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Design and performance evaluation of G.983.1 based
on Dynamic MAC Protocol for ATM-PON

Seong-Ho Jang'- Jong-Wook Jang'

ABSTRACT

Earlier efforts on optical access concentrated on the design of PONs for the collection and distribution portion of the access network. PON
architecture is very simple but it requires MAC protocol for control of upstream traffic. This paper proposes a MAC protocol for a broadband
access network using an ATM Passive Optical Network supporting CBR/rtVBR, nrtVBR, UBR and ABR traffic. For the proposed MAC scheme,
we present grant field format, minislot format, and bandwidth allocation algorithm. From the simulation result, we have confirmed that our proposed
scheme can reduce the average cell delay in comparison to that of conventional MAC schemes.
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2. ATM-PON=} = 3| 2| 7=

o] FojxE ATM-PON Alx¥le] A Fx9 ATM-
PONoIA HEse ZH e T2 diste] 27484

2.1 ATM-PON2| #+=

ATM-PON A|2€& (2¥ 1)} 2o] OLT(Optical Line
Termination), ONUs(Optical Network Units), ODN(Optical
Distribution Network) 3 &/ AEA|Aglo 2 FAHATHL]
A ATM-PON & ITU-T9 GI983.114 HAisl
= ouke} 2ol ZhgAtel A Z17r A 9] 155.520Mbit/s =
622.080Mbit/s A3 Ad, 7ItgoZRE Y 622.080Mbit/s
g Adg 7|FoR st Z|g e 2T W 20Km o
e 7dAE gstm gith2 3] duty oz shte] OLT
£ 1670 & 2719 ONUES AoE + 3tk

Upstream(TDMA)

Downstream
(Broadcasting)

(38! 1) ATM-PON A|28l2] F/d

E Ao ME Ak A dS 155520Mbps 2 ahi 3tk A
g9 622.080MbpsE 3ted, 32719 ONUSS ngdle] 28

stath. ztzhe) ONUES ATMSY AH|&d mE {raffic
classE A Q&7 A3 409 F(queue)E 7HATh 4749
o] sjHal= traffic classe 2424 CBR/tVBR, nrtVBR, UBR,
ABRo|t}H4-6].

22 =gl X

ATM-PON A& ZHY G2 dolHE Hedrh =
Aol T2 4%d de Fd wrt G223 d9F
o} oA F27F 2Ekzith

2

2.2.1 48 155.520Mbps 38 155.520Mbps

(¥ 2= A3, 3leke] 2F 155520Mbpse} HH Lo
:fL/\-]% o—?"—q] :zg]ol q-z_e_ El_oq_zr.r,} )\Lﬁok igﬂol.g. 537H
9| sloteg FAHY 9z, 747 slot2 3byted] W=
(overhead)$} 53bytes] ATM cell2 FAHE 33 Zd
& %6719 slotez FAH itk 247 slot2 53byted]
ATM cellZ T4} la, ) 28789 slotolt PLOAM
(Physical Layer Operations, Administration and Mainten-
ance) celle] 17) =€t = A HAY 2994 slot PL-
OAM cell2 749 ATM cell& HoJHE A$37] 9
& AMg3ta, PLOAM cell& Ao} wAAE dFsir] Hal
AL-g-€rct,

DOWNSTREAM FRAME
FORMAT

Tframe ~ 56 cells of 53 bytes

PLQAM ATM ATM
1| 27 | cell 28 cell 54

contain 53 upstream grants

UPSTREAM FRAME
FORMAT
Terame = 53 cells per frame
f

Aty B armen B atves
cell | ] cel i celi3

B -+ 3 overhead bytes per cell, contents programmable by OLT

ATM(*)
cell 53

*Any ATM cell slot can contain an upstream PLOAM or divided slot, rate controlled by the OLT
Note: ATM cells are transmitted in the order of ascending cell numbers

(37 2) =8l = (155.520Mbps)

2.2.2 A& 155.520Mbps 313 622.080Mbps
(2" 3)& A8 155520Mbps, 3HeF 622.080Mbps¥ 73 -$-
9 my¢d FFRE HoZF

DOWNSTREAM FRAME

Tframe = 4 x56 cells of 533 bytes

ATM
cell 190 to 216

ATM ATM
] cell 1 to 27 cell 28 to 54

contains 53 upstream grants

UPSTREAM FRANME

Tframe = 53 cellaper frame

g = 3 overhsad bytes per cell

* Any ATM cell slot can contain an upstream PLOAM or divided siot rate
contralled by the OLT.
NOTE 7 ATM cells are transmitted in the order of ascending cell mambers.

(38 3) =8l F= (622.080Mbps)
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B o 2884 slot2 PLOAM cell2 FA 9 slvte 818
Z ol Z 8719 PLOAM cello] £t}

ATM-PONZ xZE0] Egl 722 it e 593
EAS 7HREZE oA Y2 Ao ZREZAA 4% TDM
%9 TA L AT A HHE 7]‘?}2i 3=
B/HEE HE H4& ARSI ONUES OLTY 87t
oﬂ o8] 43 Zalgd el PLOAM cell 4ol Divided_slot

£ g3t A 4 vk olw 2 ONUY F AHEE mi-
mslotoﬂ A2k, o] minislots Divided_slotel EgHsle
9 slots 83%h OLTE o3k Z# 99 PLOAM cell W
Ro| grant WMAAES Tst] HEFo2N ONUESY 2
TE g3 "k

2.3 Downstream PLOAM cell T+

2.3.1 Downstream PLOAM Header

<& 1> G931 Aold 3st& PLOAM cell®] ?Sﬂtie
Hojgr,

{E 1) 5t& PLOAM cell header (hex code)

Octet 1 | Octet 2 | Octet 3 | Octet 4 Octet 5

00 00 00 0D HEC = valid code 76

(& 2> 5tg PLOAM cell2| Payload L

payload byte content payload byte content
1 IDENT 25 GRANT 20
2 SYNC1 26 GRANT 21
3 SYNC2 2 CRC
4 GRANT 1 28 GRANT 22
5 GRANT 2 29 GRANT 23
6 GRANT 3 30 GRANT 24
7 GRANT 4 31 GRANT 25
8 GRANT 5 32 GRANT 26
9 GRANT6 33 GRANT 27
10 GRANT 7 34 CRC
11 CRC b MESSAGE_PON_ID
12 GRANT 8 36 MESSAGE_ID
13 GRANT 9 37 MESSAGE_FIELD 1
14 GRANT 10 38 MESSAGE_FIELD 2
15 GRANT 11 39 MESSAGE_FIELD 3
16 GRANT 12 40 MESSAGE_FIELD 4
17 GRANT 13 41 MESSAGE_FIELD 5
18 GRANT 14 42 MESSAGE_FIELD 6
19 CRC 43 MESSAGE_FIELD 7
20 GRANT 15 44 MESSAGE_FIELD 8
21 GRANT 16 45 MESSAGE_FIELD 9
22 GRANT 17 46 MESSAGE_FIELD 10
23 GRANT 18 47 CRC
24 GRANT 19 48 BIP
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2.3.2 Downstream PLOAM Payload

<E 2>% % PLOAM celld payload W&& HAF
o} 3FAolM AEE wAAEe] 83 PLOAM celld 53
OLTelA ONUZ Ag€u}, 484 bytetr €] 3484 nlo|E
S 74+ grant7} £FEY shve] PLOAM cellol 27
A grant7} E£3E & 93 33 PLOAM cell 270 ©]
g3t A zelde] B slotel HE grant® & + 9
o BHA vl EREE HA 3%olA AW configura-

tion WA g0 TEHE Aol
3. &R #EE 98 oAx| g

ATM-PONoI M & 2aa} &t Zeldde] PLOAM cell&
o] 43 ONUs%t OLTY 43 dratx%3 A o7t 7153}
o} o] FoHE B AelA AAIG ofA H2 Ao] =2

EZd A EHE HAAEE H T

3.1 Grant HA|X| 2=

OLT7} ONUEY 87 7% &3y g3l Agste
grant fielde AR 77} vk <& 3>olA 9 Zo] GI831
o] A& ranging grant, unassigned grant, idle grant®] 37§
grant%t A elsti gtk

o] FeflE GO83.1e AR g 478¢] grant WAl
=] F) A Divided_slot grant®} Data grantE A< 3Hch

(& 3 G.983.1 B=0| M= grante] BF

Type Encoding Definition
Data grant | See (Fig. 5) | dlolg] A42 &7}
Any value
PLOAM EXCEDt | Lvek PLOAM cell
cant 1111 1101 A5e 87}
gran mrme | 5CF
1111 1111
Divided_slot | <. (Fig. 4) | Divided_slot 2% 317
grant
Reserved | 100 s | ek (AH&2HE)
grants
Ranging 1111 1101 | Ranging processE ¢ 37}
grant =
: Py [ASEY © olE}
Unassigned 111 1110 ‘}%E]ZI %= stream slot& 93
grant 37}k
Idle grant 1111 1111 | Idle grant (ONUelA FA]9)

3.1.1 Divided_slot grant

Divided_slot grant= ®l°]E H4& $3] ONUZ} Z8d
HEe AHE 4 =E OLTY) 87kske wAAelt). OLT
= #7134 22 Divided_slot grant WAAE 438131 ONUs
A Divided_slot& a8 o=z ONUsolA Zast o4
£ FHIH (2" 98 B 7oA A9 Divided slot
grant field9] 3]},
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A& 3bite wlAlA] Adatelct thg-¢] 3bitE Divided_slot
o] ¢AZ2 AAsed, oAL 3 = AT Hd 849 Di-
vided_slotZ A4 4 e A& gt dvhe] Di-
vided_slot& 47§19 minislotS sl glomz i
Ho 32709 83L& wolEd F Urh

1 2 3 4 5 6 7 8
[ Identification l

Identification field : 100
Sequence field :

1st Divided_slot = 000
2nd Divided_slot = 001
3rd Divided_slot = 010
4th Divided_slot = 011
5th Divided_slot = 100
6th Divided_slot = 101
7th Divided_slot = 110
8th Divided_slot = 111

(32! 4) Divided_slot grant field 7=

3.1.2 Data grant

Data grant® OLT7} ONUOA dHolg A%$L 5T
o AL-gstE AR olt}h (I¥ 5)E data grant field®] T+
Z& vehdt.

1 2 3 4 5 6 1 8
BN ONU address Class |

ID(Identification) field : 0

Class field : CBR/rtVBR data grant = 00
nrtVBR data grant = 01
UBR data grant = 10
ABR data grant = 11

(32! 5) Data grant field T#=

g 1bite HAR AdAtoln, 2 B9 5Shite ONUE
o) AWz’ =32)2 Al&"Th vhAD 2bite ONUS 470
F FeoA oj® o] Hlo|HE ALY AAAE LT

32 Minislot =

Z}zke] ONU7F dlole] A4S A# slotS 2337 4
3 A}23t= Divided_slot2 47019 minislot© 2 FA €t
Divided_slot¥# minislot®] +Z7} (13 6)el Jep3dch

Divided_slot(56byte)

minislot I minislot | minislot 1 minislot

overhead | CBR/rtVBR | nrtVBR UBR ABR
24bits 22bits 22bits 22bits 22bits

(12! 6) Minislotel 7=

3lb9] minislote 112bitE TFAEO 93, 22 3byte
overheadE 7}l 2 tg 4719 field= Z4Zhe] ONU@

Secquence l Spare ]

Q= 3o AEHE MU A traffic classE 2 Yehed], 2
7}9] fieldS& 22hitE AT} ol 622.080Mbe] dolg
2 A4 9 BT 16380177109 slote] "gsditt o) F
2487 A E 21bit(2% = 2,097,15270 slot)e] Zol7t &
QAT FA4E nesle WbitE A ASA

3.3 Divided_Slot_Grant_configuration #lA|X] =

OLT%E divided slot& "4 4 JA=E ONUC Al Divided_
slot grant$ Divided_Slot_Grant_configuration A& F
Aol A3k, <F 4> A 9 Zo| Divided_Slot_Grant_
configuration messages 7 octeto 2 TFA S o} 9}

{E 4) Divided Slot Grant configuration HA]X]|

Divided_Slot_Grant_configuration message

Octet Content
3H PON_ID
36 0000 1011

Description
441 ONU gz}
Message 2= =}
a:l = divided slot A% 37}
a:0 = divided slot A% E7}

37 0000 000a

38 DS_GR grant value 49}
39 LENGTH | minislot payload®] Zo]
40 OFFSET minislot offset 7 ¢]

41 Service_ID | minislotol "% =+ service A9

42..46 Unspecified

7z} octetd 813 PLOAM cell oA 9] octet &4
gty A WA octet2> 4 ONUY ID, 7 WA octet
& HWAR AdzL A HA octete A4 HE {FFE JE
Atk ] WA octet B oA A octetd divided slotel
#3449 minislot?] ZAolE AAdta, wlAT slot& AHj2

A o],

34 Grant_allocation HjA|X] =

<E 5>¢) el npel o] OLT7F ONUYA dlolHE
A5 Z 3718 AY 4% PLOAM cell& A$3E5 §
7be W BulE WAA 7} Grant_allocation WA A} o]},

(¥ 5) Grant_allocation HIA|X]

Grant_allocation message
Octet Content Description
H PON_ID A1 ONU Azt
36 0000 1010 | Message 48}
37 dddd dddd | Data A& 372 ONU ID
a:l = diol8 A% 3|7
3 | 00000008 | . riHFj A% 6%]7{
39 0000 xxxx | MEsord F9 F7 A4
40 poop popp | PLOAM cell A4€& 8718 ONU ID
a:1l = PLOAM cell A% &7
40| 0000000 | o - pLOAM cell B4 27{
42.46 | Unspecified
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o] WA|A+E Data grant 32 PLOAM grant ™A% ¢}
A & PLOAM cell WR-oll A3 s o] A4}

Grant_allocation ®IA A%  Divided_Slot_Grant_configu~
ration HIAX S} vRAZIAR 7Y octete 2 FAH ¢
o A WA octete £A ONUY ID, 5 WA octet 4]
2 Azl A HA octet2 HlolE A4-E F7ME ONU A
W22 e o HA octetd dlolE A FHE AEE
AR A A octet2 oW 7o dlojEE HAEEA
g gyEd. oA HA octet?} dF AA octetS At
PLOAM cell®] A&¢ 3718t7] 98] A-gdrh

4. Slot & =M 21 F

o] FolE B dAFeA Agd wA HZ Ao Z2E
£9] 583 Dynamic Slot Allocation ¢2# &S A%t

41 MAC =222 58

B dAgdA AAE @A HZ Ao} TREZ] ATM-
PONoA F&ske= AR AL o33 2ok OLTS ONUs
Abole] Bz AR A2 Aoj= 3FAN AFE WAAE
& B8 o]FolAh

® Step 1:OLT7} 71822 AA ONUCA Divided_
slot grantE &}3F PLOAM celle]l X3§3}o]
BREeAfaERY

® Step 2 : Divided_slot grant HIA|AIE 41
2 A%% dolgrt glod AT 7o AH
(83 slote] %)E minislotoll AHA3ti o]
£ Divided_slotoll ®X%3t9 OLTZ A&t

® Step 3: OLTE minislote] FRE F4312 slot &2
gagEe] oF st Z3 T2 slotd
233 ONUY Data grantE A43c)

e Step 4: OLTE o9 d9EF & A5y, thdd 4%
& Divided slot grant®] A% F715 AAs)

® Step 5 : Data grantZ & ONUE Hlolg|E A43)

® Step 6 : Step 1538 utEFt)

=
o
&
LT

¢

o

42 slot & L12|F

OLT A= Ztzte] ONUE©l 843 t9& AH| X traf-
fic class @2 FAEHE Fo tFds gFslotst, L&
ONUE®] ZH3M d9gE 3¢ ¢ JEE Aot 7t
SaoF gt

o]& 93] AH|& traffic class® CBR/rtVBR, nrtVBR,
UBR, ABR9| A2 $AEAE 24P, ONUEY fair-
ness& WAV 8] OLTe 2 ONUe| 3Z33te 71&H
g FUh 8] ol aFes ONUY 7h&He 7}
FAE F/HA1L, 8ol ANEHH FEHE 022 27

glateh OLTY7 83 #71E o AA ONUe 333}
t 718EE vasy e B8 ONURE 94 e
g JEE Ytk AR A g8y 2

® Step 1: Minislote] =&3}d 233 ONU_IDE &<
& 2%e] 9l ONUd 33l 12l
VA E FIMA .

® Step 2: Az ONU9 CBR/tVBR # AHE Bluslo

’ 830 A Be oz HY FeH E
A& F7MAZIT

® Step 3: AA ONUY nrtVBR 7 AHlE wwsdled o
Aol 714 B £oz &7 JhHd JMEH
& 77

e Step 4 : Zt ONUS] nrtVBR 5 289} vtz Ao &
A F AHE vLdto] nuf ojitolH nrt
9 Mg S

e Step 5: AA ONUS UBR 7 A& Hlaste] 230]
M ge so2 T JI2HY JEXE F
7HA 71

® Step 6: WA ONUSY ABR 7 ZHE Husle 840
7V gL £oi HF sleEHd NEAE F
M E=S

o Step 7: FHEE7F 71 E2 ONUREH HA slotg &
Feted, slotS 98 0 zZ+ ONUS CBR/
rtVBR ¢ 848 WA @333, o
nrtVBR, UBR, ABR9] ¢o.2 €33t}

e Step 8: 8% o] AR He® ONUY J1LEE 022
Al Azl

4.3 Divided_slot grant Mg F7|

OLTAME F713 22 Divided_slot grant® H@3s}to
ONUsdl Sle 79 ARE 3¢} o|ld, Divided slot&
ALdte F71& AR Zo] Fadd, dv we F7)
2 AYsd ONUZS| $Ashs wraffics]) W3 sge] ot
2A ALY = dorg HE5AE %L CDV(Cell Delay

Variation)& 29 % 9E oldel 9 W A

eHEe] TUHE st A Ad 8¥e AEHOE

AHEE = gl "ok o3 @ o2 eI =E H2ste
HA 2R QoSE UEAA F e HAF trade-off
point& Zrolo} Frt.

CCITT(EA ITU-T)ANE ATM celld Z71& AAE
o, #tiet Folzxe] A7]E A AdH v LHIH=E
1nete] 48byte® AABUTTL ol FrARSHA B AT
dAE AA gt A Fold et AFHe Ao Hol
Ble] 4& ¥liste Divided slot®] € F71E& 05ms=
A% 81 Tk
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A F717F 05msel 2 AA g Fo] 655520Mbpse 7
$ obg) FA oAt o] F oHdEE 7.3%0]h

53byte x 56slot x 8bit +0.0005sec
622.080Mbps

=0.073 (1)

HeolHg d4se =% OLTE #7828 ONUsd
traffic(CDV)& 24 3to] Divided slot®] A" F71& 4
oz WANZD £ o dE 59, OLTI IE &4 ONU
9] 7}¢¥ Fol threshold® do]A® Divided_slote] AY
=712 9 W24 &9 CDVY FA& "oj=d = g},

5 Alggold & 45 €It

(1]

51 Algello|d &4

o] Aol Lawrence Berkeley =¥ dATAdA /g
A WEYSa AEHolE NS-2(Network Simulator 2)& ©]
23l ANH £F G gnYFL HrlsIgnh A g ol
Ae thea 2 g A=

e PC : Pentium II 800MHz, SDRAM 128M
e OS : WOW Linux 7.0 7}2] Release
o Simulation Tools : Network Simulator-2 2.1b7

52 Algdold nty 3 23

5.2.1 Algdold 374

2 aFeA Agah= A H Aol ZREFY AT
& H7hsy] 98 NS-28 o &ste] o3 Zo| Network
& TSR, T/TkE ol&3t] (29 NI 2ol “et
At

e 3}ube] OLT7F 32712 ONUES Ao

o A3k 155520Mbps, 319 622.080Mbps?] thE %

o z}7ke) ONUE CBR/tVBR, nrtVBR, UBR, ABR E
g& AFse Y F&5 M4

e z}z}be] ol CBR/tVBR, nrtVBR, UBR, ABR E#d
& dBEEA AL

® Divided lot grant® A2F71E2 Ims, 2ms, SmsZ 2}
zt W7t ONUEY 7 AHE A

¢ Round Robing AMg-dHs dubzel MAC ¥i#
% v

N

7

5.2.2 NEdold A}

5.22.1 Divided_slot grant A& 7]

ANEdo)Ae Aue NS-29 XGraphE ©]-&3ted 13
=9} gelg Felo] 7453t XGraph?t ATseE 4L
AHgEte s d3 Ao 2oz AlgHM ARE
FAE ¢ glow, Alg#old BAHA FrEolxl 4 1
A2 HE Y3t == Alo]9 sizl &S AHEseq 13

(33 7) NAM2 0|8E AlE30lM

A Divided slot € F71& ZtZ lms, 2ms, Sms=
S Zgel ONUY 7ol e BEE deolg7t
He AHE S350 (29 8)-°4 Divided_slot& A
T8 54 40]‘3} /‘ﬂ & FollA HEE cell

L L L ] time&
20.0000 30.0000 40.0000

0.0000 10.0000

(212! 8) Divided__slot grant MIA|X|S| Mg F7|

3o B e} o] divided slot grant®] AE F7]

7t WE5E ONUESY el le dvlofE 7t we ’“]7} LH"ﬂ

2% HA$ES o4 ¢ dou divided slot grant®] A

717F v & w29 OLTe overhead’t 2A3tEZE ?i‘]%—;]_??}
719] Ade] daszith 4349 4 (D& Fasto

g F
35 eZo Ag 58S uds & o 05ms B WE
= Melo] ol AL ARY & Sl

5222 W9 &3 dugF
thgoz B Ao FAH slot 83 ¢nIEFES A
2392 299 dubH9l round robin €31EEFE AME-3)
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< A$E vwste Zzte] A ONUQ queue &
7‘&3}2?\‘?} A 2599 Data grant’} 4459 Data grant
A& ONUE 79 cell& A4 3} Divided_slot grant
0.5ms "t} AEHATE dlo]E AFo] o] F7 F ONU
zZ i AVE fﬂo}"i‘:}
(2¥ 9% (2% 102 A& ZdAg HoAEth 1
oA BE v} %01 £ =AM AgdE MAC &as
& o] 83HE W, Azl ARl WE Fo 277 d
Hes o 2 9}

1o r\r nmu a8

(1% 9t Round-Robin W48 AFE3S u] A7k &
2o W 2 79 2712 ek Aolth Fel HFol 3
#Rlel U 79 @77t FheE & 5 Aok
queue NS-2 Round-Robin {(onuall)

100.0000
90.0000 _cb_r_ _t_r_afflc
80.0000 wflzr_tiéf:flé"
70.0000 e *ubr_traffic
60.0000 v *abr traffic
50.0000 r.-‘/
40.0000 V4
30.0000 A

! e ;
20.0000 /‘.ﬁ"
10.0000

0.0000

turn

0.0000  5.0000 10.0000 15.0000 20.0000 25.0000
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