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ABSTRACT

To overcome a scarcity of radio resources to mobile broadband service, the usage of TV white space gains
much attraction around the world. This paper carries out an interference analysis either by performing realistic
experiments or by executing statistical Monte-Carlo simulation to exploit interference probability. The results
obtained from experiments are compared to those from simulations in order to clarify the coexistence of
utilization of TV band devices (TVBD) in indoor circumstances. Along the execution of our experiment in the
presence of DTV receiver, we apply to a variety of transmission parameters proposed in FCC for TVBD.
According to experimental and simulation works, the allowable transmission powers of TVBD systems are
exploited for the plausible which are coexist on the first as well as the second adjacent frequency bands.
Throughout results, it can conclude that TVBD systems can be coexisted via achieving proper transmission

powers depending on the locations of themselves without showing harmful interference to DTV reception.
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Table 1. Technical requirements of TVBD in FCC
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F 2. = TVBD 7&7|&
Table 2. Domestic technical requirements of TVBD

Fixed Radio Portable Radio
Kind of Radio Equipment Equl.pn.lent for.
Equipment for Transmission Device
quip Transmission Co- Adjacent-
Device channel | channel
Antenna 20dBm 16dBm
30dBm(1W
Power(6MHz) m(1W) (100mW) | (40mW)
Antenna
12.2dB 2.2dB: -1.8dB
Power(100kHz) m m m
Out-of-Band
-42.8dB: -52.8dBm | -56.8dB
Emission(100kHz) dBm | -52.8dBm | -56.8dBm

£ TVBD FHd| &3vks Aldkskar glom A
ZAvkE w3t gl7] wiiell =W TVBD7} B-& 3
71 WellA Q1A gE S AR 7%l T3l 7]
=7]e] e %tk

. TVBD ZHYEH ALIZ|R 2 ZHY Zid| diAl

& Ao Wh TVBD 41717} DTV $417]ell 24
Qe T Avjel 2 Fajo] (gloz e >
I 1RSS(Interference Received Signal Strength)
¢} DTV $AI7|E2RE]e] 41413 dRSS(Desired
Received Signal Strength)S- ‘7;‘5]"1:‘ A& A3
on, Ful Zolx] DTV 41415.2] <l oo
TVBD7} A37} Zx)8t uff DTV $417] el wlx&= 7k
As B8] $18le] ARS=lE=  ACIR(Adjacent
Channel Interference Ratio)¥} ACLR(Adjacent
Channel Leakage Ratio), ACS(Adjacent Channel
Selectivity) 2 T-5h= #A-S galslolc®

3.1. ZHEA AlLiz|2
a5 12 DTV W ARl el Exfsh=
DTV $417] FHol| TVBD 441719} 21717} A=
E21-8- & v TVBD <A77} DTV A7)l 7H4-8-
v 2= AV E Bl Qlrk
o]7]4 dRSS+= DTV $AI7|2%€ 415 2=
= Aol okl A () 2k
dRSS=P,+ G

wt wt—wr

+ G17 —wt pl wtevr (1)

Al (D)9 P, DIVHAZ|A DTV 41712
F39E £4 A¥(dBm), G, ., = DTV $417]
Stelvt o5, G, = DTV FAl7] <te o] =,

854

()

ot ~ TVBD Transmitter &
~

~ TVBD Receiver

Y
dRSS @ iRSS

DTV Receiver

<
=
(-1
3
2
3
=
3

gl 1. ZHds A
Fig. 1. Interference Environment Scenario

Plycy e DTV 41719} DTV 417 Alele] 7
2EALE oulsit) ofr|a] ARLEAL vlE A
A 7P dwbd o Agsw 9l ITUR P.1546-4
2 A4k o] mdle 30~3000MHz7HA2]
4 T, AAPFES] SEEEQ 1-50% 71419
Al “Moﬂ oI sfebvIelE AR, 4 A
% Sl dlmolet”,

_1[)1'

—|—l
N
Y

oXl,
. Ao
i
2

O
>~_4
rulo
—{o
L
x
(o
o
—r
vy
o

ge
a9 Sjelal,

RS, = 101og(2 10110

j=1

—_
~~
LS}
~

A 29 block; e jHA ZHIPomNE P2 A
o= A (3)¢} o] xdF F lck
block; —(P+GH,, Plicy, ) 3)
—a, (Af)+ G, ).

(3)¢] P+ TVBD $AI7|2%8 $4lEe 541
o, G_,,+ TVBD FAl7| gHlY o5, G,
= DTV A7) gkt o5 pl,.,,-& TVBD %
719k DIV $A717ke] AR, a, (Af)S %
FapollA Af wkg "ozl X|HeAe] $=A17]
"éEi-/] 73S Jeldcl o714 ABREALS DTV

541719k TVBD 41715 A 7H2AS 9l
B s 24w gl 3218 Hata-SRD Ad
2 ARl

=1

=

L o>

www.dbpia.co.kr



= AW TVWS FAEALE S13 B4 Ay A4 Al dg A

L =32.4+20%log(f) “)

H—H,)*
+ 10*log[d“’ + A, e }

Al (4)9] f 9= MHzo|W, d& 40m mIRto R F
otk Ao} H = AWOoRIE] 5417 <kHlu
olel Hd, Haghks vehick

H,=max(hy, hy), H, =min(h,h,) (5)
o} Extended Hata SRD =®2 ole} &Zol7}
1.5m~3mE- Jolx= klck 4 (6)> TVBD iﬂﬂ
o] Al kel w2} DTV 47104 #5535

;
Am'tuw TVBD

irRSS. =10log ) 107" ()
j=1

spur

A ©2 iy, = JUA TVBD $A7]258 w2
AHo g o33} o] xdshd, emission(f,fw)
& TVBD #417] A4 41 vkraz 355 Jehd
ct.

ispm,j = (emission (f for )+ G_,,, (fm ) ()
_pliﬁvr (f ) + G r—i (f ))

3.2. TVBD ZIM zlz2| diAl
E =elA+= TVBD7} DTV mlx= ZH1E &

A7) $l8te] ACIRS o]43it) ol 7+ A|Elo|
217 TVBDS] < W(In-Band) 2 < <](Out-of

band)EH & Algksl= 7o, A (8)F Zo] Aot
]q_[ll]'

ACIR=— : )

A0S T ACLR

o714 ACLRS DTV 41 diedo] A=E
TVBD 4414 7}e] zjo|2 vpehin, oA ZF}
g Ade] 7HdERe JeER e Mot

TEZE ACS= FAl7|9] AlEie] o3 A d=
e e S eElste, Qlgade] Alss 7

Fahs TS Hehlle Hmeldh

\ % Prvgo_jis) - ACS \ Pi=ls+los
: los

DTV Receiver >

Jgl 2. 4151 DTV Alse} TVBD 415 7k 37|
Fig. 2. Relationship between received DTV signal and
TVBD signal

a7 2+ ACLR¥} ACS®| 7S HejEr) o
714 PAi= TVBD 41 vhrzmg2de whe & 74
2oz Aolshe] Pl ACLRAP]S] AL 4]
9)ellA A 2]t

PAO PAO
ACLR * ACS

Pr=1Ip+iopp= ®)

oj71ellA P, jHA TVBD 4l wka=rl A4

=3 DTVl 415l TVBD A1A1ES ofulsln,
Lt Top= 77t P TVBDj*ACLBJQr

Prypp —ACSE VeI,
V.o o

B =Folxe ] ] AulslAde wesle] DTV
2} TVBD 7ke] Azle] up 71412-E2} TVBD2| 3
4 7Fsd S-S AFERih 2] DTV <A
gk tjdel] EAsh= TVBDAIE] $A1HS 7P
o % wWAse |, DTV FAl7lelAe] 7] o5
golala 714]0] BEAE= 4=7ke] TVBD $A131E L

g EH7FEE 2o A3 (SEAMCAT)S
o] g3l E]é AF3} gk B4 TVBD *117}
DTV 41710l viA= 71 EHES Aksst] A5 Al

L W]k Rl

4.1. DTV $£A712F TVBD &AI7|ZHe A <t
2ZIM BEM A|AH ZMET

[L

HE =l DTVSEE TVBD 7] ofiAd 418

www.dbpia.co.kr



=541 8}13] 3214 (JKICS) *13-10 Vol.38B No.10

flstel 17 33} 3ko] DTV % TVBD2| F41AH =
A A AulS EAJs) A= TVWS o] 4
35 WS ¢ 9le Al (Agilent E4432B)<}
TVBD®] A8 7hsdt HiAH S Flslr] 93}
T SAAES g5 4 3= RF 37|
(Mini-Circuits  ZFL-2500+)S AR&ghc}.  Elx
TVWS thedellA] 6dBie| Z | o] 52 zk= A3 b
Bl KLP410S)E AH-3191.2m TVBD®| A=
FCCo} = 7]=7]olA 4% A tie] iy
FH3 717] 7154l 16dBm(40mW) = A3} =4
= DTVAlZIe ~dlEs] BA)7)(Agilent
N9340B)= o|-&3lo] TVBD Z4E]2] 714 o= &
)13}z, DTVe} TVBD 7k ofst = 9l 318 7}
&3t TVBD $AIAHS A7k R el 2 =
o4l AHgSRE DTV FAlAlE = A1E efilellA
$Z81= 497MHz9] SAIFI2 2= EBS A4S
dels}olr). 497MHz 141 Aldell 5.5MHz Hlel%

|2 Z+= WCDMA 155 v A17S u, DTV
o] 7ML mAA] a T3 2= 9l FE AsE)
TVDB SAAHE& Asl7] fl8te] Azl o] &
AAdEs rhiAeR Al % 32 1d 39
DTV<} TVBD A ofiA] B4 sl AH8=l 7|#}
AEe] dEtrleE Hepdck

Sl

r-1n

I

Ef

Digital TV

Broadcasting  Center  Transmitting
Station ~ Frequency  Station

18 £BS 497MHz  Guanaksan
19 EBS 503MHz  Yongmunsan

Channel

DTV Receiver
(L€ 3aLkas0)

20 0BS SO9MHZ  GWanggyosan  rensiingsiaion

-
.

Sigal Generalor FF Anplifer TVBD Trarsmirter DIV Recaiver .
o R L @ . Spectrum Analyzer
HPEAE) (TR0 Antenn: Artenna &gﬂen' N3
Directional Arterna ‘ ‘
(Lp-4105)

T2 3. DTV TVWS Ad oA 24 Alvte]s
Fig. 3. DTV and TVWS channel compatibility analysis
scenario

E 3. 374 i) o el
Table 3. Major parameter of measuring equipment
Product Name Parameter
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Table 4. The maximum TVBD transmit power
without DTV failure

distance 8m 11m 25m
12 |503MHz jg'g DTV j;g jg'g
(2813) receiver (2721) (30?
509MH ' ' :
2 (dBm) (dBm) | (dBm)

distance | 8.9m 3.8m 11.6m 25.3m
26.9 25.9 37.9 37.9
(dBm) | (dBm) | (dBm) | (dBm)
27.9 26.9 39.9 40.9
(dBm) (dBm) (dBm) (dBm)
distance | 11.2m 7.6m 13.4m 26.1m
38.2 37.8 38.5 38.8
(dBm) (dBm) (dBm) (dBm)
41.2 40.2 40.5 41.4
(dBm) | (dBm) | (dBm) | (dBm)
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Fig. B. DTV reception status verification in
accordance with the TVBD transmit power
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Table 5. Simulation parameters

R;Zii/‘;fd 73dBm(20.08kW)
Bandwidth 6MHz
DTV Height: 669m
Transmitier | enna Gain : 7.8dBi
Omnidirectional Antenna
Coverage 25km
Sensitivity -84dBm
C/T 22.8dB
DTV Noise Floor -99.2dBm
Receiver Height : 1.5m
Antenna Gain : 6dBi
Directional Antenna
TVBD T;’;;Z“ 16dBm(40mW)
Transmitter Antenna Height : 1.5m
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Table 6. iRSS and Interference probability according to
the distance between DTV receiver and TVBD transmitter

distance 8 ‘ ‘ 11 ‘ 25
Cent
enter 503MHz
12 Frequency
iRSS(dB: -99.1 -107.8 | -252.9
IRSS(dBm) DTV
Interfert.er'lce L2 |Receiver| 0.1 0
Probability
distance 8.9 3.8 11.6 25.3
11 iRSS(dBm) 1339 | 946 |-164.2 | -338.1
Interference
0 2.75 0 0
Probability
diatance 11.2 7.6 134 26.1
10 iRSS(dBm) -148 | -105.6 | -253.5 | -420.8
Interfer\":r'lce 0 025 0 0
Probability
distance 8 ‘ ‘ 11 ‘ 25
Cent
enter 509MHz
12 Frequency
iRSS(dB: -128.2 -136.9 | -282.1
IRSS(dBm) DTV
Interference 0 Receiver 0 0
Probability
distance 8.9 3.8 11.6 25.3
11 iRSS(dBm) -163.1 | -123.7 | -193.3 | -367.7
Interference
0 0 0 0
Probability
diatance 11.2 7.6 13.4 26.1
10 iRSS(dBm) -177.1 | -134.7 | -282.6 | -449.5
Interferf'sr'lce 0 0 0 0
Probability
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AghEe] J2 s #eld 9k

AE Al Avlel R 6ollx] AElst meojils A
= Edj® DTV 41712} TVBD 417 7+ 72
o wbA] 7]& FCCollA ™AIRE A3 il
Frol-g 71717 71s7 1% > TVBD o %
AAHE ARl DTV°11 B TA B
Hls ghelsisich ol2fdt AE 7Hkew &
o= 34 7Fs3 TVBD $AIAHS 4153}
| 918k wiktemA 3A4% 3% HEE HEAE
A43le] &4 7153 TVBD $AAHE AHEsls]
oy 7S EHPFEER RIS 0|83}
DTV 4719 ZMighes 3% 2 wAAZHS W,

AHg7F5RF TVBD $4142S vehiele. cht <)

N fr r
>

£

858

A2 4 Hlex= TVBD $4144

99dBmo-& FA|E o] FEIA| o 7&@7} 3y
gitk o714 DTV 541712} TVBD $417] Afole]
A7} 3.8mA AN = 22t A WA A
(503MHz)3} = WA A AD(509MHz) oA 18-

Interference probabllny accordlng to distance between DTV rx and TVBD tx

—e— LOS(12th ﬂoor)
| —O— NLOS(10th, 11th floor)

Interference probability(%)
|
|
|
[
|
|
|
|
-
|
|
|
|
|
|
|
|
L

Distance(m)

2! 6. DTV
g

Fig. 6. Interference probability according to the
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