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1. Executive summary
Networks are on the threshold of a transformation driven by the demands of 
the Internet of Things (IoT) and the advent of 5G technologies that will create 
new services and applications. These will require seamless, fast, scalable and 
ultra-reliable access that can only be delivered by a ‘Network of Networks’.

Unfortunately, simply evolving current radio access network (RAN) 
architectures will not meet the new requirements in a sufficiently agile and 
cost-effective way. So, what is the solution? Will distributed or centralized 
architectures be needed? What are the advantages and drawbacks of 
purpose-built platforms versus cloud-based solutions? How can operators 
start today to prepare effectively for the transformation that will be needed?

These are key questions that operators face and can start to address straight 
away. 

This white paper describes Nokia’s vision for a multi-layer and cloud-ready 
RAN architecture and aims to help operators identify the challenges and  
how to solve them, as well as the opportunities open to operators.

2. The path towards 5G
For operators to take advantage of the many opportunities that will arise in 
the coming years, they must be able to quickly launch competitive and  
high-speed services at the lowest possible cost, supplementing their  
macro-based networks with small cells and in-building wireless solutions. 

Using both licensed and unlicensed spectrum will be vital to meeting capacity 
demand. In a recent Nokia poll of 800 operator personnel, 50 percent said 
they will use License Assisted Access (LAA) within the next three years and 32 
percent will use LTE – Wi-Fi aggregation (LWA). Seamless and ubiquitous access 
across all operator assets will be key to innovate ultra-fast and ultra-reliable 
services and to address new business opportunities. For example, the Nokia 
survey also found that 66 percent of respondents expect IoT devices  
to outnumber human subscribers by 2020.

The path towards 5G will comprise a common core to support multiple 
access networks that are transparent to the end-user. Multi-connectivity and 
aggregation solutions will therefore be key ingredients. Furthermore, the 
wide variety of services stemming from 5G, IoT and more traditional mobile 
broadband will mean networks must offer different and tailored performance 
capabilities. In other words, the underlying RAN architecture must adopt 
flexibly to the applications deployed and the region served. 
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Figure 1: Evolution options towards multi-connectivity access (non-co-located only)
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Figure 2: Diversity of opportunities and use-cases towards 5G

To achieve the aforementioned goals, core, RAN and operations support system 
(OSS) components will be bundled according to the use-case and business 
application. Networks will be highly programmable, comprising a flexible mix of large 
centralized sites and distributed locations within the enterprise or where services 
are provided. RAN functions will be centralized, while many core functions will be 
distributed using Mobile Edge Computing (MEC) techniques. 

Underpinning all these developments is the Telco Cloud, which many operators are 
already adopting to achieve more agility and shorter innovation cycles for services, 
all with lower costs.

Cloud technologies are extending from initial core network deployments to 
encompass RAN virtualization. Yet it is important that this virtualization protects an 
operator’s existing network assets and allows for highly flexible deployment. 
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3. Centralized and distributed RAN – at the 
same time

To optimize the path to full RAN virtualization and the Cloud RAN, some 
operators have first deployed Centralized RAN (C-RAN). However, C-RAN is 
not the most effective solution in all cases and operators typically require a 
balance of distributed and centralized RAN architectures to optimize network 
costs. Furthermore, forthcoming 5G technologies and the need to deliver 
better service and application performance bring new implications as shown  
in figure 3.

RAN architectural challenges/opportunities The impact of 5G

Deploying the multi-connectivity layer from a 
central location enables capacity upgrades with 
small cells without changing macro cell sites 
and with minimum network transport routing 
costs.

5G and small cells lead to 
greater throughput compared to 
baseline macro capabilities (Gbps 
per cell per user).

Application aware networks boost the customer 
experience when deploying RAN and distributed 
gateway and service functions in close 
proximity. Some centralization of the RAN user 
plane and control functionalities is more cost 
effective.

Extreme service demands make 
it harder to ensure consistent 
and seamless service experience 
across multi-connectivity layers.

Fronthaul capacity must be significantly greater 
than the backhaul, more than 100 times 
for today’s multi-antenna TD-LTE sites that 
need close to 100 Gbps fronthaul rates. Fiber 
transport is typically optimized for residential 
services, which means that fronthaul services 
are only available over a dedicated Lambda/
wavelength layer at relatively high cost.

More extreme bandwidth 
demands will arise with the use 
of cmWave and mmWave bands 
with massive beam-forming and 
MIMO solutions.

Limited time-budget for baseband processing 
of standard specifications, limits the 
centralization and pooling potential and calls 
for highly optimized and dedicated transport 
solutions

Leveraging sub-ms capabilities 
of 5G radio requires a further 
distributed approach compared 
to e.g. LTE

A mix of distributed and centralized RAN will be 
needed to balance service requirements and 
TCO, and these different deployments should 
co-exist using the same scalable transport 
solution. Today’s data centers and backhaul are 
Ethernet based, but fronthaul uses dedicated 
implementations, which makes hybrid 
architectures or adapting existing architectures 
difficult.

Increasing use of cloud 
technologies and data centers 
for RAN, more extreme service 
diversity scaling from real-
time needs to high coverage 
applications, more architectural 
flexibility embedded in 5G 
specifications (5G X-Haul).

Figure 3: Future architectural challenges faced by RAN
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4. Meeting the demands of multi-connectivity 
and 5G

A multi-layer RAN that divides the baseband processing architecture into 
real time (RT) and non-real time (NRT) functions will meet the architectural 
challenges of multi-connectivity and 5G networks. It will also support the 
evolution of today’s D-RAN and C-RAN architectures, which are defined mainly 
by the transport capabilities. 

A midhaul NRT X-Haul (NRT XH) interface connects the RT and NRT functions 
and is mapped to asynchronous/NRT transport of the same backhaul class 
used in today’s evolved D-RAN architecture. The RT functions require tightly 
controlled fronthaul-grade transport and a tight RT XH interface with the cell 
sites and RF. For example, RT XH evolves C-RAN architecture for scalability. The 
multi-layer RAN offers a low-risk migration that does not disrupt the transport 
infrastructure and re-uses equipment already deployed at cell sites.
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Figure 4: 5G Multi-layer RAN architecture and mapping to Telco Cloud 
components

Non-real-time Control/User Plane (and NRT XH): This layer consolidates 
both D-RAN and C-RAN and will be shared by 2G, 3G, LTE, Wi-Fi and 5G radio 
technologies. The Control Plane component enables more effective scaling to 
support IoT connectivity demands, while User Plane mechanisms implement 
multi-layer and multi-connectivity technologies with lower deployment and 
transport costs. 

This common NRT baseband layer supports inter-site and inter-RAT features 
such as R10 inter-site carrier aggregation, R12 LTE Dual Connectivity, R13 
License Assisted Access (LAA), R13 LTE and Wi-Fi Link Aggregation (LWA) and 5G 
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multi-connectivity solutions with LTE and Wi-Fi. Distributed RAN deployment 
is enabled by a new interface between the central aggregation point (or 
data center) and the NRT XH cell site that is compatible with backhaul-grade 
transport solutions, including Ethernet. 

With this consolidation layer, dense and ultra-dense multi-connectivity 
clusters can be deployed without upgrading macro sites. 3GPP-supported 
PDCP aggregation is supported by the X2 interface and forms the foundation 
for future multi-connectivity solutions. Extended components are needed 
to support MAC aggregation in the first phases of deployment. With PDCP in 
a secure and trusted aggregation site, there is less need for last-mile IPSEC 
deployments to cell sites to control and manage plane signaling, further 
improving TCO. The layer will evolve to new 5G capabilities (5G network 
convergence sub-layer) by means of software upgrades.

Real-time User Plane: The real-time baseband portion may reside at selected 
distributed RF sites, at centralized local aggregation hubs or large hotels,  
or at very large metro aggregation data center sites, providing flexibility to 
optimize the network, for example for low latency, while minimizing TCO. For 
sub-millisecond air interface latencies or where fronthaul for massive MIMO/
BF techniques is not feasible, RT functions can be distributed at cell sites. 
Equally, centralization of RT functions can optimize consolidation gains and 
inter-site CoMP/RRM performance.

RT XH: Evolution beyond today’s OBSAI and CPRI fronthaul technologies in 
fiber-rich access environments will improve centralized RAN with massive 
MIMO/BF requirements. The key is to significantly reduce bandwidth by 
compression - creating aggregated antennas by physical layer pre-processing. 
Furthermore, Ethernet compatibility would provide operators with a more 
consistent transport approach for data centers and which can scale across 
all X-Haul types. A new RT XH will be particularly attractive where some RT 
functions are also centralized at cell sites to reduce complexity and site cost.

Figure 5 shows how the multi-layer RAN closely fits with the multi-layer Telco 
Cloud architecture. 

Cloud-ready radio architecture can use a common virtualization infrastructure 
with the cost shared between RAN and non-RAN deployments to enable 
new services and experiences to be built cost effectively. The aggregation 
point hosting the NRT RAN layer provides the best place to inject service 
acceleration and low-latency applications supported by processing deployed 
at low cost. Figure 5 also shows how consolidated and centralized RT enables 
future virtualization and resource pooling, as well as how the Telco Cloud can 
host today’s RAN control functions such as virtualized RNC, BSC and Wi-Fi 
controller. 

More control functions are needed to support ultra-dense networks (UDNs). 
For LTE small cell clusters, performance improvements and cost savings are 
achieved by a common zone controller. In the future, more evolved  
multi-connectivity controller (MCC) solutions will optimize and coordinate 
complex heterogeneous networks. 
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Figure 5: Example mapping of multi-Layer and Cloud-Ready RAN to Telco 
Cloud

5. Multi-Layer Telco Cloud for Cloud-ready 
RAN

Multi-layer and cloud-ready RAN addresses the challenges of Distributed and 
Centralized RAN when migrating to multi-connectivity networks and 5G by 
implementing a Telco Cloud solution across centralized and de-centralized 
deployments. A key goal is to enable a common approach across the RAN, the 
operator’s other access networks, core and OSS. The multi-layer and cloud-
ready RAN will offer significant benefits which vary in nature depending on 5G 
services deployed and it fully supports both distribution and centralization 
strategies that operators will need to balance network performance and 
network TCO.
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Figure 6: End-to-end multi-layer RAN and Telco Cloud architecture
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Figure 7: Example benefits of deploying multi-layer RAN on Telco Cloud

6. So what’s next?
A multi-layer RAN architecture can meet 5G use-cases and requirements 
from both a technical and a business perspective. This is supplemented by an 
emerging multi-layer Telco Cloud evolution to provide new services and cost 
savings via mobile edge computing. By migrating to multi-layer Cloud RAN with 
new functionalities, operators can effectively re-use their existing distributed 
or centralized radio architectures while enabling new benefits. This means the 
roll out of capacity can continue in parallel with establishing and executing 
a Cloud RAN strategy that aims to improve TCO and network performance 
compared to today. Operators can migrate to the new architecture by 
deploying multi-layer Cloud RAN in steps triggered by business needs such as:
• To save costs when deploying heterogeneous network features (e.g. LTE-

LTE or LTE-Wi-Fi)
• To save costs while increasing device and user capacity for M2M and IoT
• To save costs by deploying new ultra-reliable or low latency services
• To save costs by deploying 5G technology
By starting to prepare a site strategy, operators can ensure that their 
infrastructure and real-estate supports future distributed data centers that 
will be needed to meet next generation network requirements, for example 
central offices or other hubs. The multi-layer architecture will provide great 
flexibility in establishing such centers and this will offer further TCO-saving 
potential and enable very resilient radio networks to be built. 
The multi-layer and cloud-ready RAN provides immediate benefits in Single 
RAN networks (2G, 3G, LTE, Wi-Fi) and fully leverages new 3GPP multi-
connectivity features that will boost network performance and reduce TCO/bit 
for operators. 
The multi-layer and cloud-ready RAN is fully flexible and takes advantage of 
the different Telco domains to ensure lowest possible network TCO. 

Nokia´s Cloud RAN solution, Nokia AirScale Cloud RAN, is part of Nokia AirScale 
Radio Access.

http://networks.nokia.com/portfolio/solutions/telco-cloud/nokia-cloud-based-radio-architecture
http://networks.nokia.com/portfolio/products/airscale-radio-access
http://networks.nokia.com/portfolio/products/airscale-radio-access
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7. Terminology and abbreviations
BB  Baseband

BF  Beam-forming

BSC  Base Station Controller (2G network element)

BSS  Business Support System

CEM  Customer Experience Management

CoMP Coordinated Multi-Point (in text refers to both downlink and 
uplink methods)

CPRI  Common Public Radio Interface

C-RAN  Centralized RAN

C-RRM  Centralized RRM

Ctrl  Controller (or Control depending on context)

DC  Dual Connectivity (LTE radio feature)

D-RAN  Distributed RAN

eNB  Evolved Node B (LTE network element)

E2E  End to End

HetNet  Heterogeneous Network

IoT  Internet of Things

IP  Internet Protocol

IPSEC  IP SECurity

LAA  Licensed Assisted Access

LTE  Long Term Evolution (4G radio protocol from 3GPP)

LTE-U  Application of LTE technology in unlicensed spectrum

LWA  LTE and Wi-Fi link Aggregation

MAC  Medium Access Protocol

MCC  Multi-Connectivity Control

MEC  Mobile Edge Computing

MIMO  Multiple Input Multiple Output

M-Plane Management Plane
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NRT  Non-Real Time

OBSAI  Open Base Station Architecture Initiative

O&M  Operations & Maintenance

OSS  Operating Support System

PDCP  Packet Data Convergence Protocol

QoE/QoS Quality of Experience/Service

RAN  Radio Access Network

RF  Radio Frequency

RNC  Radio Network Controller (3G network element)

RRC  Radio Resource Control

RRH  Remote Radio Head

RRM  Radio Resource Management

RT  Real Time

SON  Self-Organizing Network

SPOF  Single Point of Failure

SRAN  Single RAN

S1/X2  Interfaces of eNB in LTE standard (backhaul grade interfaces)

TCO  Total Cost of Ownership

TD-LTE  Time Domain duplex LTE variant

TRS  Transport

TVO  Total Value of Ownership

UDN  Ultra-Dense Network

WLC  Wireless Local Area Network Controller

X-Haul/XH Unifying interface name denoting simpler transitions between 
fronthaul, midhaul, and backhaul

3GPP  3rd Generation Partnership Project
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