large-scale,	

transformational projects

virtualization: terms 
and definitions
Virtualization concepts are often described in the industry 
with varying levels of precision. For the purposes of clarity, 
we have used the following definitions:

Network Functions Virtualization (NFV): A network 
architecture that brings IT virtualization concepts to the 
network, decoupling software from hardware to run on 
standard, x86 servers that can be pooled in data centers. 
Virtualized network functions (VNFs) are one or more 
virtual machines (VMs) executing different tasks on a 
common networking infrastructure.

Cloud RAN (C-RAN):	Describes	a	virtualization	
architecture where some resources, such as baseband 
units	(BBUs)	are	centralized	in	the	cloud.	The	term	does	
not necessarily imply the use of standard x86 hardware.

Virtualized RAN (vRAN): Refers to the application of NFV 
using ETSI-aligned architecture with RAN components 
designed as VNFs running on commercial x86 hardware.

Orchestrated vRAN: Radio resources that are 
orchestrated by a centralized network services 
orchestrator for rapid instantiation, massive scalability, 
self-healing and automation.

Software-defined networking (SDN): A network 
architecture that decouples the data plane from the 
control plane to enable greater programmability, 
centralized control and service chaining, where chains of 
connected network services can be created dynamically 
based on inputs such as traffic patterns.
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