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Abstract

The MAC(Medium Access Contorl) protocol is needed for the OLT(Optical Line Termination) to
allocate bandwidth to ONUs(Optical Network Units) and ONTs(Optical Network Terminations)
dynamically in the ATM PON(Passive Optical Network). With the protocol, the OLT gathers ONUs’
informations and provides grants efficiently to each ONU. Two important functions of the MAC
protocol is the grant request procedure and the grant distribution algrithm. The latter has the
greatest arithmetic portion in the TC(Transmission Convergence) module, occupies a relatively large
portion of the overall chip area, has often been the limiting factor in terms of speed, and should be
designed to guarantee the quality of service for various traffics. In this paper, we implement the
MAC with the FPGA which can allocate grants dynamically according to the queue length
information and the number of active ONUs and distribute grants uniformly to minimize the cell
delay variation for each ONU. The structure of the MAC scheduler for the dynamic bandwidth
assignment has a programmable look-up table. Also, it has a simple structure, the less chip area,

and the lower delay time.
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ql 9_ n 7 ok x E0 14] 2y B #Hils
degal7]el bA, ONUZel 2l Aug Aus 1 | IDENT %5 | GRANTZ20
o] RAg oz & é’_-— -"’.i— J3ls wh-g olvlgic) 2 | syNC1 26 | GRANT21
B B xgo [3] o] 2019 EREFZS A7}oF & 3 | SYNC2 27 | CRC
5 4 | GRANTI 28 | GRANT22
el deie= EJ’}" 2ol Aol 5 | GRANT2 29 | GRANT23
el e j%—% 93k 2= ONUZF 2H19 6 | GRANT3 30 | GRANT24
ABE o} WUl ul)age] Fxel Zrlolc) o7 7 | GRANT4 31 | GRANT25
29F weh 2 L‘_ A“_] T N ! ]Ei ] 8 | GRANTS | 32 | GRANT26
A= [3l14 Z'“cﬂ'% AAE st Ak el)E53(56 9 GRANTS6 33 GRANT27
ulo| & o))l 8 79 mU&ES T3 FRE AN 10 | GRANTY 34 | CRC
. 11 | CRC 3% | MESSAGE_PON_ID
} A &3 F2E 1Y Foizl =
et mebd, el ek TR 28 1o FoiAl vl 12 | GRANTS 36 | MESSAGE_ID
Zo] 7 wlo|ER FAHL) WUER] e 5 F 13 | GRANTY 37 | MESSAGE_FIELD1
ql ONU9] o] whe} 24 ub = dellA] Hf 4 =3 E ggﬁg}‘; gg ﬁgggigg—gﬁgg
12] 2 3 3 23 5 2 =
ol A OLT7} AlZskE2 =of oo, 17 | GRANTI3 | 41 | MESSAGE_FIELD5
18 | GRANT14 42 | MESSAGE_FIELD6
19 | CRC 43 | MESSAGE_FIELD7
An upstream frame contains 53 time slots with 56 bytes 20 GRANT]_5 44 MESSAGE_FIELDS
21 | GRANTI6 45 | MESSAGE_FIELD9
[+ [ 2 ] [ « | [ 22 | GRANTI17 46 | MESSAGE_FIELDI0
23 | GRANTI8 47 | CRC
A dvided- lot (56 bytes) = § muni-clots 24 | GRANTI19 48 | BIP
[ fowi ]| «eeo JonJowk] +eo Joi[aws |
MAC Hel7le & sty $Ud=8 443t
Amini-slot (7 bytes) —tﬂ 3101*1, Aol g7ARke 2 EdE shaping
[ oveead(3bvtes) | VBR (1 bvte) | CBR (1 bvte) | RsvD libwiet | CRC (1 bvted of g} wat w xyel} sk
PLOAM Ao <919 A 7] e i =

O3 1. 28aF9] 34
Fig. 1. Format of divided slot.
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28 2. MAC Ag]7]9) AATA
Fig. 2. Configuration of MAC processor.
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Fig. 3. Operation point of MAC scheduler.
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Fig. 4. Operational flowchart of MAC scheduler.
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Table 2. Coding scheme for the grant field of

the PLOAM cell.
& t 8 Rt 7 Bit 6 ~ 1 45 (grant)| H 2
1IREENt 1dle
Fixed in
10 igned
11 Unassign o831
1111101 Ranging
AqeE | 1 c

111100 ~ 001000 Reserved Future

111100 ~ 000000 (Zth 8 7H) | Divided slot
0 [OLT7H &% (A4 64 /) PLOAM
- Proposed
A2} 0 1 |OLT7} 8% (Hd 64 ) CBR cell
Edd 45 0 |OLT7h &% (A4 64 ) VBR cell

MAC AlZFolA] Al-Fslol & $919] EH+=
%, PLOAMA, OMCC(ONT Management and Control
Channel) 4, dlo]Je}(CBR, VBR) A %] glc}l. &
2 4 4 FIHCRE $Us AlTshe A S
A% TC(Transmission Convergence) AZS A3
Wied dagt #3<%39 PLOAM Ae] 7P 94
U7t Eoh g o 2= OMCC Adg §Asok OLT

EL- H‘S‘___}-}‘



2001 10 EFIZeH

s} ONU/ONT Alele] Aol Au7} mgheiv), vhete.
2 AR B 2AEEeT, RE aEEe] B
Uz e Aelel UAGRe] Soizbek, el 41 &

7F B SlRE 2AFY LuEFE A,
o Hg Ze=r}h & 26 vheht olef

[
—_

1. Divided-slot grant(DS_GR)

EEE bzl IR AR AdE ARk
ot wei a3 5 vehd gle AR A
PLOAM A9} 5] Hxeoll= shvke] US_GRe] k.

2
\ I POGR
R H He-GR
R ﬂ OMCC
§ Zero
R Dete R
I§ ggﬁemled
T [ DS
”” | ||| |§ ; UA-GR
O3 5. 4 "HeolEe Fx
Fig. 5. Structure of grant table.
2. PLOAM cell grant
PLOAM <1 GO3.19] RE ONUel tisle
100ms o8] 712 £91& Ay & dxd
oL <F 669.0 ol S $9E AT A
I} ), B AFoie 256 ZHEY F e £91S
AF3eE  AdASs], PLOAM A9 Fr|E  oF

39.08msE #|d&het ol Ao 64 ONU/ONTE
Bk Q1S u, 4(256/64) =Y & 2] PLOAM A
A% AFshe A Fdsith webd, o3 59 7
o] PLOAM 49| <l &3k A wix) zsle] 3 W
A PLOAM A9] 27 A $el Y& Hgoa A4
gt

O o
T’:g

3. OMCC cell grant

ITU-T G98320l& OMCCel 3t 14de] qloh 2z
7+2] ONTE A2 th2 VPI(Virtual Path Identifier) S
PLOAM A2 dpit=cl OLTS MAC AlZlAe=
Zkzke] ONTel thgk 4% OMCC EigS $3 £l

=5
[T

(35D

5 3BE TCH % 10 %

[&3]

& A oMOCY o8] A Al B AE
o] A= glort oA AFr) A3 Fof gtk
2} b AbERE <ol Sk
7k CLP = (2.8 3} ﬂﬁﬂv}
Y. OMCC Ade] 4%
x(TBD)%E d2 4= ¢leh
t}. OMCC A2 -4 &907F -2 Ffoll Eofof gtk
gl SHAE: =& A 89 Z2E A A= 1
e 94 #9082 dARE 325 233 4

AT

F o
‘1‘1\_

A PON <]

S
Ach

b AR EEe] ZEshe 79el= OMCC
Ao i E2 wApsojol st OMCC Ade] W=
S BAEY) YA a7 S 2, 3, 4 HA =YY
9] A W5 PLOAM A} 27 #HA] £9l& OMCC A2}
Selog A3}

4. Data grant

tlo]e] %alel4]& CBRe] VBR 42l
A 5971 E

) 2k §-

5. Unassigned grant

MAC 2Algeie Edefo]l =4% wuit}, %
2oy 712 $ULNE Bk olul YHH )
98 wells UA GRE 491 Hulj7l o] Foizic)

L]

gl

m 23& +8

1. Mini~slot Grant Circular Buffer(MGCB) 2] &
MGCB 2A&elA: ONUSZRE +4% 7 2]
Yol GF F2l ONUS ol mehd FHo2 )
< 33t
k2 3. 7bd MPRell o2 5l 7
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MPR
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1
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4
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5
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6
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7
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8
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Fig. 6. Architecture of multiplier and divisor. (a)

serial multiplier and (b) serial divisor.

2. MAC Distribution Look Up Table(MDLUT)
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MDLUT# ¢ F4t LUTS upper F4F &AM
o= 2718l upper F427F 2708 UE o lower F
A W Zolsted, upper F29 lower F4vF A%
A F47) "ol

E 4 7P MPRY W /13540 dbF

a

Table 4. Writing address and reading address
to the variable MPR.

MPR [1000 01110110 [0101 [0100]0011]0010] 00017 |
writing_address
Upper| | Lower] Lower] Lower] Lower] lower| lower| lower| lower{ | Upper
00000, (000 [000 {000 [000_|000 [000 |000 | 000 10101
00001] (001 001 |001 [001 [001 {001 |0O1 10010
00010 (010 010 |010 [010 |010 | 010 01111
01111} (011 011 |011 {011 |011 01100
10000 | 100 [100 | 100 [100 01001
10001) [101 |101 {101 00110
00110 110 |110 00011
00111 [111 00000
01001 10111
10101 10100
1011 10001
10111 01110
01100 01011
01101 01000
01110 00101
00011] 00010
001004 11000
00101 011 10110
10010 011 [110 10011
10011 011 [110 [0Q01 10000
1010 011 001 {001 [100 01101
01001, 010 1001 [101 {100 [111 01010
010101 001 [001 |100 |010 {010 |010 00111
01011 001 (010 011 [010 |100 {101 |101 00100
11000t {000 ({000 1000 |[000 |000 |000 000 {000 00001
reading address

| [ To001 00100011 ] 0100 J0101]0110]011111000] MPR |
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