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ABSTRACT

In this paper, we evaluate the capacity of voice over internet protocol (VoIP) services over high-speed
downlink packet access (HSDPA), in which frame-bundling (FB) is incorporated to reduce the effect of
relatively large headers in the IP/UDP/RTP layers. Also, a modified proportional pair (PF) packet scheduler
design supporting for VoIP service is provided. The main focus of this work is the effect of FB on system
outage based on delay budget in radio access networks. Simulation results show that VoIP system performance
with FB scheme is highly sensitive to delay budget. We also conclude that HSDPA is attractive for
transmission of VoIP if compared to the circuit switched (CS) voice that is used in WCDMA (Release’99).

I[.ME xS Btk = HSDPAE= i3l dlelelE 7)ub

o2 3l 14Mbpsell @38l peak rate?} 1Mbpsol]

HSDPA A|~¥l-& 7|&2] 3GPP (3rd generation ol2E 3 #2¥ (throughpu)e 7HIH. o]z
partnership project) Release’99 W2l WCDMA 3} A Ao Al 7t ARERlelA] QlEjYl 2w
(wideband code division multiple access) A2~ 2 (internet protocol: IP) 7|¥Fe] 2]l efe] & A
Hle 3w o 3 ol Foke Bl AT 5 made Aele 5 oo ANaE AR

* A e A abgetnt A28 Q74 (donhwang @yonsei.ac.kr, kewhang @yonsei.ac kr)
*x AR A B EAIEY EAldT4 Media Lab. (dragon @yonsei.ac.kr)
FEHE D KICS2007-01-034, A=}l :2007d 19 299, HF=FAeda) 2007 39 74

161



=2 A183 =24 07-3 Vol. 32 No. 3

$l3le] Fpdor a7 A A, P 7uke) A
7 HolelE o]gs $4& Agdhe AL A Al
/‘EM Aol 7P WS w9 v‘i""]wl‘:]'. a
olfr & Fhbe anlAl Sel gle) 794
wZolch vhA] wal], AAE VoIP AM]AE £,
*"4 a3 el skedl B3 Ayt fx]
EE opdza A e BjE X A3
“Hroltk w3l ol Alxgle $AF wit]e, &

OJ.:
ﬁii

T oo} e ThE dolH 24 71en.

AELE A2 Jeo] AMujag AE3hed (-8
A A" 5 9ol 712 volpdl| I AT
= A @ (wireless local area networks: WLAN)
ke 2‘13351‘%1\4 0]71-2 WLANA|~8lo] 41
AR el AE =9} HedE AT
wZolch f41 F-& WLANe|A2] VoIP 7<)
A A #HTe] IS CDMA2000 1X
EV-DO”), T WCDMA HSDPA" A|~®l3} zke
g 3AH (3rd’ generation: 3G) 7|l FHEH
2 Jr} o)L A9 3G FhY s F9
g vEEAe] T4l A=elx AT HolE7t &
Aol $8=cis AlebA]7] wjEolck w3, -S4, Hl
olg] ¥ RE Z2EF A3/} FUZ IPE F314
A4cha backhaule] £ o] &&4¢] Ak 18
ng B =i 8% 849 FB  (frame-
bundling)®} ¥4 2|4 FHlvle]E 4] VoIP &
kS system- level AlEH0]A-E £3l9 Hrisle
- E g -1"-%”-94 TAL o3t 2ok A 23
VoIP AB]A5 $]g HSDPA AlxHlel tisle] <
| 37z}oﬂxif VoIP &3 715 3 4%
715l tisle] Adwdgle} =3k system-level AlEH|
olAl el wisle] 43 ellx 7]t VoIP £k
disled AlEHeld Azt 54 AdFe) @A
BoZ A 6ol AEE Bk

I. VolP MHIAE $i8t HSDPA AlAH

2.1 EdiE zHn =2eF

4% E5 ONOFF JRos E8 rFseich
ONTRHIN E2h4 o3} o} Rolle] OFFT2RE
AFoE el o]2igk ON/OFF 771 A&
AIZRE AT FEE e 58 AeF B
£ Ve, QiHez ol APe 84 24
3} 2lz} (voice activity factor: VAF)& ZHe 2544
Markov Eg =dz Za3 & 5 ol
HSDPA Al&HlelX= 33 multirate 54 39

162

(adaptive multirate voice codec: AMR)S 7|32
2 333}9, VoIP ArlzeAw ol 7L =
ZlFog &8 sWelth E377telA VoIP AfH]
2= 122Kbps?] AMR 2=F 7HA T 20ms®] T
7FEQk 32-bytes®] 24 payloadE AN, =
g AEZP7elA=  7-bytes®] payload”} silence
descriptor (SID) =YL 3 160ms 712 A
%314 gk Ayl Vol Z2EZL g gl
transport ZEEF (real-time transport protocol:
RTP)E A83le o|7& AH8Al datagram Z2E
£ (user datagram protocol: UDP)ol| 23] 7§<3}

"ot z3 o] ZREFZEE [P o5 AHEEl]
A}, ol2fyt TREZEC] AgH = A A
o)== IPv4 (IP version 4)oll4E 40-bytese]
IPv6 (IP version 6)°ll41+= 60-bytesell o]Et}. o]e
gt 3t)9] overhead= VoIP AH]AE AlZsl7] ¢
slo] Ful B S0l AAT EAel S
gtk 23jE®, AgAed FA¥FT A9 ¢F
(robust header compression: ROHC) 7142 A4
o2 IP/JUDPRTP dHE 2 32 4-bytes 7HA

Zd & ok olEE 7] S B3l Hd
1-byte7}A] 5] 7hssri.

2.2 Scheduling ¢85

1A= MAC hs (medium access control-high
speed) AlEL 2ms®| A% 7 (transmission time
interval: TTI) £<} scheduling& #|*13}c}. HSDPA
Alzdlo] EUZF TTISRE B8 AMAP) A8)S F

" 8317) Wl Eo) &34l scheduling ¢aElES Ab

L3 Aol Aladl A AEs AN
L=}, HSDPA Al&®lE best-effort (BE) E

e Alg FAE st AV} =ik o F 9
3l scheduling ¥&3e]Eo] wvle] B (proportional
fair: PR)olth 0|72 7ZF AR8xle] F3A A
o) WIE o|8sle A & Ad A AL
2alA dlole] el $AdedE FA "
VoIP AB|AE $lEM s oleidt daelge] AR
7Vsskch dutd o g voIp @ E3} Amjar)t A
& AZF A& 7P ElEE P 22 e
e ZxE gyzlge] AAEck VoIP AM|AFE
fgte] A7t A|dd QRS scheduling YaE]Eell E
ke Aol "ask "ot Az xS SA3)
218}od, scheduler’} 72 843 SF A FA
(time-stamps)& F7I8 A|7F A|de] wol A
% 2 t] @& scheduling -$A59E et o3

I~



=¥ JHSDPA A2 # 6|4 Frame-Bundling 43 VoIP Al 43 37}

22 B E=Fdie ol 2 4%El PF
S 44314 ok

scheduling

P\(/QIP( )= (”( Jf(R_y,Que_s) I6h)}
3714 Pl (n)E PR scheduling twe}Eel <)sl
A irﬂuﬂ AgAel e B $AdeelE ket
i £ ) =(Ques)’/Ry)2 AT A #q5E
Sjulget °47W Que_s-& nHA TTIel scheduling
sjofel & VoIP 79 All=F fnizk Ry
MAC-hs AlZollA 3] nlA] TTI HE A3F-
B Hd 84 A AR $2 {4 AR o
Bk Rt gsh 4 Asdlold AR gE b
A= weightQl A2 vebdch

2.3 Frame-Bundling

BE E#gs} vi=A] 24 A7l dubdes o
Alo)| =7} 2}, asER 1718 AlE payloadS
o RTP A9 dHole] @2 AFsh= 2 A=
&} overheadS 2|3 Hr} olE E°l, 40-bytes
9] Pv42] stie edwbEel AMR A4 ZEE A}
L3 799 32-bytes®] 4 payloadell W]E} L
Apo|z7}t F& & 5 grk elEdt soE Eol]
284 FBS Ahesled <l payloads AEst A7)
2 eda o o] ALl A payloadES o
d RTP 33 @915 Fdlo] el =3, ol9
3 FBE AM-3o 23 HSDPA A|AEle] MAC A
2o =3l Fejel VoIP s7le] Ao}z Alole] &
Ax|of|4] MBS bitstuffing EA4E FU F 3l
o g, FBE AM8sH 9 A A7k 8l
Ao)= AJo)ol trade-off7} WIS Fc} oAl |,
o 22 &4 dFle] FBo o3 HA4FE o] g
AZE Aede] wAS 3 sl Aelvk 4 3
Aulze] g 2R Azix|de] Eg]BE VolP
Aujxe) 739 =2k payloadEute] FBHA Hrh
aelEg B Eiedile #Hd FB2 7K F55 3§

UE . NodeB . RNC

" UL delay: 40ms )

}I;I:ﬁroceising’&erlray H 30m57

Bacihaul detay:30ms

43}, o714 FBX & A4shs FBO| 47F X &
2Julshe o]e]gt FBS] EA-S AMR payload H
dAE 2go] rPssich Yubdoz AMRE A-F-
FB271A] &)

RF]

M. VolP 8% BIIE 26 o

oIr

7|

3.1 QoS X|ge gt End-to-end Al

7 WAl (packet-switched: PS) HIEHAeA
VoIP AE]2 2] QoS (quality of service)E X
Asl7) el e B8] AL A7 Aol Fagt vl
Foz zhggitt 9, H& VoIlP 435 7] ¢
A= schedulerollA &4 AL A=slr] A%

233 Agke] e7Erk F AAL FAAR] <l
oz el ARk el ol27|7A| 4 17} A
oz AoHrl &4 Aulad] AdE AL FA
3] YeixE g s T A9E 285msi
AAsa 9l HSDPAS) 313F8= scheduling=
9sa)= 110ms S 323t Yol P9} backhaul
A9 xede dubd o 7oms AL wAE

< FgRe. ofeiat Lﬂzf_%a S]] wRE el
Ao} deshs B A7 F S MENZ, &

scheduler?] 3-8 A7k Adell 2= o] AEEd 4= 3l
T2 g}l aelng 3% 1oxe o] T ARt
Aede w2y & 5 gk B2 A AHE 29
Az} AL Akl zsle] Azt Ade] AAE 3L
HalolslA 1t o] AL 5 A FAE WA, B
=Rl shakl o) oigk Azk Adwke st
72 g} oleldt Ft X2k X Bde # 134
7o Aeld 4 9lrk

3.2 VoIP ARIAE 98t ¥5 71F

B =0 2R outage 7|ES ZISHA] @
w4 sectord AFE 4 ole HQ VoIP A8}
ol gt Hr1E Exlow Ik nkek il kA
WEs)=m7} Z207] scheduling A7}y st} Foizl

IP Network
7

N

" 1P Network delay : about 4zms

SGSN/GGSN

NodeB-GSN:15ms, GSN-NodeB:15ms

_DL Processing delay : 30ms

‘DL delay : Variable

g8l 1. VoIP #7 A4 A7k x|l md



Z-EA183] =8 %] 073 Vol. 32 No. 3

7o Ags wAER] Eiiebd Fzle A"
olch. wlE, o FAzle EAlo] MAFl R

outage 7S UEIA 84 FAL FidS
2 eker) olEld AA VolPEsfl gt 7IE
!

N
o A fN

]

g

AARs7] $jsle] B =FolAe o3 7ol
gk w7 279} scheduler®] -4 AZF A
2 He] s A7 R TS 3
(packet error rate: PER)¢] 2%°]3}& #XI8l= 2
A} A AEAE Ho= 97% oV A8t
olule] HA A8} 45 HSDPA A|~® 33z
oA AFE 4 e VoIP Lozt AP,

)

N
[

to
2 o

¢

IV. System-level AIEd0|M &A

HSDPA A]2-Hl2- 7]2¢] WCDMA Al~#l9] 3}
g zo] izt gadlel= wAelw U 3GPP
WCDMA Release 5 A2l e g 22ci¥ HSDPA
£ 59 AYe £l dHoleE Agsle wlE
2= =g, wE HARQ (hybrid automatic repeat
request), 18] A'doll u}2 scheduling® = RF
scheduler 5% 2 5A& Z= 7125 MAC-hs
9] 71%-2 =33}

HSDPA Al~#l& BE g2 Xz S
2oz AAHYAT VoIPet 2+& BE E#F3}
2 QoSE LT3k APRIAER AYE F g
WEA priority scheduling queue W¥E £33}
o]H-L VoIP AM|AE 9)5lo] HSDPA AlxHo]
A3k 5 98-S vehich

E 1. FE 7 AR A 84

A

i

24 At A (ms)

44 encoder 20ms, AMR 12.2Kbps

- RTP FB FB X (X *20 ms)
- A= FBel| wlel 714
scheduling+HARQ (FBOU W = 110ms)
- 7= &4
ROHC, RLC+MAC # e 30ms(4)
skl a As} x)od
- 7 scheduling+HARQ 40ms(32A)
- &
e, A=A
4 4 A
€4 decoding, 30ms(317%)
Az Ay} A
- Backhaul A4 30ms(34)

- 1P WlEH= AA N2 42ms(TA)

164

B 2. Azd @4 AEHelA sfelule (HSDPA)

sepole 7t A
- AMR 12.2Kbps
o VAF=0.32, 2-state Markov Z%)
4 =y | ’
le ) -FB (1 or2)

3t ROHC, 3-bytes

1% 3¥(1)+UDP checksum(2))
Hexagonal grid, 19 cells, 3 sectors
(71X1=27} 1Km)

- A A F9F, 1.9GHz

Cellular layout

s} &4 - path loss = -128.1-37.6*log®R)
dxe) =9 |- Log normal (w/ EFH3} 8dB)
oE 2% |- 3Kmyh(50%)+120Km/h(50%)

= - 71A1= 14dB | <& 0dB
s L 7}45‘::@ -lédB

- 2= (3GPP TS 25.101)

Fading B8 15 4 A (5%)+Ped B(45%)+Veh.B(50%)
o a4l
ok =41 ok 1
CholH Al 2 41 el (1 or 2)
N TRLC AAE 9% (Wo ARQ)
e - HARQ (3} AH$=6)
CQI A H | 4. a9
A A<l 3TTI (6ms), N8 1%
Scheduling - $7A= PF scheduler (73] (1))
- Common CHE $I3F 5}9]: HA20%
- Associated DCH 3+¢): = 0.3%
3 (<] .
qors Ad || HS-SCCHE 7H43:

9dB offset via Associated DCH
- Common CH4& #=: 107
- Associated DCH F=; w4 17
- HS-SCCH #=

G, 2=

olgjgl AlxwElelA] VoIP AulA f8kE r|s)
71§13t B EFelae Axd #Hd AEHelA
(system-level simulation)& 3Jgtcl. AlE#H o]l
A= 19709 cellular®} 3709 sectors ZHe =dS
4838l 7|XF7ke] Azl 1IKmE 7PE A
22} 2] wiAE AA 1970 A Hololel A
H-X(uniform distribution)S- 7™ 7] o}& A9}
A Ad 2L ZEofl o714 AAAl At
A4 Ad z2de] 7o) AlEdeld Al T8
g 9&g §ol FoRlth a2jEE B =79 AlE
ool FEldhe fading Ad-S ITU-T Ad =
Az 7+ ARk Ade 5%2 Ped. A A, 45%
2] Ped. B Ad, 28l 50%2] Veh. B Ade £
S weig) dE$ele 2o 7 2EE UK
ale] 7)EAQ A% &4 Hata EEg AMggleh
= B E=FAe A 2 35 Ade A
OVSF (orthogonal variable spreading factor) 3=
28] HSDPA 9]¢} 22 xl& wmefsie] A&
Zolde Fafgicl Aol E QAF3t niel vizriA|
2, RTP / UDP / IP ¥ 3vi= IETF RFC 3059



=% |HSDPA A|2~#lo] 4] Frame-BundlingS -8+ VoIP Au]~ $-8F 7}
/

E 33l ZA dle] Alo]=7) 3-bytes® grEEL-
714 & tH(1-byte ROHC base #t] + 2-bytes UDP
checksum). gk 2 E=Folx= wE gz A-ea)
HARQE 33k} 7|39 WCDMA A]xglo)
fading Ad2] & FolA} A A5 2143t
ol ®k3}e] HSDPA AJ4ele 7|x]=to] 41 afde)
el wA Wz dd 3 ysske 53 e
MCS (modulation and coding set)& FE3|= rate
A|oAE AHgach HARQ WA whdo)] 7x|Fos
SEl9] sk me) R AE AAE AAsle] )
AFE AT 28 71AF dlw AR A
Agap ®e} Dk oA g AR 2
7IAEoR Ad A7 Aste] ARl 2.8
ZolA Hck riA#te: AA AxEle) A5 &
Ast71918te] Al EHo]4d-2 100,000 TTIE a3}
A Ak 583 Alawl #@d AEH)A] detvlE
= X 29 Agj=Elch

V. VolP MH|A 22 7}

o]l o= HSDPAS- ©]£45le] VoIP Am]2~
£ A3 of FBo] AA| VoIP $3kof v 33}
2 el diste] =3l delld dFERe),
Zb AMgRR HA 28] 2%E PO outage”}
A Zlog bRt} uhebd] B AHdlxe] oz
A3 L 7|E0] HE outageE WEHI= AN
AHE2] wlgo] A ANz 2 HAEE 28}
=7kek 2 gl oA el

a7 2+ whde] Al tlelwAlE S st 7
o} mEElA] e A, FBE Al4-8lA] ¢y
VoIP A|~819] outage 452 scheduler?] ) 3
£ A A7E 2 VoIP AMSAL ol wel vehfan
At 3o RE whdo] 2] tle|w|AlEE A
43eg o <EE 7 VoIP ARgAtel H
& A A ol5E 2 S U ¢+ 9l
th o]Z& HARQE AHE3dh= VoIP 79 27
A AT gFEo] W] F41 tlolwAlg Ao
2 VP dielth 13 3904 $2j= FBY A
o] VoIP Au|AE A2 HSDPA AlAE9]
outage Aol WA= G FAHrE Ar|A &
arol whel <reluE ARehe A VoIP ARk
605 7HEIE, Al tlo|HAlElE AN ¢
o= 10079} VoIP ARAFE 7Pddict 23]9] 2
=5 FBE A43 54 VoIP A9 AHfo]
scheduler®] 3§ X1 A7k B2 =713l ¥1e-S

Percentage of VolP UEs with BLER<2%

F
N
oA
B 1
= .
m B
£ 084 .
s ;
g o6 .
- :
3 0.4 .
S 02 Nt
[ N
1 >

0D, - b

90, 130
4 0. L
0!9‘,_7:]60 © . o MO a:m
30 Al
6‘%@%;')10 w mmo“"’\

(b) w/ EHZE A=Al CHO|BH Al E

T2l 2. Scheduler®] & xAAzF 2 voIp AMA}
ol mE outage g

tage of VoIP UEs with BLER<2%

Parcan

T2l 3. Scheduler?] 38 A7 2 A4 FB Ff u}
£ outage IE

165



F=EAE 3 =74 073 Vol. 32 No. 3

2Ys & 5 9lvh o)A FB7F ZV13E VoIP
HFo] schedulerd] queue W o] =2sl= X7} 7+
o] FRl =F A7 Aoz Fvlshy] wE
olct. & B0l wide] Al tlo|WAElE ARgs}
+ 100UEs®] 7% 0.99] SU3t outage =53
71Eo2 B3k d, 71F outageE =3l 413}
o] FBO, FB1 18]x FB2E 83} schedulerel
Ae 22t #H4F 35ms, 65ms 223 100ms?] 3
4 A Azre] a7EIck o] FBE AMS3}o]
VoIP AH[AE AZ3l= 73 RF schedulerolld
4 A A7k ¥FoE VoIP £k 7rAadhe
ouigic}y, g} o]jdt VoIP 48 ZHAE RF
schedulerd] 283t 34 2o Azl pAEchd
e x| okg- Aolcl FBOS A4 | scheduler
4 A Azde] 110ms o EAEE A, 2
44 o]2igt FBo| VoIP A|xEle) wel=q)
£ o JehiA He 23E 42 ok E scheduler?)
&g AA Aol ] AALH FB 49 3=
vehfiglel o714 2k 4l oAl A4
A = 60%E gL ¥ 42%E $Ele
RF scheduler®] ¥4 7158 X A)7le] Zpeke
& FBE ARl 9lelA VoIP £kl <3ko] A
AXA & & 4 Jrk IF SelE whe] 5
A deluAlelE AMsls 7A9el 3R e A
ol dizld ME e 49 FBE AL o
outage 435S VoIP ARl oiit 3= vehy
3 ek o714 schedulere] o) 3-& A A7}
< 90msE 7HARIc Sbelld F3 ule} miR)
2 7] % scheduler®] 34 *]d A7le] 90ms

= WA 92 AfelnZ FBO A4l
w2} outage e AR HR-E nYL & S
ek 53], FB2E 7Kl 799l outage A5
dsi7} A ERdo

QR

X 095
¢
ax 0.9
[}
@ 0.85
T
Z o8
il 0.75
"'3‘ . RF Scheduler |-
s 0.7 delay budget . |.
o & 90ms
=
] 06511 5 100ms
8 06| o 110ms
¢ 055+ * 120ms

o ¢ 130ms

.5

1] 3

1 2
Number of Frame Bundling

3% 4. AZ c}E Scheduler?] 4 QXS P&
4% FB 4o WE outage &

166

1.0
0.85¢ \ Wl UE Rx m

‘w/o UE Rx Diversity

e
@

Percentage of UEs with BLER<2%
©
o
3 &

—&— wi FBO
—~ w/FB1 |
—— W/ FB2

%0 100 110

70 80
Number of user

O3 5. AZ o2 FB $& 43 VoIP AM-
2} ol WE outage FE

opAlete 2 F 3elA ekt A Ad gAY
4] HSDPA A|2®lg o]&3ld VoIP A¥|AE
S A g 5 e A 435 Aok Z
2 B, $2]& HSDPA A|2E-S £3F VoIP A
H)~2] Al3o] 71&2] WCDMA (release’99) Al
H-g- 0]43t 34 AM|A = VoIP Au]2e] vls)

ol5e] & & 5 At

¥ 3. HSDPAA|28lol4] FBS #£3)F VoIP AW~ £5

VolP &3 Ped.A | Ped.B | Veh.B| 233

0] 60 | 8 | 80 | 80

ot 2al w/FB
W/DO}O] Hﬂ]; wWFB1| 40 | 80 | 80 | 75
wiFB2| 25 | 70 | 55 | 55

w/FBO| 135 | 130 | 110 110
w/FB1| 125 | 125 | 105 105
w/FB2| 120 | 115 95 95

w/ wE $Al

CBERE

66 : WCDMA 3]44}2] voice-8-2F
54 : WCDMA Release 99 VoIP-&3F

Y

aL

Vi. 2 E

B =Fa $2lE HSDPA Al2ElE E3l
VoIP AR|AE AFd of 9L 4 9l= VoIPe] £
ol whate] st =3k 54 iRl vls A
o2 & IP / UDP / RTP #t]9] u]&-& o)
7] S8 A8 75’ FBE a3 o] gk o
A= 7t o]RoiFlet i Axad #HE AE
oS S5l outage Adsol FBS &3l
o] Wi RIZEHA v & 4 lsich FBS
WolA BokE Wl v $A4 A7 "AEe] A
o] FBE 3t X|91-g& ¥AE 4 9JEZF scheduler
2] 34 A A7E 83 zZA AHE 5 9o
W FBE E3l0] o158 9& 4 93-S Hid =
g ANkAQl o2 HrlsislS W HSDPA A&




=5 /HSDPA Al~

ol 4] Frame-BundiingS 43 VoIP Alu]2 &= 37}

g2e Ei] VoIP AR|AE

gk Aol 71

WCDMA Al~#-4 3 34 Au]jag] Aol ]

] F8HYE ¢

¥ o= FTP =

EEH%H ZF M %
2 =5& HSDPA A}M‘

=
Hlz okl sl 3R

o} 4> glode), B o)zlgh VoIP

o183t} F4 VoIP

Al Qs D A FEel S% £ 2 A
‘{r_

e 4% At

d Zlojct

(1]
(2]

(3]

(5]

(6)

(7

)

(10)

(11)

H. Holma and A. Toskala, WCDMA for UMTS,
Third ed., John Wiley and Sons, 2004.

M. Lundevall, B. Olin, J. Olsson, J. Eriksson,
and F. Eng, “Streaming applications over
HSDPA in mixed service scenarios,” IEEE
Proc. VIC 2004, Fall, pp.841 - 845, 2004.
B. Douskalis, IP Telephone, Prentice-Hall,
Englewood Cliffs, NI, 2000.

W. Wang, S.C. Liew, and V.OK. Li, “Solutions
to performance problems in VoIP over a 802.11
wireless LAN,” IEEE Trans. Veh. Technol.,
vol.54, no.1, pp.366 -384, Jan. 2005.

Q. Bi, P.C. Chen, Y. Yang, and Q. Zhang, “An
analysis of VoIP service using 1xEV-DO re-
vision a system,” IEEE J. Sel. Areas Commun.,
vol.24, no.1, pp.36 -45, Jan. 2006.

B. Wang, K.I. Pedersen, T.E. Kolding, and P.E.
Mogensen, “Performance of VoIP on HSDPA,”
IEEE Proc. VIC 2005, Spring, pp.2335 -2339,
2005.

3GPP TR 25.896, Feasibility Study for
Enhanced Uplink for UTRA FDD.

3GPP TS26.236, Packet switched conversa-
tional multimedia  application;  Transport
protocols.

IETF RFC 3059, Antribute list extension for the
service location protocol, Feb. 2001.

P. Viswanath, D. Tse, and R. Laroia,
“Opportunistic beamforming using dumb anten-
nas,” IEEE Trans. Inf. Theory, vol.48, no.6,
pp.1277 - 1294, June 2002.

O. Komolafe and R. Gardne, "Aggregation of
VoIP Streams in a 3G Mobile Network: A

Teletraffic Perspective,” Proc. EPMCC, 2003.

(12) IETF REC 4352, RTP Payload Format for the
Extended Adaptive Multi- Rate Wideband
(AMR-WB+) Audio Codec, January 2006.

[13) ITU-T G.114, Transmission systems and media
—General characteristics of international tele-
phone connections and international telephone
circuits.

(14] 3GPP TR 25.853, Delay Budget within the
Access Stratum.

(15) 3GPP2 TSG-C.R1002-0, CDMA2000
Evaluation Methodology, version 1.0, 2004.

(16) 3GPP TS25.308, UTRAN High Speed Downlink
Packet Access: Overall Description.

[17) 3GPP TS25.101, User Equipment radio trans-
mission and reception (FDD).

& & & (Jong Yoon Hwang) A3

19961 : AAHEE A7 PR
gt A AL

1996 3~3A] : AHIFA A HF
A4

20033 ~A) - FAHL A7)
Azt vt A

<Rl T4 2 o) B4

CDMA % OFDMA 2%, MIMO

2 8 M (Yong-Seok Kim) A3
2005 : AACHEtE A7 AR

&y} bl
2005\ ~3 A - AR AHBF

& 2 # (Keum-Chan Whang) FA3

1979 : Polytechnic Institute of
New York, Ph.D

19803 ~&A) : oﬂzﬂrﬂﬂﬂ 7]
AAgE T

<o T4 o5 B



