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A Study on MAC Protocol for Packet Data Service in
Slotted CDMA Environment
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This paper proposes a transmission probability control scheme and MAC protocol for packet data

services in slotted CDMA system. In slotted CDMA system, multiple access interference is the major
factor of unsuccessful packet transmissions. Therefore, in order to obtain the optimal system throughput,
the number of simultaneously transmitted packets should be kept at a proper level. In the proposed protocol,
the base station calculates the packet transmission probability of mobile stations according to the offered
load and then broadcasts it. Mobile stations, which have a packet, attempt to transmit packet with the
received probability. Numerical analysis and simulation results show that the proposed scheme can offer
better system throughput than the conventional one, and guarantee a good faimess among all mobile
stations regardless of the offered load.

Key words: MAC protocol(MAC 2 E3), Slotted CDMA(ERE CDMA)

1. M 2 M AEIE w9l A TR EL Al A) &
2E 289 FAREES o] &t AL At
CDMA Al=Flo] 285 F4RE e3¢ 5 [1]. o] A%, A BerEL nHhel FATA=E o &
st AL A EZ AR B2 9T A5 A

H

% A AR Corresponding Author) : 98, F24 1 A

A G 29HE 55-1(608-738), A3} 051)640-3423, FAX : =
051)640-3038, E-mail : itim@pufs.ac.kr 7 Ao As alo] "Hth
49 20039 109 209, €8 20034 129 19¢ S e F3o] £0]3 S-ALOHA 711

‘EAsY, padRdudn ARHFER 2us
% 2 A7E 0028E FRAEAF AT Aol sl

DMA Al="lel 28331, 188 FEZ w7

& C
A7 5 9 %Y TH(KRF-2002-041-D00447) A4S AEstE €3 CDMA Al 2H"ld 3 &



Slotted CDMA 0N 2! CIOIE MHIAE 28 MAC Z2E2 37 205

A7 doigH2,3] 2y, 18 A5 FE QY
Y, AEEES A 3d T ¥ getA L,
ool whet FAll AFH= HZ e F7t HobA A=
A 2{F7 AT Ut 2P AFFES B
A s AU Af AAZ Aot B dETE0]
A 5185 A ol A" Aeo] AtE e £
Hol it

olell mte} G52 AEHES MU E A
ofdhe ZIME W3 B I+t %101%1?}[4—7]
olE g tF-E NEEY B, A =N
A AES AR, AASEHE
SHHoE A FaA

Mgk 2 o] B e AT o) Bl AT
o] Agol AP WA S| HEHFL FANY)
B2, AYa A4 A2 st A2d Helgol

AstE = @Al Ut ek £ CDMA Al2H
A GAH LT 243 A L FE £017] 9
sle] Al 2E] B3} ko] A48 E Ao Jge Do
2 g
B =g e dgas e £% CDMA A=
QoA Al AE=EE AR 55 dAT $F0)
st FAA 717 E BEBE Aol 7|HI o]
2 3 MAC EEE%% Ajks}L, o thEk
v‘i'—*dfﬂr:}. l oy e ey e 2
o wet M2 W3l QA
AAbste] whgsla, o
g —% ZIRte 2 AE&E A =Foh

N
X
A
o
o
L
211‘

2

2o

r &

RN )
e
J\‘l
mIo 2

4n41ﬂ2ﬂﬂﬁhﬂ“ﬂ
ﬂﬁ%ﬂ”@*ﬂﬂ“
wﬂ4 1538
AAE 4z Py
AN o4
A7%E 7%

i
Ho
wr o
-
2,

obr ¢
o
2
2
m,,
u[x

O
i

ox M

ol
o ol
o M
o o
e ozi
Su) &
ox r[r

H._,
..b.

°E°‘m‘9“ﬁrim
o
N

> o M
o,
12
t
e
tjo
2
>
_'L

o)
£
e
o
offt
e
oX ol
olr
Me -
_J?E,

,ﬂ
o o o g

o

K
2
o

e T T S

2. ¥5H0 Lels

= A2 "o Bz 22gRL 7 9w 2}
Ao A g3 TR Q*& A= s I EAR
A4EE ALz wyog s

298 1S 22y ’i} ZHE Yed Aol
[10]. A Gebd viel Zof FA] el 3=
D)o A A2 g HZlo] RS H AR A2 H
olgitt. FA Bl e dErle tE £F A
Fold AFEEPIZ HAS AFsta AT L
2R €S 710U el AE8 ARl 77}
2AGRAY AFs] Gl HA 4& FL, A 27
T ARE Az Holstn, thF XA Fold
ARXSHEPIR OA AE S Ad AAF 4
el sle g9erle
gt o Exvttt AE 15614 A, AFA A
TEEEY HWM] g2 H7lo] Jled FA ey
2 Holste 9e] #H& wEsta, ofYd FA
B2 Holgth

ol
oLl @ -
| tH.ll'ljf HIRA=I1? U@
! oll

a3 1. ool S5

3. MSEE Mo LnaE

2 =fdA Adste AEEE Aol Y
PB(Proportional Backoff) 7| & 7|Al= ol 4] uj) &
Soict Al2E] B3lo) wtet AA el e g
9] AEHREWP)T AAE A e G2
BEEEP)E AL 43t 39, 258 o
ol e BdE7EL A EA AHE 7o

boE 2 N



206 SEOICIOES =X M7H M2&(2004. 2)

rr

VEHE == AHFGEZ IA AF L A

4
o

Ruigyc)

1A Fo] zp dEr|EdA WEdtr] 9% &5
(t+ 1)l A o) ASEE Po(r+ 1) AAEEE PAt+])
L % oM AFHE JAEY FetE svtoz
&3 Zo] ALtdr)

ra-(} LD o
p+1)=1 T if Ny(t+ 1)< TH,, (9)
WB(T':E’ otherwise

o714 TH,E DS/CDMA A" A A &g
HU 2 FR387] 95t Al S Afsie @
27 9 YARE eI, Npt+1)& £F (1)
AN AL A = G 2 vehdoh
E& (t+DAA ARG A= Ly FE S
tol) Al A3 AR o] L F7 A= DL F N2}
E& oA AFEEo] HA @& GV § Np()E
ALY, ol oI Zo] FeoldAn

Ng(t+1)=Ng(D+ N (3)

k-3
TE A AY 2 AAE GO e G E
A48 8o HA ¥ FE YEY, &3 2o
Aarg ),

Np(=Na(D {1~ P, (D} + Np(H {1 - PL1)} 4

A7) A, Nalt)s £F A A dHE Holgh
@vlel 8 ey, ol ug3 #oh

NA()={N—Ng(D} - A 6))

o) A4 Ne ALt F ©d] 58 e
S,AE FA A Qe BErlE0l £ 7 wAA
ANt Az AR BHES BT 7Rl
NADE ANG W, 2 B27ls A2 A3 24 E
ANE A L F Qe pEe Yok gy AT
AANE 7 w7 Eo] YHFE AES A0 58
2487] 5te] ARF ATHE AESZ AR,
o] ZHEY ERY N2 AN +& FH5
olol e BFEe FRA A2 AFBrh

29 4 ()F @9} AN 78] dgka &
ERAAE GUASTAL ASAY Jguse

NAee] A MELES RES AHA ST A
Aid w2d FAld A= gd2r] £7) noja,
Aol Eo] GolHAM A5 o) #& AH W7 E/No
QA% W VE 2FEL T AT LTIl
-3
_ m—1 Ny
Pe(”)_Q[ [ 3G, © 2E,,]

{6

AN, Q= [ e P

BZ0e) AR Aozt L MEQ AS, Al Ty
b EA ARG AET W), sl sHzle} B3 H
02 £48 §F Pnd 4FHoE AL AF
g aar)e 4 Sn)e o gl

P(n)={1-P(m)*

7

Sny=n - {1-Pn)}* (8

a9 25 H7e) Zolzk 432M 0] 1, H o] Sol
6491 AN Ey/No7h 15dBS] 7%, BAl0] 71 A4
e warle) o met Aol A FeHE Tl
Aolty. Tol A JER v} 2ol £

=3 A

= w

o ARE AESHE B F7b 1270 08
9

e @wslel 47§49 Bk

Ak EANE A Feol A de)

d&e FAH7 Astel S A5

& 9t ey 59 QAN TH.RT How, A%
Fa3) AHERES BT 12 sto] AWS 4

woke 24 AHel 9t 927152 g A3

@

o ©

S(n)

G,=64, E,/N ,=15dB
F L =432 bits

o - N w H wn (2] ~
T T T T

0 2 4 6 8 10 12 14 16 18 20
n

% 2. CDMA AlAElel Xe2lg



Slotted COMA SZ0IM M2 CIOIE MUIZE £I8 MAC ZR2&E2 &332 207

2 A%sA Bk 0, HAHETA A

BN
9RE std YRS Aee A& wwrlY 7}
THnR T %o, /A2 AL A5 @]

U
o B A AdE Fol7) Azt B Fel 3
T UT/IEY A2 AR E A
, AAE A e @LrIEw @

£ K
»
o
X
of
2
e
i

4. A28 45 iy

B =R ARE FE s A4S A A
a9 Bde 2939 23, 4% A5 A9 A
St 1% 20 F2 4ol Qe vLrle 229
SESEEPEEEEEXIE PERSRER
A4 A Ho Bk A4 FHE Bold Burle
PO 82 W7 A4 AR, A58 &0l 57
AAY LA Aste] A Aol A

N T 927l
Np(t) | AdE Ad ddr] +

Ny | A e @27 &
Nc(o) | 474 BH=2 Meld &7 &
Ne(t) | AR At AdEAy @27 +
Nn(t) | A% 8189 ZAAYH 927 =

Ne() | A58 8 <te AAYE 92y &

Nr(t) | 2 & dA$ste F &2 +
Nalt) | 38 &8z &7 &+

Ns(t) | A% 438 ddr] +

Nsct) | A% A3 ZANH @27 +

Nspt) | A% AFd AASA4H dgr] &
P, BRAGHAA HAg AFE &E
P, AdESHAA AL HW$E B85

P(n) MAIZY nd o] ¥ ¥FE

3 Bl ARE A doldh A A%
el gl BRI)E e eRdA Pol BEE
47 AAEL AR

olg} B A FolA v FeHE Pl
€5 AN FA Aol AAY AAE el
QA Dk A 2H AHE &2 oA ADS Ao
AE iy o) F{Np(t)}IE A5, Na(he 13%d
+3 AH vlERE ARlos ¥8E § Uk £F
t) Al Feirh i W, G SR A"
g7} ;9 A Hel #E PiE &I 2

Py={Ng(t+1)=jINg() =4} (9)

oA71x 9] Ade] Mol FEL FA Aelol A (j-i+s)
A7E MEE AR S DA AN ZA Fef 2 Hos}
3, AR A E HolF (-i+s)W oA b A%
&5, AAE A iAF (n-b)77F AgH e,
F AEST il TAA sV AZE FERE FIA
o, ol g% £t}

P A E R )
(10)

A7 A, Pt P 212 RS S BB &
7 AL Wel AT 4% 22, BniP)E ol
gy GeH 2ok

B(n,i,p)=(’;)p"(1—p)"—" (1D

ol Zo] Ae) Mo] BEo] T H FAAte
-8 (Steady State Probability) m= th&3 o] F
=

= lﬁéanﬁ, OSZSN (12)
%7[,’: 1

4% BHE AV A2Y AL B EE T A
Hog A$HE WA £2 oY, ok g
2

5= 2| Zye Bons, PN PeiNz=n) (13
A71A, PriNr=n}e 47 & A$ste gir)9

F7t B Y &8 vehdo o)< g 2ol
AR e o] D27 71 iAJA ZHAM F nlg



208 RE0ICIoESE =2X M73 M25(2004. 2)

Surpvt H2E A$E 24N

Pr{N;=n}= g[ :‘

Fg2 T

inla, ) B(N—za/i)
m‘ﬁﬁ {B(amP)
"~ B(i,n—m,P,)

(14)

5. da 24
e BAE A5t 74 2EEL Zold R EE
A2 FAAFN I, HZ Y A7= 4RWER 7HY
gt CDMA A 25l 9] 28] o] 52 640] 31, Eo/Now
15dBE 7438t ery, of B¢ A28 Hyges
HAAZ FAs7] A 927 9 YAA THxe
120]ch, =3 2} @259 H AR FHEME

A7) 9% QX9 T7)E 1,000&F L2 738

AN A A Zde] Fjeo) Uh§ et g
7] Ylete] Al gd ol g aEg e, of
J—‘r% 39 49 JERIAT, 19 4% Al
A= Rato W Al2F Mg Ve
A2 RHGyE FEF 2 24 F 93
ViR 2y ol A el uhe) o) 34
o o8t Ao} Al EH ol HOE 42 FH9)
g & 5 U
EoaE Aorst PB 7MY 4% < HB
(Harmonic Backoff) 71%{4] 2 BEB(Binary Ex-
ponential Backoff) 7191[11]3} vl slgch. HB 7]y
3 BEB 71§22t 9ur|Eo| 5oz A4TdE
& Al g2 AES ARt WHeR NEL
HZle] HASH F2A AE& A =3, Bl A%
o) A3ty GEAr|Ee 47 ok A go] EYPH

é&nﬁﬁ“

N
=
::‘4

o

j!,iul&)!»iné“a__m[o
o
}ﬂl

r{al_.ou’._{),
mgrzim{m

o

ey
o

—s— Simulation
’: —a— Analysis

L =432 bits, N=100
- G,=64, E,IN ,=15dB

Throughput (packets/siot)
O =2~ N W hHh U O N OO W

10 15 20 25 30 35 40 45 50
Offered load (packets/slot)
I8 4. sHAMA wyn Algefold Zot viw

0 5

T

Pyp(?)

Prg(i+ DZW’

=1 15

Pees(i+1)=2"" 421 (16)

256 7 B =N AUYsP
¢} HB 2 BEB 7ol A H&lo) wt& A
A2g g, 2 HFE dE AD

X Tod

714 71E
Rl AR
< 4z elagt
olth. 7]&9 71¥ A%, AR AFol Ao &
71Ee AAE FHo s @Y Fol= B H
"Alﬂﬂk w24 HB 2 BEB 7]

s B DARLCR S °1‘3}°% &l
%‘oﬂ A gt ‘%} 7€ BEEA A3 AEE JA
stEE 0y 59X JERH biel o] B =F oA
7} THn? 1208 €53 AL 429 #f3zlo]
AEdeh olo wpe} 1 69 A e whef ol
B =FolA AAd Mg ug AlAE Al go] A
ety £8 B =FdA A PB 7IHE A&
gl o] 8171 THnoldoll e A28 23l AR

mE.?.tmE»L

20
" ——PB L =432 bits, N=100
k) —a—HB o <
g .l hbg  G»=64,E,/N,=15dB
8
B -
£ 10 |
£
@
% o -
g st
5}
ol
<
0 . B R j — 1 " 1 A
0 5 10 15 20 25 30 35 40 45 50

Offered load (packets/slot)
3% 5. &8st W2 M5 3l =+

10
= 9F —»—PB ——HB ——BEB
o
2 87 -
2 71
2 6l L =432 bits, N=100
g 5 G,=64, E,MN ,=15dB
g o
5 3r
3 o
£ 1
0 1 1 - | S— 1 A i 1
0 5 10 15 20 25 30 35 40 45 50

Offered load (packets/slot)
I8 6. #sloj| mE AlAY Melg



o] Ao IAFT ML vepdrh. 71E 9 J1HY
ZBE, AdE Aol e dErlE2 ASeo A
HEL ZAANTNER B2 22V EY A A
3§ 5 A 9§31, ofofl bt T TANMAH Hd I
AL A<te PB 71yl Hlsto F Pf?_‘:}
a2 89 9= Alad Hart 22 103 509
50
45 | —=—PB  L=432bits, N=100
@ 40 b g G,=64,E,MN,=15d8
=}
w 35
= 30|
2 25
o 20
o
g 15 |
g 10 L
<C

Throughput {packets/siot)

Throughput {packets/slot)

Slotted CDOMA &0IM M2 HIOIE MHIAE 213t MAC Z2EZ o7 209

5 b
0

TR

5 10 15 20 25 30 35 40 45 50
Offered load (packets/slot)
a3 7. 2stof w2 gy 8 XA

1 1 L L i

03

=PB  L=432 bits, N=100
025 - 4HB ¢ 64 £,nN,=150B

02 L G=10

015

o1 |

0.05 -!“‘ £ b Tp ‘..“ma‘
A

0 i FI— i 1 L A 1 -
20 40 60 B0 100

Mobile ID

T3 8. ¢hEY XN2lg (G=10)

03
PB  L=432bits, N=100
025 | *HMB G 64 £,N,=1508
G=50
02 }

Mobile ID
I8 9. oY Malg (G=50)

& vl 3l Rojok Al2d] #3}
$(G=10), PB 71'{ ¥ HB 74
dR7IEA A TUd® A &E AT
WA A AH B 8 F(GE50), B =2

i3 & Z aEsEdA A L3
WA, HB 7oA e g2

A& HE5L u-¢ Attt ol= Byt & AL,
HB 7|l e ARE e e g271E2 A
&3l AFHES So|ZE AFSEo] HA ¥,
v 23 g Flo] RAste] A Aol e g
7152 720 A3 AFE AEER QWS 4
ey ERT SAHo7 A4E Lo Hy WHE
21=3

I 102 Al2F 23 @8 HEs 3 AF
£ vag otk M & Y AF= F &% T
Z} @@ 7IEo| FH A ’“*‘73 L2 A F Ase
Rl g 3t Al Eeo]dE B3l AAE &
AE AF A9 Lo NG -\r}ﬂ]i*‘, ol &3t
o] AHojdi8l.

(Eviz)
Fairness=—"= ﬁ‘,‘ (Y:/Z)* 17

A71H, Yish Zie B il thated 2z A
249 Helest 39 AL vehad

2ol Lehd vhsk 2o] PB /e AAE 3
slo BAgC)l ZE BRI ENA TR Aees
Agach we, HB /1M 287k 27hge) whet
AR% G259 F@ A AA 2 Aste] TH
A7k FAY BAPG

08 \\‘*‘\‘
2 06 }F
(]
£
‘T 04 ¢
w —— E!BB L =432 bits, N=100
2L T G,=64, E,/N ,=15dB
o AN T 1 1 1 1 1 1 1

5 10 15 20 25 30 35 40 45 50
Offered load (packets/slot)
28" 10. Folof mWE 3™ X4 d|m



210 SEDICIOSS =2X M7 HM2:=(2004. 2)

6.4 B

=AM s dE&2E ¥4 &% CDMA A&
oA BEHE A3l 8 94
AAAN HA S A2H B5E A 2718
AA +HF AR AES HASH) AT J$HE

¢ 4eE EHAT AL A=
of EX otk g Rl ot 2 A2 A HE
He g3le dEgEe FHE Adsto UEat
, SR M E AT AFFES N0 E HE
=%
e BAY 2, AL /1YL MEEE AR
o5& A NS 2L F Ue FLHENA
o & olat2 FAAZ F AT o]l wheh A
PB7H2 2t @27 &0l SYH o2 AFHES A
et AR AEE Axste 71 Hste $473
HE & & & 7 ANen, AJ2d Rlo #AY
Al

K

o
>

o

ol Zt @&VoA THI AR AFS BAY 5 A
At
= U |

[1] E. Sousa, and J. A. Silvester, “Spreading code
protocols for distributed spread-spectrum
packet radio networks,” IEEE Trans. Com-
mun., vol.36, no.3, pp.272-280, Mar. 1988.

[2] H. Okada, T. Yamazato, M. Katayama, and A.
Ogawa, “CDMA slotted ALOHA system with
finite buffer,” IEICE Trans. Commun., vol.
E81-A, no.7, pp.1473-1478, July 1998.

[3] O. Sallent, and R. Agusti, “A proposal for an
adaptive S-ALOHA access system for a
mobile CDMA environment,” IEEE Trans.
Veh Tech., vol.47, no.3, pp.977-986, Aug. 1998.

[4] S. Choi, and Kang G. Shin, “A unified archi-
tecture of wireless networks for real-time and
non-real-time communication services,” IEEE/
ACM Trans. Networking, vol.8, no.l, pp.44-
59, Feb. 2000.

[5] Ch. V. Verikoukis, and J. J. Olimos, “Up-link

performance of the DQRUMA MAC protocol
in a realistic indoor environment for W-ATM
networks,” in Proc. VT C2000, pp.1650-1655,
Sept. 2000.

[6] TIA/EIA/IS-95-A, “Mobile station-base sta-
tion compatibility standard for dual-mode
wideband spread spectrum cellular systems,”
Telecommun. Indust. Assn., May 1995.

[71 ]. F. Frigon, and V. C. M. Leung, “A pseudo-
Bayesian ALOHA algorithm with mixed pri-
orities,” ACM Wireless Networks, vol.7, Is-
sue 1, pp.b5-63, Jan. 2001.

[8] T. W. Ban, et al, “A Fair access algorithm
for packet data service in DS/CDMA -based
slotted~ALOHA system,” in Proc. VT C2000,
pp.1160-1164. 2000.

[91 M. B. Pursley, “Performance evaluation for
phase-coded spread-spectrurn multiple ac-
cess communication — Part I: system analy-
sis,” IEEE Trans. Commun., vol.COM-25,
no.8, pp.795-799, Aug. 1977.

(10] 999, “CDMA S-ALOHA Al=HloA 3%
A AL AI MAC ZZEE," F=HE
#3+3] 2003 B gedEe=F, A30A AL,
pp.115-117, 2003.4.

[11] R. M. Metcalfe, and D. R. Boggs, “Ethernet:
Distributed packet switching for local com-—
puter networks,” Commun. of the ACM, vol.
19, no.7, pp.395-404, July 1976.

ol ol EH
(=} — b |

1984 Etohgta W AA kS
FHZF AP

19861 Medigta tigtd A
SA (]34 Ah

19983 2 4thgtm oishel A
B} g 3t (F 3hupah)

19861 ~1993'd A AAHF) 5
FaTE Addrd

1993 ~1998'd FRAost AAA M zus

19989 3¥~dA FAdFoidEa HRH TR =

g

#AEoF 1 WCDMA, Mobile IP, MAC ZEEZE



