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ABSTRACT

IEEE 802.11n standard provides a framework for new link adaptation. A station can request that another
station provide a Modulation and Coding Scheme (MCS) feedback, to fully exploit channel variations on a link.
However, if the time elapsed between MCS feedback request and the data frame transmission using the MCS
feedback becomes bigger, the previously received feedback information may be obsolete. In that case, the
effectiveness of the feedback-based link adaptation is compromised. If a station can estimate how fast the
channel quality to the target station changes, it can improve accuracy of the link adaptation. The contribution of
this paper is twofold. First, through a thorough NS-2 simulation, we show how the coherence time affects the
performance of the MCS feedback based link adaptation of 802.11n networks. Second, this paper proposes an
effective algorithm for coherence time estimation. Using Allan variance information statistic, a station estimates
the coherence time of the receiving link. A proposed link adaptation scheme considering the coherence time can
provide better performance.

5 R Qs ANZARE E ARSI Ee] et TRl AlE] AAtsle] Ak a5 3le (NIPA-2011-(C1090-1111-0004))

O 1l
* AL T4 (cyyeo@mwnl.snu.ac.kr),
*x Aglstal 2177576138 (mhchoi @mwnl.snu.ac.kr, bjkim@mwnl.snu.ac.kr, schoi@snu.ac.kr)
= F  KICS2010-06-268, A2l 12010 06 114, FHEF=EA45dzt: 20114 24 284

232

www.dbpia.co.kr



=3 /IEEE 802.11n0l4] AE45 24749 A% 842 918 Coherence Time o2& HHA]
I.M B B4 AZRe dolMs 79, L Aol Ald A W
st Qle) =l vk Hw = LrglojA] A ok
IEEE 802.11"" F-x@l(Wireless Local Area dubq o 802.11 VIES]ZolA = whde] o] 5A
Network) A]Z~8l-& 2 ubd-g- 712% Qe da] o] o] vl AgkEl 735 7pAgict sA]uk 802.11 -
A " A SAl7 ek 1'% 7|%e] WAelA F A 71718] 71Ae] AHAI L FefAde] F31g el
83 B3R F shie Alad Aeg Fdislshs Aol e} =2 o] %A (mobility)l] HF $87}F Zlela
t}. IEEE 801.11n"e lla/b/g SR oJrk ]2 =23k 718 802.11 whte] £4l0]7] 9t=
H|wale] M ES = A%5S 34 /Wskes AL 5% vl sleele 9] 34 W) A wsks fae
2 4k3 9} ®e} %Lxﬂzti, 802.11n-2 600 Mbps T otk Aolek wheha AiiFlw & ol sAS
o FHv E2|(PHY) A A$<E=9l 100 Mbps<)] Z+= 317 0)4] 802.11 Link adaptation®] 4358 A7
user throughputs A|F8h= 218 3= gl o5 & F 97} glck
13l |t 4X4 MIMO (Multi-input Multi-output) 7] B =ol|4]= coherence time®] Link adaptation
<, 5/6 Coding rate, Channel bonding, Short guard ol w]x]= <33k} Link adaptation®] A% 70414 ¢
interval 5 WES3 AS5S A 5 9= 2 7} 3l coherence timeg ©]-&5h= WS- vhEr) =gl

7 =2 74]%94 EAL Alwgdrl =3 801.11n
Frame aggregation, Compressed Block Acknow-
ledgement (ACK), Modulation and Coding Scheme
(MCS) ¥ =18 o]83} Link adaptation 5 A2
Medium Access Control (MAC) AlZ2] SA % A3
SEEN

802.11n FZollA] A5

T
T 9=

MCS ¥=1 7]

Hlke] Xd $4% 247|9(Link adaptation)> t}2-3}
ek 3 s AN e A Stelalo] 15
o5& °é7] A3 ok el A MCS F=wls 8
s 4= gqlth MCS F=v] @32 MCS Feedback

o]Foizlt}. MCS F =1 93
1e 243 s Alo]o)

(MFB) request= 3]

& e e Al v Eue
H” s 24, 718l A3 MCSE AA7ich
AelEl MCS+ MFB responses E3 541 whio]|
5w 3, 44 -2 MFB response2] MCS A W=
4510 dlolg] Z#|3lS- A3l MFB request2}
MFB response %+ 802.11n MAC header®] HT
F=3 T8 wsk

Automatic Rate Fallback (ARF)”, Adaptive Multi
Rate Retry (AMRR)Y, SampleRate”™ 5 open-loop
7]8ke] Link adaptation®} B]@3}e], MCS J=m) 7]
1] Link adaptation<>= Ad AJe]E X} &7z oF
H37¥& 4 glek w3k MCS =1 7uke] Closed-
loop Link adaptation> A2 fadingel| ©|8F 38k} &
Bl SJ%F G PEY 5 o] el ZAY FE
= Q3 sk 2R MCS AFEAL AT
gict AR MCS =9 7]8ke] Link adaptation”]
S8 Ado] A7l whe} Al Wk BSolt
FapA o g 2Rgie) ohA] wafA, MCS Fl=w 84
omye] weu we Agne] Ae7x Azl A7kl

Ll
el

Control

coherence timeS AAIZES R FAsH= 7S Algk
gt} volr}, A|9ksE 71%-S- Link adaptationel] 2§
g7 o e A5S A T e AlEAE
B3 Halr)

B o= A ‘ﬂﬁ%ﬂ]r 7t} 24 ellA= Link
adaptation 7]<3} 2% 3ol sl AR, 3%
o] 4]+= coherence time®]| 802.11n Link adaptation®]
sl ol d &S wix|=Aol el Flgic) 47l
)%= 802.11n A]~HBlo|A] coherence time 342 ¢
gt online algorithm3- A|$}3}32 coherence time F4
5 o83} Link adaptationel] thsl] tl=Ec) whx]te

57l A =ele] AEs derh

=

[

II.

g

oI

1>
i)

Link adaptation ZZ%F-2 modulation
coding rateS A @ Aellol] wA =A==
et A4 Watolut F9ITA o] 5ol
o AP ek A7kl web waka o st
fading®] WHAISHA ¥t} Link adaptation ZZEF-2
fadinge] ®HAs= A 317 <4 modulation ‘C”'/‘U]-
coding rateS- 3% 07 2Asle] A AGS oA
3A}F Bk WAt

Link adaptation ZZEF-2 Loss-triggered Link
adaptation®} SNR-triggered Link adaptation® 2. -
F=It}. Loss-triggered link adaptationol] A& <441 &t
o] Acknowledgement (ACK) timeout52] MAC
A AHE o]&sto] Al A A Hrieich
ol E 5] ol ZeH¢le] E A AgHew AF
HH MCS 5 AdkaAsha, dlols =Zael A
Fol Asliapd Ad AeirF FA Fshrhar Adate]

i
O
>,

3
0 o

X

=

233

www.dbpia.co.kr



=548 3] =EA] °11-03 Vol.36 No.3

MCS 4% 3}8kxA)3It}. ARF, AMRR, SampleRate
5| ¥lZ Loss-triggered Link adaptation®] ojjo]c}.
Loss-triggered Link adaptation< 7-&o]| whshrl=
A& 7A|= Wb, fast fading A9 $HellA Ad
WsE w2 A vkeddd = ok 93-S 7RI o9}
o] AEAH7} AgS ) 1710] A fadingell
gt AgfjelA] =2 ZH ] FERE U AFARAE
THE 5 fvks A4 @S 7RIk Collision
Aware Rate Adaptation (CARA)"”ol|41:= Request-
to-Send (RTS) Z#|)3} Clear-to-Send (CTS) =]
_0,] 3} H]—/ﬂ'—% i7].;<4 oF 2449.5}04 N4 fading o7
gk Alsle} =gl FE2 gk AlSlE . 3}
Ak o] kbl x| Ade] WislE whE A wkedd 4~
k= Aol A Z=rt
Wkl SNR-triggered Link adaptationoll4& =41
o] Signal-to-Noise-Ratio (SNR) HWE- o]&3}
o] 4§ MCSE A9, Ad=id MCS AR 32
G418 SNR AR AHAE =g Faf) Al whido]
deFrh o] I Ad Al gt = AR
request, ¥]=" W response, ¥|T=H] AW AL
acknowledgment@ ¥ 4 THAR  o]Foixlct
(four-way handshake). Receiver-Based AutoRate
(RBAR)"'3} Opportunistic Auto Rate (OAR)"” So]
SNR-triggered Link adaptation®] w323l ofjo]c}.
A A x|l Hgk v=wl o] gt o]lf-E F 7}
X]E /KEZ]'-{;H% R 011:]- i—]llﬂ Ado] FAF EH;?]X4
(symmetricy2) A& ohich, A154a] Sz} 7]
7| 23 shte] Bzt v wiske] fass ok
/H_CL 7],7<1 2~ oh;]. E’%ﬂ _._ r/}u_o,] ;q_,_ J]__rq u%
reception capability= 41 o] 2713} v} S 4= gl
o} wepa] $A1 shdella] McSyF AdE = o As)
7} A R e Fojof gl
Uukz] © 2 SNR-triggered Link adaptation 7]%
& Loss-triggered Link adaptation®.t} g w3}
o] ml2A -3k}l SNR-triggered Link adaptation
A A AHE A sl AR W
AL nigro 2 $Al whdeo] MCSE 24317] wlit
olct. FA|RE o]FAde] =2 3Hdell4= coherence
timeo] At o2 2}o}x| 22 Link adaptation] A3
o] AskE SHbel gk wlEbA] coherence time©]
Al 22'l] Azl vlR|= od el el ApAIE] B4 F
27} sick

0\

Jlm rﬂ

234

I. 802.11 Link Adaptation0f| L&t
Coherence Time?Q| &t

G4l el o3| F|=n ¥ MCS ARE o]&3}
o] 41 whito] dlole] Z#|)S A} Ade] o]
F4do] Z71381d coherence timeo] F1E5W AdS
B7rek wje] Ad Aol dlolelE A5 o] Hd
At Hebd gge] Erk o] MCS Al &5
op7|aln] M-S FEHow AHgsH] Esl dh
o] Aellr= NS2!'M A Eeo) e Fal coherence
time®] MCS F=u} 7]uke] Link adaptationol] ®]%]
= G Fslsith

A EHo)A 373 F 1A Ausl 73} o] -
~d%lc}. 802.11n PHY =97} Rayleigh Fading A2
S ALg2ht) 802.11n-2 thks MCSE A|5HA]
vk o] el A= 4R A% MCSTHE AR
A whrl o 2= 719 19} 70| Transmission Oppor-
tunity (TXOP)S ARE3H= 802.11n Aggregated
MPDU (A-MPDU) H]3} Block ACK %4 WA
ARgge} mdh $A1 vl =41 o] one-to-one
BALE 3k S 7Pk

a7 1> MCS Z|=x 7|4t Link adaptation®] %
2hE FAA 02 epdich MCS F=uls vh] 913k

f

| < TXOP Limit |
|, RTsCTs | Data Block Ll Block |
™ Exchange ) “Ack 7|
E So8l508 S o3
»n 8 DEsDEs DES
Eg LERE Cleee]T s
o Ey g% E. g% EI g%
£ <pLl<pf| |<ot
< s S|« s
Tx = Q
i 3
3 i
o¢ g3
i _ g«
Rx = ©
a2l 1. 802.11n A-MPDU A3 MCS I|=H),
E 1. AEHeA 37
PHY IEEE 802.11n PHY

IEEE 802.11n A-MPDU

Transmission Scheme ..
transmission - Block ACK

Channel Model Rayleigh Fading Model

MSDU Size 1508 Bytes

Simulation Runtime 60 Seconds

www.dbpia.co.kr



3=/ IEEE 802.11n¢1| 4]

= 2A7H A5 A 918 Coherence Time |5 WA

MFB request2} MFB response+= RTS2} CTS Z#|¢]
S %3 m3Eh RTS/CTS =AY =3ke E3)
MCS7} 2=l H, shte] TXOP 73t wellr= 5
gk MCSE olgsck 85 7)) dloly] ZH|lEe]
A-MPDUZ= aggregated}o] 14402 z4%c) %
%55 A-MPDU Z3#9)9] =7]%= TXOP k] =
719} Fo] gtk A-MPDUE £l dlole] ZHYE
o] Ago] it vl 4l b BlockAck Z#H|$1S
Agste] dolg] ZadEe] AF AF 75 4l
ol A et

T 29} 1] 32 fle} 22 AlEHe)A $ A
o]5Ad o] W3}l u}lE Link adaptation 452 =43t
o]}, 17 2= $A41 TE} Al Aol e] A
2|5 WA Ass AT aeZRA, o]F
3l ol 5ol SR A Ash BARS &

21 )
A& = 9lrt. o]} & A= ol 5Ade] SISt
of w2} MCS F=x] Arol A Alefe} AlA] dlo]
B A5 A9 A Ale Ale]<] time correlation®] 2+
obxl7] wistell bRl o]FAde] w2 el
MCS =l AR g wish= HA 2 A5 7
A7) overhead”} =]7] i+l Ij=x) ¥ MCS A
27} 23] s A & 9ok

1] 3> TXOP 77ke] Zeo] wisle|| w2 A5-<]
W3ks 34 29zeck TXOP 77| Zol7t A
o]Z4~% RTS/CTS/BlockAck Z#HJo] =HE]
overhead”} A o2 7hA3le] AJgo] kil
sicth AN TXOP 38| o7} Z71gtel] ule}
TXOP 739 A Aeje} A=E MCS Al
time correlation®] Zro}xiA] £A1o] whAlglt). wlz}a]
fading 3Holl M= 13 39| ZA}e} 3ro] TXOP 72k
2] o7t HejAle wpe} 5ol sty 5%t

il

4 =

Distance V.S. Throughput (TXOP Limit = 3.008)

60

3kmih ——

10 km/h
30 kmth |
50 km/h

Throughput (Mbps)

5 10 15 20 25 30 35 40 45 50
Distance (m)

% 2. Distance vs. throughput (TXOP Limit: 3.008
msec).

TXOP Limit V.S. Throughput (Distance = 20 m)

0 kmh ——
1 km/h
* 2km/h |

3 km/h
4 km/h
5 km/h
* 10 km/h e ]
30 km/h e

Throughput (Mbps)

0 2 4 6 8 10 12 14 16 18 20
TXOP Limit (msec)

1% 3. TXOP Limit vs. throughput (Distance: 20 m).

TXOP 17ke] Zo] k2 A AdFo] ™eiz]7] A
zlghe), whido] Ade] oA ARE 4T 4= 9
W A3 TXOP 72k =7|5 AAslo] s =+

Sfakg & glek

IV. Coherence Time F&

o] Aol A<= coherence times FA = 7H-S A
olel A|Eeolde Es A=A Aokl 7)Ho]
eldghS Baloh t]Ee] coherence time F47|HS
0]} Link adaptation®] 35S F7}ghch

4.1. Coherence time2| 2|0|

Coherence time<> #I'd impulse response”} 3}
A o= A AR S 2nlsie, A7 ke Al
ZhollAl A response FS] fAMd AEE FEFslgh
Zrolct. Coherence time¥} Doppler spread+ ©}F2f2]
A o] M= whalE AIE 7RIl

1 Vm

f—m’fm:T ey

Tooc

olwl 7., f,. V., A ZF7 coherence time,
Doppler spread, Doppler velocity, Carrier wave-
length s 2]n|ghc}.

Coherence time-> o}efje] 442} ZF] auto-cova-
riance function®] 0.58c} & A w=sh= o 1
A7ko sz olHle,

E[(*Xt _NX)(XHT_/LX”

0,2

R)((T) =

>0.5 (2)

235

www.dbpia.co.kr



241813 =] °11-03 Vol.36 No.3

olwf  Ry(r)= ARF A 7l A
auto-covariance functions &Jvlsh, X, , X, &= 7|
Zy AZE t+1, tollAe] sample #2, py, o= 47
sample 59 3} TFEAAE vlgl

Rayleigh fading Ad-S 7}%43}4, coherence time
2 oge) Zaple vl S gl

Mo

I~

9

T

€)]

4.2. |IEEE 802.11 WIESIF0|A{2| Coherence

time 3

T2 (5 B34 & = 9l%°), coherence time-
auto-covariance &5 538l A 2|Fch Ergodicdt A
d 3748 71ASP, auto-covariance e A7t
&t 57142 sample FHES 53l A AL 5 9l
ok 3FARE 802.11 A=A A A E vehli=
SNR 3k ZHS AAZ 418 wofvl A&
stk o]AF] AlgFHoR FEH AT A&
AE Aole] zF
3} ¢t} Coherence time2 £43}7] ¢JsiA]
SNR sample 7+53} sampleS-2] 7F4 ¢ digk £7
< sk A 287} 9lck

B =7oll4= Allan variance sample M-S o]8-
gk} Two-sample variance® E2]7|% dH= Allan
variancet= 54 (4)9} 7] T sample k2] ApolE

A thy ol F 28 v grew Aledch

filo
\

°
)

4
o
=T Y

oA

o 77 HelA . o m

A

1
02(7'): 5(Xt+T— Xt)2 @)

o(1)-& F N2 249 sample Alele] A7+ 714
7ol w}2 Allan variance & 2|73}, X, A7} tol
24€] sample #he &Jnlgic

Allan variance®] 312 t}&3} 22 A& 53l
variance®} auto-covariance el thglk 7hskgl Ao
= #3049 & glrk

E[ag((T)]
E[Xz2+ T] + E[XzQ] B 2E[Xt+7Xt]
2
=0’ +M%(_ ElX, | . X,]
= 02(1 - RX(T))

®

236

A1 )2 (5)5 Eall, coherence time?] AHE
Allan variance®] 33¢] 0.50°Q1 A2 7 Zko& 1}
ehd 4 gk

4.3. Coherence time FH& 2|t online
method

Coherence time 542 v|g] 3% sample 35
S % 49} 2] two-tuple Allan variance sample
(r.0%(7)) 7k Wghshz AN TE Aztaie) 1
2 ok 27 59} o] wiE] AR i 77k =]
of] wja} 7+ 7 el A 2] Allan variance®] 312 &
o} o|gA Fall%l 3t Allan variance =2}
sample 52| variances H|2}4] coherence timeS-
FA g

Coherence time F7-> AA|ZEO & o] Fofz{o} 3}
a1, 54 A= o] 54 st s w2 A 2-8x=o]
of gk}, u}elbA] Allan variance®} sample variance®]
-2 v}23 70| Exponentially Weighted Moving
Average (EWMA)2] HF] o2 Aib=L),

Allan Variance Statistic
4e+06

3.5e+06 -

3e+06

2.5e+06

2e+06 -

1.5e+06

Allan Variance

1e+06 -

0.5e+06 -

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014
T time difference (sec)

2! 4. Coherence time 5% (STEP 1).

Allan Variance Statistic
140000

120000

100000 -

80000

Allan Variance

60000 0.5* var (SNR)

40000

20000 F Coherence time = 3.034 ms

0 , \ \ , \ ,
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014
T time difference (sec)

2! 5. Coherence time 5% (STEP 2).

www.dbpia.co.kr



=/ IEEE 802.11n°l|4] %

$ar A7) e A 23 Coherence Time = ¥

Yin)=aXn)+(1—a)¥Y(n—1) 6)

X(n)2 nH42] incoming sample 7S 2|98},
Y(n)S nHA sampleo] =2 wf7}x]9] incoming
sample 5°] H#3ES &vlgitl. o= EWMA ZE| A
T2 0 11bo]ollA Aot agle]l F5, Hwk
o] wEA| F2E = A o)A WsE whEA| u}
27 & gl A A

4.4. NEeolMe E5t o= "ot
NS-2 A EHo]e]S E3)] coherence time 4 7]
Hol A5S 7AEg) B Ao i kel =
71& 0.1 msec® 743kt
A WA AlEHelA A1 whdat 4l
one-to-one 1S k= 33004 o] FAd¢] |
Aghc) A7kl whE o]5Ad o] Wl & 29 B
ok 28 62> FAl ©ER Al whd Zptel| A A"

coherence time¥} expected coherence time 72 Al

Zkol| we} viehdl Aelrk o714 Expected coherence
A (3) 2 5E AXMEL) 13 65 E5
Z2] 7|¥o] oAl R E=leke- 3ol

time Z
coherence time
& 4 gich
o AlEo|id2 1f 73} Zro] whito] o5t
uw}2} path loss7} Wah= 3738 713} o] AlE#

E 2. A4 ol sA AH

AlgdelAd AlzE ol 54 (F5)
0 ~ 25 sec 10 km/h
25 ~ 45 sec 20 km/h
45 ~ 65 sec 5 km/h
65 ~ 85 sec 30 km/h
85 ~ 105 sec 3 km/h
Coherence time estimation
0.018 . . —
Expected Coherence Time
0.016 + Tx side - i
Rx side e
0014 4
(5}
8 oo0n2f 1
Q
£ oo01f 1
3
c 0.008 - !
o
£ 0006 | .
X 0.004 »}1.5. = q
0.002 q

0 20 40 60 80 100 120
Simulation time (sec)

2| 6. Coherence time 4.

-15m, 15 m) Moblle Station
( (15m, 15 m)
@) Mobile station moves around the
access pointin 1 m/s (3.6 km/h)
for 120 seconds.

’Access Point
(0,0

(-15m, -15 m) ‘ (15 m, -15 m)

agl 7. Aol g E3t topology.

o]Xel|A= path loss7} 3= ZH73¢ll4] coherence
timeS FA3= HAHES HoFrh HEL Access
Point (AP) & 1 m/s®] S22 g2lo]H dlofg
£ Farieth whdo] o] 53t wel vt AP Ab
ole] Azjr} W] wiitel], o]FAdel wE A<
fading®* 5t o2} path loss 3k AHAI7} =] Hﬂﬁh’/}
78] 85 &3l SNR ko] A3 WEkE &gt == ¢

t}. Coherence time 54> ©|2]3} path loss2] T}Z%

Average SNR estimation
180

" Expectéd SNR estimation '
Txsi

SNR (linear scale)

0 20 40 60 80 100 120 140
Simulation time (sec)

02l 8. o] FAol= FA¢lAe] W SNR

Coherence time estimation

0.05 T T T T
Expected Coherence Time
0.045 Tx side -~ 8
RX Side
0.04
2 0035} 1
D
.ﬂé 0.03
@ 0.025
9] ]
5 {
19 0.02
2
g o015 § k&h 1
0.01 —_5.,:{!&%@&&. e = d v.».;- i 1
0.005
0 : 1 1 1 1 1 1
0 20 40 60 80 100 120 140

Simulation time (sec)
a2l 9. whde] Aol 3H7el| 49 coherence time F74.

231

www.dbpia.co.kr



=
&
:
o2

e Wbz ool gtk thA] A,
path loss7} 543 k= &7ell4%= coherence
timeS A& 343 4 olofok vt 11 9= 5
A% coherence time FLS VFERNE 2ElZRA], o] &
o whio] AAR Aol A E 34 o]
7} 34 s #lE 5 gk

2 1]

4.5 Link adaptationo]| CHst M&

+=oll4] A8kt coherence time S+%7]%-S Link
adaptationol] 483} A5 7). vl tiate]
%]+ Link adaptation =2 E-3-2 Loss-triggered Link
adaptation % 3h}el ARFe} MCS ¥j=x] 7]ule]
Link adaptation®]t}. ARFellA] $Alcke <3< 10M
A% AF A MCSE & ©A| g 1< 2 A9
Al MCSE & w7 Wi=dch ARFe] 542
A-MPDU?| g3} AslE dddsh= 7)) Has)
t}. o] AlEHe]|delA = dlte] A-MPDUe| 43} o
2 AB=ZHq] F Ayl olito] AFE w A-MPDU
7} A% AT AR 7R

I3 102 Doppler velocity *3}el|] w2 7+ Link
adaptation®]  throughput= Uepd I Zo|ch
Proposed 7| MCS ¥=®] 7Juke] Link
adaptations  ©]-83}=], coherence timeo] S
threshold 2t} 2+ wl(Z;, doppler velocity’} 54
threshold 2.t} & w)+ Link adaptation 7|82 o]%-
31A] 931 A% MCS (12 5°1, 52 Mbps) 2 ©|-&
gt} Coherence time©] £A& threshold Bt} & o
= MCS F|=ulo] Znglojx]7] ule] F|=) glo]
TAE MCSE o832 24 t] £ throughput 4
oo Hol7| =} w3k coherence times o83}
&MLz MCS =g sk 72 lossT 7[HE
© 2 MCSE ZA 5= ARFRr} ] =2 throughput

50

T T T T T
MCS feedback-based -+
52.0 Mbps
Proposed —>*—
45T ARF ¥
B
& 40
=
’“+
ERET Fy,
L
% ++£Hﬁ+
%’ by, ORIRIIARHAIRAIANK K¢
S 30 f KK R RS 1
g * W,}M Hrhypr
WK
HHK
20 . . L
0 5 10 15 20 25 30 35 40 45 50

Doppler Velocity (km/h)
73] 10. Link adaptation AJ5 H]3L

238

V.2 B

o] y=ollx] =l AL o] 5Ae] Ikl w
2} MCS ]=x 714k Link adaptation 7|92 A%
o] Algtel= A Hkrh srelld] AFEA Ak
coherence time 54 7|HS Ef Al whdd AlA|
Ade] o]z ARE AAZteR A AT
<= 9Jt}. Coherence time F%7|%S- Link adaptation
o] A28+ 79 7]22] Link adaptation 7|%Xr} =
-2 throughput 4355 A Hc}. =3 Algksl 7|4&
&3 9% A o]l 5A AEE Z83l vsE #
ZollA e S 71T 4 9lrk

o2t

12 3

(1) IEEE 802.11, Part 11: Wireless LAN Medium
Access Control (MAC) and Physical Layer
(PHY) specifications, IEEE Std. 802.11-2007,
Jun. 2007.

(2) 1IEEE 802.11n, Part 11: Wireless LAN Medium
Access Control (MAC) and Physical Layer
(PHY) specifications: Enhancements for Higher
Throughput, supplement to IEEE Std. 802.11,
Oct. 2009.

(3) A. Kamerman and L. Monteban, “WaveLAN-II:
a high-performance Wireless LAN for the
Unlicensed Band,” Bell Labs Technical Journal,
vol.2, no.3, pp.118-133, Aug. 1997.

(4] M. Lacage, M. H. Manshaei, and T. Turletti,
“IEEE 802.11 Rate Adaptation: A Practical
Approach,” in Proc. ACM MSWiM’04, Venezia,
Italy, Oct. 2004.

(5] J. C. Bicket, “Bit-rate selection in wireless
networks,” M.S. Thesis, MIT, Feb. 2005.

(6] G. Holland, N. Vaidya, and P. Bahl, “A
rate-adaptive  MAC protocol for multi-hop
wireless networks,” in Proc. ACM MobiCom’01,
Rome, Italy, Jul. 2001.

(7] B. Sadeghi, V. Kanodia, A. Sabharwal, and E.
Knightly, “Opportunistic Media Access for
Multirate Ad Hoc Networks,” in Proc. ACM
MobiCom’02, Atlanta, Georgia, USA, Sep.
2002.

www.dbpia.co.kr



3=/ IEEE 802.11n¢1| 4]

$&x 247149 A% S 918 Coherence Time il WH]

(8] B. Sklar, “Digital Communications: Fundamentals
and Applications, 2nd Edition,” Prentice Hall,
2001.

(9] J. Camp, and E. Knightly, “Modulation and
Rate Adaptation in Urban and Vehicular
Environment: Cross-layer Implementation and
Experimental Evaluation,” ACM
MobiCom’08, San Francisco, California, USA,
Sep. 2008.

(10] J. Kim, S. Kim, S. Choi, and D. Qiao, “CARA:
Collision-Aware Rate Adaptation for IEEE
802.11 WLANS,” in Proc. IEEE INFOCOM 06,
Barcelona, Spain, Apr. 2006.

(11) The Network Simulator - ns-2. http://www.isi.edu/
nsnam/ns/.

in Proc.

0{ & 91 (Changyeon Yeo) 25]¢)

20089 24 AleoiEtw A7)
(3D

20104 29 ALohata 41717
3z E1 —J—‘G‘]-_’_( S| /\],)

20104 39~ AAdAA} ¥
x—]}\],o B

A Bols THEAN}

o v o

o

| £ & (Munhwan Choi) A3

2005 8¢ Agdigtn 7]
(3D

20074 84 Aedgw H7]#
FEFEHAAD

20079 9 ~&A M

4 Xl (Byoungjin Kim) Z3]¢)
20101 294 A2t A7)
SH(EAD
20104 3¥~3A] A]ehstw
~ A7) FE B Al
.i <Aob FAEAY

z M 8 (Sunghyun Choi) B
1992 24 g=aslr]ss] A

713ARgE (b

1994 29 =l )eqd A
73R (AAD

19993 94 m|AIZf gt 7]
ZAFelgs =t (b

199911 94 ~20024d 849 W=
LA s AT

2002'd 99 ~&A AgTiEha A7) AFFE I

d
e
<AEeR FAEAIT, ol FEAY

239

www.dbpia.co.kr



	IEEE 802.11n에서 전송속도 조절기법의 성능 향상을 위한 Coherence Time 예측 방식
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 관련 연구
	Ⅲ. 802.11 Link Adaptation에 대한 Coherence Time의 영향
	Ⅳ. Coherence Time 추정
	Ⅴ. 결론
	참고문헌


