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Abstract

2.4Ghz ISM t9elA F&3M: Bluetooths FUE
digoA E23sE WLAN(802.11.b), Cordless phone,
microwave ovens9 A&7} interference® 43},
A5l A Astgrt. 3] Bluetooth® WLANES 43
7r interference® &A48 435 35 AsE 2@t
welr, F A9 coexistence® $% WetoE
adaptive hopping frequency (AFH)°] A=, o]
=R E 3 channel statusZ o] &% AFH 224]& A
sta, 1 A5E AFEA

I. Introduction

2.4Ghz9 ISM di9eld F#&3+= Bluetooths Y
3 gdolx] ZA3E=  WLAN, codeless phone,
microwave oven9 interferences] 28 4% A& =
@t 538 WLAN Bluetooth?t 7 &€ 3%,
2457+9] packet collisione]l <& F FA EFe
throughpute]l AstdcH1]. F AAY YEFE(co-

existence)o] tad WAdEo] ¥ HIUAT. Power
control® E8 A&7t interferencedFE Fof
throughput&  FAMA7]E 3o AAHRR[2],

Bluetooth $ WLANZIY ARE n#E F3l slotd
time divisiondted 247+e] AEA ol packetd AFIHE
wao] AAHUTH3]. [4loAE AR Mg o
& H39 throughputE d4& & AEF packet typed
AARSE  B4o)  AwHUAT}.  FHSS  systemolA
channel conditionel 7)%3}l9] adaptive frequency
hopping sequence® %# interference® T 5 39l
t}(5]. [6]°1X4 & Bluetooth7t AAE ZHAAYE Fo}
Wz, ¢14¥ 2+ H9E& frequency hopping sequence

AN ALt WAE AR Y, AN el T
7% hopping bandwidth7} Z43t3, MAI(multiple
access interference)® 8 A%Eol AstE. good
channel® bad channel®2 partition3ti partition
sequenced H-o33t: o} AAHACH[7~9].

o] ¥=E4ME  channel® good(G), noise(N),
interference(I) channel® 3 channel status® TFE3}1,
olof 71x8te] EYUF channel status7d) HA o] Fi&=
coupling—mapping %49 adaptive  frequency
hopping (AFH) & A|gtsla, ©18 AH&& 71&€9 ¥4E
i} one pico—net #7233 multi pico—netF@F A9,
throughput, PER(packet error rate)&d A A F3A
t}, o] =89 222 AT 3 channel status¥AT
AFHWA & 473893 33elX= Throughput models}
AAE Byt viA g oz 43 FES B3t

I1. AFH Algorithm

Bluetooth?} hoppingdts 24 Ade 2elE good(G),
noise(N), interference (D A2 FEE}l. Noise AH
= path—loss, AWGNel 23} packet error& 427)&
channel’FEE Qu}dn, interference AElE WLAN
x2 g8 A Ade 9§ interferencee] <3
packet error& o7l= channel}EHE &nlgch
RSSI(received signal strength indicator) 2l threshold
B} & & 7143, packet error7t HA#CHA o]
YL interference AHlo}w, RSSIZ} threshold®.th
Q3 packet error7l WA ©)& noise HHIE 9
ul§lth. Channel® AtelE Bluetooth®l access code
correlation, HEC error check, ACK/NAK, RSSIE oj&
3 29 13 Zo] 3state AR Y Master= ©} 7970
9] channel status A2 & LMP(link manager protocol)
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2002A = eI AEStE s SEseds =2 H253 Mi1s

23} slave® AgGslx, o]F 7|2E Master?} slave
%913 hopping sequence® ARE-§tch

i o

1: {NAK} or { {Not detected or header fall) and (RSSi<threshold) }
2: {Not detected of header fatl) and (RSSI>threshold)

[72®1. 3 state channel condition}

Previous work: [6]¢]4% Bluetooth?7} 222 M4
o7 AAF A9dE& frequency hopping sequence®lA]
A28 L modedA]S A|RsH3 k. Good channel pool
Ulell A hopping sequence’t ARV} [8lld¥E good
channel® Q%322 wld3, good channel partition,
bad channel& #4323 v)4d3 bad channel partition
& 7}A 1 hopping sequenced good, bad channel
partition sequence® W&t} F 7}A] hopping ¥4l
t§ throughput, MAIEZA A 9] PERS 2(1.1~1.2)¢]
Yeh} 9t} Intelligent hopping throughputd [6]122
FH 35U

Coupling—mapping method AFH: 1Mhz bandwidth&
7HAE  Bluetooth™. 2402+k  Mhz(k=0,..78) 9
frequency range°ll o pseudorandom3}A}
1600hop/sec hoppingdt= 79—hop system®]t}[10].
Packet duration¥¢}t RF frequency+ P €l wehA,
single packetd u& ¥ ]2 Bluetooth clock valueZ%-
E], multi—slot packetd = first slot2] clock valueZ
BE] frequency hopping®] A3 At} ACL linkel ojs
F$AF-2 data packetS HEdw ol bld ACKE +
Agofat packetol 93] AGH ZHoz el o
A, ACL packet®] lossglo] A$H7] M 4%
Q1 5 719 hopping frequency channel®lX error7} %
AsA gFelol s}, A Coupling—methodF2]S 1
Y237 o] successive two frequency hopping
sequenceE E£Y3 pattern @ WA ©F mapping o
Z2M4, 2E AYE fairnessdA AME3la throughputd
FAAFIE Beelth. wetd, o) W 71E9
adaptive frequency hopping®¥4¢] multi pico—net$73
oA MAI(multiple access interference)® 1% PER
o] ¥ 9L RAE F U}

No
Yes
<Eroa>5(D)
Yes
'é'—f"ﬂqjg M_freq=N M_freq=G M_freq=1 M_freq=N
_freq= S_treq=N S_lreq=G S_freq=l S_freqg=N

1% 2. Coupling-method AFH

III. Throughput Analysis

Master = a slot packet 2, slave £ b slot packet & A
%3cha 7 ghela,b=1,3,5). Good channel ¢} /AT
N, noise channel ¢] 7}4~& N,, interference channel
9] A4E N, good channel £ AA YA & A)e)
packet AEA] emmor & ¥oZ FEL P, , noise
channel 2 A YA @A packet A4 A] error
glo] A42 882 P, , interference channel 2 Q14
E]RIZ] , G4 packet AEAl error §lol A44 &

( <P, )E A9t} ACL link &} Aggregate

throughput o A (11T Zo] AitEd.

Aggregate throughput(packets/sec) : (1.1)
1600 .
Tepitar = @b (PI + P.’ .............. regular hopping
{N (i-P)+NP, +NB}
(N, +N,+N)

1600 N
T"-"'=m)—(P' -Hf) .............. 802,152 L_mode hopping
R=1-F,

Ta= max{o,%l’,} ............. 802.152 intellignet hopping

B=

N,, N,+N,, B ={N,(-P)+N,(1~P))(N,+N)

T =2+ ) daptive frequency b
oo »
N(1-P) +N'P +N'B +2N NP,  +2N N(- P, +2N NP

(N, +N,+N)*

L

=
.
N AFH
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19 3. Aggregate throughput
(P, =P,=0.02,B, =0.1, N,=0.1N,)

{(zN ~14B,(1-N,)X1 - Pgb)* + (N, + B, (N, ~D)B,? +(1- P, + B, X1~ P
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1% 4. Aggregate throughput
=P, =0.04,P,=0.1, N,=0.1N,)

2L ng

(R,
W% hopping sequence S A2 Bluetooth 7}
multi-pico net & A ¥ 9, ThE Bluetooth pico-net
9] interference ¢ FFES wA Hoh dL 7
hopping method o W& MAI & g%l & upper
bound of PER & YEMIUTH N 719 unsynchronized
¥ piconets ©] EA3H, piconet ©] F37
interference & 248 wF F&3] 7irto]l Yoz
7+ 8l et

Packet evor rate withn d n pi ts (1.2)
Tioat = Tpucte ! Ture (ex: DHI packet, T, , =366usec,,,, = 625usec)
By

ey reininsinneneeenn FEGUlar hopping

78
E, =1—[zu-- T} g+ (2o =D

N, -1 N 1N 27"
PL_...'.=I~[2(!—T,...4) St @ - = ] ...802.152 L mode
-
W, N -1 N 1N, ~2 N, L !
Py‘=l—[#{2(l—7‘,_,) ‘_;9 +(2T,.. 1) ;9 ‘79 }+(I——7;]] ...intelligent hopping

N, —IXN, -2)+ N,(N, 1)+ N(N, - ) T . .
P,,,:l—l:z(l—ﬂ,.,,)—;%ﬂﬂ],,_,—l)( =¥, =) 795 )+ N, )I ....adaptive hopping
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1% 5. PER at n-collocated piconets
(N,=20, N,=02N,)
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1] 6. PER at n-collocated piconets
(N,=10, N,=02N,)

19 34 £ 22 7 hopping sequence H}Alo] u}
aggregated throughput & e} L mode 4
good channel TH-& A8-8L2.2 one piconet A& F
< throughput & 7t ¥H3, multi pico-net $7 ol 4]
T hopping @9 HFow a9 56 9 Fo] s
¥2 PER £ YEt} Intelligent hopping '2]-&
good channel duration 9| A] packet &] A4S BAFsI=
2, 1Y 34 ¢ Zo] FL2 throughput < 7} ¥hd,
good channel pool Yol A good partition ©] AR H 2,
MATI o] 9]t packet error rate 7} ¥olA ), A¢Heh
adaptive hopping *$2]-2 intelligent 3] B.t} Hojdt
throughput & 7} @A, MAI ol 9] @ packet error rate
= o gt} 2 719 piconet ©] YAE AL, 7IE9
W4 PER<0.1, AFH *#2lo] 01 21 ¥, IFH %
L_mode £ 0.2~0.35 o o]&x glc} wela =gt
adaptive hopping '%2]0] interference &7 °]1} MAI
#H40A4 A3 45L& /A0

=
A=
(o]

=

IV.A&

E =FoA= 2.5Ghz2] WLAN interferenceo] 2
g Bluetooth®] A% A3 WAE AT, A=
adaptive hopping frequency(AFH)2 A¢tstn ol&
PER, throughpute} @3t Je& AFsdAd 7€
hopping sequence &12]%°] one pico—net¥7 oAyt

< throughputg YehjE= wid, Aagd gargdEe
one pico—net $7ZF¥7 o MAI A AN E <3 F
A AeE ¥t A58 4 9 AY¥A Y Bluetooth
application®3-& ¥ w, Agg LuEFo] A3
A A throughputg 7FAT} A4d dangFEL F71
A Alg#HolAL BF AL AR AAFHQA A2He
2 74 715E Aot

-139 -



002 T HEHRIZ S A SEE

x|

I

H25A M15

Reference

[1} Wi—Fi(802.11b) and Blueiooth: Enabling
Coexistence, Jim Lansford, Adrian Stephens, and
Ron Nevo, Molilian Corporation, IEEE Network,
Semptember/Ocotober , 2001, IEEE.

[21 Power Control and . Packet Schedulingg for
Bluetooth to Avoid 802.11 Direct Sequence
Interference, Nada Golime, Nicolas Chevrollier,
IEEE 802.15-01/0063r0

[31Collaborative Coexistence Mechanism
submission:Mobillian's META+Symbol's TDMA,
IEEE 802.15-01/164r0

[4] Adaptive Frequency hopping scheme for
interference—limited WPAN applications, Y.—H. You,
C.—H.park, M.—C.Ju, K.-W.Kwon and J.—W. Cho,
Electronics Letters, 19th July 2001, Vol.37 No.15.

[5] Adaptive frequency hopping in HF
communications, J.zander, G.MalmgrenlEE
Proc.Commun, Vol. 142, No. 2, April 1995.

[6] Adaptive Frequency Hopping A Non-—
collaborative Coexistence Mechanism,IEEE
802.15—-00/367r1

[71 An Intelligent Frequency Hopping Scheme for
Improved Bluetooth Throughput in an Interference-
Limited Environment, Anuj Batra, Kofi Anim-
Appiah, and jin—Meng Ho, IEEE 802.15—-01/082r1

[8] Selective Hopping for Hit Avoidance, KC Chen,
HK Chen, CC Chao, IEEE 802.15—-01/057r2

[9] Adaptive Frequency Hopping A non—collaborative
Coexistence Mechanism, IEEE 802.15-01/252r0

[10] Bluetooth specification version 1.1, SIG,

- 140 -



