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Abstract: This paper presents a method to estimate the performance of WLAN systems in urban areas. We
consider (i) inter-channel interference where adjacent channels interfere with each other in Wi-Fi systems
and (ii) urban situations where many APs in different systems are deployed in an uncoordinated way. As it
is often hard to identify the channel with less interference in such a situation, we present a channel scoring
function that estimates the performance level of each channel. To build the scoring function, we have con-
ducted exhaustive simulations with a large number of scenarios, and multiple regression analysis has been
applied where channel occupancy patterns, traffic volumes and RSS in those channels are used as explanatory
variables. To evaluate our method, this scoring function was examined with realistic scenarios where several
APs interfere with the AP of interest. We have confirmed that the scores and the actual performance are
well-matched where the Spearman’s rank correlation coefficient was sufficiently high.
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Fig. 1 Interference Sources in Urban Areas.
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Fig. 3 Simulation Scenario for Single ICI Model.
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7Y, HIYFI)FIHLTIIOBHMOYIaL—2arr
FEhifi L7z,

ZNHITT AIEERRSATIC BV TELLT ORI
Box v,

fsingte(k) = c1 +co - s(k) + ¢z - t(k) +cq - s(k) - t(k)
(6)

F7:, MIEEDESTOMRER 1 L& 2 [IRT.
c(Ctarget, k) = 013, WH AP & THEPE—F v £
AL TWAZEERTD, ZOWA, x5 AP 3Tk
BP0 7L —LDRSSIICHKGFTHH0D, 4L D4
WETFHEEO 7L -2k EE2F v AV EY— & LTHRIBT
&, MR L LCTHRERSOIEIE 25, THUTERIZE 1,
F£2 k0, K(6) DR ¢ 2Bz k) DIRETH 5 c3
DIEDEIE L 7 L — A H)ERIIPDPDOET o BELWey &
HARTRENWT EDDS tk) DRBEIIREVZ LHPHERT
XD, W, clcrarges k) = 1/3 BBV IZENL EOBE
&, TR0 7L — 2 fF R R AP ISH$ 5/ 4 X
Lbizw, s(k) & k) BdbE > THE AP OF v 1)
T v AMERER SNR B LY 5.2, HERLLTT7L—A4
I —%FEETHUREDEW. L2 o>T, s(k)-t(k)
DWENPRKEL, TNT ey ZRALHERTESL. B,
c(Crarget, k) = 3/3 D & & HBRUTIE H HHEEFEE I A UL R
Bs08 L, cleiarget, k) = 3/3 DHATHH 0.75
Loz, 22T, HHERBEEATERKE X, D5
FrZB W TR L 2B OFHBE 2 RIIBETH H 1
WCIEWEIREHNEROENZ L (R TwD LS
b, FLT, ZOERNPS, &F v A IVEEEE (0, 1, 2,
3) T 5 s(k) & t(k) PWBETEREICE 2 5 B WL E
RO TR TELZEERLTWD, sk
DX, EHICIEF NV ERESRET .

K1 fongle(k) & HWHIEERGSHT OMR (GEIL)
Table 1 Regression Analysis Reslut with fingie(k) (Delay).

c(Ctarget, k) &R ERE Fl EH R i e 7
c1 Cco c3 cy TERE
0 —0.38498|—0.86602| 5.89684 [1.27298 0.905
1/3 1.3917 | —3.7342 |—12.7026|35.1980 0.9029
2/3 1.5988 | —3.8891 |—16.6614|40.9565 0.8895
3/3 0.4015 | —0.9238 |—11.2069(25.4772 0.7379

R 2 foingle(k) T HVIHIEERITHORE (71— 2F5E)
Table 2 Regression Analysis Result with fingie(k) (Frame De-
livery Rate).

C(Cta'rget7 k) E[ﬁ]‘}%ﬁz\‘; El U]B%%)ﬁ%(%&
c1 c2 c3 c4 PUERREL
0 0.86200(0.17056|—0.51439|—0.48568 0.8413

1/3 0.80081|0.14843| 0.94830 |—2.86823 0.8223
2/3 0.81915|0.07458| 1.12194 |—2.93707 0.8339
3/3 0.81033|0.05432| 1.06558 |—2.44258 0.7635
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Table 3 Regression analysis result with f,.06-
EFIREL A HHEE F #E155 A
di do ds da ds dg dr PR
TEAE 2.24359 —1.10688 | 0.70291 | —2.66502 | 0.05354 | 0.54053 | 1.63336 0.8685
7L — LFLER —0.09109 —0.29729 | 0.44932 —0.34902 | 0.34982 | 0.48801 0.56516 0.8064
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Fig. 4 Simulation scenario for aggregated ICI model.
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Fig. 5 Delay indicator values by fi,.+i and simulations.
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Fig. 6 Frame delivery rate indicator values by fi,u¢i and sim-
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Table 4 Settings of interference sources.
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Fig. 7 Simulation settings (siml~sim3).
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Fig. 8 Simulation settings (sim4).
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=5 FEHHIR GEIE, siml)

Table 5 Experimental results (Delay, sim1).

Channel fmulti Simulation
1D Indicator | Ranking | Delay (s) | Ranking
1 —0.36543 1 1.244631 1
2 0.005587 2 1.906194 2
3 2.046134 9 3.756066 8
4 2.432525 11 4.466259 11
5 1.723872 5 3.963021 10
6 0.250092 2.634693 4
7 1.723872 3.945966 9
8 4.189695 13 5.182272 13
9 3.971627 12 4.761439 12
10 1.757880 3.478857 7
11 0.192882 2.496695 3
12 1.757880 3.442613 5
13 2.077132 10 3.454188 6
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Table 6 Experimental results (Frame delivery rate, siml). Table 7 Spearman’s rank correlations.
Channel Ffmulti Simulation MR AH B4R 5
YIialb—var | IEMHERE GEIE .
ID  |Indicator|Ranking|Frame Delivery Rate (%)|Ranking EiE) (7 L — 2 F5E=R)
1 0.905575 1 77.97019 1 sim1 0.845 0.840
2 0.779163 4 62.6963 2 sim?2 0.931 0.820
3 0.532546 10 34.41564 8 sim3 0.826 0.853
4 0.524977 11 29.43684 11 sim4 0.787 0.801
5 0.619962 32.99166 10
6 0.824607| 3 48.00905 Girh. BT XD siml 2B HEBIEE 7 L — L FER(C
7 10.619962 5 33.20000 9 X9 % Spearman DAL AR ZF1LZ 1 0.845, 0.840
8 0.402955 13 25.69994 13 ) fmulti CEBOMRED BN B WHIE R D 5 2 & 255
9 040718 12 2786288 12 SNTwB. F72, sim2 B L0 sim3 OEL 7 L — L5
10 0.611563 7 37.37542 7 N , . " N
EHRIIHT A Spearman DA AEIFRELD 0.8 2 51
11 0.832017 2 50.51788 3 . Lo . .
3 ) MR z VAR AS st
12 |0.611563] 7 37.72920 5 gifzz D frnutei & FEROVERED BIZHR I DS 2
13 lossas2s| 9 37 51464 6 EARENTVD. 512, simd &) FHRIEOMEA
ZAL L7220 F U A ICBWTHEBIE L 7 L — A FER IS
o . . D IE va 1 ;f\* N . A Q . & =
B IRLOERS, EOEMROMHLTusnFy s 2 Spearman OWILHBIREAT0S R TDHY fmuws &5

BOMBED NIV DH 5 Z LR ENTWA, Dk
DOREREDS, REMEFEOF ¥ ANV EHET L7207 TH L,
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