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Study on D2D Relay based Interconnection Network of HAM Radio
and Wi-Fi for Securing Communication Performance in Satellite
Wireless Package Systems
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ABSTRACT . .

In this paper, we introduce a wireless package system based on the amateur radio HR(HAM Radio) and satellite
communication as a novel wireless disaster communication system and have configured a interference scenario receiving
interference from adjacent base stations and D2D groups in the disaster network. In such interference scenarios, we propose
a frequency re-allocation method to avoid interference and communicate with disaster networks by securing the channel
capacity required between D2D terminals. As a result of computer simulation, we can find the proposed method has
improved BED performance of a gain of 1.5dB and overall system throughput than conventional methods.

I A & o AT A= F7F ok 2 v B4 AAE
7} FER $AMoR Fu so] $ast glom 2001%

2 =io A= ofutao] 4 HR(HAM Radio)< 719k nl=oll A dojt 911AE & At thA] Aol A 75 a9
WAEES g F-207] bEy Ea a2 vTES & 5 o] -SRI A3 S Tl HE F2AE AL 9L
ebs HEZH 2ol A shue] FA=E o] F& o = o] Apdot X Aol AF A9 s} IEUl &
SHEE 94 SA FAAHTA Al =" B eSS o AREEE = e FAl o] B ATH LS o 914 HAM
ok @A o] A AlERES A, A s 32 Radio® ©]&% 49 &4le] 7ksgtd, ol v 24
< W] TS 5 ololl tigh B4l dEsiA] % < o] 914 HR 2 Ad-HocgelA2] D2DEAIS Sl 4l
< SIS T, ol gk vl Q13 AW, ALk 3 38 dak gl 3 8 go] ThssiAl dnk o= 715
AAF R o3l S % Thsshy wE daE o FEAg gl e S Yoy g% Aol 4%
UE T4l Alz=gle] Fado] ol 7|7F Ft A7|Ho| g g Aak gl 8ol The et A RE AdEA Alago R

AT 014U F4719 /IS SRS e SR A ATAS] ABo® AEIgS. [ S2176630, ol T

§ SHEA 24 1A A )

%

ofd
o of
R
;1
FJ

Aulgsta} Gu)Fel2x BA AFA (yumin@kw.ac.kr)(jinyoung@kw.ac.kr)

%
H

XLpslr) e st Z-IZ]—ITU]D]01—‘—37'_\—]- 4> (chajaesang@gmail.com)
Azt 0 20159 1€ 10Y, LR URE 20159 29 139, HSANLHLA : 20154 29 23

12



o~
=

A
(=}

dq

ol & Altie] 7]

%A
AFEA Ao 2N AT A7} Qe

o]
A%

i

Hg 7w

H7|X] A|AEIS 2|5t D2D Relay 7|8t HAM Radio?t Wi—Fi Network Zgato)

A =L

s
l

.

=
K3

o]

3

&} 1.2}

3 D2D T}

Sof 9
o 2 =

pud
1

&t7]

o 4%
A7 5 9t ol
[¢)

Alue] = AvtE o] $14] ERIZA] tepe] o

| o]

oA = 71A=3 D2D
oF7]

Al

=

=

off =Al

#

SHEH1-61.

kel

bag

3 A3

=

o)z} <t SKT®| HLR(Home Location

T

Ang
gud

F gk

Register, 7}43#F &

3

=

a}ls)

=

Al Rl A ZRA AluE] Qe o

2%

[e)
J2

A

R T

), 524 A5t

.
Aol 9=

12 4e A

|

o]

=
=

o o g4

o

7}sh

23 F

I

ol

= 7% A

&g

bt

o
il

ol Al

0

of 713t vl

H A v

[}

Fej=A 2pd s

= v

s

o At -S4l 7

N

=

~
o

Pt

o

L

X
el

&5 s A A7
teaL glom, Agego] ] End Tzt

I, A2 =g
e
o ABAoRA T4 Ade] AXE 7]

E

]

)
==

EEEEDN

B w2 of
B4 2vlE G W DD 7)6S A%

=

g

)

el A
7o 2

5 ©°

o o]Q_

=

T

gud

atol  HAM(S1A+#1°33h)

<)

St Ad-Hoc HIES]Z] 2 D2D A]2=E

D2D 71&&
Alzgle] AA 52 AU 2= HAM Radiod}

=1
=

1)

3%

tE wt

L

sl & ks

_]

/Kc-)]?(

L

7}
ol-gste] FA|7] H

Wi-Fig 59 45, 7|& HAM ©2&7]%

—L
.

lAcs

3]

% T

thgol hseth %

HR &41& 9]
#7pA) gk 4, A AdAl 914 HAM Radio

W A Al Alz=gle] 755 9130 Cellulargoll A €] 7+

=

[e]

=

]3]

p
L

5

A&

=
=

g Ul

3 A7l

=

}32 AA Throughput

[7-10].

1

3]

x=

Jol 7

=
7(0

=

TE 8

=1

25| 914

719ke] D2D &

D2D &

Uz

a9 2«

=

3l Satellite modemel] <1

3]

M

0

Ea
=

o 4

°

Hi

5 O

L

D2D 7]
AA|, AA, Tt FAlS 7

=1
=

o2 7
HE gt

al

A

Eays)

.
=g

\

]

} o

o).

i
T o AAE 94 HR S71A e s EE Al71E,

=

3

il

As &d 3o g4

719 2]
o]

I

o

L.

B | oof

99} o] Satellite

3+

5 Group
5]

Q]
=

L

fu

A

D2D Link7}t

PN
/K(_D]% T g)\ly

i

kel
i

[¢]

371 9

3} 7+o] D2D group®|

Al Woll A Z1A =l 3
AFEAG HEsH] ¢

modem7H4] 3348

]

=
o

bol 7 2 2

0

SHA

Ao =2 7lgjE k. HAM Radio 54171

55

L

Al A

)

g

s
<!

1/

A
A

1

[e)
R

A]

, At A2 S 7
pZs

A 9

A

=

]
19

A
R

13



0x

FMHATFE=2X] H10E MiZ

oooooooooooo & T
c Ham/LEO - h
Satellite Satellite /// : o
\
’
am racio ® / N
- y /

LN y ———— \
\ / 7 () N \
PR Wi-Fi (@) |
¢ N /Ne(wulk A \l e 1
& / ap s Cellul !

\

satellite \
Modem

Desired Signal
Interference

X

Group3

a3 2. obE D2D & 7|8 AMHSMY HHeIM] Z2HY AL

=R AF B3 S50,

2.1 jd =4

AQrgE Alve] o5 AEstal
7] 18l A= sl 9
path-loss¢} shadow fadingwh2 113}
Urban Macro[14]914] LOS(Line of Sight)<}

NLOS(Non Line of Sight) A%< z#ste] AU

o
zde

2. ode selection

s [\

el

=4 8= “mode’oll tEF A7t A%
v =24

el opet shte) MEY B6 gl

o 2
oo ¢
por
e

[o o

3ttt

1) Cellular mode (CEL).71A=r AW X] Wl 9123},
ZIA =0l &5 = 9 D2D $AIg e D2D w
T7E Bk ol g} 7| XSl H&Ee] dlojEE Fa
< F Atk

2) Dedicated mode (DED). D2D %'#7F Orthogonal
frequency & @uol 285+ B4 HE

3) Reuse mode. D2D7} E4181=
= a5 ANEA W 71X 53
T 8 ARE vEgo = Licensed bandE AHg3l=

=8
Local Reuse(LRE) ®=[11-13].

14

Whole  For inter-cell
Bandwidth  network
Dedicated
D2D Only for
Bandwidth D20 linkl
Only for
D2D link2
Only for
D2D link3

72l 3. D2DE3 SHEE 5t 2l
e T,

i)

 UE{IZ oML Fot

m. 74 39 9 o A4s

>

H
L

B =ToA] Aotk 7] Al E8¥ o R s
7Vs8ta D2D ezt Al 28 Throughputs 2480 w7
27gt) wiAYES ofgle} B2 21 S e
L3

o7 Fr}

Mo
=

o

AL 7]

=

1 71450l #awe] o
o G4wlof Q= UESH B413ka &
97 0L 98 Ao FYeFE Fo B9,

2. FFR(Fractional frequency reuse)-based
ICIC(Inter-Cell Interference Coordination)”] <3} 2}
o] 71A =3 D2D HA7 A2 tE g9 Eo R 8

e Fas A 2.

a7 29 Ay QoA 1y 33t
Aol A&H7] AsiAE oot
o7 slojo} ity

1. eNB_13} 8ld 71A1=2] AWE|A] el f1x|3k= D2D

==(D2D group2)?t EA1 Alde] FrEo] dHoEE
T A= gL

2. D2D group22} D2D groupl 7+ D2D LinklS 53 41

7HsBHAIRE Q1F ARFE (M-S wadE AH.

3. D2D group2”} D2D LinklS %3] D2D

groupl ¥ 21488 sl eNB 13 Fub4= A3t
Z mjAYZel 2l8) D2D Linkl S 7H{ o025 E Bn5d
T e A,

2] Aefell Al D2D gourp2 WellA] D2D LinklS &3l 91
9 SINRzroll A48 714 8222 D2D groupl ¥ E41
3k 4= = i wto] PDCCH (Physical Downlink Control
CHannel), PUCCH (Physical Uplink Control CHannel) &
Aol ARE x2 A118# S 53] eNB_1o1A] ©453ch 5
E -2 g D2D ==5 2 D2D grouplell Al A&gH
A& AIAHRE dsta Hagke] 43S 3|98t A

Sl A THed Aem Az

= [e)
FaRkS



O|SEHHE M EA M mi7|X| A|ARES @[St D2D Relay 7|2t HAM Radio®} Wi—Fi Network Z&o| E4 o

== (=}

or
ot
ke
re

3.1 o 4% &=

T AT MiAYUFORE X =] g9ES 7]EA
o2 AA Al2~# ThroughputS guaranteesl”] $JgF =231
o] A3t 23 Yol offje} o] 7&d 4 Qlrh

max U= EadBdlog 1+Sd)+ (11—« )B’log(1+S) (1)

i=0

s.t. a‘]Bidlog(l-i-S;]) > (l—ad)Bﬂog(l +&“). (2)

2] (1)e] U= D2D 152 Throughput® D2D 155 ¥
= A9l eNBe| Throughput] A -8 Uehfa o] =
Mamrrnzedﬁ} 2 (DA 2 (28} e A0 eNBY
whole bandwidth& A|&=ste] D2D 153 &S 73
slo] &85} weighting factor oS E&) ZHA|E D2D 1
9] AL guaranteesh= AR 715-S 319kt weighting
factor o’ AL AR viAYFOR AEe o] 42
T U= A AEES WATFIL 2 YA E Egto}
Hojgke] A& SRy eE AdEAE HE E A
o 2 BE] B4 §7Fo] R A Kate] YA Al
FAlo] o] FolAA] ¢S wf TheAE Fa AdEaldE o

gt 271 el 715 sk

il

V. AlEdelA

=il A AR 71 ] e o5& FA|gks]
&4 discrete event AlEd|olAozA HISIA 7145
& OFDMA Al2=€l7]wke & 707)¢] UES} 1571¢] D2D #-4
7} YxH o7 AR AR JZ_ZH—E;}‘:, Ro =z A s

AZe] Ao WAL 1kme]az D2D 1& 7] A+ 100m
2 gtk D2D group29] A wd i ¢} D2D grouple] 4l
ok kAbole] HA ARl g, & s,d;,", Shadow fading factor
= 5,2 AR 4,5 9 kAol Aglelth Shadow
fading =9 ¥FHA 8dBE 7FA+= log—normal #¥=

2} =3 A $4 S92 lwattZ Algste] A& o]
A B okl ok ke SINR EF Aot

ik
SINR,= — ' (3)
Z gzl+ Z gzl+N
I=1i=k I=11l=1i

1714 M2 D2D groupl& BAdsHe @ 7, S& eNBel
HE&E o] e A a 45, N2 Thermal noise®]th.

A EH o] AL 100719 radio frameS 1003] HAEA1A 3
T A S ARk, L ZARE 1 29 o] YERSI

15

1. of2tME 23,

N the total number of the cells
. the weighting factor which empowers the total

@ capacity of DZD group than that of cellular network

BC B-d the allocated bandwidth for the 7th cellular and
v D2D users respectively

g¢ g1 the SINR of the %th cellular and D2D users
b respectively

2. Mo A|AH! X2|ZF

Noise Scheme 1 Scheme 2 Proposed Scheme

(dB) (bits) (bits) (bits)

-130 1422 1422.3 1432.6

-140 14725 1472.8 1484.2

-150 1638.1 1640.8 1669.7

-160 1678.2 1680.9 1706.8

* Scheme 1 @ Same resources are shared.

*

Scheme 2 @ Only frequency division is used.

Bit Errar Rate

—=— Conventional scheme1 -
—+— Conventional scheme2 |-

---------------------------------------

— — Proposed scheme
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