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Implementation of QoS-awared MAC Protocol for Home Networks
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ABSTRACT

We believe that existing wire solutions such as HomePNAZ2.0 using phone lines and HomePlug using power line
and wireless solution such as HomeRF are the most promising solutions, because of its cost-effectiveness.
However, MAC protocols of these solutions provide only Class of Service(CoS) using priority mechanism like
HomePNA and HomePlug or consider only voice among real-time traffics like HomeRF. For these reasons, we
perceive the needs of the new MAC protocol which is no new wire solution and provides guaranteed Quality of
Service (QoS) for not only voice but also video and audio. In light of this, we present the design and software
implementation of a new MAC protocol for Home Networks. Our evaluation results of software implementation

verify that proposed MAC protocol can provide low delay, low loss, and low jitter to real-time traffic by reserving
bandwidth.
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HomeRF2.02 dlol8 4 A CSMAZEZE
285 A4t 84 4 Aol TDMA/TDDE A}
£3la glck. TDD(Time Division Duplex)E %4
& FAE 7teetA 8 TDMA(Time Division
Multiple Access)e Zt 24 H&EE diad 49F
ZFeg wFd HIE F A AEd 2y
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EfH QoSt B et
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10032 #d FH9 22 doly EANE 99
HomeRF2.0(10Mb/s)&  AH&&th. AH dEHZA
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9} QAejulzke] Ho= ADSL (up stream=8Mb/s,
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T Aed, 1Eqez A3 ¥ I (Packet forwar-
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QoS 8&TAEe] et 7hde] Ao wARe Zo
4% Al (Deadline) & 7HAle A4 AL EAY
(RThard: Hard real-time traffic), $.t]21} H|tQ
¢t o] A Ax9 Ag ZH3H(Deadline miss)E
Hgale I AAL  EHIRTsoftt  Soft
real-time traffic), 28|32 HYoly ZHE FH9
ol Alzte] dig Aol fle HAALG EHY
(NRT: Non-real-time traffic)22 g F A,
B =EdAMe F 579 AN ERY F RTsoft
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21 74 x=2F Q9EE @9 v RSV(resource
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Fig. 1 An Example of Home Networks

mMAC? 71%€& ZA A4 (Transmission
Part)9} QoS Aol ¥-(QoS Control Part)® Folzl
t AFEe AF Z5g AASY, EE2S =9 ¥
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311 CSMA/CDE.E

o] REolXE Timed Token®E=ole H&E 8
T8= reqTimedtoken A2% Fo] &7 A7t
A= 1-Persistent CSMA/CDl <3 vhajol] &3
tHe). AAZ EdFo] EAEA F= AFtdAE
CSMA/CDEZ2EZE o|&3te Ho| EZE th7)e}
o Zge Adol ¢lepma FFA T (Response
time)o] wW27] wiolct

Time Token®E=z9l Az & VEHAI}L Z7)
359, A TREZL CSMA/CDEE=AA Alztd
ok aiz NRSViZ7t ofEgse]de2f e RT
2 448", NRSV:EE RSVE=EE AgE1
Timed TokenEZod9] AFE QT3E= Alag Z

{(regTimedtoken)® R/GE 3F&%v.  R/Gs
reqTimedtoken Al2€ Z& AlslE, § WEHY=
Aol transitTimedtoken WARE BaEs)2dsla,
R/G7F EE ==25E ACKE &2 th&dl Timed
TokenZ=2 H&L dth o] o RGe ESE 4
Aetn =2 38 #3517 AFs

3.1.2 Timed TokenE =

mMACH| A& CSMA/CDEE Y A&g 2738
= reqCSMA/CD Fo) 3&H7| AMA
Timed Token ZZEZZ FJAICHT] HAAIZ EY
o 2z A EE AY ZZEZ(Token-passing
Z 339 Timed Token Z2ZEZE FT&
HHgEg g3 28 5 7] gF
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Legend:
PRE: Preamble S} byte) SD: Start delimiter él byte
TKN: Token DA: Destination ad

ress g bytes)
DM: Deadline miss (1 bit]

LVL: QoS level (2 blts)

FCS: Frame check sequence (4 bytes)
ED: End delimiter (1 byte)

a7 2. mMACY &2 =W
Fig. 2 Token Format

SA: Source a dress (6 bytes)
SUB: Subnet 1D ‘56 bytesg
NXT: Next NRS

station address (6bytes)

A7) AFA B8 T=d Ay Vs
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ELol SUBI(10.0.1.0)3 SUB2(10.03.0)% T3ttt
™ 32 10013 10039 AE YEHA & =
=9 QoSUMTHE ZAPTHY, AH YEHI v
A¥E 255255.255.00)t}). 283 LVLEEE QoSH
w8 Aojslr] YEiM AHgEE &, QoSdHEE 3
g 24 g 018, 49 24 4+ 1022, 1
g A9 QoSyUEE iz fAs A & we
o0z AAzt vpAgto g NXTIZ=E of W
Edo] =8 3¥& £8% v NRSVREZE 71&d
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of ha A dgd 32273

CSMA/CDREZ9 3k HFe RSVEETL
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CSMA/CDREZ9 A3 Q3=
(reqCSMA/CD)& R/GE ¥%%t} Timed Token
rrge A Aot FAMEA R/GE transitCSM-
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A/CD "WIARE T YEYA Ad Bzoif2g3)
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3.2 QoSA o] %

A2l Timed TokenEE=E AFZHE, QoS A
o e Bajx AAZ EAFY QoSE  AHoigth
QoSAelFE =A RT 994 AART Connection
Establishment) St A19 QoS A o(QoS Label
ControD & A 2 o]t
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371 Aol WYL Ry AT HAAE
R/Gel Agdct. #ARE £2% R/Ge 7}HE
HegZe =A3d, whef FEE M8 g gFo
oW RT 947< AA%ch thge) Qoseld A
o] BAdAE & WEYAUYY 718 dgFe
wsle] @} 02 QosHWE AT

321 RT 942 44 €4

EF UEYQZ WRAAg HE =
RTE o2 xzo dAgsas 3t 5%
71 98A 4 == 7o) RT “3@0] %;‘*ﬂ‘ﬂ of g
. )2 98 RGE ME JYEHITY H ?
= 7+ RTY QoSH¥s H2E 7]'1]“ N9
#8 o] E(Bandwidth Management Table; BMT)
geldtl o9 32 RT 942 44 A& BAE

4,

gl
=
=

R/G receives a
reqRSY for
bandwidth

reservation (BWreq)

1
Every station in
corresponding
subnetwork
degrades one QoS
level
L3

R/G evaluates
available bandwidth
{BWavail}
NO

BWavail > BWreq Lowest QoS leve

YES YES

R/G returns an
NACK

% 3. RT 9& 43 88X
Fig. 3 RT Connection Establishment

A/G returns an ACK

R/GE Z A2 JEHIALY
(BWavail)2 =433 BMTE F7|3d22 A%
o} @b & w==71 RTE A$stuz 3949, 39
roE 87 dY9Z(BWreq)S 37 3 R/G
o] BWreq 32 E ¥#% reqRSV WAAE R/Gell
A%, ==2RE reqRSV HAIAE FAl3E
R/GE $A4 BWreq?t BWavaild ¥Z3t} ”P‘-’ﬂk
A%3uA e RTY BWreqd w3 FEd
BWavaile] $ithd R/GE ACKE reqRSV HIAA

e AgE
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A43d ACKE F
BWreq® ¥%9 %o RTE @%‘3}71\
9$ BWreqel] H|3] BWavaile) ZE31A &3,
R/GE 87 AB YEHAY EE =59 Qosd
< 3 wA #3EQL o BWavails FASA &
. ol@e #AAL 7HE g Ee] 8T AFE ¢
=3 o)(BWavail = BWreq)7tA| W&ttt Iy
HA QoS Mo o2 AT EFsa /M4 Yy
Zo] 97 W9 EG WEAI|A £ f(BWavail <
BWreq)® NACKE regRSV HAIAE F41 3
2 A4tk NACKE 4% 33 === RT il
AL AT 4 ¢tk RT 942¢ ARFA [Psre,
Pdest, Number of Port]® QoS#¥=E A€ RT
IDE BMTo] F7h%th
BWavail®l #AAE 23371 9359 ifInOctets,
ifOutOctets® ifSpeed®t #< MIB (Management
Information Base) SBHEEZ ALgdth EHE §

) M2 o A xs vyl EJE 3 & dE
g Hlo|ES ZAsto thg 7 Zo] BWavaild 73
#| (BWestimate) & AlAH&TE
BWestimate = if Sbeedy—_tgctaletes
o, totalBytes = (ifInOctetsyifInOctetsy) +
(ifOutOctets,-ifOutOctetsy),  ifInOctets = total
number of octets received on interface,

ifOutOctets = total number of octets transmitted
on interface and ifSpeed = An estimate of
interface’ s current data rate capacity.

289 AAE BWestimateZd £330 §4%
wale] QEA westE AL 95y A8 e
7o)l EWMA(Exponentially Weighted Moving
Average)E& H-&3t9r}.

BWavail = 00 % BWestimate
+ (1- w) x Average of BWava

o, B =RdME o = 048 HAFHUT

5 JdEQ=s AHUNEe] FA: DiffServe
HY 4ol CosE ATaAF7 A% 3 #72
Jzolth. & WEHZ} AEY 2ol FAo]
Qb7 (Seamlessly) o]0l AA #7] AAHE

:lo A
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A =z2Ege ENY AFSH DiffServe] Ay
2 AF7te] vigo] o]Fojxjol ATk AH|A T
20U (Service profile)e HuIgt EH-& Shaper
ol ZAFHY. mMACH M= Class MapperZ})
mMAC3H DiffServzte] b3 o] wih& 43
gltl: NRT<Best Effort Service, RT<Assured
Service and Premium Service. AjH]x T 2
< 9ust EHPL Shaper’t 3G EAHY YH Y
AAe] A F& B3 AMulz: Zandd 3
£33t o) Fde R/Ge & YEHA W9
Ao A7 Z2 WY R RTE AF$o.

off [K

3.22 QoSel Ao ©A

MEE FR7M-be] & WEHIA HEHUE
o, 2 AEIFAL AR 8, AF AHIAY
4o ol vle] dxnE Ha Y ZFBWan)
Al HGE(BWn)E R/Gol A58 R/GE
@17]’78_0“ ﬂ:’—%’. Bwnun'?‘]' BWmax: 7@117]'@0]
A& HE HEHZY AF ESZ(ifSpeed)E 7}
i RTe] #F=e THTmn™ THTme (Token
Holding Time)& t&3} o] A4sti, QLTE
AP

[ THTwmin, THTmax] = -BYnl Bfnar Joy

W@, THTwn and THTwe [ms]: Maximum and
minium Token Holding Time allocated to RT,
respectively, =~ BWun and  BWpee  [Mb/s]:
Maximum and minimum bandwidth needed to
transmit RT, respectively, P [s]: Token rotation

time and ifSpeed [Mb/s]: Data rate capacity of
network interface.

QLTE IP 24, dxl9) QoSd#d, BWmndt
BWma, 283 4] ()M 78 THTpndt THTmax
Atole] 4gAIZ YFolrl AH QoSHME 74
Hel ot

E& % mMACo| Timed TokenRz& A
5™, R/Ge EES AAstn RSVHA
NRSVE o g IPF4 e 2ExIco s &85

QoS Ao]: ¢ke] RT &4d HA wAA
A74¥ Qoselde @2 MIB LHAEEZ £3
B BWaai® FAX o] o3 H4R3H zezm AY
g &2 olud. wgld mMACS o] 3L %

A A3 QosHWE BASA "k WA, A
St T2 EF Alx®E mletvE did] A3 RA)
A, TTRTum (Target Token Rotation Time)
EZo] =g & ¢ ¥ «@¥sted Aye AT
< 9oty EAl, TTRTwe TTRTww % RSV
To 3" F Ae Hd A& Yug. o
AIIES EEE #A% RSVREELE RTE AF
g 4 A "ok AA, STHTi= QoSE A 3}7]
3] AA RTA &3¢ F A% AGE 9u|g
. RTel 2% F F2 TTRTww® A3t
(TTRTiw - ETHT: - D)& F&& WA sl
NRTd| &28 A% AHE vt

o2, A Age oty AL 2L
312 ¥ W LAY

TIRTyw = Z2THT; + D (2)
¢, D & Adojth

opxgto g2, A¢t TEEFAM QosHE A

£ o AF 2AE ) A At 2y
e WOM = 1), 3T == EZ9 LVLIE=
0lz 43t A24e HE vEHIY =
k= Al Ao YL AL, 4 ==
ol wet QoSelWlg W&t ®idE, N¥ 4
14 A8 A LA @gke e QoS
S Ak ol9e] Hole A QoS

k]

ot

Oft

3

mo & 4 rlr a1

o

3.2.3 mMACS] %3 o

I 1A dAS F vEYIY FA4 JdF
o] &3t mMACS F3& dnrz)

A& Y3 DA dFm(22)00 AgH v
2E A FolBZ mMACE Timed Token &
=N A5 o FFASIANI, NVAA
E7E RE IPF4dA 100 Agsigch). ¥
Aol A" BT QLE [BWmin, BWmal=[2Mb/s,
5Mb/s]¢] A dgZg Fxstn ok 2 gty
ARMAEL NRTHHE A3l vk oz,
EZ =3 ¥& @3t dals AZMTTRT ow)
& 1/303242 M A3YT RTY 338 o=
(TTRTw)& 1/50%2 HA&AT. R/GE 13 4
®)st ()¢ Ze BMTE #ystxn Ut
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IP Address: .4.2
QoS Level: 1
BWmax: 10Mb/s 10.0.2 10.0.3 10.0.4 Internet
BWmin: 5Mb/s 10.0.1 14Mb/s 9Mb/s 9Mb/s 8Mb/s
Levels THT (ms) 10.0.2 - 9Mb/s 14Mb/s 8Mb/s
1 11 10.0.3 - - 9Mb/s 8Mb/s
2 9 10.0.4 - - - 8Mb/s
i 2 (b) Bottleneck Bandwidth
(a) QoS Level Table
RT ID QoS Level Path
IPsrc IPdest | Port # 1 2 3 4 currLVL a
2.2 3.1 5000 12ms 10ms 7ms 5ms 2 10.0.2 10.0.3 -
4.2 1.3 4700 1lms 9ms 8ms 6ms 2 10,02 | 1004 | 10.0.3

(c) QoS Level and Path of each RT

% 4. QLT2 BMTE| o

Fig. 4 An Example of QLT and BMT

olA|, A tigZFo] VHS uitje o] FAd 3
FEE [BWmin, BWna]=[5Mb/s, 10Mb/s]2 A1
¥ MPEG-2E8 A {sdle vt sivebrt & vE
Az ME YEYA 10049 HA&ES AIET 9,
mMACS] 32 dAEZ 45rA

(1<24) QoSHM HolE AX4: R/Ge Y
29] THTmin® THTw3 A4bslm, 29 4 (a)9}
Zo] QLTE A3tk

[TH Tmin/ TH Tmnx]=

SMb/sXB—IO sec 10Mb/s><-% sec
32Mb/s ’

T5Mb/s ={6ms, 11ms].

(2g4) RT 944 4F: Hde 7iviel(4.2)7}
MPEG-2 2EQL TV(13)e] M$stain 3,
24 BWmu(Z, BW.=10Mb/s)2 d74 HAL
Azt a8y F ==2re H3aEs vx
IMb/se& AFE 4 A7) GE (Y 4 (b)),
R/Ge 7239 ZE M2 YEYIIANA BWaa
£ UEY dg7x QosHEE “HE AL HHI
T}. QoS#EWo] 29 W, BW,=83Mb/s7}
BWaai=9Mb/s& 953tm2 RT ddo] 43 €
ot RT ddo] 43E 9, RTa2134700°) 18 4
(©% Zo] Heolgol Fridch ef, QoSHioe]
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HASHYE o] go]Ee 7Ad.

GEA) E& £&: 1Y 12 g3 & 97
o xzz T4 gtk R/G=41, RSVEE =
22, 42, O8] NRSVx:===11, 12, .1.3, 21,
31, 32 A A EE &8 A, RSVt E Ui
(TTRTw) R F 22 A7t B A$dax X
U ER EZ &8 ATTRTwm).2 A8 A4
Hx 23 =yt 21 k=81 7pASHE, os
W EZ £3 Aol NRSVHO A Hzz 83
ofut &= 21 227 g9 ol EZY
NXT gd=d dAgdrt o] & ¥y EE ¢8
AS AHEE gLy 27N FL SHA =
RSVE & ojrjgict).

22-41-42—-11-13 (A AR EZ &)
—22—-41-42-21-31-32-11 (% HA

424) QoS ¥ A o]: R/G= RTi22314700%
RTj42,1347002) QoSe|d& 28 MAAFc} 18y,
RT(22,31470008 RTja2.134700% A4E37] A=
THT,2=12ms$} THT4,=11ms7} Z4zt @3 He =,
o] ETHT: =12ms+11ms=23ms(¥, D=0ms)7} =
o] TTRTw=20ms& 2787 Hol(d (2), R/GE
EZY LVLE 012 dAFgozH A9 QosH
W.g 20]4 302 BESE o)

L —
=



WX & HEHNAE 9F QoS BAY wAHEA Y 22EFY 7d

IV. mMACe| 8

B =294 T3 Z2EE9)L FreeBSD
v351& L9AAE st 733 MHz Q9 #HEY
T2AME gA§ PCY DEC2I140AE AT
#@ Jl=F ol&3dlo MUY mMACY B
B EE FreeBSD v351 Al&Hl ArelA Dynamic
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