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On Frequency Separation among Radio Access Technologies in
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ABSTRACT

In this paper, we study the coexistence of typical radio access technologies (WIMAX, CDMA, WLAN) in heterogeneous networks.
Although the radio accesses employ different frequency band, they can interfere with each other due fo out-of- band emission. We
compute the minimum adjacent channel interference ratfio (ACIR) fo satisfy the dllowable level of interference, and the resulting
minimum frequency separation (guard band) between interfering and victim system. We observe that WIMAX-WLAN coexistence and
WIMAX-CDMA coexistence are feasible with af least 20 MHz and 15 MHz guard bands, respectively.

= keyword : Heterogeneous networks, Multiple radio access technology, Adjacent channel interference ratio, Guard band,
deterministic calculations
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(Table 2) WiIMAX/WLAN Interference scenario and

CDMA BS | WIMAX MS
WIiMAX MS | CDMA BS
CDMA MS | WiMAX BS
Wi MS | CDMA M5 2-ray model (LOS)
CDMA MsS | WiMAX MS
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(Table 4) WiMAX system parameters

Base station |Mobile station

Antenna gain [dBi] 15 0
Max transmit power

[dBm] 43 2
Antenna height [m] 30 15
Noise figure [dB] 7 7
Bandwidth [MHz] 10 10
Noise floor [dBm] -104 -104
I/N [dB] -6 -6
Maximum allowable

interference [dBm] -103 -103

(E b) izl AlAE] B

(Table 5) WLAN system parameters

path loss

44 7Y ZAzEdnd
WiIMAX BS WLAN AP
WLAN AP WIMAX BS
WiMAX BS | WLAN MS ,
WLAN AP WIMAX MS Outdoor-to-indo
WIMAX MS | WLAN AP or
WLAN MS WiIiMAX BS
WIMAX MS WLAN MS
WLAN MS WiMAX MS

(£ 3) WIMAX/CDMAZ} ZHdALIZ|2
(Table 3) WiMAX/CDMA Interference scenario

pck! ¥4 AzEdRd
WiMAX BS | CDMA BS
CDMA BS | WiMAX Bs | 2@y model (LOS)
WIiMAX BS [ CDMA MS | Modified Hata

Access point [Mobile station

Antenna gain [dBi] 6 0
Max transmit power

[dBm] 15 23
Antenna height [m] 6 15
Noise figure [dB] 14 14
Bandwidth [MHz] 20 20
Noise floor [dBm] -101 -101
I/N [dB] -6 -6
Maximum allowable

interference [dBm] 93 93
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(Table 6) CDMA system parameters

Base station |Mobile station
Antenna gain [dBi] 11 0
Max transmit power
[dBm] 43 23
Antenna height [m] 30 15
Noise figure [dB] 9 5
Bandwidth [MHz] 15 15
Noise floor [dBm] -113 -113
I/N [dB] -6 -6
Maximum allowable
interference [dBm] 110 14
Y dBr
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a) dy | a3
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(Figure 1) spectrum mask of WiMAX transmitter
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0

-20

077 ) A N

-60

Power spectral density [dBr]

-80

R I I I I
1000 0.2 04 06 08 1 12 14 16 18 2

frequency [MHz]
(22! 5) CDMA = ZE| EA
(Figure 5) Receiving filter mask of CDMA

V. A2z

F A2zglo] BAO) $9H] 98 Ak 58 04 A
o Fui5 o4t Agl o)) o8] 23Tk web
ERANE A o) Fe] hE HALTF ACRS AHE

b= QlE{Hl HE S| (1626%)

el



07IZ HIEHIE Fdote 7

Shr} A8 ACRR A3= 19 1, 2,39 A9 EH nf
2Agke FaEA AMEE #eS F9g et 9l
o 3 ACIRE A 2H 9] H4] 29| EY mpao) 5
Tt 0] 9 FrolBE, HA 2T ACIR FHOEFE Al
"] 28 EY vpAI(Td 1, 2, 3)E o &3l Hxe
T RO o)A, & HEg9S AEdth O 1, 2, 390
AN ~HEY npAIE H 45 Bty g s
S A A 2" 2HEY AT B A g HE 5
do] WA= = 7ol ulgt Fge] E7Hs3ith v F

Z

79 6, 7 WIMAXSE A9 A9 9] 2.7
£ ACRZFHE WelFt 19 6% 7141%7e) 14

9 o5 2ol 24 gl ta A A
Arjol7] Wire] S7EE ACR & Al
WIMAX7|A) 0] 41910l 43 AP7H 3174
“WiMAX BS to WLAN AP”73--0|t}. o]= WiIMAX
o) $AAH0] 0§ 3 T AR e of
& wl$ 7] wtolch w74 elo] WIMAX ol
o3 Sl WLAN o549l “WIMAX MS to
WLAN MS™734- 73 - 0] okstr] do] 275

o, rN
N o o f
2o e O ox i

o

At
F“

HH

fr
>
@
el
t
e
B
[
=l
lo
A
rir
v

80

—— WiMAX BS to WLAN AP
_.| — —WLAN AP to WiIMAX BS ||
"""" WIMAX M$ to WLAN MS
Lo WLAN MS to WIMAX MS

~
=]

@
=)
T

g

E' 50 L 8|
b AN ~—

: 40| [ 4
£ - —

g 30 B -
g < —
[ .

f

=

=
T

¢

f
I

~~~~~

030 50 10C;‘ 150 20‘;- 250 300 350 400 450 500
distance Im1l
(38l 6) z|2 QADZIME (WIMAX Z|X|=2 Sz
AP, WIMAX o|3=1} FMzH 0|5=2)
(Figure 6) Minimum required ACIR (between WiMAX
BS and WLAN AP, between WIMAX MS and WLAN MS)

—— WIiMAX BS to WLAN MS
— —WLAN AP to WiMAX MS ||
------- WiMAX MS to WLAN AP

< WLAN MS to WiMAX BS |

60[---

[4]
o

[
o

Required ACIR [dB]
'S
o

N
o

-
o

P Thee i i
50 100 150 200 250 300 350 400 450 500
distance [m]

(38 7) za J™@AMIZIME (WIMAX Z|X|Z33h FM2H
0|32, WIMAX o=t Mz AP)
(Figure 7) Minimum required ACIR (between
WIMAX BS and WLAN MS, between WiMAX MS
and WLAN AP)

1Y 83 9= WiIMAXS CDMA A" 93] 2
H= ACIR#HS YERTh 18 62 71A37ke] 7Hd 2
olF=7ke] 7Hdoll tidt AFZ 2-ray AHRAL EHlo]
AEH AT ANl A & 5 Ax0] 2-ray AHHAL BE
2 breakA| o) F HREo] FAF] HATTh upebA
o= 7+e] AR breakA M 69 mo|FE QT
ACIR®] 1S F23] raghs 318 4 9l by, 7]
A= 74e] AR A breakA F- 27.6 kmO| B2 7S

ACR e #3294 et

—— WiMAX BS to CDMA BS

P11 T S N, — —CDMABS to WiIMAX BS ||

--WiMAX MS to CDMA MS
- CDMA MS to WiMAX M$S

L] S S S L bauadil s L] |

E B H . i i

& : ; : : :

s 8o ; d — e e

< ;

- 3

2 60R

S

4

& 40f

[¥]
o

0

i i i oo, L
0 250 500 750 1000 1250 1500
distance [m]

(O3 8) =2 QAIZIME (WIMAX Z|X|=2t CDMA
71X1=, WIMAX 0|&=2} CDMA 0|5=)
(Figure 8) Minimum required ACIR (between
WiIMAX BS and CDMA BS, between WIMAX MS and
CDMA MS)

2015. 12



07IZ HIEHIE Fdote 7

—— WiMAX BS to CDMA MS
— —CDMA BS to WIMAX M$ ||
-------- WIMAX MS to CDMA BS
------- CDMA MS to WIMAX BS ||

30

Required ACIR [dB]
s
o

[N
o

=
o

0 N S N ot SOV NN NN S
02 04 06 08 1 12 14 16 18
distance [km]

(O3 9) z2 I™MIZHME (WIMAX 7|X|=2} CDMA
71X, WIMAX o|&=1t CDMA 0|&=)
(Figure 9) Minimum required ACIR (between
WiIMAX BS and CDMA BS, between WIMAX MS and
CDMA MS)

(2 7) IF olAAHz|of chigt @7 SCHA
(Table 7) Required guard band for a given
separation distance

. 71% olA4AE | HIggE
7+ 7149
SR 74 (m) (MHz)

WLAN AP | WiMAX BS 30 20

. 5 20
WLAN MS | WIMAX MS 20 18
WIMAX BS | CDMA BS 30 15

. 50 13
CDMA MS | WIMAX BS 100 10

ACIRo] &7Ht} 18 69 7914 2 4 3l5o] WiIMAX
o} FAM A $AAH 3 gt o] 5] 7H 2 o]
7 AR Ll disl & Ae] ACIRO] SFH T
H WiMAXSH CDMA 7% 1% 9¢] ©£A|¥ CDMA®©]
YT WIMAX BS(EI M AlvEl oot
7P AL ACIRS 273t) o) o] E7ke] 7HEAIY

2= 7MY S THEY AREN 0] A2 2ay BY
S A48 9hg, ol 5= 7| A= 7ke] A U] oA
© 4gd 93 F715 9 A2E4S 183 Modified
Hata 9 & 2835191 7] wjZolch

2. BSCo
2] ACIR 23} 5 7+3 780 2 7299 49
A% sl g ACIRS €437 98 et =g

ATk o1& S8 I8 1, 2, 39 41 2 EY
239k 19 4,59 $21 FE vpa3 s o) gyt
F A= E 70 Asigh &7 ACIRO] 45 o]
=) 98 o W HEgele] WAFS o
gt} Eolx}d o Z WIMAX 71X =3 CDMA7| A =7}
) ACIR®] S8 whd, X 7914 HargEe] Ho)
WS FAW APS WIMAX 7|A1%7ke] AHEHT) o)

o

o
-

[l

T

2 13} 2004 ERAE ¢ 9lol, FAIW AP TE €]
9] WAE AlstE A5l WIMAX BS Et}h deotst
7] mEolch.

: : = -
——=-\Wall peneration loss r '/'
>|f no wall peneration loss I’ ,l
v I 1
x 08 Y ;
S > ¢
< 7
3 istancei= / 7
© 0.6 L....distancei=50m___} ]
5 idistarice =10 my
o ," i
3 F §
o i :i
‘S 0.4 {
> 3
= ¥
= :’ i
3 / /
202 7 i
a J X=668 F X=946
& ’
ia? =4
%0 40 60 80 100

X [dB]
(2% 10) 27 ACIR T8&=esr
(Figure 10) Cumulative distribution function of the
required ACIR

St}

o ¥ EEA T

o A ZY A&

2](10)¢] outdoor-to-indoor 74 24 RdlL ¢ 7
ojlg3 ¥ FAEAS IS QA 7] W] & &
HE FHste] 2 ACIRS w43tk ¥ F3= 2 g
EWS0)7] W Fo] 2 ACIR T3 & <eo|t) uha}
A - 10914 F A =" 7] Aol e 8 ACIRE]

FHELGGFE TAEET H2 A4S BEs) &40
e A5 27 ACIRE 97| &h, 50m °] A7 2] ol A
ACIR=66.6 dB, 100m ©]Z 712l A 94.6 dBo|t}h. ¥l 3

el

1= olEll HEEts (16263)



OPIE HEYIE TGS SHES 7162 FWi5 01H 24
T3 4o IHE A9 ACIRS &S o]HE A o= BlwA AHE HEoR Hrh i gFd 540] ¢
o] FHAREFTE stk HESG 4 1ET Ae 3 (40~50 dB th 9] WA oAl BE|Q| AHg-o] 758t
o] 27 ACIRE °F 93% o] SEE HFEH &4d& 17 ok BHA o] F= 3 WLAN 22 4% A28 9] 3¢ ¢
3 B> ARG gAYE ¢ F At T8 g5t HE AFEE] sl WA 7k W
ZIAF ]t s 5ol ¢ $4 FHE o f go] sttt webx Hady A2 RE of|He=
gto] ZHN D] e WAL 29 g o, d3E 2HEY SAS Haslste AAA WYL 71X =
0% STHENGS ANG £ A TP 1S EN B TS YHE AAHI o] 24U Ales
Bl % PHAES F7h el ME 2T BEYY /1202 se] a9 AYske Yol B 4
& vekdch 237 0 dBl A4 % 79 AHet Y
g 20 MHz Boti oS 1 5 3lor, 47 dB A4l % 7 2 3 (Reference)
5ol HatdE 10 MEzE TAaAZ § ok
20 [1] G. Wu, M. Mizuno, and P. Havinga, “MIRAI Architecture
\_\ for Heterogeneous Network,” IEEE Communications
) \\ Magazine, vol. 40, no. 2, pp. 126-134, Feb. 2002.
= 15 http://dx.doi.org/10.1109/35.983919
§ [2] A. Goldsmith, Wireless Communications, Cambridge
T 10 University Press, 2005.
§ \_\— [3] Myong Lyol Song, “Channel Searching Method of IEEE
% 5 L\‘\ 802.15.4 Nodes for Avoiding WiFi Traffic Interference,”
= Journal of Internet Computing and Services(JICS), vol.
15, no. 2, pp. 19-31, Apr. 2014.

0 10 20 30 40 50 60 70
Additional Filter Attenuation [dB]

(3™ 11) ZEof ofst ZHdMSZEof| e 2F HSTHEE
(Figure 11) Required guard band for filter
attenuation

o
tlo ofo
N
N
v 01r
o
rO
i)
:>|J£
i
()
[
i
o oee o &
[ DA (A )

:
o
fol
e
18
=
T
S
s

et
tjo

Lo > o o oft by
o
Y

i)‘

o e

i

2

i)

ofr b fot

@ o |y

lo,

N
2 o

m N
5
¥
=
12
ot
ofl
=2
e
ko
o
N
-2
N
Al
il
(et
ofo
N

g
ke
rr
:
N
-
My
Iy
1o
ro

e 01y
o

o MY

A2 FAT ek B fEAz

[4] Eun-Chan Park, Minjoong Rim, “Performance Analysi s
on Coexistence of Contention-based Heterogeneous
Wireless Networks,” Journal of Internet Computing and
Services(JICS), vol. 12, no. 4, pp. 1-14, Aug. 2011.

[5] Haijun Zhang; Xiaoli Chu, Weisi Guo; Siyi Wang,
“Coexistence of Wi-Fi and heterogeneous small cell
networks sharing unlicensed spectrum,” in IEEE C
ommunications Magazine, vol.53, no.3, pp.158-164, Mar.
2015.
http://dx.doi.org/10.1109/MCOM.2015.7060498

[6] Khawar, A.; Abdel-Hadi, A.; Clancy, T.C., “Spectrum
sharing between S-band radar and LTE cellular system:
A spatial approach,” in 2014 IEEE International
Symposium on Dynamic Spectrum Access Networks
(DYSPAN), pp.7-14, Apr. 2014.
http://dx.doi.org/10.1109/DySPAN.2014.6817773

[7] W.-G. Chung, H-S. Jo, H-G. Yoon, J.-W. Lim, J.-G.
Yook, and H.-K. Park, “Advanced MCL method for
Sharing analysis of IMT-Advanced systems,” Electronics
Letters, vol. 42, no. 21, p.1234-1235, Oct. 2006.
http://dx.doi.org/ 10.1109/35.983919

2015. 12



07IZ HIEHIE Fdote 7

8]

91

[10]

(11]

CEPT ERC Report 68, “MONTE-CARLO simulation
methodology for the use in sharing and compatibility
studies between different radio services or systems”, Jun.
2002.

W. A. Hassan and T. A. Rahman, “Coexistence Model
for Compatibility Between IMT-Advanced and Other
Wireless Communication Services,” Wireless Personal
Communications, vol. 79, no. 3, pp.2025-2039, Dec.
2014.

http://dx.doi.org/ 10.1007/s11277-014-1971-0

Y.-H. Kim, P.-S. Eo, H-G. Yang, S.-K. Park, B. Kang,
Y.-S. Kim, and J.-G. Yook, “"Monte-Carlo Based
Interference Analysis of 900MHz Passive RFID systems”,
IEIE journals-TC, vol. 43, no.1, pp. 9-17, Jan. 2006.
http://www.dbpia.co.kr/Article/NODE00673806

I-H. Kim, H-G. P, J.-P. Cho, “Analysis on Effect of
Interference between Different Communication Systems
in Broadcasting Channel”, IEIE journals-TC, vol. 48,
n0.10, pp. 7-12, Oct. 2011.
http:/fwww.dbpia.co.kr/Article/NODE01721277

[12] ITU-R Document 8F/TEMP/232, “Draft report on he
coexistence between IMT-2000 TDD and FDD radio
interface technologies operating in adjacent bands and in
the same geographical area”, Mar. 2002.

[13] H. Xia, H. L. Bertoni, L. R. Maciel, A. Lindsay-Stewart,
and R. Rowe, “Radio propagation characteristics for
line-of-sight microcellular and personal communications,”
IEEE Transactions on Antennas and Propagation., vol. 41,
no.10, pp.1439 - 1447, Oct. 1993.
http://dx.doi.org/ 10.1109/8.247785

[14] Recommendation ITU-R M.1225
Evaluation of Radio Transmission Technologies for
IMT-2000".
http://dx.doi.org/ 10.1109/35.983919

[15] M.Hata, “Empirical Formula for Propagation Loss in
Land Mobile Radio Services”, IEEE Transactions on
Vehicular Technology, vol. 29, no. 3, pp.317-323, Aug.
1980.
http://dx.doi.org/10.1109/T-VT.1980.23859

. “Guidelines for

OMA =710

of &

2012~ A

E-mail : kyoungjaec@hanbat.ac.kr

X 8t &l (Han-Shin Jo)

2012~ &)

E-mail : hsjo@hanbat.ac.kr

M (Kyoung-Jae Lee)

2005 yHIEtw A7 AAATFIE SAEHD

2011 it sk AR HFEH 8T 2HETAE
2011~ 2012 University of Texas at Austin, Postdoctoral Fellow
sht) gt AR} Ao gk g

Aok : sA] F-4%54], Massive MIMO, HetNet, SWIPT

2002 '3 AR 1A AASSHE EU(EAD

20041 AAist tiskl A7) AAE S (A AR
2000\ AAhsk tiskl A7) A} S

2009~ 2011 University of Texas at Austin, Postdoctoral Fellow
2011~ 2012 A3 VIEH AT
grhsta At - AojFetat u

WA« o)7]F FAUES D, FAFA A2ERte] Sk &

)17l

o
=
o2
i)
ox
_L?{_‘,
i
N
ol
ol
©
rhu

et QlE|Hl HEst3| (16246%)



