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ABSTRACT

This paper analyzes the rate adaptation scheme and suggests applicable strategy of the MCS(Modulation and
Coding Scheme) for improving DCF throughput in the IEEE 802.1lad and 802.11ad wireless LAN. IEEE
802.11ac and 802.11ad wireless LAN provide MCS technique that dynamically adjusts modulation level and code
rate to the time-varying channel conditions in order to obtain considerably high data rates. But these standards
did not provide rate adaptation algorithm, so this paper surveyes rate adaptation algorithm and suggests MCS
scheme applied to IEEE 802.11ac and 802.11ad wireless LAN. Specially A MAC(Medium Access Control) layer
throughput is evaluated over error-prone channel in the IEEE 802.1lac-based wireless LAN. In this evaluation,
DCF (Distributed Coordination Function) protocol and A-MPDU (MAC Protocol Data Unit Aggregation) scheme
are used. Using theoretical analysis method, the MAC saturation throughput is evaluated with the PER (Packet
Error Rate) on the condition that the number of station, transmission probability, the number of parallel beams

and the number of frames in each A-MPDU are variables.
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(Multiple-Input Multiple-Output Orthogonal Frequen-
cy Division Multiplexing) #*]2] IEEE 802.11n%= 3%
Z3lE]o] A|Eo] AJA | A70= 2L 93 IEEE 802.11b/
g/an 715 7|HES R 3o 20121 kel 7|7 E
4 LAN¢l IEEE 802.11ad, 2013‘d%¢|| IEEE
802.11ac 9] ZFsp} ska=lgdcl™ 7= IEEE
802.11b/g/a EE|AIZS] HE5E] 11 Mbpstt 54
Mbps¢} Z2] IEEE 802.11n MAC-SAP (Medium
Access Control-Service Access Point)ol4] 100 Mbps
olafe] Ag AFEETE HRZ |l 9lrk o3 Al
2 ASGEEE A Qe Bl 140
Mbps ~ 600 Mbps?] A54wS Zh=c) o]w] A}
4316 7] 4 LAN ZollA 7 <3t A5 2
= IEEE 802.11n°l|% E7-5}32 WFA(WiFi Alliance)
o] #Aol ot AEEA % vt CE &
19201080 A4, 24 ¥ E/FA, 21t 60 ZeY A&
2] 1080pH PIt] &5 AE3lH 1 Gbps o] A%
455 deR gl AdFgstar 9tk 5, IEEE
802.11n°ll4] AABLAL 9)= PHY (Physical) 7|ZolA]
o] H) A%52] 600 MbpsE o7 o|2|g QAR
WA = Glvks oIk o]’ AdstellA] Alaf &
%9l IEEE 802.1lacx 5 GHz th9dE AMgsh=
VHT(Very High Throughput) A18]~% A Ask= A
22 1 Gbps oA ASLwE 2)dsh=d] T 83} 80
MHz °|ike] Fa todS Algslr] $18te] 7159
54 LAN Soll4 2.4 GHzE AH$3H= 802.11b ¥
802.11gete] 33H3S ¥7|5leicl?. IEEE 802.11ad
= 60 GHzell4] E3sh= #41 LAN2. 24 7 GHz 2
3 F ARgo] 7hssb Zb7ke] Ade] 2.16 GHz <l
470 Hde ZFw ool 18 1S IEEES02.11
PHY #AIZ¢] Z3AS%E, £ 12 IEEE 802.11b/g/a/

nfaclad FE71%S fetalel vlme AL e
[1-5]

E 1. IEEE 802.11b/g/a/njac/ad®] F£ B4 H]aL
Table 1. IEEE 802.11b/g/a/n/ac/ad characteristics

2! 1. IEEE 802.11 PHY Al%9] A3l %
Fig. 1. IEEE 802.11 PHY layer amendments and their
dependencies

B =l 7182 F41 LANG] IEEE 802.11b,
802.11a, 802.11g & 802.11n3}&= He] X FA4
LAN<] IEEE 802.11ac & 802.11ad¢l] #-§-=|o] 2]
& P F e AEE Aol daElEF MCS
7%l tiste] BA3lAL ol & 7] A-8HkkS A4

3},
. IEEE 802.11ac/ad M LAN

2.1 IEEE 802.11ac®

IEEE 802.11ac= 2.4 GHzE A|9J& 6 GHz ©]3}2]
T WSS GHz®] H]7F t)ellx] Fxksted]
VHT 452 Z-= IEEE 802.11 Al€e] 41 LANo]
t}. &7 oJ2] IEEE 802.11b/g/n TiH}e]| == 2.4 GHz
Hellx] FAtsh=tl A AREEo] Fof W% 53
o] MAYEle] Alszkie] 01} 5GHz -2 Al
Hog Az 7o) Ytk 5 GHz W4 20 MHz
&S 2 HAAAA] o= A H(vlEelA = 24
7N D)= 2.4 GHz tHellA] HAA|A] = A2
F(lFelA= 370 Ad)Het o] 22 27) A o
S ®dJd 4= glrh IEEE 802.1lacE 40 MHz, 80
MHz % 160 MHz A ¥Z-S zZ+=c} 160 MHz

Feature 802.11b 802.11¢g 802.11a 802.11n 802.11ac 802.11ad
Release year 1999.7 2003.6 1999.7 2010.3 2013.12 2012.12
Theoretical
maximum data rate 11 Mbps 54 Mbps 54 Mbps 600 Mbps 1 Gbps 6 Gbps

. DSSS, DSSS,
Modulation DSSS, CCK CCK,OFDM OFDM CCK.OFDM OFDM OFDM
Spectrum 2.4 GHz 2.4 GHz 5 GHz 24 GHz, 5GHz 60GHz

5GHz
Spatial streams 1 1 1 1, 2, 3, 4 4,5 4,5
. 20 MHz,

Channel bandwidth 20 MHz 20 MHz 20 MHz 4OMHz 80 MHz 400MHz
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Ad tGEHL sl A A 92 < Sle
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HE 47 ARl A Algsl=dl 2 87 7R
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2.2 |IEEE 802.11ad £41 LAN®
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7MW E2] Xel&-& Z= 741 LAN 74|t} 60 GHz
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A%z} v wrh 60 GHz Wellx= Al 7H47) Alskar
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ZdeE A SlsiA oL o5 <k 5
ot Sl qteluel o]3h ao]5 qkelvis &
Al AEE A7) S15te] B4 W E S o
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E 2. BAZME 4 AEsmE gy’
Table 2. Statistic-Based vs. Signal-Based Approaches

Statistic-based Approaches

ARF, AARF, ONOE,
Sample Rate

Signal-based Approaches

CHARM, RBAR, OAR,
Goodput Analysis

collect transmission
statistics

not require RTS/CTS

measure the signal strength

may require RTS/CTS

no changes to standard need changes to standard

performance degradation in
many cases

good performance (if
neglect the overhead)
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51l wo]e] zeslel] vhal $41%e] ACK 222
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EPOI s
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the DAlelA Np7ie] ACK wIA[A] 7} 25 54l
W % ZH94 AEES FA=E 2387 e o
14—_9_ ;ﬂ 7L/\£h;],
378 °]7:ﬂ%k«] AL
I AR ew w9l dAgke
el Ee = 37H94 PAZE ARSRReREA 4A
= QAR AEEo] g wARE FoteAY 3
2317 wiel | °ﬂ g A-e5Ert 2e{rhes =4
o] slrh AEE Hol A7k %719 MCS A7kl &
34 pig tﬂr‘ﬂ"i ARF E]'EF/]ES FAT Fold A

EEA o L Eat IR s
| A*=c}. ARF

N

&

44

HLAE?sL Lq] ;g.]ﬂ L . ~
2 o]g3h= A2 i ks WA|EkaL A B
ole1E FAlslof & daoz qlsf 2 HALE=
ol Z3l= Axct X o 71 ]
otk oA o]l QoSe] %ﬁf& ghs =
PER(Packet Error Rate)—/] Z7
A QAL AAs = A2 ©
IV. IEEE 802.11ac/ad®| H2& MCS
Tidiot

4.1 MCs 7|2

IEEE  802.1lacell#]  ARg=l= WHE7|YH2
BPSK(binary phase shift keying), QPSK(quadrature
phase shift keying), 16-QAM(quadrature amplitude
modulation), 64-QAM % 256-QAMe°]  gJch
256-QAM=2 IEEE 802.11n FEFol|A] = A|UER] o=
t}. FEC(Forward Error Correction)-&3h= 1/2, 2/3,
34, 2 5/6°] F=8o| AMS¥lth BCC(Binary
Convolutional ~ Coding)=  ¢]F-+}8te]w  LDPC

1616

(Low-Density Parity- Check Coding)+ A1€jAFa}o]t}
IEEE 802.11ad+= SC(Single Carrier) ‘:HJJ]H,M
OFDM(Orthogonal Frequency Division Multiplexing)
W z71MS Aelgltl. OFDM 7|48 AFgshd E417)
27} o] g s Al Bkgke] o AR Hl o]l
ol ol HAKE A5 Aelshes ol 854S 2=
= 3lt}. OFDM 7|%-2 SQPSK, QPSK, 16-QAM 2
64-QAM HZ7|5S ARE3le] 6.756 Gbjs] W] =
A dolel &S 9 4 == 3l SC PHY+=
B 4wr)t Aa FEAZ-S small form factor TJv}
o]~o) 43t} SC+= m2-BPSK, 7/2-QPSK ¥ =
/2-16 QAM W F7]4-& AH&3lo] 4.620 Gbfs 2] Z
FAIS HlelEEE A& 7 RS gk o] EFl
A dHolElE 172, 5/8, 3/4 2 13/16 #3584 2=
LDPCel| &Jall4] % 3}=lt}. IEEE 802.11adlA+ &=
717REe] Ee]A= dlo]elgo] BPSK ¥ QPSK<}
728 7kl Wz o R 2 GHz XS] AHERS
AL&%@&H 9lojxic}, ubHel| IEEE 802.11act A
d Arles AMEIE 160 MHz] WS Z70A] 1k A|
F317] witell 256-QAMF} 72 HAkRE WAyt
B 87 7] e] dlolE] ~ERS AEFEE 4 ole
718 o] 8%t & T v7RE 2 4 77 E
o] EeAFE HlO]E%%v— 7= IEEE 802.11n, IEEE
802.11ac ¥ IEEE 802.11ad®] MCS7|%-S vjehiict.
IEEE 802.11n ¥ IEEE 802.11act 7 7H2] Al&xF
ol 800 ns®] %1 Re7bA-S A U5kw A0 =2 400
ns®| F-> H5o] S% *|<Jgch IEEE 802.11ad=
48.4 ns®| B &714-5 A48k} % 39 IEEE 802.11n
9 [EEE 802.11act %] R&td-& 2183 7o 7}
Aatodek - BodolS ARgst dlolego] S}
==t IEEE 802.11n2] 739l o} dloJe]ge] 540
Mby/sell4] 600 Mb/s7+4 Z7}= 3. IEEE 802.11ac®]
o] dlo]E]E-2 6.240 Gb/sellA 6.933 Gb/s7H#] 7}
ok IEEE 802.11nol4= Wizr |y, Z=4, A o
dZx ws7kA 9 F7t ~eR o] 23} 7]A0 3
A1 6.5 -600 Mb/s2] E2]|AZ2] dlole]go] o] 1
t} IEEE 802.11ac 6.5 Mb/soll4] 6.933 Gb/s7}A| 2]
E2]AIES] dlo|e&-S A dgkt 256-QAM HIZ7|H
< AH8-3= IEEE 802.11ac®] =2|A15-2] dlojel&-2
720 Mbjse] E+=d] 64-QAM HF7]H, 800 ns &
74, 40 MHz A tHF 2 47le] FhERS o]

$3l= 1EEE802.11n¢ =&|AlIZ dlo]e]&2 540
Mby/s7} Elt}

IEEE 802.1lac: 256-QAM WHZE7|HWS 2143 4
9)© = & JEEE 802.11n¢l ¥]3}e] 33%2] dlo|El& =

www.dbpia.co.kr



=%/ IEEE 802.1lac/ad -4 LANS] #-¢-3 MCS 78 <+

E 3. IEEE 802.11n, 802.11ac % 802.11ad®] MCS™
Table 3. MCS for IEEE 802.11n, 802.11ac and 802.11ad

Code PHY data rate (Mbit/sec) Spatial
Modulation 20MHz 40MHz 80MHz 160MHz 2.16GHz Standard
rate streams
channel channel channel channel channel

BPSK 1/2 6.5 13.5 - - - 1 802.11n
QPSK 3/4 19.5 40.5 - - - 1 802.11n
16-QAM 3/4 26 81 - - - 1 802.11n
64-QAM 5/6 65 135 - - - 1 802.11n
64-QAM 5/6 260 540 4 802.11n
BPSK 1/2 6.5 13.5 29.3 58.5 - 1 802.11ac
QPSK 3/4 19.5 40.5 87.8 175.5 - 1 802.11ac
16-QAM 3/4 39 81 175.5 351 - 1 802.11ac
64-QAM 5/6 65 135 292.5 585 - 1 802.11ac
256-QAM* 5/6 78 180 390 780 - 1 802.11ac
256-QAM* 5/6 312 720 1560 3120 - 4 802.11ac
256-QAM* 5/6 624 1440 3120 6240 - 8 802.11ac
p/2-BPSK 12 - - - - 385 1 802.11ad
p/2-BPSK 3/4 - - - - 1155 1 802.11ad
p/2-QPSK 3/4 - - - - 2310 1 802.11ad
P2 16QAM 3/4 - - - - 4620 1 802.11ad
64-QAM 13/16 - - - - 6756.75 1 802.11ad
520 MHz AP el Eal B9l T=g8 34

=g

N

3.

=

]o

]_

o
=

g3}7} 9Jc}. IEEE 802.11ad= ¥1x7 |3}
gl 7S E34] 385 Mb/sellA] 6.7 Gb/s7}
tlo]elgo] dojxlc}. BPSK W& AMS-3}

= 735l 2.16 GHz Ad HH9ZE A83l= IEEE
802.11adE= 385 Mbjs2| HloJE]go] x|z 20
MHz Ad EdE2S x}8351= IEEE 802.11n-< 6.5
Mb/s2] Hlo|E]Eo] &lejzic}. ©]+= IEEE 802.11ac®]
75l o] g v Zo] J oAt 58ulle] dlo|e]-&

S7h ZA7E Qe ekt

N

o
\=]

[e]
=

4.2 |EEE 802.11lac2| MCS 7|gt DCF X2|l&

=4
IEEE 802.11ac ¥3oll np2m PHY Hlo|&] A1)
2]oJ+= BPSK, QPSK, 16-QAM, 64-QAM %

256-QAM M-S AlSsle] WEFIch 256- QAM
IEEE 802.11nolA4& A|¥=R] ot=c) FEC 29 A}
$A] ZE=E2 102, 2/3, 3/4 2 5/60] AHEE2L BCC=
oAk eln] LDPC= AdAlee|cl 13 2= 1, 4
g2 g7he] Z7t ~EFS AMgsl= IEEE 802.11ac -
41 LAN®| DCF A2|&-g vehdcf' "l sm, 1, Pe,
Nb, Nf)= o8] & Z-= A'dslelA2] DCF =& A
55 Yehit)h Nest OFDM A2+ zkzke] BCC -
371l et punctured £=12] 7i5 el o9
2a= Ad thedZo] 20 MHzo|w, WHzr|yow
256-QAM®| AMEE| T, FE8-2 3/4, HE7HE2 800

R =

ns, BCC #37]9] 47} 1, S22 dolel$o] 78
Mbps? ©] DCF 2]$& A4 viehdich 19 2b+e
Ad thdFo] 40 MHz, HE7|H & 256-QAM, =
=82 56, B37F8-2 800 ns, BCC H-37|2 4=
1, E2]A1=2] dloleld<] 180 Mbps¥ wj DCF #2]

o
o=

£ ASS vtk I3 2c& A dlgZe] 80
MHz, WZ7|%-2> 256-QAM, =8-S 5/6, B2

2 800 ns, BCC #37]9] =& 1, E2|A1=2] dlo|¥
$0°] 390 Mbps Wl¢] DCF Az|& 45-& viehdch
a3 2d= Ad gidZo] 160 MHz, WE7|HS
256-QAM, =52 5/6, B37-4-2 800 ns, BCC -
3719 = 2, EAIEe] Helel8o] 780 Mbpsd
u DCF Hel& %55 viehdck 19 2e9} 13 2f=
Nes@} tlo]el&wt Aj2lala 73 2d9} & 271 o)
ofet. 7 ollelge] 10703 Z2ke] A-MPDUCIA]
gz MPDU9| <7} 209 = IEEE 802.11ac¥]
MAC =82 1% 2acll4] HoJZl nle} 3ho] E2]AIZ
dlolelg2] 92.8%ll sl=ch 13 2a9} U3 =4
o4l 18 2b= MAC E-8o] E2|A1= dole$9
86.4%°l 9=, 19 2c= MAC #-8°] E2|A%
tlo]e}82] 75.7% ) ek 23 2d= E2|A1= )
olel & 61.5%, 1% 2et EEAZ dHolHa9
37.4%, 1% 2f% S A% dlolel &9 20.1%0l
gl e o 4 9k
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(@) Ad tdZo] 20MHz, Z=go] (b) A2 tHPZo] 40MHz, FE=£o] (¢) Ad hdZo] 80MHz, FE=8°]

3/4, Wz7o] 256-QAM, N™&
1, E2]AIFe] dle]el&e] 78Mbps 1,
Ql 73S

5/6, WZ7|Ho] 256-QAM, Ngst=
=A%)
180Mbps<! 7%

5/6, Wx7]He] 256-QAM, N¥&
dlo|e]-go] 1, Ee) A5 tlo]E]$o]
390Mbps<l 73-5-

@ A2 hdZo] 160MHz, F=8°] (¢) Ad tHdZo] 160MHz, ZE=8°] () Ad thdZo] 160MHz, F=H<]

5/6, HZ7We] 256-QAM, Ngsi

2, Ee]A1=2] dlo|e]go] 780Mbps 6, EEAZS
ql Ao 3,120Mbps<] 735

32| 2. IEEE 802.11ac®] DCF )& A%
Fig. 2. DCFThroughput Performance for IEEE 802.11ac

7] 204 & 4= g9l5o] IEEE 802.11ac®] MAC
88 A elEgo] 107, 47+e] A-MPDUA] &
%l MPDU®| 471 20 w A= E]AIZ dlo]e]
2] 92.8%0l Halthe AL 1 4 ik =3 &
gAIZe] dlolego] woml H&4F MAC &8

3T
ke 2% o 5 giek

4.3 |IEEE 802.11ac2| MCS H2tlot

o AAAE FElA o 5 olRe] B
dlole]go] E=om E&5E MAC i8] 74y«
AL o g, o2’ AAkS Balslr] fls Azt
Ao Wb Ade Aol weh Wz o 2 3=
e TR 2AT 5 Sle A58 MCse| A8
ad 4 glck

$Adxe g2 443 4 9l SNR ko] 288 W
292 SNRo] BER 2 A gafel isiel’
AP o2 SNR> B39 #4245 vehlle 43t o
ghieled 4= glck Al SNR3}F 2F MCS @l of
34 SNR-AH& A bl A5E AATAlE
z¢] SNRel| tHallA] 71 =2 A2 E3ks Vepi=
ATER 29 oz 47 4= 5 9k o]zt
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506, WMz7WL 256-QAM, N&°=
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T2 o8 Ad 2464 HA o] ofd = gl
22153} PERZIOI= trade-off FHA7} gle}. o]z &
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