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3GPP long-term evolution(LTE) band 2.3~2.4 GHz is adjacent to 2.4~2.5 GHz band for WLAN, and therefore compatibility study
of the two systems is desirable. We propose a dynamic system simulation methodology to investigate the effect of WLAN interference
on LTE systems. As capturing space/time/frequency changes in system parameters, the dynamic system simulation can exactly predict
real system performance. Using the proposed methodology, we obtain LTE downlink throughput loss for the frequency separation bet-
ween the two systems. Throughput loss under 1 % is obtained from guard band over 11 MHz(single channel allocation) or 10 MHz(three
channel allocation).
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Fig. 1. Dynamic system simulation flowchart.
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Table 1. System parameters.

e LTE WLAN(802.11g)
BS MS AP
el Lol 5 14 dBi | 0 dBi 6 dBi
g Egdy 43dBm | 22 dBm 15 dBm
QEEIL =0l 30 m 15 m 6 m
AT 7 dB 14 dB
o+ 10 MHz 20 MHz
RB 7} /&% 50 -
Noise loor —104 dBm —101 dBm
7kl 7}
A= 7ke] Ag 1,500 m Ari%lg%iﬁi?o
s o | o E 257 o1
= 2,462 MHz
AEEARY SUI-A

COST231 Hata!"® 2 COST231 Walfish Tkegami!'® %4>
2 GHz °J3 19 tAto & 3t} mabs] B mRoA =
23~24 GHz Bl e, LTESH frAteh WIMAX
Alzglel F2 AE53 9l Stanford University Interim
(SUD-A EEME 7Hgst o, ths 418 o] &3]
AlrFat .

4rd,

A

C

d
)+10(a—bhb+ hb)logm(d—u) (14)

o714 a= 4.6, b=0.0075, ¢ = 12.6°]th

PL= 2010g10(

176

a1 ¥ 0m, ¥=0 m, 7

50 m, Y=150 m)°l thgt HotfSo] wE
throughput =4 && HoJFTh AP 7+ 7H4 <] 300 mo]
22 37 12 71AZF3 AP 7+ H4AE 7 212 mE F
7t e $7elth g, 34 2= 7RIS AP 7+ F
2AZ7F 0 m2 HA7F He 4otk Edh 27HA] AP
A g3 "2 (Channel 1: =5 AP7F A 1 )%, Cha-
mel 1-6-11: A 1,611 13 FEZ o] 4)& 18U
Haggo] F45 yito] £AE nA = YTl 4
& I 4 9t} ol Hagge] F45 A 7+
A Aol A 71N 2T AP FE 9 1M BF
o] Zol57] Wrolth. &, 54 AP Ml ¢t J3F

(4
o
~J
rlo
> —
ot
9_@
r (
"

il

o throughput <A E2 5 % o5t HoA L o &
F ek T3 BRagdo] 11 MHz o427, throu-
ghput EHES 1 % o|3tE 7Astth mebA 1 % through-
put SAES 7T A5, A 8F HS g9 11
MHzY S & 4= ok E3), Channell-6-11 3'g &9 wH4]
o] A, 7 Aol 7HAs] Wiel HA 87 B3 o)
o T3 10 MHzZ Z4sH ok

25 T T : T T T T T
| ; —— Channel1, Y=0, guard region=0
—Z— Channel1, Y=150, guard region=150
20 Db --%- Channel1-6-11, Y=0, guard region=0 |
-=&r= Channel1-6-11, Y=150, guard region=150
53
% 15
L=
=
3
o
5
3 10
2
=
=

12 13 14 15
Guard band [MHz]

a8 7. xSl mE throughput SAE

Fig. 7. Throughput loss vs. guard band.

(<]
[=1]
-~
T
w
- |
oM



4 T T T T
: —— Channel1, Y=0, guard region=0
—&— Channel1, Y=150, guard region=150
: --%-- Channel1-6-11, Y=0, guard region=0
3 : -=&r- Channel1-6-11, Y=150, guard region=150 ||

Throughput loss [%]

I I I I I
0 50 100 150 200 250 300
Guard region [m]

J8 8. Ry Yol mE throughput =4
Fig. 8. Throughput loss vs. guard region.

19 8 Hothelo] 10 MHz & W], 259 9<] W3}
o wWE throughput A ES VERATH B3] Wat
o] % throughput =& 2 % ©|3t2 A9 Wat gl
S & F Uk ole FES B Ao ofn] 7Hy
Aol Fs] ad7] wWiteltt olele A= 19
TIME HEET 19 7904 Bt do] S7HErE F
7HA AP $1A]¢] EH??} EHEY Aol7t 7S el
29

13 7, 8& PF 2AZY S 7143 Azolth. WLANY|
ot WS 2AEY 71 T3S LTE ot 93
SINRS 7FAAZIt) Wt A round-robin®] Y sum-rate ma-
ximization 2A| &S ©]43}H 2t throughput $=4 &0

3

= 2 Aozt §lg Ao dAE T &, WLAN 7H ]
A3 A E 207 = AA=Yo| B3 A1s}
&5 423 AoZ oHt

V.24 2

W AJ2E o] A2 9 ﬂSH Pm"LF»]E EE &
]_

EA 3= 87 A LTE Al 2~E <] throughput Pgo}ﬂ
et 54 1 g Al EY oA 7S ALt E} 1% "
7He] LTE throughput &4 &S 94337] 918 2= AP7F
12,412 MHz)oll == 7, 11 MHz Eat] 0]

TE A%e 4293 2Ade) 394

r-\m
1%

2FEH, APEC] AE102412 MHz), 62437 MHz),
112,462 MHz)o| 59 52 8= 4% [0 MHz B
ool Jr—rLQ E]' AAAHE 875 throughput 41
7 HoddS A4a] A% 7|2As

References

[1] 3GPP TS 36.101 v12.4.0, "E-UTRA: User Equipment(UE)
radio transmission and reception”, Jun. 2014.

[2] Global TD-LTE Initiative, "TDD spectrum white paper",
available at http:/lte-tdd.org/upoad/acessory/20139/2013
9241353242267172.pdf

[3] CEPT ERC Report 65, "Adjacent band compatibility
between UMTS and other services in the 2 GHz band",
May 1999.

[4] CEPT ERC report 101, "A comparison of the minimum
coupling loss method, enhanced minimum coupling loss
method, and the monte-carlo simulation", May 1999.

[5] H. -S. Jo, H. -G. Yoon, J. Lim, W. -G. Chung, J. -G.
Yook, and H. -K. Park, "The coexistence of OFDM-
based systems beyond 3G with fixed service microwave
system", Journal of Communications and Networks, vol.
8, no. 2, pp. 187-193, Jun. 2006.

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

At

k
o,
N
it
fitl

)
oE F

o
¢] RFID 7H4d &4", A7
17, 2006 1€.
[9] W. Liu, J. Fang, H. Tan, B. Huang, and W. Wang, "Co-
existence studies for TD-LTE with radar system in the
band 2,300~2,400 MHz", International Conference on

177



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 26, no. 2, Feb. 2015.

Communications, Circuits and Systems(ICCCAS), pp.
49-53, Jul. 2010.

[10] A. M. Cavalcante, E. Almeida, R. D. Vieira, F. Chaves,
R. C. D Paiva, F. Abinader, S. Choudhury, E. Tuom-
aala, and K. Doppler, "Performance evaluation of LTE
and Wi-Fi coexistence in unlicensed ban
Technology Conference 2013 IEEE 77th, pp. 1-6, Jun.
2013.

[11] E. Almeida, A. M. Cavalcante, R. C. D. Paiva, F. S.
Chaves, F. M. Abinader, R. D. Vieira, S. Choudhury,
E. Tuomaala, and K. Doppler, "Enabling LTE/WiFi co-
existence by LTE blank subframe allocation", Commu-

" Vehicular

nications 2013 IEEE International Conference on, pp.
5083- 5088, Jun. 2013.
[12] M. Beluri, E. Bala, D. Yuying, R. Di Girolamo, M. J.

z @ A

20019 89Y: AN Y A7 ARt

(&b

2004 29 AMSt e A7 A g e
(842

2009 8¢: AMTEN M7 A
(&b

2009 10¥ ~2011d 10€: University of
Texas at Austin, Postdoctoral Fellow

2011 119 ~2012¢ 29 A3 A MIEQ AARE T AdA+
9]

2012\ 3L ~&AA: ISt A - Ao F

[F BYROH RATN A2URY Fis TH 2 YA

[l = T 0 v

MIMO A2, Sed 9 4234 Y EYF, 857|502

178

Freda, J. Gauvreau, S. Laughlin, D. Purkayastha, and A.
Touag, "Mechanisms for LTE coexistence in TV white
space", Dynamic Spectrum Access Networks 2012 IEEE
International Symposium on, pp. 317-326, Oct. 2012.

[13] NOKIA, "1xEV-DV Evaluation Methodology(V1-2.1)",
3GPP2/TSG-C.R1002, 2003.

[14] 3GPP TR 36.942 v11.0.0 "Radio Frequency(RF) system
scenarios", Sep. 2012.

[15] 3GPP TS 36.104 v12.4.0 "Base Stations(BS) radio
transmission and reception”, Jun. 2014.

[16] COST Action 231, "Digital mobile radio towards future
generation system, final report", Tech. Rep., European
Communities, EUR 18957, 1999.

[17] V. Erceg, et al, "Channel models for fixed wireless
applications", [EEE 802.16.3¢-01/29r4, Jul. 2001.





