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Abstract

The ATM-PON has an important meaning at next generation access network because the
equipment transmits various types of user traffic with a single platform through the passive
optical splitter. Ranging is a technology to place all ONUs at the same virtual distance in
order to provide the synchronization for the upstream signal in the ATM-PON based on the
Time Division Multiplexing (TDM). In this paper, we review the merits of ATM-PON and
related protocol for the PON operation. We summarize and analyze the steps about the ranging
protocol based on ITU-T G.983.1 and implement a simulator that can simulate the ranging
procedure based on our modeling. In this paper, we can investigate time requirements of G.983.1
by using the simulator and find out the wasted rate of the bandwidth during the ranging
procedure in order to know the influence for ONUs while ATM-PON is in-service. Also, we
show that a new ranging scheme reducing window size can avoid the degradation of quality of
service of ONUs in service with simulation.

*IEER, £RTHCER BT T8 > EER, BEIREIMAZNEAT
(Dept. of Electronics, Kum-ch National University of (Korea Telecom Access Network Research Laboratory)
Technology) FZHF20014E1 A31H, 49434:2001458 5130

(318



20014 98 EFILLEWLEH

I.M B

ATM-PON(Asynchronous Transfer Mode-Passive
Optical Network)> sh}e] Aol 8] splitterS £
ofe] ritoz Rrlste] Ao 64 o] F 7RiAL A=A
7} EAlell «d4s}ed, 20 Km 4F3 el e 7IiAE
oA Fiber To The Home/Curb/Building(FTTx)} 4]
Hag ATY 5 e TR oRe dY =Y
Fog I5A /A A3 el FTTHR
AQeag AN 7igial Gl WA Fadl 9
o2 zdcky & 4 glch

ATM-PON-& Optical Distribution Network(ODN)<-
splitter2he % A2AHE ARg8l7] ool Passive
Optical Network(PON)eJetir sh=dl, ohdzh A~
Hhalo] A4 7PsslA)ut €4 7]&2% Time Division
Multiple Access(TDMA) 2o} F-&o] 714 o3}
3, 71AAl Seld feld Aer duA g
ATM-PONellA¢] TDMA #]& RACE-TI®| Broad-
band Access Facility(BAF) ZZAEo4 Bl {3
WAz ARAE SR 7A4% Full Service
Access Network(FSAN)9] H}4]e] gli=d], FSAN HH4]
o] ITU-T GOR3eR E&s=)or}”.

ATM-PONE st dAlA-l F 714 7)
ranging L2EFI Media Access Control(MAC) X
EEZo|c}k Ranging ZR2EZS o7 o] A7t 4
Fog Ag ALY o, WAZE FHE= M
& WA 98 ONUE 7 ez U3 Al
AA A7l Hedt 7lgolct 28l MAC Z2EE
< oo A g7ske HYEgs FAoE gt
£ B3 ZEeFold). '

Ranging ZE2EFL f3Jola 33t 73} ITUA
Hushs vyl Agd Aolid& nalck {79
RACE-TI BAF =Z2AHEJ] ARSE HMlS ranging
AZE AMERF o] old A A 4A5E AM-
3] wiel Hede) epgE wpAjeletw i, o)A
2 Static Coarse Ranging(SCR), Static Fine
Ranging(SFR)® Dynamic Fine Ranging(DFR)2] 3%
Hgog proixin}® SCRE 7] Al2wle] 715
= F9} A2 Optical Network Unit(ONU)7} 525
vk ONUZF A Al o 12 A el Astez A

20
=

o

(319

£38% TCH #£ 9% 13
2l& 23l 7otk SFRS 3 H|ES] 23E Ze
HAE 24 7)$S o3}, SFR Ae] ¥9% &%
of ™ AiH]l 9HE SHse] 45 ARAQ A
e Ankshs 24 A A AARZ SFR Ado] ¥
3E A &3] Faol gleA AAksle #al A =
Aoz FA=e] 9jr}. DFRE ¥#E9 x3} %9 W
3} So] oplsle X4 WolE HWX|E] S8 F71H
o2 Agshs R,

FSANHFA2- eiedule] Physical Layer Operation
and Maintenance(PLOAM) A& o)-83l22 tju) st
A oAY we), rangings A@sHetl 3lelA
ONU®| A w7t ranging A& Alvte]eel] w2} o}
Foizlc o]5e OLTe ONUS Aol we} Cold
PON-Cold ONU, Warm PON-Cold ONU, Warm
PON-Warm ONUZ vroiAlel. w3} ranging #34&
Aggte] glo] A on Faksls ONUSo] AFgke
2 ATM A& AFIA FIe® =N window)E
Mgk} o) ranging el e 5E
PLOAM A& A3l wlAl2] watsl Az] 242 Al
gict E2 ranging IS gl sy A
22 FAks ONUES Aulzel A3ks viAA] o=
Helella] Aahsjolol e,

B AFdlaE, ATM-PONe| E2tsl7] $13F =2 %
Z¥kslA Alsns ITU-T GO831 74k
ranging Z2ZEZo] digk AXE Alsim A3t
°|F 531 ranging e RdHsty, o1& 2odl
d & 5 e AEHCIEE gt o] AEHelH
£ o]43le, GO 1N A7kl 87 AR W
3h=A] HEgck ATM-PONeAE rangingg 383}
£ 29 Aular) dAA e SokE e o)’k ARk
MBlA Fo gl ONU »laje 93e Hdsh=
| v o8ty FAE AEHIEE o] gsle], &
7+e] ONUel| th3le] ranging®= Ad3tel] obd o 3
AAEE ol

e AL o 2l TAblME GOs319] o
ZAQl N8} ranging TREF| djs)] AwiEc) I
AollAe dubAQl ranging A3k 7]Z8)x] Al B0
£ Falslr] 13 mel=le el VAIAE 71
g AEolEe] T8} 220 AvEy, oAy Z
el FEe] ST AR VAelME A8
+ A= ek

=0
=

2o
==

o]
o



14
II. G.983.12] M&x&HA S Ranging
z2EE

ARRRL AR A wE dlo|ele] AdES ¢g
ATM-PON A]2® 73 13} zro] OLT, ONU, ODN
9] 3 Tl AMB Ala"e® A gl FTTHY
739 ONU7} ela} Optical Network Termination
(ONT)ele} gte}. 3t die] OLTe 24 6402} ONU7}
74" = dx HW 20 Km7kx} dZ2e) 7bssle] &
v 22| 2 2K granularity) & &8k},

FTTCab
FTTB/C

FTTH

== : fiber

a2 1. ATM-PON Y EY 7z
Fig. 1. ATM-PON network architecture.

ATM-PON®| A4 A2 Transmission Converg-
ence layer) AHFAEH PON A AlFo= vy
x|}, B-ISDN®| HE5adRrA|Zel shurge. 4
slsF =Zalslo] 15552 Mbpsal A =Y +x2& 1
& 29} 2}

Fiame = 56 cells of 53 bytes

ATM
Celi 27

confain 53 upstream grants

Downstream Frame

PLOAM

il

ATM
Cell 1

PLOAM I

ATM
2

Cell 28

ATM
Cell 54

Upstream Frame Tireme = 53 cells with 56 bytes per frame

ATM(s)
Cell 1

18| 2. 15552/15552 Mbps ATM-PON Z#|¢] 3 el
Fig. 2. Frame format for 155.52/155.52 Mbps ATM-
PON.

ATM(+)
Cell 2

ATM(+)
Celt 3

ATM(%)
Celi 53

ol

12 g4 al

33k =& Lol ef}l &8 ~Eflon 74
Hol qlt) ZF Bl £3-2 53 SEl(156552 Mbpse] A

239l ATM Ao} PLOAM A8 Z3Fska glow, 28

G.983.1 7)ue) ATM-PON<S 43 Ranging A &do)g 78

(320)

BEAR 4}

Ae] ehel Eotch PLOAM Aol Aljlslo] ale ool

|
lo

olck. 3% ZH YL 56 ule|E Hol9| el £RE

A 7R3 glexz Ab. slek =#ele] Zol(Tframe)
= FYsith =zl F Jhel s PLOAM Al &
o E= ident ¥, sync FE, &9l = PON_ ID
gz, HAx ID 4=, #AA] 2= CRC IE, H|=
4 H2]E)(Bit Interleaved Parity(BIP)2 F-45)o] 3]
o} 33 PLOAM A& ONUEY] Ak A AH8-& 37}
3= Ql(grant) 52 ZF 27 AN(15552MbpsY] 7
o =2 A=), & WA PLOAM Ale] vix]
ql =i idle $4lo] AYAlch

Ak ZHiq] FxollA 56 ule]Eal 53 /Y el

S )
Py
(3

EaY
=

2 zboll= guard time, preamble, delimiters Z 33}
£ 3 upolEe] enjsl=rt glvh AFF PLOAM A2
3t

= ident B=, wWAA PONID &, wAR]
ID 2=, wAA] "= CRC X, o)A Ao =
(LCF), 41 Alo} M=(RXCF), BIPE FA= ] glch
ol¢} zro] Er] F2E5 7[Al= PONM A 7[vl A4
71&o] A48 o, 38 ~AEHE s o)A
AsF 2B TDMA WS M3l gegder &
o] BAY o glck 2E& WA A8 OLTY
% olel PLOAM A& o83t wAlx] Ad, Ax$e]
M, 8% A A=l &AL 33t EE ranging
& Aol glelr a8 PLOAM A9 £ 9=
o sl ONUel th&t ranging <) 2-& PLOAM %
QS dstA| =k

x99+ a9 33} o] A HRE
+ OLT7} 33 PLOAM Alell tlgh 258 ONU7} X
Ulx OLTe 94 71edddl o 5 Ao] Eooe 4
7t WAE gvista, Al ARE 43 sle 75l
£ rangingel|l #edske ONUY A& g3 l7] wE
o, OLT= 2] Azt Eakl 9598 7jAds] o
9 oY ONUZE 6% 48 2d 5 gle WS ug
1_/]_[1].

olFA A=4-5F ol&ste] s ONUS =elxel A
28 Z4% F ONUeAl 531 (T2 Hoighe
25, AAAe 2 E ONUSe] 31 98 Asx|ad
(Tead & 24 319 AgE 7P es Fds) &
4 glrh o|gA ONUE E=A44l Aze chax)qt, A
Mgl ONUeAl 53x|ade dejsiy sPHddes 5o
& S3A AL 7 =S ke 7S rangingelet
Lia=s

&

al



20014 98 BT IEEH

Teell | Ranging window ({73 cell (minimumn)]
Max round tip delay + max Tregoune (ONU#0) b weens
. T wen
Renging grant(s) Ranging cell
o PLOAcel) :
RS
n
Tremae{ONU#1)
ONU#1 RS
Trvapoase(ONU#D) Maximum
ONU#u max RIS
1 =8% PLOAM £9 94 A3 (a1 the OLT phase spec. point)
T2 =% canging 9l £3 419 {at the OLT phase spec. point}
(a)
Upstream Ranging Window
[ H
Downstream Ranging grant
OLT RIS point +
[ I | | | | | | | | L]

Frame length

ONU #1 S/R point

g
Treerne (ONU) maximum:

71 =544 PLOAM %8} 8% A9 (at the OLT phase spec. point)
T2 =°}¢ ranging %9 £% A% (at the OLT phase spec. point)

(b)

02 3. 94 AR o3 ge HSe =
g Y=9-9] AL Aol
(@ 78] ARE 2E o x5 A4
(b) A3 ARE & of xS /)4

j= =N
==

735 o

Fig. 3. Window opening difference about known
location information and unknown location
information.

(a) Window opening for unknown location
information.

(b) Window opening for known location
information.

Ranging A#ke] 2 Wb OLT2} ONUS| Abg]e]|
w2} Cold PON Cold ONU, Warm PON Cold ONU,
Warm PON Warm ONU2 255,

o]E FH-2 ONU®| Az whge® OLT7} ONU9
YPNES G2 90 el ranging = 308
W A9} JEMEE vee A9EM BE WAl
ok m@ oleld ¥ s wpel Hjste] M= ONU
7b AAR A she AS B oAbt g gl A
(AL 1)8F OLT7} Z7]doz 7Akshs 294
Uele 2)8) F 7k Azl est zhz A4de.

D‘L‘D

(321

B3IV B TCHE £ 95 15
. Rangingdl Cist zEZ
Uubdel ranging AxRE 13 46l Bl AXH

o8} 2t

OLT ONU

1. Send Upstream_overhead msg with Te (3)

2. Send Serial_number _mask msg (1)

3. Send Unassigned grant and ranging grant

4. Send PLOAM celi (Serial_number_ONL msg)

5. Send Assign .PON_ID msg (3)

6. Send Grant_allocation msg (3)

7. Lnassigned grant and PLOAM grant

7.1. Send PLOAM cell (Serial_number_ONU msg}

J_ 8. Send Ranging_time msg (3)
A : Binary tree mechanism ‘1%‘1 ’ér"‘ LT —
B Ande 349 3%
[} des A

33 4. dubdal ranging Bt dig HAA 3EF%
Fig. 4. Message flow for general ranging procedure.

step 1:OLT7F G445 Qe ONUE©| Ao
As AFE AS AMske ads B2 Jgs
ARG F3XA(Te)rs  X&sh= UpstreamL
overhead "A1X]Z PLOAM A& o]&slo] A3ich

step 2 : YRS E LA Q& HPolle U3 A
A5 7133+ Serial_number_mask A8 PLOAM
Ae A} JHHITE IR Ehe Aol 4™
N3 E vAz3le] vk4E (broadcasting)3hch

step 3 Rangingﬂl Zofslazt she ONUZE 47
dolrr] s 22 dAMIE Moz i ONU
7} ranging®ll Fedste =] dolrr] $]4] unassigned
2915} ranging Sel Btk

step 4 :PON_IDE #ddsl= HHozy SS9l
ONU9 A(Serial_number ONU HAAE E3Fsta 9}
£ 4% PLOAM x,i_!)o] ik, 233 o]Re] f-Es}
il B EE 2EA 7S] AR FabEe
ONUeIA &=le] glA] &= PON_ IDE ¥3ich

step 5:¥%3E PON_IDE Assign PON_ID # A%
T3 ONUeIA Aggie} o34 $2=24 OLT: 8
Hlo|ES] AW 7] opd 1 B}o]EQ] PONLIDE &8l
Al Z=zte] ONU$} Operating And  Maintenance
(OAMDe| gl wiA)2] Adg el 4= gl

step 6 : -HT ONU7} dlo|elE B4 4 Q)= data
%<7 PLOAM . A& ®¥d < 9lA 3= PLOAM %

al



16

& 7V53HA 1= Grant_allocation #4121 S Bic).

step 7: A SZ ONUY Al S43ks WS
F&stA Hck FAS 913 unassigned 5215} ranging
1S B 815F PLOAM Aol tisia Sotsls Abek
PLOAM A8} =3 A]7kS- o] g3l SA3le}

step 8 : Ranging_time ™AA]& |43l a5 ONU|
A S3RAE Adges dF ONUA ot
ranging™Hg-& d=esty ohg ONUl o8l ranging
A& Agiict

E 12 Ak 2982 Yepd Aelck
23 1. Alsl mdle)
Table 1. Proposed modeling.
PON [ONU 7129 ranging® Aok why
g Aele 12 A () 0
[ -} u ° LEANEA o H
G2 848
Cold | Cold FRETRY)
v A 2 519) Ak (i) v
AL L | Aok ) gpye
Warm | Cold| - 94 B [0 g
AL 1 | Heka Gi) wpael
Wam|Cod| WA [0 %;;%H
W
Wam| | # A% RS | Az 2 | A Gi) w
m

HaskollA AA& Cold PON Cold ONUZ Warm
PON Cold ONU®] rangingoll#l& 4 A<}l b Bej)
ey Avele 1, 27z Hedch =3 Warm
PON Warm ONU+ 3 Azt A48 Ao 1 2
7} B45tH1]. Ranging®] 2E A= OLTS] #A
A s=8s5]=u, Cold PON Cold ONU®| 7%= Aysko.
2 zZ”do] A A & Alsblunz Az|e
2% E7Fs5381tk. Warm PON Warm ONUE Ak - 3)8k
Ezfj o] A=l 9l Adlelx, ONUZ} POPUP(1]
Al 2 ONU7L 14l POPUPE 024 22s] w&
o & 427} rangingS 7Fedhe AVl 2& A}
A Fefnlsich
Akd WE-e Ay AgR () we =3z
35 3, POND %5 =4z Jzidls 3
A o]x Ef wWFHUZe] L= whEoez Cold
PON Cold ONU9| ¥ Bell sied=ich A= (i)

G.983.1 714ke] ATM-PON< $1%} Ranging Al Edlele] T3

(322)

AR 5

3 S3A9 574 PONID 85 A2 Cold
PON Cold ONU9] #h Aol sj=k=ich Aloke (i) )
e E3A 85 AllE Warm PON Warm ONU
o uby Ao sidE 7] whet Fdsic
EHRS ool E 4 gl%e] HAHe =z
T3, A7) Al wbge] g 58, d$ Ay
A, 3R A7 gy 2] Axz Yep} gl
AAA 223 Fxo mdyge Aks whgs ul
B2 & ranging AAEE AHAF (83 A9 A1)
< AAsks INPUTH-E-3 =g whye] wlet Algis)
= CORE PART®} A2 x&slr] 993 OUTPUTS.
2 43k

%

2 OLT7} ranging 3}eje
il 22 AelelX ranging® 795
AU E m2 AA ranging 3L
AY3}7] HEol, rangingel] Feisle= ONUY A=
2ex Z5olth ranging $9& €9 A4 ranging
o Feistele O S5 AS AG) o) A
splitteroll 4] 6] Algko g FE5 dEo] OLT £oZ
Add 4 glrh olE FEL #HAsk= o] binary
tree mechanism®.2, WukliM= A HAZ g2l
ONU$| ZF of ol wel binary tree mechanism& 4
AL £ AEHolE T3 loid e Q=) A
AE A7kl A B AL BF o} & e,
dnb el Aal9] step 45 F33ict
9449l binary tree mechanisms 5337 sl
serial_number #A]A]2} unassigned $27} ranging &
A& A TN, AE-5 Melke Fag o
AL 53] A% FHE A s ahezy
ranging 323} k= ZE ONUel dHsix daizss
Y53 AHE A AY HA Fag o A
X ONUHE] PON_IDE #=sla, Grant_allocation
HAAE Bl ohg, Ar] E3L skl Ao u
e oA Adwgh dubzel ranging AAE 3R
=3 A=5-2 AHAd whAle Ae] AR § - Fo uleb
o] /") oA SAE A ARE o) gl B
3| Azl s ONUel| Agsta, o8 ONU
ol 3l ranging A5 sk WS A2t
Ak whde] == OLT7} ranging 3lee
ONU9| Jd3AHEE &2 e 424 d3iss &
A38}7] 993 binary tree mechanism® AMS-EZR] k=
t}h o] uby =3} UubA <l ranging RS Sfshed),

=g
1=}

= O
210




20014 98 EFILBEHmEE

AN E D Yok 4 YA HER= ekeky &
% gick azlEe AEedele] TA gleld 91 A
2o - ol o d=s A A geA A
s}zi TR QAN BT e Adle] 4k
27 $3 o FE AUshe Ao PR

Ak el muRe AYHon Fxshe
ONUell eald] £2 = ojae] 9i4 o] &2 2%
EAlloss)2 8l 35 =l ranging & e}
ek QAR BT 9] A$ ONUS| Alzwle] Aba
dom £ of¥E MY Aoz U ONUZH
SIS A 2E MR e TRT dE A
oluz OLTE WA UE$E /Wdste] Az
s} SARE o)83le] SRS #9 ONUel
A Adgo gy dgd ONUE E3Hx]dS 7)413ke)

U= Al gk mel=]d ONUY $AA4 8
o w2} BF<tl Rangingel 3odslzzl sh= ONUY
AAE 47 e ASleE 28 39 (b} Zol] 9
ARE 93 7] wEe] ONUY 31 AJzke] WHel2
zejsle] o] MG 3~5 A A sjdsbd "ol
Ak o] ONU #1%19] Atz ue} Ze] =&
) 2 =iode 94 ARE dn 9le ASde
E$E Hie s duelzs Aead” oNUe
AAE 22 ASede 23 39 ()9 o) A A
BE oA Fetnz Hd Al 0KmE 7|E2= 3
3 ONUS| Wi+ HelAzke 9 Az sl 79 4 A
E7F HA", RE ONUEe] #H4gh 7 A oAk 35t
AZE A Q7] dide] aEla Sesle Ade
OLT7} QA& <= QA 3 AL fsha 22 73 A o)
g AHdehs wAle A

539 340 djg 2de ONUS) 9148 22
7telis 27 39 (a)ellA B 5 SRl OLTeIA
3 PLOAM A9} A$she AHE Tleleha 3,
ke A ranging 49 =3 AL T2zkn Yo}
A GL ot Ze] 4k & 5 gl

Z7]0.

A 24

tl oo _?L' fr

Td= Teqd—(T2— T1) ®

AAE d g Afele A SERAS Testzn

o o} 3o AEE 4 g
Td= Teqd— (T2— T1) + Te )
GO31ol= AEA S8R SA o that el A

(323)

FRE TCH F9% 17

e %l“%lﬂ.

1) fr53 PLOAM o] ranging Y%=-5<l4 =2
uf

2) PLOAM 49| Serial_number ONU ¥l A2} &

= ONU®| deiizzh =) o

3) 3 FAde] B4 3 JIES
SHAZD R A Z2E o

4) 71% A9 st wlasia ONUe
2 v|ES} A A4 o

FE QoA 71E Ao Aol o) ) A7t &
A& A= o, 3 WA 2238 PLOAM Aol i
= 71% Aol &4l # + glezmz A wixg ae
PLOAM 4le] 1)~3)9] 271& &3 uf AlFole} 71
Tl A WHAZ HE5E A el $aE
PLOAM 49] 7]%& o2 g, o) ¥ 7|%
<+ OLT7} 49 A6 BAYe] D~3e] 248 9=
e fE3 PLOAM A& 5418 winjc} 7Al€c),

9 2AE WE5stw, 23] AdsiAt 23 AHEA &

AL ZgXrl Sslx|de] fE3kR] ko Deactiva-

PON_ID HAIAE o]g3te] F7o] Afslgiri=

HDL ONUellA &2, #7 ONUE ths polling
°l rangingste WA= ARSI,

Ze] + ONU

95 4ol

ru[o :

]

r_}i‘

V. T8 AlZa0ls Y 2oNY 2
B ARAIHE A8A JHE EdE AAL

hnked list 2 vgdge g B33t gepie] s 2539
T AE ALEA mp|aBATES] Visual Basic
°]-43l6] Window 98 342 A4 FEslsich
3% 55 AR AEHCEl) Ese)xet AR
vehlis Aol
28 5elld @2 RYAEY Ads Jehlle 38
ot @= =AU Y =24 ranging T
ONU9| 7B} PON_ID §J3 7 AA Alxelld 1Ay
o 4 gl A AAske EX whA(combo box)e}
2lxe wlx(list box)ER TAHY) Uk B 9%
ranging = Z2ke] ONUell ®1d PONLID, 3],
ranging A7t WY AAAHEE Hdg AREE R
<& AR YRov)h xR $5-8 oA AlEHelHE
7Fe# S 213k YRoE FAE ok
22 Ao A= 713]7‘41-4 72 Aeg A
B} Rl met 2R3, ARARE 93 9e



18

TR

B o
& LTRSS DAR O

A Yoz e

Korea Telecom ANRL

i ToTAL MK Diete stam
Options Mozueee
sseste [55m 3 fiodic»s 7 ||/
o o fiowcas 1 |8
Wrversaws wv [ooos 2 Bese & ||H

G Kumh Wt Yty of Vichoplogy :
a3 5. AlE#ely e~ 2 Ax A
Fig. 5. Simulator interface and result window.

Wow o aruss emd

500 T T T T
tlllflf!ll\llllAA
BT A 6T ol A 227
001 O 4T, ol A2
350 & 2 Theame o1 A
I —
2
N
Z+ 250
g
2 200
150
100 A
50 Z
&
. !
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
ONU 2%
J2 6. Ak OwEst Ak () WHel ranging
28 AR
Fig. 6. Ranging time for proposed (i)and proposed
method (ii).

& 27) ONU wheh AP} qiisks WAl
A, ARARE 4R Eoks Agel ol BE

st 4E o185 AgRel Aein

2 9lE ASell= AlEEelE ASA
urlo gz Aelg: dx] Bk ASds
ONUY] daifs s 9eolz whiAy)= &8 E25 4}
Satodn) QA Bl digt 7P AlaEle A
Fogd Aaxpl Adsie®E slgich WAz A4
7¥2] 713 AzetellAE 6Tframeo W Aest=E
Asla gleat, wAA] He A7kl W ranging A%k
7 QI E YHAHEE AeEo2n Mula F3E v
waly] g8 A ARG 5 d=E sk 2 5

L
o

(.983.1 7148 ATM-PONS ¢& Ranging Al &30l 13

(324)

Ae ekt AR & 5 gde
ONUe| date] 532|dE &4

a3 62 Ak () 2 A
ranging AAke] g el A
e Almnghed], 49 A7ke)
£ 4e 4 5 9l

agelA B AXNY, rangingel] ik ONU
7} i OLT7F diiss o4 gle AMEelA
rangingdh= Aoy WsE A48}l A]
ranging 8& AWk Asolu 8 Ao} gick 2
2u}, Adshs ONU 471 BolA | dAW s s 853
=d o)Al B daElge] ALE 4 glonz 49
AlZYo] Zeizlct. mq) ranging #3 wA1A] A2 A7k
of we} 28 A7kl FegE FE AL ¢ 5 Ak

I 7L 7]Ee| Mu]zo| vlA= deRE Vel

(i) el ogh
Yukel sk A

Ikl s =st

2~ Q

2] ©
&

o& BEE=
/‘O

‘4LIJI!I’HIJIrI\IIIII\I\IIJIIH’
N & q
P& o PNy PO o S0
12 AW, s xS A
7 X
r 4
10 L D6 Tiyme oW #2 _
! O 4 Tiame 1 #2 )
q ., O 2 Tipyme oI A
3
é}
3
z 6
§
4
=
AT @w Ax dEe AN |
2 |- Fnez A o —
. BN eheng iy
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
ONU 74
oz 7. AekEl (EbEs Aok Gi) wbge Wi #
A A=
Fig. 7. Wasted rate of the Bandwidth for proposed

method (i) and proposed method (it).
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