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Abstract: To satisfy the explosive growth 
of mobile data traffic and communication 
connections in the year 2020 and beyond, the 
5th generation (5G) mobile network will have to 
support more access schemes, frequency bands 
and diversified scenarios compared with the 
existing networks. Throughout the development 
of communication systems, the diversified 
combination of different technologies always 
makes the network more and more “heavy”, e.g., 
heavy deployment, heavy investment, heavy 
operation and maintenance (O&M), which 
has brought great challenges to the network 
applications. Therefore, 5G system should be 
designed as an easy network, characterized by 
easy deployment, low investment, easy O&M 
and delightful experience. According to this 
discussion, this paper identifies several technical 
components which can make up an Easy 
Network for 5G air interface, and the details of 
the Easy Network features are analyzed. Our 
study aims to make efforts to promote a healthy 
and sustainable environment for 5G at the 
beginning of the system design.

Keywords:  vir tual izat ion;  dis t r ibut ion; 
flexibility; high efficiency

I. INTRODUCTION

It can be foreseen that mobile internet and 
internet of things will change everybody’s life 
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in the near future. Looking ahead to the year 
2020 and beyond, there will be explosive growth 
in mobile data traffic. It is estimated that the 
global mobile data traffic will grow by more 
than 200 times from 2010 to 2020, and by nearly 
20,000 times from 2010 to 2030 [1][2]. In order 
to support the mobile network requirements, 
the study of 5G system has attracted the global 
attention. Nowadays, several groups and 
companies around the world, e.g., METIS [3], 
5GPPP [4] from Europe, IMT-2020 [5] from 
China, 5G Forum [6] from Korea, etc., are under 
research and periodically release their stage 
results according to the timeline from ITU-R 
Working Party 5D (WP5D). Recently, WP5D has 
got the agreement of 5G requirements including 
that, 5G will be realized by increased data rate, 
reduced latency, enhanced energy efficiency, 
etc., for different typical scenarios. From data 
rate perspective, 5G system should be able to 
support 10-20Gbps peak data rate and to provide 
uniform 100M-1Gbps user experienced data rate. 
From latency perspective, 5G should be able 
to support ms-level end-to-end communication 
latency. Different from the requirements of the 
past mobile systems, 5G has shown specific 
requirements of connection density of 106-107/
km2 and traffic volume density of around ten 
Tbps/km2.

Throughout the history from 1G to 4G 
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mobile network, from analog transmission to 
digital transmission, from single base station 
transmission to coordination among multiple 
transmission points,  etc. ,  the network is 
becoming more and more complicated and 
keeping bringing novel challenges in the 
equipment development and network operation 
by involving advanced air interface technologies. 
Currently, to meet the significant improving 
requirements of 5G system, the alternative air 
interface technologies have been gradually 
clarified, including the space-domain extension 
(e.g., massive multiple input multiple output, 
massive MIMO) / frequency-domain extension 
(e.g., the application of high frequency band) and 
geographical-domain extension (e.g., ultra-dense 
network, UDN), etc. However, a straightforward 
combination of the multiple technologies will 
make the network under great pressure, which 
will bring overweigh problems for further 
network deployment and operation. Motivated 
from the discussion above, in this paper, we 
identify several technical components which can 
make up a new 5G architecture, namely Easy 
Network, focusing on the design of air interface 
technology features. 

The paper is organized as follows. In Section 
II, we start the discussion on the challenges of 
5G system. The implications of Easy Network 
are described in Section III. In Section IV, the air 
interface technology components and features 
of Easy Network are analyzed in detail. The 
conclusion is following in Section V.

II. CHALLENGES OF 5G

From the deployment from 1G to 4G, the mobile 
network is coming under increasing pressure 
from its overweight. More specifically, the 
pressure includes,
●  Heavy deployment

From deployment perspective, more and more 
layers are introduced, e.g., wide-area continuous 
coverage and hot-spot coverage, to satisfy the 
various requirements. Furthermore, extra-burden 
is brought to the network due to clear difference 
between different duplex mode, and strictly 
binding between duplex modes and specific 

frequency bands.
●  Heavy investment

Wi t h  t h e  m o b i l e  n e t w o r k  b e c o m i n g 
increasingly complicated and more and more 
base stations constructed, tremendous capital 
expenditure (CAPEX) is needed and the 
investment return period is much delayed. In 
addition, the price for achieving the technical 
requirements becomes increasingly high because 
of the implementation complexity and high 
standardization impact of key technologies.
●  Heavy O&M 

Due to coexistence issue of various multiple 
access schemes and potential utilization of novel 
equipment, challenges are introduced in terms of 
difficult O&M methods and increased operating 
expense (OPEX). Moreover, the inflexible and 
complicated network configuration is non-
adaptable to the rapid growth of variation of 
services and user requirements.

In 5G, the problems of network overweight 
become more severe rather than been solved. 
Compared with 4G, 5G needs to serve more 
users and support more connections, and provide 
higher transmission data rate and more diverse 
user experience. In addition, 5G needs to support 
multi-radio access technologies (RATs) and 
wide-range spectrums for various scenarios. 
More specifically, the scenarios and technical 
requirements may include [1],
●  Seamless wide-area scenario

The main objective for this scenario is to 
provide seamless service to the end users, and 
it needs to provide more than 100 Mbps user 
experience data rate anytime and anywhere, even 
for users moving at high speed.
●  High-capacity hot-spot scenario

In this scenario, it should be provided to 1 
Gbps user experienced data rate, 10-20Gbps 
peak data rate, and tens of Tbps/km2 traffic 
volume density.
●  Low-power massive-connections scenario

It mainly focuses on the use cases for 
sensor ing  and  da ta  co l lec t ing ,  and  the 
characteristics of this scenario include small 
data packets, low power consumption, and 
low cost. It needs to support at least 1 million 
connections per squared kilometer and 100 
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billion connections in total, in an efficient way 
that allows the terminals to have ultra-low power 
consumption and ultra-low cost.
●  Low-latency high-reliability scenario

It mainly focuses on vertical industries and 
industrial control. The ms-level end-to-end 
latency or/and nearly 100% reliability need to be 
guaranteed in this scenario.

III. WHAT IS EASY NETWORK?

To solve the overweigh problem and release 
the burden of 5G network, the concept of 
Easy Network is proposed in this paper, which 
includes following implications,
●  Easy deployment

The objective of Easy Network is to relax 
the network requirement of site acquisition, and 
includes the plug-and-play networking capability. 
●  Low investment

The objective of Easy Network is to reduce 
the network CAPEX and OPEX. From this 
perspective, the technical approaches may 
include reusing existing sites as much as possible 
to avoid unnecessary expansion of base station 
deployed, utilization of low complexity, low cost 
and flexible equipments, fully using of existing 
network resources, as well as flexible power 
supply and backhaul.
●  Easy O&M

The objective of Easy Network is to realize 
the low complexity, convenient and efficient 
O&M method, and network optimization. 
The potential technical components include 
utilization of efficient multi-network coexistence 
mechanisms, being capable of self-optimizing 
and self-maintenance with highly robust system 

design. 
●  Delightful experience

The objective of Easy Network is to provide 
personalized and intelligent user experience, 
inc lud ing  f l ex ib le  spec t rum usage  and 
interference coordination/suppression, as well as 
further mobility performance improvement.

IV. TECHNICAL FEATURES

4.1 Technology components

Based on the main objectives of Easy Network, 
the air interface technology components may 
shown in Fig.1, including Virtualization, 
Distribution, Flexibility and Efficiency. The 
details of different technical features are 
discussed in the following subsections.

4.2 Virtualization

In high-capacity hot-spot scenario, the main 
challenge is to provide extremely high user 
experienced data  rate  and handle ul t ra-
high traffic volume density. UDN is the key 
technology to meet the above requirements [7]
[8][9]. However, the continuing increase of 
cell density will bring new technical challenges 
such as interference, mobility, sites acquisition, 
backhaul resource, deployment costs, and so 
on. Meanwhile, UDN with increased small cell 
density may lead to extremely high CAPEX and 
OPEX which operators cannot afford. Operators 
are eager to deployment UDN with low cost and 
easy maintenance. To cope with the technical 
challenges for UDN, and to realize Easy 
Network with easy deployment, easy O&M and 
delightful experience, virtual layer and virtual 
sector are the key technical features.

Virtual layer technology is a solution to 
solve the technical problems of UDN with 
increased number of small cells deployed 
together, including mobility and interference 
problems, and which is beneficial to realize 
easy deployment and delightful user experience. 
The technology relies on multi-layer network: 
virtual layer and real layer, as illustrated 
in Fig.2(a). Wherein, the virtual layer is Fig.1 Technology components of Easy Network
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responsible for broadcasting, paging and 
mobility management; while data transmission 
is carried on the real layer. The sites of UDN 
can be divided into multiple clusters, and each 
cluster is corresponding to one virtual layer. 
User equipments (UEs) in idle mode camp on 
the virtual layer and don’t need to recognize the 
real layer; no cell re-selection is needed if UEs 
move within the same virtual layer. For UEs in 
connected mode, they can recognize both the 
virtual layer and the real layer; no handover is 
needed for the mobile users within the same 
virtual layer; thus the user experience can be 
delightful. By virtual layer technology, the 
interference among small cells and the failure 
rate of handover can be reduced, which will lead 
lower complexity and cost of network operation 
and maintenance.

Virtual sector is another technical feature of 
UDN, to solve the problem of site acquisition 
and backhaul, etc. For virtual sector technology, 
multiple sectors are formed by means of 
multiple beams generated by the centralized 
entity, as illustrated in Fig.2(b). Virtual sector 
can be applied together with other potential 
technologies, e.g., massive MIMO. As the 
result, it can significantly reduce the cost of site 
acquisition and equipment development with 
similar transmission performance as traditional 
UDN deployment. Virtual sector technology can 
provide a unified management platform between 
virtual sectors and real sectors, and reduce the 
operation complexity.

4.3 Distribution 

Massive MIMO is one of the most important 
technologies to achieve high user experienced 
data rate and can enhance spectrum efficiency 
by implementing a larger number of antennas at 
the base station (e.g. >100) [7][10]. Since now, 
a lot of research has investigated the design 
challenges of scaling up the number of antennas, 
e.g., beamforming algorithm, channel estimation, 
user scheduling and so on, and most of the study 
focuses on the centralized antenna pattern. While 
in practice, operators will face challenges when 
deploying centralized massive MIMO. Due to 

increased number of antennas, the volume of 
antenna array will be increased dramatically. 
It will not only increase the investment of 
equipment, but also be more difficult for site 
acquisition. To facilitate the Easy Network 
with easy development and low investment, 
distributed massive MIMO may become a more 
practical solution compared with the centralized 
manner.

In principle, such distributed MIMO can 
achieve any MIMO technique feasible with 
centralized antenna arrays, and some research 
has also shown the additional benefits by 
spatially separated antennas, e.g., for improving 
indoor coverage and significantly increasing 
network spectral efficiency even with inter-
cell interference [11][12]. A typical scenario 
for distributed massive MIMO is a kind of 
coordinated multipoint transmission (CoMP), in 
which the independent nodes are fully separated 
deployed and fully/partly connected to the 
centralized entity. However, the fundamental 
bottlenecks in synchronization and fronthaul 
requirement must be addressed for this kind of 
configuration. In our study, it is found that the 
modularized distributed massive MIMO is an 
interesting solution both for deployment and 
performance, in which the large-scale antennas 
array is composed by smaller antenna modules. 
The antenna modules are deployed separately 
and very close to the centralized entity, shown as 
Fig.3, for which the cost of feeder line is under 
control. In another potential way, the entity 
could also been designed with partly the function 
of baseband procedure, leaving others to the 
antenna modules, which can reduce the capacity 

Virtual layer

Real layer

（a）

Fig.2  Virtual layer & Virtual sector

（b）
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requirement between the antenna module and 
centralized entity.

Together with virtual sector technology, 
modularized distributed massive MIMO can 
achieve around 18.4% cell average spectral 
efficiency gain compared with the centralized 
antenna array, shown as Table 1. Also from 
the evaluation result, there is about  24.9% 
cell edge spectral efficiency lose due to the 
extra interference brought by virtual sectors, 
which can be solved by involving interference 
suppression technology. The further research 
is now under study. In addition, modularized 
distributed massive MIMO provides a unified 
solution to deploy massive MIMO for different 
scenarios, e.g., vertical combination of several 
modules to cover a high building, and horizontal 
combination to cover a long street.

The modularized distributed massive MIMO 
can help to reduce the antenna dimension of 
centralized massive MIMO, for which the site 
acquisition will become easier. Meanwhile, when 
there is some problems to antenna equipment, it 
also does good to replace certain antenna module 
instead of replacing the whole massive MIMO 

equipment, which will reduce the cost of system 
maintenance.  

4.4 Flexibility

In the scope of flexibility, two technical features 
are included to satisfy the demand of Easy 
Network, which are wireless mesh network and 
flexible duplex.

As discussed in subsection 4.2, the technology 
of UDN could increase the spectrum efficiency 
and the system capacity at the cost of some 
technical and operating problems. From the 
backhaul perspective, the challenges may 
include,
●    With the increase of the deployed small cells,

the deployed backhauls should also be 
increased. Considering the cost of network 
development and maintenance, it is not 
possible to deploy high-speed wired 
backhaul for all the cells, e.g., fiber.

●    Usually, it is not easy to predict the 
deployment location of small cells and some 
locations which are convenient to deploy 
small cells will be used, e.g., the curbside, 
the roof or the street lamp, while it is always 
hard to provide wired backhaul for these 
locations. 

●    The inter-cell interference between base 
stations in UDN is more severe than the 
traditional deployments. Therefore, fast, 
even real-time information exchange and 
coordination between base stations is 
needed to enable high efficient interference 
coordination and suppression. 

In addition, according to [1], seamless 
wide-area coverage is the basic scenario of 
5G network, therefore, how to efficiently and 
flexibly deploy base stations and enable plug-
and-play base stations in the remote areas to 
provide good coverage and services is quite 
important. The wireless mesh networks aim 
to construct high-speed, high efficient, self-
optimizing and self-maintenance wireless 
transmission network between base stations, 
fulfill the demands of high data transmission rate 
and traffic volume density, and facilitate an easy 
network with easy deployment, easy O&M and 

Fig.3  Modularized distributed massive MIMO

Table I Evaluation results according to 3GPP* assumption (UMa, ISD=200m)

Cell average spectral 
efficiency (bps/Hz)

Cell edge spectral 
efficiency (bps/Hz)

Centralized solution
8x8x2 4.77 (100%) 0.2656 (100%)
Horizontal modularization 
8x4x2+8x4x2 (2 sectors)

5.51 (115.5%) 0.2214 (83.4%)

Vertical modularization 
4x8x2+4x8x2 (2 sectors)

5.65 (118.4%) 0.1995 (75.1%)

*: The 3rd Generation Partnership Project
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delightful user experience.
Fig.4 illustrates wireless mesh networks, 

where the basic backhaul network is constituted 
by wired backhaul and wireless backhaul. The 
gateway base stations with wired backhaul are 
the gateways for the backhaul network while the 
wireless backhaul base stations and links between 
them constitute a wireless mesh networks. The 
wireless backhaul base stations could relay other 
base stations’ backhaul data while transmitting 
its own data. From the base station coordination 
perspective, the wireless backhaul base stations 
could fast exchange the information of served 
UEs via the wireless networks and to ensure high 
performance and consistency services for UEs.

In order to realize high efficient wireless mesh 
networks, the following aspects should be well 
considered:
●     The overall design and optimization of 

wireless backhaul links and wireless access 
links.

●   Planning and management of backhaul 
gateway.

●   Management and optimization of the wireless 
backhaul topology.

●   Resource management, protocol and interface 
study of the wireless mesh network.

Flexible duplex is another technical feature 
for Easy Network. In frequency division 
duplex (FDD) systems, the symmetric paired 
spectrum for downlink (DL) and uplink 
(UL) are required. It can make full use of the 
spectrum to accommodate the services with 
symmetric UL and DL traffic, e.g., Voice. With 
the boosting of mobile broadband services in 
recent years, more and more popular services 
have the characteristics of asymmetric and 
dynamic UL and DL traffic, e.g., the online 
video, downloading and web browsing services 
are typically DL heavy; while social network 
is usually UL heavy [13]. Flexible duplex is 
proposed to better adapt to dynamic asymmetric 
traffic and can facilitate Easy Network with 
delightful user experience. 

With flexible duplex, UL spectrum defined 
in FDD systems can be re-al located for 
DL transmission with high flexibility [14]. 
Considering the potential cross-link interference, 

i.e., DL to UL, UL to DL, the transmission power 
for DL transmission on UL spectrum should be 
constrained in a relatively low level. Flexible 
duplex can be applicable to small cells with low 
transmission power and relay base stations, as 
shown in Fig.5. 

Flexible duplex can be realized in time 
division multiplexing (TDM) or frequency 
division multiplexing (FDM) manner. In 
TDM based solution, the UL spectrum can be 
configuration with different UL/DL subframe 
ratio according to the UL/DL traffic load; while 
in FDM based solution, the UL spectrum can be 
configured as “flexible band” and the “flexible 
band” can be used for UL or DL transmission 
according to the UL/DL traffic load. In order to 
exploit the benefits of flexible duplex, the cross-
link interference and co-existence issue should 
be addressed, and the potential technologies may 
include adaptive resource allocation, interference 
suppression and network coordination.

4.5 High efficiency

In order to achieve the 5G requirements, not only  

Fig.4  Wireless mesh network

Fig.5  Use cases for flexible duplex
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significant spectrum efficiency improvement 
but also the connections of massive accesses 
are required. Meanwhile, to facilitate an easy 
network with easy investment and delightful 
user experience, there are higher requirements 
on the simplification of system design. All of 
the requirements make great challenges for the 
existing orthogonal multiple access, which is 
used from 1G to 4G. Now, for it becomes harder 
to improve point to point link performance, non-
orthogonal multiple access as a new multiple 
access becomes popular in industry.

Non-orthogonal transmission for multiple UEs 
with different channel qualities, referred to multi-
user superposition transmission (MUST), has 
been under study in 3GPP. Superposition coding 
can achieve downlink broadcast channel capacity 
theoretically [15], however, the proof is based on 
ideal assumptions, such as Gaussian modulation, 
etc.. According to the rate region shown in Fig.6, 
non-orthogonal multiple access can only achieve 
the same data rate as orthogonal case to give all 
resources to the user with the best signal to noise 
ratio (SNR), which is not the maximum possible 
rate. As a result, orthogonal multiple access 

with maximum SNR scheduling algorithm is 
the upper bound of a non-orthogonal multiple 
access system. As shown in [16] by system-level 
evaluation method, a system with two receiver 
antennas, the cell average spectral efficiency 
gain achieved by non-orthogonal multiple access 
compared with the orthogonal way can be 27% , 
while the cell edge gain can be 34%.

From the system design perspective, non-
orthogonal multiple access can be implemented 
in power domain, constellation domain or 
code domain. Wherein, by power-domain non-
orthogonal multiple access, the base station 
transmits the combined modulation symbol of 
the two users allocated with the same frequency/
time/spatial resource, where the two users 
include UE1 at cell center and UE2 at cell edge. 
UE2 decodes directly, while UE1 firstly decodes 
the signal of UE2, re-construct and cancel it, 
and then decodes the signal for himself, as 
shown in Fig.7. By non-orthogonal multiple 
access in constellation domain, the base station 
distributes different bits in constellation symbol 
for different users; in code domain, the system 
is designed slightly like code division multiple 
access (CDMA) to provide a less complicated 
and unified detection algorithm achieving near 
maximum likelihood performance. 

Frequency efficiency improvement is only one 
advantage of non-orthogonal multiple access, 
besides of this, non-orthogonal multiple access 
can also increase the number of simultaneously 
connected users or even allow scheduling free 
which is important for internet of things in the 
future.

V. CONCLUSIONS

In order to promote a healthy and sustainable 
environment for 5G system design, Easy 
Network is constructed in this paper with 
several air interface technical features. In this 
architecture, the four technology components, 
including virtualization, distribution, flexibility 
and efficiency are combined systematically, and 
make up an easy network with the advantages 
of easy deployment, low investment, easy O&M 
and delightful experience. The system design 

Fig.6  Rate region for non-orthogonal multiple access

Fig.7  Power-domain non-orthogonal multiple access
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with consideration of practical application 
problem is really important to operators. The 
detail discussion and analysis of the technical 
features are under preparation and the papers 
will be ready later.
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