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Project title (Swedish)*
Samutnyttjande av spektrum i trådlösa system med mottagarbaserade störningsregler

Project title (English)*
Spectrum sharing in  wireless systems with receiver-based regulation

Abstract (English)*
Increased availability and explosive growth of mobile Internet traffic combined with emerging machine-type applications is 
driving the need for fifth-generation (5G) wireless systems. Despite much time and effort on developing this technology, 
the majority of the studies have neglected an important issue: changing landscape in spectrum authorization and novel 
spectrum usage principles. Spectrum sharing, with the novel principle of receiver-based regulation, will play a key role in 
the future 5G systems due to the serious lack of spectrum available for today’s exclusive licensing regime. It requires a 
rethinking of the design and evaluation of 5G systems because interference characteristics of a wireless access system 
under the shared spectrum will be significantly different from that of the present systems built for exclusively licensed 
spectrum. Proposals for 5G techniques and architecture must be examined carefully whether they are still functioning well 
in spectrum sharing environments. We also need a new theoretical framework to analyze the inter-system interference 
problems with the principle of receiver-based regulation.

In the light of the emerging requirements, this project is aimed to design, evaluate, and optimize future wireless access 
systems with the spectrum sharing. We have three specific objectives to achieve the aim of the project. First, we will 
propose a mathematical framework for analysis of spectrum sharing schemes and systems with the receiver-based 
regulation principle. Second, we will identify 5G technologies suitable for the envisaged spectrum sharing scenarios. 
Finally, after having achieved the above objectives, we will design and optimize the spectrum sharing system. This project 
is planned for four years, and will be implemented as a PhD study with sequential investigation of the objectives. The 
applicant will serve as the primary supervisor of the PhD student who will be selected for this project. A senior scientist 
will also be involved as the co-supervisor, providing a high-level guidance to the direction of the project. International 
collaboration will be an integral of this project. 

Exclusive spectrum of today is expected to account for only marginal portion of available spectrum in the future. It means 
that any technology developed under the assumption of exclusive spectrum will have only limited impact to the 
performance of the 5G systems. Spectrum sharing will be a game changer for the design of future wireless systems. This 
project will provide the necessary input for the wireless industry to tackle a profound challenge in the design of future 
wireless systems. Also, this project will steer the research community to the studies related to the spectrum sharing by 
offering the fundamental tools of performance evaluation and optimization underpinning the follow-up studies.

Descriptive data

Project info
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Popular scientific description (Swedish)*
Bättre tillgänglighet och kraftigt ökad användning av mobilt bredband tillsammans med utbredningen av maskin-till-
maskin-liknande applikationer har på senare tid drivit på behovet av femte generationens mobilsystem (5G). Trots mycket 
tid och resurser på att utveckla tekniken är det en omständighet som ofta glöms bort – det allt mer föränderliga landskapet 
kring licensiering och användning av befintligt radiospektrum.

Dagens mobilsystem drivs nästan uteslutande i dedikerade (exklusiva) frekvensband. Följaktligen förutsätter de flesta 
teknikstudier av framtidens radionät samma typ av licensieringsförhållande, trots att detta spektrum redan idag är stundtals 
överbelastat. Nya frekvensband i det licensierade bandet anses både svåråtkomligt och dyrt. Samtidigt beräknas 5G-näten 
kräva mer bandbredd, inte mindre. I samägt spektrum kan istället operatörer gemensamt bruka samma frekvensband. 
Samägt spektrum blir därför en nyckeldel i förverkligandet av 5G. I USA och delar av Europa pågår försök från 
myndighetshåll att på olika sätt uppmuntra samägt spektrum i syfte att förbättra nyttjandegraden av befintliga 
frekvensband samt minska trösklarna för nya aktörer att slå sig in på mobilmarknaden. 

Samägt spektrum kräver helt klart ett omtänk av teknisk design och utvärdering då typen av radiostörningar i sådana 
nätverk skiljer sig markant från det i dedikerat spektrum. Existerande förslag till arkitektur och teknik för 5G behövs också 
omvärderas inom ramen för samägt spektrum, inklusive mekanismer för att lösa störningsproblem mellan nätverk. Hur man 
bäst bygger radiosystem samt utvärderar dess prestanda inom ramen för samägt spektrum är en nyckelfråga och teknisk 
utmaning för ett effektivt framtida mobilsystem.
Syftet med detta projekt är att designa, analysera och optimera framtida mobila accessystem inom ramen för samägt 
spektrum. För detta har vi identifierat fyra specifika mål: 1) identifiera lämpliga radiotekniker för samägt spektrum, 2) 
designa en passande systemarkitektur, 3) föreslå ett matematiskt ramverk för analys av spektrumdelningsstrategier, och 4) 
optimera det övergripande systemet byggt på föregående målpunkter.

Exklusivt spektrum väntas svara för endast en bråkdel av allt tillgängligt spektrum i framtiden. Teknik utvecklad för 
exklusiva radiofrekvenser kommer därför ha begränsad påverkan på 5G-nätens prestanda. Samägt spektrum tros kunna 
förändra synen på hur framtidens trådlösa bredbandssystem utformas. 5G:s framgång avgörs i mångt och mycket av hur 
man tacklar frågor och problem kring samägt spektrum. Det här projektet kommer tillföra ett nödvändigt bidrag för 
mobilindustrin att lösa dessa utmaningar. Utöver det kommer den förse verktyg för att analysera och optimera mobilnätens 
prestanda nu och i framtida uppföljningsstudier.

Det råder bred konsensus inom mobilindustrin att börja rulla ut 5G mellan 2020-2030. Av denna anledning bör mestadelen 
av den grundläggande forskningen kring 5G avslutas år 2020, vilket överensstämmer väl med tidsmålet för detta projekt.

Number of project years*
4

Calculated project time*
2016-01-01 - 2019-12-31

Project period

Classifications
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SCB-codes* 2. Teknik > 202. Elektroteknik och elektronik > 20203. 
Kommunikationssystem

2. Teknik > 202. Elektroteknik och elektronik > 20204. 
Telekommunikation

Keyword 1*
spectrum sharing

Keyword 2*
receiver-based regulation

Keyword 3*
performance evaluation

Keyword 4
optimal design

Keyword 5
wireless access system

Select a minimum of one and a maximum of three SCB-codes in order of priority.

Select the SCB-code in three levels and then click the lower plus-button to save your selection.

Enter a minimum of three, and up to five, short keywords that describe your project.
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Reporting of ethical considerations*
The research in this project does not raise any ethical issues.

The project includes handling of personal data
No

The project includes animal experiments
No

Account of experiments on humans
No

Research plan

Ethical considerations

Specify any ethical issues that the project (or equivalent) raises, and describe how they will be addressed in your research. 
Also indicate the specific considerations that might be relevant to your application.

Research plan
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Ki Won Sung, KTH Royal Institute of Technology Research Plan 1

Spectrum sharing in wireless systems

with receiver-based regulation

1 Purpose and aims

1.1 Background and motivation

Increased availability and explosive growth of mobile Internet traffic combined with emerging

machine-type applications is driving the need for fifth-generation (5G) wireless systems. Despite

much time and effort on developing this technology, the majority of the studies have neglected an

important issue:changing landscape in spectrum authorization and novel spectrum usage

principles.

Spectrum sharing will play a key role in the future 5G systemsdue to the serious lack of

spectrum chunks available for the exclusive licensing. In fact, policy makers in Europe and the

USA are vigorously pushing spectrum sharing in order to improve the spectrum utilization and

to lower the entry barrier in the wireless service market. A report to European Commission

suggested that the spectrum sharing would provide a great value to European society [1]. In [2],

the council of advisors on science and technology (PCAST) reported to the president of the USA

that the shared use of government-held spectrum is necessary to spur economic growth.

We expect that the spectrum sharing will come with a new interference regulation principle.

Since the beginning of radio communications, transmitter emission control has been the tool

of regulating interference. However, it imposes excess restriction on the transmitters, and thus

prevents an efficient use of spectrum. A new principle, namely receiver-based regulation, is

considered a remedy [3]. It can potentially make a disruptive change on how different wireless

systems can utilize the spectrum together, but its impact has not been investigated yet.

Arguably, the spectrum sharing with the receiver-based regulation requires a rethinking of

the design and evaluation of 5G systems. With the spectrum sharing, multiple wireless networks

may use the same frequency band. Thus, interference characteristics of a wireless access system
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Ki Won Sung, KTH Royal Institute of Technology Research Plan 2

under the shared spectrum will be significantly different from that of the present systems built for

exclusively licensed spectrum. Proposals for 5G techniques and architecture must be examined

carefully whether they are still functioning well in spectrum sharing environments. We also

need a new theoretical framework to analyze the inter-system interference problems with the

principle of receiver-based regulation.Therefore, how to design wireless systems under the

novel spectrum sharing principle and how to evaluate the performances of such systems

will be among the most important challenges for wireless systems of long-term future.

1.2 Objectives

This project is aimed to design, evaluate, and optimize future wireless access systems for

the spectrum sharing with the receiver-based regulation.For this, we have three specific

objectives.

Objective 1: to propose mathematical framework for analysis of spectrum sharing schemes

and systems

A scalable and tractable mathematical framework of performance analysis is a profound stepping

stone to the system design. Our approach is to make a major revision of the tools available

today (e.g. stochastic geometry) to take into account the effect of the receiver-based regulation

in practical spectrum sharing scenarios. A measurable goalof objective 1 is a mathematical

framework that can be used for the analysis of spectrum sharing systems of the project scope.

Objective 2: to identify technology components suitable for spectrum sharing

Most studies on 5G technology components, particularly multi-antenna techniques, implicitly

assumed exclusively licensed spectrum. Therefore, it is important to examine the suitability of

the technologies under the spectrum sharing environments.A measurable goal of objective 2 is

a list of promising technologies for spectrum sharing systems.

Objective 3: to provide design guidelines for efficient spectrum sharing

Having achieved the above objectives, the final objective isto design spectrum sharing systems.

Because receiver-based spectrum sharing creates a new interference management problem, the

system architecture has to include new functionalities forresolving inter-system interference.

Mathematical optimization is considered a promising design approach. A measurable goal of

7 / 43



Ki Won Sung, KTH Royal Institute of Technology Research Plan 3

objective 3 is a proposal of system architecture and a set of guidelines on how to optimize the set

of parameters for various sharing scenarios.

2 Survey of the field

Policy makers currently consider spectrum sharing a promising means to fulfill the tremendous

need for radio spectrum for future wireless systems [1, 2]. Various modes of shared spectrum

usage, such as vertical sharing with TV and radar [4,5] and licensed shared access (LSA) [6], are

currently under discussion. Of particular interest to our project is co-primary sharing between

local service providers [7]. Here, the envisaged scenario is that geographically non-overlapping

small operators utilize the same frequency band for high capacity services in dense areas.

Interference regulation is one of the key issues in spectrumsharing because inevitably oc-

curring interference between the systems has to be addressed. Since the beginning of the radio

regulation, the burden has been on the transmitter side by means of emission control. However,

it tends to impose excess restriction on the transmitters, and thus prevents an efficient use of

spectrum. Recently, a new principle of receiver-based regulation has been considered as a rem-

edy. This means that the receivers declare harm claim threshold that the interferers should abide

by [3]. We expect that the receiver-based regulation, combined with the emerging co-primary

sharing scenario, will require a disruptive change in the design of wireless access systems.

The progress made in the regulatory domain, however, has notbeen fully reflected in the stud-

ies on the 5G technologies and system design. Ample researches have been performed to develop

the future wireless systems. These include massive MIMO [8], millimeter-wave transmission [9],

D2D communications [10], wideband carrier aggregation [11], full duplex transceiver [12], and

ultra-dense deployment of small cells [13]. However, the majority of studies implicitly assumed

the exclusive spectrum licensing which has been the norm of frequency allocation in conven-

tional cellular systems (up to fourth generation). It is notcertain whether these technology

components are adequate for spectrum sharing environmentsor not. Some exceptions are the

studies of cognitive radio network where a vertical spectrum sharing takes place between a pri-

mary and cognitive systems [14, 15]. However, they are not readily applicable to co-primary

sharing scenarios. Furthermore, they remain in the legacy regime of transmitter emission con-

trol. To my best knowledge, there has been no attempt to design a system and to develop an

analysis framework under the novel co-primary spectrum sharing scenarios with receiver-based

regulation.

To sum up, the literature review leads us to the finding that important questions have not been
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answered yet:

• What is mathematical framework for analyzing wireless systems in the co-primary spec-

trum sharing with receiver-based regulation?

• What are 5G technology components suitable for the new principle and environment of

spectrum sharing?

• How should we design and optimize the spectrum sharing systems and what is envisaged

gain?

3 Project description

3.1 Methodology

This project will be built upon realistic scenarios of spectrum sharing with plausible business

cases and user requirements in order to ensure the practicalrelevance of the work1. However,

the research tasks will deal with fundamental problems in wireless systems so that the outcome

of the project can serve as a basis for the wide range of researchers in this field. The tasks in this

project are divided into three thematic areas.

Area 1: mathematical framework of performance evaluation

An accurate and efficient performance evaluation frameworkis a prerequisite for optimal system

design. While simulation-based evaluation provides a quite accurate estimation of the system

performance, it is terribly time-consuming particularly when the network size grows large. Also,

it is difficult to reproduce and validate the results. Therefore, a mathematical framework is

preferred in terms of tractability, computational efficiency, and scalability.

Performance evaluation of wireless systems has been studied quite extensively. However, the

new requirements of this project call for a novel methodology of performance evaluation.

• Users in a spectrum sharing network will be affected by two types of interference: the

conventional interference from the inside of the network and a new interference from other

networks. The interference among multiple networks creates a complicated interference

footprint, and makes the analysis of interference management schemes difficult.

1The importance of practical scenario making in the study of spectrum sharing was discussed in my previous

work [15]
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• Realistic propagation conditions should be taken into account. The need for spectrum shar-

ing is highest in dense urban areas. Thus, an accurate modeling of radio propagation in

and between three-dimensional buildings is a key requirement for the analysis of spectrum

sharing systems. Currently, three-dimensional propagation modeling relies on computa-

tionally demanding ray tracing methods. An efficient way of handling walls and floors is a

challenge even when we ignore the spectrum sharing aspect.

• The performance evaluation framework should include the new principle of receiver-based

regulation, e.g. harm claim threshold [3]. The new regulatory initiative defines how the

spectrum sharing systems should coexist with each other. However, the system perfor-

mance under the receiver-based regulation has not been investigated.

We will start by upgrading the tools available today. Stochastic geometry has gained a pop-

ularity due to the mathematical tractability coming from the properties of point Poisson pro-

cess [16]. However, it is not readily expandable for realistic propagation environments. Another

framework widely accepted for numerical evaluation is aggregation of variables with feasible

load concept [17,18]. It is easier to manipulate the topology of the network, but it does not yield

a closed-form solution. Therefore, the advantages and disadvantages of existing tools should be

closely examined. Both were developed for traditional cellular systems, Thus, the extension of

the tools for fulfilling aforementioned requirements will be the main challenges in this area.

Area 2: incorporation of advanced 5G technologies to the framework

Various advanced technologies, such as massive MIMO, D2D, and full duplex communications,

have been proposed for 5G systems. So far, most of studies have focused on the performance

of individual technology component. The effect of combinedcomponents in a single system is

yet to be identified. Furthermore, an important question is whether they would be useful for

spectrum sharing environments. Multiple antenna techniques are of particular interest because

the metamorphosis of interference footprint may significantly affect the performance, and even

the feasibility, of the techniques.

In order to answer the question, the technology components should be incorporated into the

performance evaluation framework developed in the area 1. In my recent publication, we exam-

ined the interaction between two prominent technologies, namely massive MIMO and D2D [19].

The next steps will be to add more components into the pictureand to consider the spectrum

sharing aspect. However, this is far from straightforward.We observed that the combination of

two technologies is already very complicated. A systematicinvestigation on the various tech-
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nologies under the spectrum sharing requires a more efficient method of adding/removing the

technologies to/from the evaluation framework. It is the major research challenge in the area 2.

Area 3: system design and optimization

After having developed the necessary tools for the performance evaluation, the final research

area of the project is the design and optimization of wireless access systems in spectrum sharing

environments. The first step in this area is to establish the guidelines of the system design. There

is a fundamental design choice in the inter-system interference management: cooperation vs.

non-cooperation [7]. It also involves the comparison of a coordinated vs. uncoordinated system

and centralized vs. distributed interference management.We expect that different recommenda-

tions would be applied to different situations, e.g. user demand, inter-network separation, and

availability of backhaul. Therefore, we will pursue the identification of operating conditions of

each design principle rather than seeking a universal solution. Then, for each regime, we will

extract the key parameters, formulate an optimization problem, and solve it. The nature of the

problem will determine the optimization technique to be employed. Convex optimization [20]

and nature-inspired algorithms [21] are the first candidates. These can be evolved during the

lifetime of the project.

3.2 Implementation and time plan

This project consists of three research areas which need a long-term incremental knowledge. In

other words, the latter research areas should be built upon the findings obtained in former areas.

Therefore, parallel investigation of the areas is not practical. Instead, this project is best suited

as a doctoral study where a PhD student continues exploring the three research areas one by one.

The project is planned for four years. Sequential studies ofthe areas will be implemented with

a partial overlap to allow for smooth transition between theareas. Figure 1 illustrates the time

plan of the project.

Each area addresses a profound research question. Thus, theprimary output of this project

will be publications to prestigious journals which can be utilized as the foundation for the wire-

less research community.

The project budget is designed to support a full-time doctoral student who will be selected

for this project. I will serve as his or her main supervisor. In addition, Professor Jens Zander at

KTH Royal Institute of Technology will be involved in the project as a participating researcher.

He will serve as the co-supervisor of the student, and mainlyprovide a high-level guidance to the
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Figure 1: Project time plan.

direction of the project.

International collaboration will play an important role inthis project. Such a collaboration

will be achieved by cooperation with other research projects and frequent interaction with col-

league researchers around the globe. More details are available in Section 6.

4 Significance

Today’s cellular wireless systems operate on exclusively licensed spectrum. Hence, it is not sur-

prising that the majority of studies for the future wirelesssystems have implicitly assumed the

same licensing regime. However, it is obvious that the currently available spectrum is severely

overloaded, and the additional frequency band is hard to come by, if we only look for the ex-

clusive spectrum. 5G systems will require substantially larger system bandwidth. Moreover,

regulators strongly advocate the shared use of spectrum. Combining these two facts clearly in-

dicates that the spectrum sharing will be one of the key enablers for 5G. Exclusive spectrum of

today is expected to account for only marginal portion of available spectrum in the future. It

means that any technology developed under the assumption ofexclusive spectrum will have very

limited impact to the performance of the 5G systems.

Spectrum sharing will be a game changer for the design of future wireless systems. It is

arguable that the success of 5G depends on how effectively the system addresses the spectrum

sharing issues. This project will provide the necessary input for the wireless industry to tackle

the challenge. Also, this project will steer the research community to the studies related to the

spectrum sharing by offering the tools of performance evaluation and optimization underpinning

the follow-up studies.

The timeliness of the project should also be emphasized. There is a broad consensus in

the wireless community that 5G systems will roll out in the time frame of year 2020-2030.

Fundamental research on 5G systems design should thereforebe finished by the year 2020, which

has a perfect alignment with the period of this project.
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5 Preliminary results

This project aims to build the bridge between two almost orthogonal research realms: spectrum

sharing policy and 5G systems and technologies. Therefore,one should have expertise in both

areas in order to conduct the project successfully.

I have investigated the efficient use of spectrum via spectrum sharing over the past years.

Most of the studies have been performed within the frameworkof FP7 projects QUASAR and

METIS. My earlier work focused on vertical sharing of the spectrum. In [15], principles of spec-

trum sharing between primary and secondary systems were discussed. Then, technical feasibility

of secondary access was investigated in [5, 22–24]. Indoor and hotspot mobile broadband was

considered as the secondary system, while various primary systems were paired: TV broadcast-

ing [22], aeronautical navigation [23], and radar [5, 24]. Aggregate interference model was also

developed as a fundamental building block of the feasibility studies [25]. The results of the re-

search is summarized with suggestions for business and regulatory perspectives in [14]. The later

study, which is closest to this project, addressed an important issue of the co-primary sharing [7].

Here, we discussed the decision criteria of whether to cooperate or not between the spectrum

sharing networks.

Another pillar of this project is wireless systems design and performance evaluation. I have

contributed to a method of analyzing performance of indoor wireless networks in [26]. Also,

I have utilized various methodologies for evaluation of wireless systems of different settings:

system-level simulations [27], feasible load concept [28], and stochastic geometry [19]. My

recent studies are closely related to 5G technology components: massive MIMO [19], D2D [19],

and ultra-dense deployment of wireless networks [27, 28]. But, these did not take into account

spectrum sharing.

Integration of the two realms is essential for the design of the future wireless systems. It will

be a challenging task, and I believe that my previous work will lay a foundation to it.

6 International and national collaboration

This project will take a substantial advantage of other international research projects that will be

ongoing at the same time. In European level, I will participate in Horizon 2020 project, METIS-

II, between July 2015 and June 2017, where I lead the researchactivities of KTH and will advise

two PhD students. METIS-II is the successor of METIS, the flagship FP7 project about 5G

concepts and technologies, and therefore it will play a leading role in European 5G research. This

project and METIS-II will mutually benefit each other. This project will strengthen the spectrum
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sharing aspect of METIS-II, and thus will make the system proposal of METIS-II more relevant

and of higher impact. METIS-II will provide realistic 5G usecases and up-to-date knowledge of

5G technologies for this project. METIS-II can also be utilized as a fast and effective path for

disseminating the outcome of the project.

In the international level, I will be the principal investigator of a small collaboration project

with Korea from June 2015 to May 2019, namely ”Agile Radio Resource Management for 5G

Wireless Systems in Shared Spectrum.” It is funded by STINT,and it supports the exchange of

PhD students between KTH and Yonsei University, Korea. Therefore, the main research person

of this project (a to-be-hired PhD student) will be the primecandidate for the exchange scheme.

It will encourage the international collaboration on the theme of this project. Thus, this project

will have a higher chance of making a global impact.
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