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Fast handoff to reduce probe latency in wireless LANs
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Abstract In wireless LANS, it becomes a problem that the time which cannot communicate while performing the
handoff becomes comparatively large. The handoff is constituted by three procedures, probe, authentication, and
association. It is known that the most of handoff latency is the time which needs to probe new access points. For
this reason, this paper focuses on to reduce the probe lateny. We propose two new probe methods, the one reduces
wasted probe wait and wasted channel by using neighbor graph which shows handoff relationship between access
points, and the others reduces wasted probe wait by using carrier sense to speculate a channel state. Via simulation,
the proposed methods reduces the probe latency. Moreover, it is shown that probe latency is reduced by combining
existing methods and proposed methods.
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1. FL&IC

IEEE 802.11 ICBEHA L /= f%4R LAN A ER L T\5%. IEEE

802.11 ik 2.4[GHz] T&H K 11[Mbps] @ IEEE 802.11b *®,
5[GHz] # THA 54[Mbps] @ IEEE 802.11a, 2.4[GHz] # T
B 54[Mbps| ® IEEE 802.11g SE0OHREEEDH TN, KK
LAN Hifffix, SREBICBIT3 Xy bU— 7 EBHORESE
=7V bR BIICBEEN. Ko T, HMENY
RAZHR—-MIBEBELAMETHZLREA LN T DS
fo. LH L, BEEQEEREORMLICESTNVFATATT
TVr—2 a VENOHERICENT, P7EABAT b LT
TAP) LEEECT B) TONY FATIC T 5BENEARRE
BeixoT&ER.

A RSN LTetl, BEEEITS. NV FAT%ITo T 5RIE,
HRENY RATUNDEBRITD T LHBHEREV. XoT,
INVFAFAT T TV — 3R VoIP BEDY T NEA LGE
BitBWT, TOBETHEORMDY, EEREOE T2 &R
T9. VoIP iKHWT, BEETHERRFHIEBRATY 50[ms] TH
BTZEREELVLETATWVWS[L. LhL, "YFAT7IEHB
i} BRFRERER 60(ms] A5 400[ms| (¥ 252[ms]) BT &
BEHo TS 3. ¥z, N2 R TiCHT RIBIBEDASE
i3, BRICE 2RBBETH B LA >TVS[3]. Th
SDB/LYD, KBTI, NV EZ7ICBT 3REBEDHIE
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ICHERARYTS.

FRCBIET BHEL LT, BHRERICH D AP LDV
R 7 BfR#% %9 neighbor graph [5] ZAW 3 NG 7/dU X
L2, BHERRICH B AP LOIEA—NR—Fy THGREERT
non-overlap graph [2] ZH\% NG-Pruning 713U XL [2]
PRRENTVS. ThHDARTIE, AP BMHEZ ZHICH
HMENMEML, REBESKEL LS. £, JOMETA,
BN SERRE UEF v RV TORFBERR R R TRER
#8735 Accelerated Probe Function [4] MRREN T 5.
TOHRTIE, REVBELLF ¥ XIVTREZTHOEVOT,
AP BAEZ 3 EIC, TOMKTORS BHAEDM AP i
B 2HRMEC B,

EROMEICH LT, FHIZETIE, neighbor graph Zfu /e
BAETO, RBBEHERTS HAROERL, AP MoEhmic
K HRFIEE, BLEHEMEDORL AP ITEHRT 2HBICOV
T, LROARE LT 5.

LIF, 2. Tid, IEEE 802.11 iC THREEN TV ARITHEIC
DWTHRS. 3. TiE, LR UEBHEARXOBEZHAT 5.
4. T, BRAXOHARITS. 5. TR, YIal—valE
FLOHBRTS. 6. T, YIal—vaVgERerRL, #
BERRMRTTS. RBIC, 7. TR, FRXTHLONBRORL
b LS BOPEIT DOV TIENS.

2. REAFRK

BERIE, NV FAT7RITIBI, HLIEEBETS AP
RBETRENDS. BEMEKIE, AP &L O—TER (Probe
Request)/ 71— 7 5% (Probe Response) 7 L— LD
Ko THEDICHEET B AP ORFRITS. B 1 ICREAED
WREERYT. BEERIREETSFr2vEREL, 7
n—JERETO-FF+ A +T%. AP RO TERER
B2k, Tu—TEREBRNu—TEEERETS. B
@ik, ToO—TER%RRFR, FIREHLT, BFE
BETHEDIC, FrIVEERTS. Fr XIVOBERRHIC
{* MinChannel Time(B/MNF + *)VERRH) & MaxChannel-
Time (BAF v XVEHRE) © 2 o055, BERERE, &
4% %% MinChannelTime IC3 UJzREI T AP 5 DISE MR
o388, FTOF+RNVICIE AP BEELEVLOEBERL
T, ROF % 3V TCHREERFNET 5. MinChannelTime JIAIC
ARSI, BEIKRIX ACK 2BL, F+XIVOER
85, F0%, MaxChannelTime YRICIHELH -8
SR EROBERTITS. XA 7H MaxChannelTime IZEL
BEET, TOF ¥ XNVTORBERT LT, ROF ¥ XIVTR
REHETS. ULEOBERETOF ¥ XIVITDVTITI.

AT, 2F v IVTRERTSOT, FEEF v X
)V (Wasted Channel) TORBNSLBET S, ik, Min-
ChannelTime IPRIE IS AY S 5 FRHT, MaxChannelTime &
TIREREDOD, FOF ¥ RIVTO AP MDA WERETIITE
7% B BEAD (Wasted Probe-Wait) MRETS. Lo>TINb
DRELREERHIHRT 52 LD, REBEDYUIRICDEMNS.
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3. BBEAR

3.1 NG 7/VIJYXL

8.1.1 Neighbor Graph

neighbor graph(NG) [5] iB§ AP D/ B4 7 BRER
T, NV RETVBEHRERZ, $B AP HOBHEBRICH HFID AP
ANV R THTEETH B WS EREERT. FIRE AP D
AP, IEMUTNY FA7HEND S LT 5 L, neighbor graph
1 (AP:, AP)) LW H#ERD. /EL, AP, 5 AP. N
N R TBEBSZHEINRTHEHNDT, (AP, APy)
+ (AP, AP,) TH3. TOREHEEERD neighbor graph O
ERAEE 2055, 1 DHIZ, BT neighbor graph 24
RT258ETH5. BOICERL, TORITOWHEZELE
/EVESIKTS. LHL, TOFETIR, AP OBE, BH
WEIC & 5T, AP MDY FATRENED o feRHC IS H
Seizyy. 2 DI, BIMIC neighbor graph BERT 3 HETH
3. fIRIE, AP 5 AP; "NV EA 7L, neighbor graph
LT D (AP, AP;)) BEEL RV ¥, TOERZEMY
3. TOBEERD, AP HONY BRATHEGENERLTS, 1
BNV RATRRETCHRRBINT AT LT, EREHET
3.

3.1.2 NG 7dU XLOHE

NG 73U X LZ neighbor graph ZHWANY F47F
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®ETHB. NG 7TV XLTR, £31Y RFTOBRCERTE
F—ECRAERIFI TS AP 2F— &9 5 neighbor graph Zi]
R, WFNHOREE AP BEHEL TV B Fr RNV T u—T
BRE7O—FF+ A bT5. TO—TERRERGR, X1
ZEBLT, BEEZRETIDEFYRINVEERTS. &
A <% MinChannelTime IZE L zRR TIRES 1 Db\ N
&, neighbor graph 2, BIOF ¥ RV THHERTS. —4,
neighbor graph ICTEET 2 RERERIT> TWVWBF ¥ XV TH
fEL TV B2 TOBEE AP D BIRENH - 12BEL, BlOF v
FIVTREREITS. HB0IE, FA<OED MaxChannelTime
ICELIED, BIDF v XIVTRERITD. ChoOBFzeR
# AP BBIEL TV B F ¥ 2V TITS.

ZOAHRTIE, THOBRRTREHEEN DR, +oUR
EHRTERON, N RATEHEERS LT, 2%k
PERRZTES. EL, Z"YEFAT7ERRERICE-T
FIrB 0T, neighbor graph DEWEXY b UV — I ATHE
TELZBREREDCLICEST, COARDVUREREBTY
533, CORBEREZDIE, 2y FTI—JHD
neighbor graph OEHE2EET 39—/ —2AET3H, AP
T neighbor graph DIEZEHRE L, BGETo kR, B
SOROEHERETEIENEXLNS.

3.2 NG-Pruning 7/b3J1) XLx

3.2.1 Overlap Graph, Non-Overlap Graph

overlap graph(OG)[2] &%, AP AL DY —ERLYTH
F—1—59FUTW3 AP DEEEHT. (AP, AP} Id
AP, & AP A==y TOBRICHABERERZL TS, D
0, Y—ERAZVTHAA—NR—F v FLTVBUBTNHVF
FIHRETNE, AP, AP OEXBE 5 L biERT HaHEMY
5.

non-overlap graph(NOG) iZ AP @ OY —Y R LY 7H
F—=1R—Fy LT AP DEEEEKT.

3.2.2 NG-Pruning 7/Vd Y X LOBE

NG-Pruning 7V d) XL, overlap graph & non-overlap
graph ZHVWANY FATFETHS. NG-Pruning 7). TV
LT, RBEV—YREZF TS AP D overlap graph i
H%N3 AP D non-overlap graph 2, JEd——5v S
DESNRLEY, D%b, A—1R"—5v TOEEHRLEN
AP MEEL TV B F v XIVTREERTS. Tu—TERET
O—RFy AL, ZA32ERE, FvXIVOEREETS. &
4 I DfEAN MinChannelTime IZ# L TEIEENME SN o
el &ld, LROFETHOF + 2IVTRIERTTS. BENH-
1igE, ¥ TIRERITo/z AP @ non-overlap graph Z#X,
% non-overlap graph IC& £ 5 AP BZRENEN SBHT
3. 0%, FEREETOTVRF ¥ XVTBET2LTD
BiBE AP WUSERITO A, BMEBRSRHSBRAThIBE, Ao
F ¥ ZIVTHEERITS. FhLNDOBERE, MaxChannelTime
ETIREERND, 0%, MOFvXVTREEZTS. Thbd
DEME%E, 2TORE AP BIEEZITS> H, RENRH BN
TNBETITS.

TOANUE, NG 7TV XLERERIC, /N FA 7 ORER

iE&koTRy FI—JDREENDET, +oENReHET
BT EHHRS. FOfHICE, NG 7LdY XL LHERC,
overlap graph, non-overlap graph Z3xv U —7NTHET
EDBEEELCLICE ST, TOARIIRERETES.

3.8 Accelerated Probe Function

NG 7V X1, NG-Pruning 7/VvTY XLV B4 7
ORBRICED, Xy FT—IDRBEAMB T L TN FA T
S AMBEEDHIFEEIT> T3, LML, Zv b7—0K
BEMBIHOFENT I AZETICR, HEIBENV RS
TRBEXRRIINELRLT, BRI THIELRVRERTH
LOANTRT2TIREZRART 5 LRV, FCTE
Zbhil=DOM, Accelarated Probe Function [4] TH 5. TD
ARICENT, SELMRESHEERELEL TS AP LOERE
KAWTWAF Y XVOBREDEDT, "NV FATIERREX
¥, B0 AENE. Accelerated Probe Function T
ORFHER, N RITINRELRED, 7, HEEREEL
T3 AP EDFEEICAVTH 3 F v XV EHRT 5. T0O%,
ZEDF ¥ XIVDORDF % RV ORBEFMRTS. H5F v X
IVTORBOFERIFREARXLARTHS. FHEAR L OB
i, AN LF ¥ XV THRHETZ0ICHH LT, Accelerated
Probe Function Tk, BREICIEENH27=F ¥ XIVETLD
BMERTORNCLTHS. TNCK-T, RIBELEDYIEH
75 T LA HRAN, Rk AP L OBFEHESRIIMOARL D
HELRZEIMEHBTE S,

4. REA N

4.1 #EAN1

neighbor graph & overlap graph D&\, EHTHZHHE
FTHBM. X7, NG 7TV XLE NG-Pruning 7)Y
X LOEE, neighbor graph 2\ %A non-overlap graph
ZRHOBMENSEHE, [BEDH -1 AP OFHERIC, KRR
TEZ AP BT LN TEZHBTHLVIBETHS. ¥,
neighbor graph QB AMDBRT ST THBH, N R: 7%
REXYE, BHHOB/LHE Lo/ L ¥, neighbor graph H'B
FRTHLINAR, DEDE|ATHIME > hERERE. Z
DFERNEZ 1 THB.

£ 1 AP1 £Y/:=b D Neighbor Graph DEAE Y 5 78
AP ¥ | BARYT S 78
3 4.390000e-03
5 4.163800e-02

¥ fz, neighbor graph DEIME &, overlap graph DHH
BOEEToONEK 2 THB. £2%2KF 5L, neighbor
graph & overlap graph {5 3 BEAVVHRBERF-> TV 55
Naha.

ThoDHEMN S, neighbor graph 2BV T, NG-Pruning 7
WY XLORIC, ISEDH >/ AP DEFEHAVB T LT,
BRI BT 2RBEEDHIENTTHEL kB L EX .

F v XIVOBHFOFHEICDVT, NG 7d) XLTIE, B
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#£ 2 AP1 8% b D overlap graph & neighbor graph Df#E
DE

AP ¥ | WHEOR
3 | 2.432333¢-02
5 | 2.082940e-01

AP BEfEST 2 F v IV 65V X LIGBATW D, REA
KT, neighbor graph DEAEREIEE L, FRESRELTW
% AP %F— &9 3 neighbor graph TOFFAERDZWIEIL,
neighbor graph ICEE N3 BE AP OHEL TWBF v IV
TRIERITS.

BEERAATR, BEMERIE N BT ORRIC, neighbor graph
BRANR, EROFETREF v XNVEREL, BERTS. 7
O—7ERETO— F¥ v X LK, FrINVOEREHRD
%. MinChannelTime LIAIZIGEDEIF UL, BlOF v XV T
REZRT S, WEND-BE, IWEETo T AP 2% —
£ ¥ 3% neighborgraph 288X, F® neighbor graph RIC F %
hixw AP ZRENFH ORI T 3. F0%, RIERERT->
TWBF v XV CEET 2MOBE AP BMISERITS M, B5E
wEH BN E NS, DF v RVTREEZTS. ThLH
DFEE, MexChannelTime & CF ¥ X IVOBEREST, IS
BEED. ThEOBMEEREROLPEDHBLF + RIVTITI.

TDARTHE, overlap graph & D & HRDxV> neighbor
graph ZAWVW3DT, PEREHERI L TUE S TTREEL D
3h, FD4, NG-Pruning 7TV XL & D & BVRETR
FEIMTR B T LRI TE S,

4.2 F+Y7PEVR

IEEE 802.11 & LAN TilE21T SR, FrU7EY
A#ATS T L TF v RVOERRIZRS C LA KRS, ERF
BYSVEETR, BRICFY U 7ERMTS. Mic, EER
DOIOEETI, BELFYUTERELRY. ¥, KR
LienWF—2E# > TV HIREB TR, BERSSVERETE,
ORI EER RO SABEENE L, ThiahEERT
5 T A HREV. EEENPIRCERIETE, & A MO
FKICHEEh3C L, BERHALRS.

ERARTOREEEIS L, BERVDPRCEETE, 7
O—TJERPZELE AP, Ny I/ T7REOHEZR>TT
Q-7 IHERRET HAHEENEYV. BEANSVERE
T, TO—TIEERETIETIC, MOMKLITERZT S
ATREMEASER .

chom®kb, BEEKE, To—TEREERIC—ER
MEF+ ) PRy ABITY, 3+ TRASHRED > BE,
FOF ¥ XNVRELFEALTVEREVWEER, TORKTED
Fv XIVTCORKRRTTS. COEXHR, EAFRCHEAT
BT LT, AEL/RLRGOHESTTIEL £5EX 603,

4.3 BEAN 2

3.3 TaR~\7= Accelerated Probe Function iZDWTHEA 3.
COFARTCRBICISEOH>IF v XIVTHREERTT 5.
AP BOBSIRVREZ OFRIENTH B LEZI LIS, AP
BHMX B L, Bk AP LERETAIENTEY, BEY-Y

ADET, WY RATREBROBINEOBLENRETS.
FCT, TOARCHLT, BROBTRFKTRERRF &
HHT, AP BIRKEZRK-R5HE2EXS. $£i, 4.20%
ABFERVZIET, REBEOHIHEETS. RROKTRMFZ
LUTORICT 5.

(1) 22U ED AP HLIEERBIRE

(2) 120D AP »PLIEREBT, 2D EDF ¥ XNV THy
V) 7 RRAIL TR

(3) RABEEHAMSILTWAFvRNEIN—d 3 (IEEE
802.11b DIFA, {(1,6,11,14), (2,7,12), (3,8,13), (4,9), (5, 10)}
DEDDTN—T). HBITINV—THDF ¥ XNV TIEEEET
WA, ZOTV—TARDEF ¥ RIVTORKRERT LR

ThEDRTHEERFWAHET, Accelerated Probe Function
&£ b &R AP BT ARRE LIFB T LAWK S.

5. YIalb—¥avEFTIV

APs(CH11)

AP1(CH1)

Cow] L2

2 YIal—vavEFN

V2al—YaryEFVEE 2ICRT. MN IZBENEEK (Mo-
bile node), IMN ZEFEHA (Immobile node) ZEL TV 5.
MFicy I al—ya VEFIVOBEERRT.

(1) BAPDY—V ALY 7IEE AP ZHALETEHET
5. Y—V ALY FEER 60[m] LT 5.

(2) HDIC AP(AP. &3 3) ZEEL, Bk AP %
AP. DRYD S VT LhICHEBTS. % AP 58 *
m({AP\, APy, ---,APn)}), AP DY —E ALY TD¥EE R
& U7:B¥, AP ORBAHILITICHES.

R < Distance(AP;,AP:) < 2x R
rerEL,i=1,2,---,m

R < Distance(AP;, AP;)
feiZl,i=1,2,---,myi%j

T T, Distance() i3, AP HDOEMRZET.
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AMATIE, HEBRERAD AP 258 AP L L, EHHaER
BRC X > TORELTREDLTS. Db, NV EFTTH
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& D EMRFGBEDNE OIEFED, BHORETIE, Z0
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