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I Abstract

Research in wireless communication has been aiming for higher transmission effi-
ciency. Cooperative transmission is a promising technology, which enjoys increased di-
versity and lowered power consumption. It is being standardized for the next-generation
wireless communication system such as LTE-Advanced and WiMAX for IMT-Advanced
(4G). In cooperative transmission from one wireless device to another, many other de-
vices in the network will be employed to assist; they might be base stations, access points,
mobile stations, user terminals and so forth. The idea of cooperation in wireless networks
started from early study of relay channel for applications of terrestrial microwave relay
communications and relaying among satellites. Recently, multi-hop relaying has been
studied intensively and various cooperation schemes proposed. However, such studies are
often conducted in a conventional way that assume perfect channel information and cen-
tralized processing. Multi-hop cooperation is usually applied in low-rate and unreliable
scenarios, such as Ad Hoc Wireless LAN and Wireless Sensor Network. In multi-hop
cooperative networks, each node is considered to be homogenous and limited in process-
ing capability. However, conventional cooperation schemes usually deploy centralized
control, and thereby contradict the distributed properties of cooperating relays.

The first solution to this contradiction is to design practical distributed cooperative
schemes, which has been achieved in the first part of our research. In this part, we in-
vestigate the two-hop multi-relay cooperative network and design a simple and practical
relay selection scheme. The proposed distributed relaying scheme is based on local pro-
cessing at each relay, and each relay autonomously decides whether to cooperate. This
relay selection scheme is implemented in a distributed manner requiring no centralized
control, and thereby eliminating overhead for inter-relay coordination. Since the exact
behavior of such a distributed system is unpredictable at any specific moment of time,
outage probability is a crucial indicator of the overall performance of the distributed co-

operative system. The system outage probability of the distributed relaying network has



been solved and expressed in a simple form.

The second solution to the aforementioned contradiction is quite intuitive: to return
centralized processing and avoid being distributed. Cooperation in cellular systems is
very different from cooperation in multi-hop networks. The principal factor for this dif-
ference is the network architecture: the cellular network has a mesh structure with a re-
markably powerful base station in each cell. Cooperation among base stations in cellular
networks, called Multi-Cell, is another very active area of research in wireless coopera-
tive communications. In multi-cell networks, it is feasible to set up dedicated broadband
fiber links between two adjacent cells. Shared information of channels and signals among
cells leads to inter-cell cooperation. In the second part of our research, we investigate a
cooperative transmission scheme between two adjacent cells, which is indicated as prag-
matic in some literature. Then, we consider the inter-cell cooperation scheme for relaying
cells, because 4G systems have an inherent problem of limited transmission distance so
that relaying is a mandatory option in large cells. Cooperative joint transmission is a
candidate technology to be standardized in 4G, as well as relaying transmission. The ob-
jective of our system design is to find the optimal transmitting precoders at base stations
subjective to power constraint in the cluster of several cells. Our optimization is based
on MMSE criteria. Closed-form solutions are derived for optimal precoding scheme at

the base stations.

il



Contents

I Abstract i
II Acknowledgement iii
1 Introduction 1
1.1 Motivation for Cooperation . . . . . .. ... ... .... 1
1.2 Technological Background . . . . . ... ... ...... 2
1.3  Contributions in Various Cooperation Scenarios . . . . . . 5
1.3.1 Cooperative multi-hop networks . . . . . . .. .. 5

1.3.2  Multi-cell joint transmission . . . . . . ... ... 6

1.3.3  Multi-cell joint transmission with fixed relay stations 7

2 Relay Selection Schemes for DF Networks 9
2.1 Introduction . . . .. .. .. .. ... ... ... 9
2.2 Outage Analysis for Conventional DF Networks . . . . . . 11

2.2.1 System Model and Relay Selection Scheme . . . . 11

2.2.2 Outage Performance . . .. ... ... .. .... 12

2.2.3 Numerical Results . . . . ... ... ....... 16

2.3 Outage Analysis for Distributed DF Networks . . . . . . . 18
2.3.1 System Model and the Distributed Relay Selec-

tionScheme . . . . . ... .o L oL 18

2.3.2  Outage Performance . ... ............ 20

2.3.3 Numerical Results . . .. ... ... ....... 23

2.4 Power Outage Analysis . . . . .. ... ... ....... 26

2.5 Performance Comparison . . . . . ... ... ... .... 29

2.5.1 Comparison for System Outage Probability . . . . 29

2.5.2 Comparison for Power Outage . . . . .. ... .. 30

v



2.6 Conclusion . . . . . . . . . . .

3 Cooperative Multi-Cell Joint Transmission
3.1 Introduction . . . . ... ... ... ... ... ... ...
32 SystemModel . . . . ... oo
3.3 MMSEOptimal Design . . . . ... ... .........
34 NumericalResults . . . . . ... ... ... .. ......

3.5 Conclusion . . . . . . . . ...

4 Cooperative Multi-Cell Transmission with Fixed Relays
4.1 Introduction . . . .. ... ... ...
42 SystemModel . . . ... ... ... ... ..
43 MMSE optimaldesign . . . . ... ... ... ......
44 NumericalResults . . . . . .. ... ... ... ...

4.5 Conclusion . . . . . . . . . ..
5 Conclusions and Future Work

Publications

33
33
36
40
45
48

49
49
50
54
60
64

65

76



List of Figures

10
11

12

13

14

15

16

[llustration of the Amplify-and-Forward (AF) protocol. . . 3
[llustration of the Decode-and-Forward (DF) protocol. . . 3
System model for multi-relay cooperative system based on
DFE. . . 11
Pr (gé;’;ﬂb <A ‘ Vsi > 77D> as a function of A for conven-
tional DFnetworks. . . . . . ... ... ... ... 17
System outage probability P, as a function of A for con-
ventional DF networks. . . . . . ... ... 000 17
System model for multi-relay cooperative system based on

improved DF with distributed relay selection. . . . . . . . 19
Pr (ﬁéggb <A ‘ Ysi > MDD, Vid > np) as a functionof A. . . 24

System outage probability P, as a functionof A. . . . . . . 24
System outage probability P, as a function of np. . . . . . 25
A 3-D plot of P, as a function of both A and np. . . . . . . 25

Maximum number of active relays satisfying power con-
sumption constraint. . . . . . . . ... ... ... ... 28
System outage probability comparison between conven-
tional DF and distributed DE. . . . . . ... .. ... ... 31
Interference outage probability comparison between con-
ventional DF and distributed DF. . . . . . ... ... ... 32
Cooperative cluster organization for joint transmission in
amulti-cell network. . . . . . ... ... oo 34
System model for cooperative transmission in adjacent two

cells. . . . . . oL 36
MSE comparison for cooperative and non-cooperative schemes

intwo adjacentcells. . . .. ... ... ... ....... 47

vi



17

18

19

20

BER comparison for cooperative and non-cooperative schemes
in two adjacentcells. . . . .. ... ... ... ... ... 47
System model for relay-assisted cooperative transmission

in adjacent twocells. . . . ... ... ... 51
MSE comparison for cooperative and non-cooperative schemes
in two adjacent relaying cells. . . . . . ... ... .... 62
Power consumption distributions under different settings

of cluster power constraint values. . . . . ... ... ... 63

vii



List of Tables

| Simulating configurations for Fig.16

2 Simulating configurations for Fig.19

viii

and Fig.17. . . . . ..



