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Implementation of a Grant Processor for Upstream Cell
Transmission at the ONU in the ATM-PON
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ABSTRACT

In the ATM-PON (Asynchronous Transfer Mode-Passive Optical Network), the downstream cell transmitted by
an OLT is broadcast to all ONUs. The ONU receives selectively its own cells by VP filtering. On the other
hand, the upstream cell can be transmitted by ONU in the case of receiving a grant from the OLT. After
providing the grant to an ONU, the OLT expects the arrival of a cell after an elapse of the equalized round trip
delay. ITU-T G.983.1 recommends that one bit error is allowed between the expected arrival time and the actual
arrival time at the OLT. Because the ONU processes the different delay to each type of grant (ranging, user cell,
and mimi-slot grant), it is not simple to design the transmission part of ONU. In this paper, we implement a
grant processor which provides the delay accurately in the ONU TC chip with the FPGA. For the given
equalized delay, it deals with the delay for the cell, the byte, and the bit unit by using the shift register, the
byte counter, and the D flip-flop, respectively. We verify the operation of the grant processor by the time

simulation and the measurement of the optical board output.
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ONU U4-] TC ol #-4-=]+= 521x]2]7] (Grant
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set RSR = 0x00

Set guard bit. preamble. delim iter
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Serial_number ONL

Assign_PON_ID (3)

Grant_allocation (3)
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Ranging_time (3) If PON_ID match. set T, value (set BDR and

BDC) RS
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Ranging Status Register (RSR) * intial value = 0x0(

)
RSR RSR , || RSR , RSR RSR RSR RS
T

L
T
v

RR:Ranging Ready

GA:Grant Allocated

MU Measurement Completed

DC DS grant Configured
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ONU7} AA3] 52kt 4 =S AAIE s
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71ee 313k mlEAEHSQ] FlAkie] skwsl
Fol o]2idt Y& 0|83 Al A FYo 1y
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o ranging 4, PLOAM 4, dlo]g] 4, 32 n]y
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A ke Adxich

18] 40 9Ji= PLOAM A Xe]7| clejslt 3]
2ol JHE AFshedl, 53] Sl r]6dA
PLOAM Al j-e] el Frola] 59l gk 27 7
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FH5 Aol Sl dHoE f1i¥ck 4119 5
52 ©]% #R|~E] (Shift Register, SR)E 753}
of A3F Al 29 (Celk)kg)vic} e2%o 7 o]E3}t
t}. CDR¥} BDCO| 3| 2= 7bzt ARk 4 7o)
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o] Azt Wl wele) A ATsh= A
o] EAelck A WA (T) F& EHA
(T, @] CDReli= 4 w12, BDCA] ulo]=
9912 gaksle] slch o ke thest 7o) Ak
.

Value of CDR=[( T, or T,)/(56x8)] )
Value of BDC=[(( T, or T,)%(56x8))/8] (2)

A71A, [xI= x& A = Fde] Ago)
Y, % ZEE AARLE oJnigic). o]} o] A
ARz olfinz OLTZ} Algsl 7= T.o} Tu #hol
HE 9|2 3hibsle] Q)] wiitolck A, a7dl
A A wkg]e] 2]l Alel7]elli= CDRell 239l 3l
Gk Celko] ZFshd £9l o] FHoz e
3, HpolE o] AdS AlFsRs mEe] ¥
BDCel| 23] 9l 3l4ubge) upole Fejo] #Hu}
sl 9l gho]l FHog oA )k vixutew
HIE ©9]e] vlA] Ad 27 40l Q= FD (Fine
Delay) X-gollr Ag3lcl.

53 YEAAR|ede] mE ONUoA Eds}i
Ag=7] feiMe E8H o2 OLTe} 77k #el
o 3li= ONU U= 95 o]F #HA|~E (right
shift register)®] Holld %9l glo] &= zlolck
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= 0x00°]22 lA)7lE FAehA] wech 44l

Celk
S S S S S
rants R R R R R
Cell unit delay selector
:

Btk o Byconideley  —]  BoC_ |

Initial register value
RA_GR:1111 1101
PO_GR: 11111110
DT_GR:1111 1110
DS_GR:ATIL 1110
UA_GR:1111 1110
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gl %t (PLOAM celll grant: PO_GR)-S &gdsf =
Zlolcl. ONU+= o] s dlA| g wijdel] 7153k
7|7 Azl ksEW vlelaR ZRAME
RSR = 0x02% 3tg w7}

RSR > 0x02E wkE3PHd ONUY= PLOAM A}
dlo]e] A8 g HFH 5 U= ey} ¥k
OLT: 539 43 fleid =5 A
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AL FAgte 24 53R SAd gl A
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oo 2 Y wUEES FHE F U=A=
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el Bl 2 [519) (610 AAE W
e ul27]|7 glclh OLT: ofz] 71| FAe| u}

Copyfight (C) 2003 NuriMedia Co., Ltd.

2} 2 vUER ZolE ZAT 4 qlod, oA
-5~ Divided_slot_grant_configuration w|A|#]5 %£3}
o] A3} o] HAJA] gtelli= wU&Fe] Zole}
Sl #F W olde}, i ONUZE #-3hie] A
Aol E ulo]|E "olHA vULERES AP
T Ad=7He AXERs FA (offset) Fhe] ik
A=, RSR < 0x06 Ateloll2]+= (Divided_slot_
grant_configuration WA S AlEl7] %) AlsEe
2 rUERS A 5 Qlok #HFHoE 1 v
A5 AR A, USR] g’ 59l gt 23
79 e AR AT AAE AH= volE @
2e] FA (offset), 7,2 dgch o]=4 RSR =
0xOE7} =™, ranging Ax}7} $H43s] Fasich

ole} ke AHaE il FAAMVIE 2™ 7
3} 2 F2F FPGAE o]43le] 7319 x v
ol|a] HAEHA FAs=AE 7157k

IV. Grant Processor9 29| A8

H olol|4] 7IH%] Grant Processor+= XilinxA}
o] melm XCV400-HQ240¢] FPGA (Field Pro-
grammable Gate Arrary)#-3- oA} eplog dlof
VHDL (Very-high-speed Description Language) =
293 A7E AlEde]A slsick

gt vpe} 7o) x|z A w9le] A
< AlF37] flste] 79 Al oo olF HAIZEIE
Hfslof ghcl & 7o) 9l Fhe 3] flsted
G.983.10|x] 8 W|EE Fsla gt et 318k
PLOAM A& 53lo] 59l50] ONUe| =As,
2218 A2gE ke ONUSoA| AlZsls $ele
SHel IASle]  ARelAl gl FEd (un-
assigned) 312 7Hrsls Fslch & =l
= FUAEr]e] F A& 007] 98, £ 164
Foizl 73} Fre] aMilef|A] Alg=l= CBR (Con-
stant Bit Rate), VBR (Variable Bit Rate), -8+

1. SRlgke] wa

ol ikisdy
PLOAM_GRANT 100
RANGING_GRANT 101
CBR_GRANT 001
Divided_Slot_GRANT 011
VBR_GRANT 010
Unsigned_GRANT 000
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(Address), dlo]e] Al (DATA2), write A3
(WR_N)7} glc}. ulebr] vlolm Egasi= 49
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& 4HA3(Ginpun 7}t rk FFHow HelAg
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2 AL ofy

’..
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}:H mlo

o
E nN'
)

7 A

m
~
.
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Belk
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WWWW

Ozl 8. A7) <) - &Y
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O 0 D T 1 i
w o o0 e Lo w Lo L oo ) [[]
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15 10> RSR = 0x02%4] ONU7} ranging #
of Serial_number_ONU w|A]#]& Alo] w7,
OLTZ4E] PON_IDE &ty o]ojA] o] ONU
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& 4 glck wlebd, 91y S s PLOAM A
2l (100, £ 4 Fx)0] f9]E A3 4 A A7)

Name

Vi
- Reset 0

RN 1

>R |0

g (BO0I o

[ OV 00000000
 H———————
e T O Y O
oo (o0 (00} o0 Yo Yoo [ Yo f m o [ mr oo m

& et 00 [] Han@l

Weed | B0 1) [

& Bres | 00 0 1 xn{n;TNs |

& Cns 00 l [ i) | | l | Jo l [_’_I_

3% 10. RSR =0x02¢) 74$-9] A|Eajo]4l 7}

Copyright (C) 2003 NuriMedia Co., Ltd. el
www.dbpia.co.kr



g5 A185]=F#] "02-5 Vol.27 No.5C

73] Fo| &3 9 Enbuffero] WRg3h= A4S
shatse vehfigick o)A PLOAM Al wise]
th7]18kaL 9li= PLOAM Alo] Alex]o] Hexc)

A G7HA] AR nle} 7ro] %91xa]7]+= RSRe]

F s 2 @l wel Ao Fxbs)
AL o 5 9ok e a8 113 a8 12

v e

= ranging A7} 2k8¥| 3 (RSR = 0xO0E3! 79
CBR ¢°1°ﬂ thaix] Aets] F3tAA gho] At
Fofl Al mﬁ A5 gelalr] 913 Aelck

rﬁ_?ﬂ, :L%‘ o OLT®HE] 3121 S 0o

2 gk % thate] epl AlEEelAdE M
oi-rn} $4y A& Fa CBR 4l (001)°] vd%

, 4 Alo] 73]t Foll &2 ¥ Enbuffero] wh3-3}
r;},

A7IME oF 44 Z¥(Cclk) o]Fol| EFHo] v}
+ 22 ONU7ZE g]loll digh SAIzte] 7~94
Ale]7b Eojof Ftuz 2}211240 2 A AZRe: 2
Fol 7] 17 Aodoltf?. o] A ghe A|xwle]
T Aol wet 24 Ao eAE F8shs @t
o]ck

3] 12+ OLTZHE] 5324 7 24 3mjo]
ER ke A9EA o & HepEe 29 11
3 Fdsht 9 WS By AAF oz 24 3 u}
olERIE o] A& AL F FY=H=A ¥ F 9l
t}. ol¢]ol % ranging Ax}E- 7|HEeR dlo] ofg]
71 el ARE sided, AR e
el & & Ak . AAR SAAY7]= 8t

lE 242 TP Wil nle]Ezpx|e] A

A 41 H|EX|dLS HEFARS e ASd
“JJ -2 PTS o]Folx] A %I}
A F7HA] EEV%:—% S3led, " S
= OLT7} Bl ofg] 712 $<lol dis}e], &7
He AAE AFshe 2 & 5 ek e
719 o] AA TR A 2"lelA] AgEA F

% |

lo ruio

2sh= 7S 71E38] $18led, FPGAR 7818 TC
Name Vie | 00w 00us 800 1000us 1200us 1400us 160 us B0
"I I

v To TdWhere, T-0)

wE t

W addess | B0 | b

[N . [\

vt cﬁ

et (o] | [ L I [ L 1 1 1 [ ||
0

o |00 o0 o0 o o0} Yo o] Lo e Jon ) ]
' 1

@Ecn | 00 0

@ivde | BOD m me cm n[mm T o J oo
& Beta | 00 | Fl 0 N N N D D
[ Y 00 ]LX L[ ] ) I & & x » e oo o]

a2 11, 3R, T, = 0 of elg] AlEelAd

Cop¥rright (C) 2003 NuriMedia Co., Ltd.

Nare Vi | 00w 8 0us ik 100 1200us 14000 1600us )
e ]

Wb Tee TdtWhere, Td=2eellsSyes)

w-(EN )

[ L= 0 iy

[ 0N [

- R SRR T S
o 0[] | YA I R
o |20 00 00 oo oo Yo Lo Yo Yoo Yo Jow | [

e 0 0 | B
L E ‘8,11 [ Ju] o wlm o] o

@ Syedss L2 o pr 2 fe sy s
o ,J_L_I_U_l_ N N N &8 &B §B @B I8 00 08

a2 12, S8, T, = 24 3upelEd] o el A
ol

A3 % wET 745 OLTS ONU HEg 33 ~
Fele| s dAdste] 17 133} 3] FAJsgdch
a5 1394 B 5 glRe], 9% 9= OLT X2
Eof| 2E%of gli= 4§ tHe] ONU HE=E @753}
2Feel s AAsla, Ak
o] A% 1:8 ~EeES} 12 ~FHEE X‘Eé:é <l
Azt ulebr, Ao AlgE -E- BE EE
ONUE <dZghehd 16 w74 O
At
18] 14 28 133} 7o) Hrzl BREd xg
WA71E At S shdol] vepd Zlo
3ol == o] TS B, 33 2 dlo]
E] 4133l datain, 9]*|7} v} ONUGSZEYE] Alo]
Eo] & dvic} 2F 2 14 HA F2E ReiF
7] 913 =2] #4719 wuE] ZZthreshold ¥
& AR T AlsQl reset, 3 WA ONUS| A3
218 dlo]e] Al5<l dataendl, S Hx ONU2L| A}
gF 213 dlole] 41%Ql dataend2, A3 Alo] 94-E
7FA)85%= 4139l PMSE (Phase Monitor and
Synchronizer Enable), OLT <=A1%-2] 22 dlo]e]
¥ 4139l mrx_out, OLT uj¥-2] HEC 32
712 %45 4139 HECOUT[7:0]2 A o]

a2l 13, 735 OLT (%) ONU (42 »=

www.dbpia.co.kr



¥ | ATM-PONS| ONUellA] AHaF Al A48 913 $alAe)7]e] 4

gtk Z13] 143 31 W% ONUS} % W% ONUe|
A 2 ¢ E2 48 OLT/| HEC 3o 4
o] oz ¢

92 el Aol

lo] Ao =Ag8-S deiFE 2

ATM-PON®| 7]%4] 4goi¥+= PON & TC 7]
o TN H2E 3 ElAwe] TR deigic}
a = g Stk TC 7l sl SlsiAe
ATM Alzglel] A5 mE 7]%e] vlgt ol
ranging ¥ MACS F&sh= Zo] diolc}’!
ONU o4 ranging ¥} MAC ZZ &3S g
sh=tll drHow FalE|ofof sh= /‘101 i
Zlolet. &, SAXE719] J&L IA F AR RA,
ranging A2} el OLT7F Hddsh= vl A]=]¢]
el wel ONUS| Ae #H#) <8 ghe- wWsiAA

Al /]_o] A:,_ 040] lg_§]_/(]oi ) o :14 & = %]\7”

N m‘i

BAE= Zé] =
6;11]4, wEh 2 S|l ke 2elxe]r)e]

W HA| 2Eof| 7]Z24 £, MAC =gy} 3kl
aH&{ OLT7} Ao shlala 20l gt5a Zal
2|7]1e] W] #A|~E]S w|ws] 7pH4] CBR
A, VBR 4, ¥3 &%, PLOAM A& Alelsio
A B elalRol Ga) Ak s

A 9le] Aal Fhe ATSRe il HlolE o

99 AZE #HA2EE *IJ*-G}O%} CBR, VBR,
TEEE, PLOAM 543 24l 5 6 7IRE 4

shzdl 9l @ ulrdes 3 wlER WAzl
e T i

o] il
e 91275 FPGAR #A4slwl ONUS)

Copyright (C) 2003 NuriMedia Co., Ltd.

AA TC A A9 10% A=E Axgc) w, w
2] 43 = OLTS} ONU 2= HAEGA Z£0]1x]
2717F Aokt Exbshe gl & 4 AUgick

%, ATM-PONo¢] 7}x]i= z14= geko] 34 & 7}

7k o AES SHE] S8, 71 FAle o

S2F 2E7]%el WDM 7]%o] 2320z 7]la}

Foll7A] E3lE Ae] dEng X&) o2 PON

ol gk 77} Aasojof & Aoz ghgsic).
g8

[1] U. Killat, Access to B-ISDN via PONs: ATM
Communication in Practice, Wiley, 1996.

[2] ITU-T Recommendation G.983.1, “Broadband
Optical Access Systems Based on Passive Optical
Network(PON),” Geneva, Oct. 1998.

[3] ITU-T  Recommendation G432.1, “B-ISDN
user-network interface Physical layer specifica -tion
General characteristics,” Geneva, Feb. 1999.

[41 A &, 71 #3], A 3, “G983.1 7|uke] ATM-
PON-S- ¢} Ranging 2 &3l 335k Q11" ¢
NP S]], A 43, A 15, 2000
3.

51 A & A 23, A +4, G983l 7k
ATM-PONe{|4] MAC-S- |3
ol # AT, FFHYH.
A AJ1Z, 2000. 3.

[61 7 =ml, A &), A A 7 #13], “ATM-PONo]|
A MACS 913 el#) ok2]%2] FPGA 7
a* fgrelArgelie g, A 387 TCH A 10
%, 2001.10.

[71 A & <], “ATM-PON TC 7|5 2% 781 7"
A 7RsIApred g 7T T4, 2000,

8.

’021]O/<4 EZF’E—%

.y

ls
E ! B:VI'—Q_/ l';’_K/ 1”4

< gk A(Woo Man Sik) ) 5)9)

; 200041 :l;oﬁj“""ktﬁa’_ﬁl 3] Z}—E’—
e (34D

2002y FoFapofEta KA
g3kt (44D

2002y 39 ~ &z WYz @

<534l Hol> ATM-PON, ATM

463

www.dbpia.co.kr



FLEAISHS] :=52] "02-5 Vol.27 No.SC

& &l{(Chung Hae) A3]<d

198711 groksta  AxFEA]
33} (3D

191 =asr|ed A7)

o 2 Axgstat (AAh

19961 3l=slr)ad A7)

2 Hzlgst (b

199613 ~ 199811 <Ix]A W%
Al AddT<d

19983 ~ Az Fo Tabo)etal 2ulf

<FH] Fol 7181} edA| vt (APON Ethernet-

PON), Ezjd] Ao, 4l Z2EZ

5 4 (Yoo Gun II) 23]
19840 Qleyeikar AAENES (34D

198610 Syt ER AAFEAZES (41D
19873 ~ &z KT5AIGeA 74 gl A 2~ed7414
<G Bob WRIAL 7%

Copyight (C) 2003 NuriMedia Co., Ltd.
www.dbpia.co.kr



	ATM-PON의 ONU에서 상향 셀 전송을 위한 승인처리기의 구현
	요약
	ABSTRACT　�
	Ⅰ.서론
	Ⅱ.ATM-PON의 개요 및 ONU TC 칩의 구조
	Ⅲ.Ranging 절차 및 승인처리기 설계 알고리즘
	Ⅳ.Grant Processor의 모의 실험
	Ⅴ.결론�
	참고문헌


