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Introduction

Global mobile traffic is expected to see a compound annual growth of around 40% by 2022 according to Cisco[1] 
and >80% of that traffic is expected to be generated indoors[2]. Although traditional video still accounts for most 
of the mobile traffic, the future of wireless communications will see new applications like augmented/virtual reality 
(AR/VR), Internet-of-Things based (IoT) based massive sensory network, machine-to-machine communications 
(mMTC), and intelligent transportation systems, contribute to network traffic growth. 

The International Telecommunications Association (ITU) has identified requirements of such a network in their 
IMT-2020 specification, where the applications are classified into the following use case scenarios, as shown in 
Figure 1.   

• Enhanced mobile broadband (EMBB)
• Ultra-reliable low latency communications (URLLC)
• Machine-to-machine (mMTC)

For example, AR/VR applications will need massive data 
capacity to the user devices and lower latencies, whereas 
some mission critical applications in advanced manufacturing 
will need ultra-reliable communications at lower speed. 

By 2022, the AR/VR applications are projected to have a 
CAGR of 60%, and the machine-to-machine communications 
will see growth of 50%. This forecast indicates a key shift in the 
nature of applications that will be served by wireless networks 
of the future. These new applications not only need high 
capacity wireless connectivity, they will also need application 
specific service level agreements and lower latencies.  The 
5G network technology and the applications that drive the 
low latency and high capacity requirements will impact 
indoor wireless infrastructure. 

Many of the new wireless applications are targeted at 
private enterprises like healthcare, advanced manufacturing, hospitality, and transportation hubs.   The owners 
of these spaces are expected to provide sufficient indoor coverage and capacity to all users and applications, 
irrespective of their service provider affiliation – not only to support legacy mobile phone data applications 
(e-mail, voice, text, etc.), but also to support emerging applications. To effectively provide this coverage and 
capacity indoors a robust wireless service delivery system is needed, and <10% of large buildings have some 
type of indoor mobile wireless system installed today. 

To address the demand for more bandwidth and improved response time, the cellular network service providers 
are focused on creating a fifth generation (5G) wireless network.  An understanding of the changes in technology 
is a pre-requisite to defining the nature of future indoor wireless infrastructure. In this paper, we present the 
evolution of cellular network architectures by comparing today’s (4G) network design to the architecture required 
for 5G and address the options available for indoor wireless. 
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Figure 1: Use-case scenarios emerging mobile 
applications based on their requirements



Network Evolution to 5G

As previously stated, the mobile operators’ challenge today is not only to provide high bandwidth access to end 
devices, but also to design a network that can provide ultra-reliable low latency communication (URLLC) for 
new applications. The key capability targets set by IMT-2020 and by mobile operators for 5G – like >1 Gb/s 
capacity and ~ 1ms of latency are not achievable by today’s 4G networks. 

Today’s 4G mobile networks predominantly use some version of the Long-Term Evolution (LTE) standard and 
operate close to the theoretical limit of capacity. For example, LTE release-8 can achieve a maximum channel 
capacity of around 150 Mb/s from a channel bandwidth of 20 MHz. Mobile technology standards have been 
evolving, however.   To achieve multi Gb/s channel capacity, 5G networks will need:

• Increased spectral efficiency by reducing the number of users per cell, which can be achieved by
massive densification of radio nodes.

• Increased channel bandwidths (>100MHz) and advanced radio techniques like massive (64Tx64Rx)
multi-user multiple-input-multiple-output (MU-MIMO).

• Millimeter wave carrier frequencies such as those in the 5G New Radio (5G-NR) specification.

Additionally, the 5G network’s low latency requirements can only be met by implementing: 

• Inter-cell interference management techniques like Co-Ordinated Multi-point transmission
• Enhanced Inter-cell interference cancellation (eICIC)
• A reduction in the round-trip delay between the user and the network end nodes

Fortunately, LTE standards have already provisioned for these features in the LTE-advanced (LTE-A) version of the 
standard beginning with Release 10, which was standardized by 3GPP in 2011[3].   However, deployment of these 
new features will require a significant change in network architecture.  

D-RAN vs. C-RAN

Today’s (4G) mobile access network topology is predominantly designed as a distributed radio access network 
(D-RAN). In a D-RAN architecture (as seen in Figure 2), the radio cells, also known as evolved Node B (eNodeB) 
are placed in a distributed fashion. The two main components of eNodeB are the base-band unit (BBU) and 
remote radio unit (RRU). In the D-RAN configuration, they are co-located. The baseband units carry traffic back 
and forth to a mobile switching center (MSC) that connects to the LTE’s packet core network which is the gateway 
to the internet.
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Figure 2: Distributed radio access network (D-RAN) Architecture.



In a distributed network topology, the communication between the eNodeB’s and the latency between different 
eNodeB’s is sufficient to support applications like voice & data but become an issue when a feature rich standard 
like LTE-A needs to be deployed. Another downside of the D-RAN configuration is the poor optimization of 
radio resources and capacity, especially in a dynamic user traffic pattern since the isolated nodes are unable to 
dynamically allocate resources between them. The distributed nature of this architecture also adds operational 
cost to the mobile network providers, like cost of powering and maintaining these eNodeBs.

One way to mitigate the issues with a D-RAN architecture is to consolidate and centralize the baseband functions 
(BBUs) of the eNodeBs in the radio access network. This revolutionary architecture[4] is called Centralized Radio 
Access Network (C-RAN) as shown in Figure 3. In a C-RAN architecture the centralization of BBUs has many 
benefits. It allows for faster communication between BBUs, thus reducing inter eNodeB latency and it reduces 
the maintenance and energy costs while allowing BBUs to share resources to provide efficient load balancing 
and capacity optimization. Centralization also makes adding resources simpler. And with the advancement of 
software defined networking and network function virtualization (SDN/NFV), as well as the use of common-off-
the-shelf components (COTS) for BBUs, the centralized RAN can be virtualized, which paves the way to a Cloud-
based virtual RAN that has significant benefits. Later in this document, you will see that C-RAN architecture will 
be required for successful indoor wireless networks like they are for outdoor networks.

D-RAN vs. C-RAN

As 5G networks evolve to a C-RAN architecture, the centralized BBUs send the RF data to respective RRUs in a 
digitized format. This portion of the network is called mobile fronthaul.  The network that connects several BBU 
pools to the rest of the core network is called the mobile backhaul. As the channel bandwidths are expected to 
aggregate to several 100s of MHz, and as massive (64TX64RX) MIMO deployment begins in Next Generation 
NodeB (gNodeB) implementations, the current C-RAN architecture would need 100s of Gb/s of capacity in the 
fronthaul network. 

To overcome this, further splitting of baseband units is being proposed[5, 6]. In this network architecture, 
some functions of the BBU are moving back to the RRU, and the others virtualized, thus reducing the stricter 
synchronization and capacity requirements from the fronthaul network. This further splitting of network functions 
is creating a new network node which hosts the virtual network functions (VNF) and reside between the fronthaul 
and the packet core. This network is also called as a mid-haul network, and it connects the physical network 
functions (PNF) of a BBU to the virtual network functions.
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Figure 3: Centralized Radio Access Network (C-RAN) Architecture



The splitting of the network functions into VNF and PNF is also called virtual RAN, since many of these functions 
can be virtualized and dynamically placed anywhere, giving the network the ability to fine tune latency and 
quality of service to meet an application’s requirement. This change in the implementation of the network will 
not only reduce the bandwidth requirement of the fronthaul    by ~10x but also allows the use of robust Ethernet 
based transport systems instead of radio specific transport protocols. 

The evolution of current D-RAN architecture to a fronthaul/backhaul based C-RAN to serve early 5G applications 
is moving towards a multi-tier network with fronthaul, mid-haul, and backhaul networks each meeting specific 
bandwidth and latency requirements. For a 5G network that supports the 5G-NR radio, the fronthaul network 
that connects the PNFs (BBU to RRU) would now typically need only 10s of Gb/s of bandwidth.

Indoor Wireless Solutions 

When we look at the deployment of mobile networks in an indoor 
environment a few challenges have always emerged.  Cost of ownership 
of an in-building wireless system, the mobile operators’ reluctance to 
share baseband resources, and the lack of true multi-operator small 
cell solutions,[7] have hampered the proliferation of in-building wireless 
solutions. Traditionally, building owners have looked at distributed antenna 
systems (DAS) to extend coverage of a mobile network indoors.

In a typical traditional DAS implementation, a repeater-based RF system 
taps the signal and distributes it inside the building, as shown in Figure 
4. In such a DAS implementation, the tapped RF signals are conditioned
in a head end unit and distributed to remote radio units. Even though DAS
systems available today are multi operator. and work well for coverage
enhancement of 3G and 4G networks, they may not be suitable for high
capacity low latency 5G applications. First, DAS does not add more capacity.  
Rather, it increases the users of a given eNodeB, and improves the coverage
of the network indoors. As the bandwidth and carrier frequency of the 5G
radio bands increases, the number and density of MIMO antennae must
increase. As a result, a DAS system for a 5G network which needs massive
MIMO, several 100s of MHz of channels, and lower latencies, becomes
much more complex and expensive to implement and harder to maintain.

Indoor small cells have also been a cost-effective option for increasing 
coverage and capacity indoors for 3G and 4G systems. Small enterprises 
often deployed small cells to meet their coverage requirements. These 
systems are typically single carrier, operating in a D-RAN configuration, 
and use a category cable-based infrastructure to deliver power and data 
(Power over Ethernet) to the antenna. Similar to DAS, indoor small cells 
have been in use for 3G and some 4G networks, but their lack of multi-
operator support is a challenge, and their D-RAN installation configuration 
is not suitable for the indoor 5G applications. 
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Figure 4: A typical indoor distributed 
antenna system architecture.



A true C-RAN architecture-based solution, with multi-operator capability 
which utilizes simpler cabling infrastructure is needed for 5G to be 
successful indoors. Fortunately, the virtualization of 5G baseband units, 
and further splitting of functionalities into virtual and physical network 
functions (VNF, PNF) is leading to a true multi-operator C-RAN based 
indoor wireless solution[8, 9]. Figure 5 shows a depiction of such a solution. 

In such an implementation, BBU functions from several service providers 
are located in the head end unit which communicates with the respective 
physical RRUs via a dedicated ethernet network. The Ethernet link between 
the BBU in the head end and the radio equipment controller in the 
intermediate distribution frame (IDF) can be connected using a composite 
cable-based infrastructure (copper + fiber), while the connectivity to the 
end radio units, that carry a few Gb/s, can be based on category 6a 
cables delivering Power-Over-Ethernet (PoE).

With this deployment scheme available one could begin to imagine that 
with 5G capacity extended indoors, a dedicated enterprise IP network and 
WiFi connectivity may not be needed anymore. However, IT policies like 
bring-your-own-device (BYOD), unified communications over IP networks, 
and local storage of sensitive enterprise data will drive IT managers to 
continue to build and maintain their own enterprise network.  Also, for 
large enterprises, 5G as the only data network would require all their 
critical business data to be moved into a telecom service-provider 
cloud, which may come with security and operational expenses (OPEX) 
concerns. Finally, the cost to replace legacy WiFi equipped devices such 
as laptops and projectors with 5G radio capabilities will continue to 
make the traditional enterprise network a more attractive option for many 
organizations.

Conclusions

Next generation mobile networks will see a big shift in network architecture. The existing distributed D-RAN 
configuration used for 3G and 4G networks must migrate to a centralized C-RAN architecture as target 
applications for 5G require ultra-high bandwidth and very low latency that today’s 4G networks cannot supply. 
The centralized nature of 5G also has an effect on the extension of the network indoors.  Fortunately, the 
virtualization of baseband units, and the development of virtual and physical network functions (VNF, PNF) 
makes the deployment of an indoor 5G system possible.  Installing an infrastructure that delivers both power 
and data via composite fiber cables and Category 6A cabling for high bandwidth connections supplying Power-
over-Ethernet provides a simplified and cost-effective solution for the new indoor C-RAN/V-RAN 5G architecture.  
However, many IT managers will want to continue to deploy and operate a traditional enterprise wireless (WiFI) 
network as well to meet the needs of their businesses.
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Figure 5: Depiction of an indoor 
virtual RAN architecture.
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