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& =9)= 5GHz te)S ARE8k= VHTL6 9F 60GHz e AREsl= VHTE0 2 o] a}s|o]
2008 WHERE= =07t Eg-os aw] 1 glom o]F VHTLE & 2008 1 11 YHE 42
TG(Task Group)Z #g=| o] TGac gh= olFo2 A4 F3E A4St

[EEE 802.11ac = 802.11n o] & o] At 74l FA0R the ARAL 54 s
% Gbps & olde] s Aol 235 w5aL 9o, 802.11ac 7} %3t sk 749 ¢
& &3 EFee] B 45EA e sk uiv|e AH|aE Argo R Al 4 A Hrk
F solgtolE AT AmpEX] gk art T o Frlekal glow, 802.11ac = 2t
At 2P EES 918k S 7]eolgfals sk 4= Qlr), & a1o|M = o]21dt IEEE 802.11ac Gigabit

TR 7)ol thid 28t #1133 F.. olsrEel el Y]Eskaat gtk

I'l. IEEE 802.11ac IR

G Mbps ool 2114 7% HE5 895R= HEH|To] AH|~E o] &ale] = AREALS]
ool =2 524 (Nomadic) $H30l4 A& ARESlaL Q= A7do|t}. webr], OFDM <=
ol g3sl= a1d FAU AlE AMn)zo] FeAdo] YR olx|al 9lor, = ] 600Mbps 7}
2] A98R= [EEE 802.11n 7]4ke] Falel #1Fo] Al H=]|aL 9tk

[EEE 802.11n-& 2003 F5-H ZEF=37F A2 o™, 2009 ¥ 94 802.11n 1H4e] FHF
<1521tk [EEE 802.11n 2 MIMO, LDPC, Aggregation 52| 4] 7143 &-g3lo] 7]&
[EEE 802.11a °l H]3] PHY ol|A12] 2t} A%< 54Mbps 94 600Mbps = 11 ¥l 7}7to] dj
Fo] 3o, tjEe] 2 RIS UF 3 25 #4 Hgk dPIAZAh el H o]
77F a1 = Full HD 3 594 FAo= A 4= e 7le= 7dsa gk

At 919} -8 [EEE 802.11n &) Asolle E-38ka WFAWI-Fi Alliance) ¢] ¥4 2]
b EEA] 2 v 9, oS £ 19201080 pixels, 12bits/pixels, =3 60 Z#Y =
©] 1,080p = HIH 25 AEsteH Gbps o] d% £5 da= ) 5, [EEE 802.11n
ol AAIER= PHY ollAl¢] F A%5¢1 600Mbps = ©]2]3F @ 7ARRS: w5217 &= gitt A
7} ITU-R IMT-Advanced |4 AAISIAL Q1= HaJAI2] 1Ghps 5 F4 A &= 1]
R si=s

wlebA, 2007 @ 59 [EEE 802.11 Plenary 3]9]ollA oe] 3als2] we]& post-802.11n
AE tHEl7] 93k 2R A 1421 VHT o tigh =2)7} 2A3}w7] A12ksigict. o9
w2} 802.11 Akl VHT SG(Very High Throughput Study Group)S 7433k Ghps ©]%9]
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TR MRS 93 215 7)E 2 AN ARFES =98] AlFtEdth

VHT Study Group oA =9 =8 AFgke 23, VHT = 802.11n tiv] 2 v} o]/d<] MAC
FAAE AE FEQ] 1Gbps oS Aate] EEA] & HD 9749 16S 7FssH
&b, 802.11n ¥} vl wf A Aol e AR 74 V)5S 2 3S T8 HEE
o} Frh= Zlojt) o}ee] 71 FAW AlFEe] Ui wigs AuElElE XY &
of dhth= A% F8 Alo R =o|w Q).

VHT Study Group 2] =2]ol oA F=83F 54 o 2= 7]Ee] 802.11n ©] AH&-8= 5GHz

o Fule Qo) E3} P oR Qsle] 7] PAN M|z AREEAY 60GHz theo]
VHT AH|=E 913 B shte] 7hesh Fak5 2kl o= AA=IvkE Aotk whebx], VHT 1f
Aol 3+ =2]3= 5GHz TS AH&-8H= VHTL6 ¢} 60GHz S AR&ehR= VHT60 &2 o]
shE]o] 2008 WHHE =07k Sy 0= MaE]al 9lom, o]F VHTL6 &= 2008 d 11 95
B G4 TG 2 Hghe]o] 802.11ac 2= o]52= EAA 1FshE Al4ssich

802.11ac #EsFslollX= 1Gbps o] AE &5 Adaly] flaix Zagh o 80MHz
o] FI o] Alge] golehes 3] flste] 7| AW F 24GHz & AHESR= 802.11b,
802.11g ¢} T84S F71813t) ok&e] 5GHz tYelA 40MHz B 80MHz &) S35+ o
oS ARSI 1Gbps o9l AE &g AlFsl] S8l T &g 9 WEx 7 ol

ol ole] 24E mom gl Aaeldt.

|11, |EEE 802.11ac H=SH =& MAHl & =& &

v

1. 802.11ac Selection Procedure

IEEE TGac °ll#4:= 802.11ac <= 7R A] 802.11n FEEspllA ARSSIIE Ak tE
Selection Procedure & =52 AASIGoH, o]& gokspd (118 )T} 2 1]. Selection
Procedure oA Fz2E= FA5L Bl 1504 75%9] +<lo] a3t

D TGac & B3 1504 75% 521& AA IEEE 802.11ac ¥+ ¥3F Usage Model

TAE At
@ TGac &= BT IFNA 75% 5218 A proposal =2 proposal element ©f o3+
Hrloll A8 Ad Bl A5 Ak

@ TGac &= 223 155914 75% 502 AX A28 dile] A5 3 2 AlEgeld Alv
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Channel Usage
Models Models
Functional
Requirements . )
T A Z2gZ<d Draft Spec
Specificatt a Complete and
Buefhework m\ Coherent Enough
1 for Letter Ballot?
. Contributions 75%?)
Sufficient and Decision Letter
Support for Making on Sgec | — 7 Y — Ballot
Framework? Elemen
(50%°? or 75%7?) N

(28 1) 802.11ac Selection Procedure[ 1]

o 55 F33 Aok ~Fo] HEE|of = AFFS- A 9J3) Functional Requirement 4]
=

@ TGac & Ak ~7e] 8 7)% E=(Functional Block)S 7lgF2] 02 7|43}k Specification
£ Y=t} Specification Framework w415 Bj2~3 15004 75% <

1
A& AR INEAR] Ve BEEES E5te] RbeoAY, Bl dsellM 5% 9=

(® Specification Framework 41l a8t 75% B4~ 18 5218 A%l o]3 Specification
Framework ¢ Z} 7] 555 vl3o® of==% TIua etk 2 ol=% 152 4
71s EFEE AR 298 HE, 0] TGac draft specification ol EEA7]HH )&
B T o' ThAeF FRE 7 A oF St
® Bl== 1% Face to Face 3|9]ollA 7} o =2 5 o5 AA| B=a 25 X
ARFS Badle] oj=& a2 7o 9o] glH= d /)32 A)lwsic)
(@ Selection Procedure + “The 802.11ac Draft specification is Complete and Coherent
enough for Working Group Letter Ballot”e] tgt 2Xo] 802.11 voting member Z4-
Bl 75% AAE 49 o SR,
Blad T1ES o] AlEoA U BT 1E gl 2 3dE AxE AR
Working Group Letter Ballot ©.& H vt}

wAE

o

)

TGac o= 2009 A 11 € =% 1F ZAAlo] d=Hy e 2010 47| dA] Selection
Procedure G~®»0l sj@sh= Az}, & of== 15¥=E Specification Framework o] £0]71=
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7}. 802.11ac Usage Models Document

802.11ac Usage Model +4[2]
79] Rolf de Vegt 7} o|tjE|& ¥aL

usage model <

<E 1> 3 A

<E 1>802.11ac Usage Model[2]

= 20094 14 399X baseline ¥A4= HEE ST &
o™ 802.11ac ol W3l usage environment 2 20 714

6 71e] ZFelare] = vre] Aefstarl 9lrk 802.11ac Usage Model & S-0FshH

Category # Usage model

la Desktop Storage & Display
1b Projection to TV or projector in conf room (lightly compressed video)

1. Wireless Display 1c In room gaming (lightly compressed video)
1d Streaming from camcorder to display (lightly compressed video)
le Broadcast TV field pick up
2a Lightly compressed video streaming around the home
2b Compressed video streaming around home

2. Distribution of HDTV 2c Intra large vehicle (e.g. airplane) applications
2d Wireless networking for office
Ze Remote medical assistance
3a Rapid sync—n—go file transfer
3b Picture by picture viewing

3. Rapid upload/download 3c Airplane docking
3d Movie content download to car
3e Police / surveillance car upload

4 backhaul 4a Multi-media mesh backhaul
4b Point-to—point backhaul

5 Outdoor campus/auditorium ba Video demos / tele-presence in auditorium
5b Public safety mesh

6. Manufacturing floor 6a Manufacturing floor automation

1}, TGac Channel Model Addendum

A

20104

e (3] 2009 A 54
A

] wjo]zeiel A= A ERAL o5 A% ddolER o

gRE71ol 2nld 12714 AeE o], B3] Greg Breit 7} ot S ®aL it

: —
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802.11n 338} YA TGn B2==L 155> 40MHz channelization 2} 4 7112] QFEUE R Y8h=
MMO Bz=wme Afd 2ds vhEQlt)t, TGac + U 71EE T Rt oS ARESle] 1
Gbps ©]’d2] MAC SAP throughput & 248k A& Ha= shaL Qlvk

- Higher order MIMO(> 4<4)

- Higher Bandwidth(>40MHz)

- Multi-—user MIMO with > 4 AP ey

- OFDMA
Ad 2E FAE TGn g BES TGac o A-83b7] 913t WA ARNES 7]=shal 9o
M, 71£9) TGn A 29S Sk A0 TGac A 2L Aol

(

E = .
B} ¥& Bandwidth & 93 TGn ¥ Edo| ti3t 7 Ak} Higher Order MIMO,
Multi-User MIMO & €J3F AcA Z AoD W7 Aldl, =3¢

H ARES 2 Ygo = dlar 9tk

4l Dual-Polarized antenna ¥

al

t}. TGac Functional Requirement 2 Evaluation Methodology

Functional Requirement % Evaluation Methodology 4] [4]5 2009 7 € 3|2l A H]
o]zell TA = e om, 2010 ARl Rl 14 744 A dejolar dkabs
AATAETRDS] gH1E HAke} Ralink Technology 2] Peter Loc ©] ©tE]E 2al QJth

o] TAIeNA Aelslar 2= 802.11ac 2] Functional Requirement += T2 2T},

D System Performance

- MAC SAP o4 4% Multi-STA throughput < %23+ 1Gbps o] gt}

(TGac R1) TGac amendment = 5GHz WHZol|A] 80MHz olsle] Ad Wi=9As 2he-
3l MAC data SAP(service access point)ollX 4% o Multi-Station aggregate
throughput & 1Gbps °ld @4e 5= 3= &8 Res #|dafjof gt

- MAC SAP o4l =44 Single-STA throughput & 43+ 500Mbps ©]o]o} 3t}

(TGac R2) TGac amendment = 5GHz Wi=ol|lA] 80MHz o3le] Ad M=9~s g8
3lod MAC data SAP o4 =4% Al Single-Station aggregate throughput 2 500Mbps
ol T F U 8 BEE Aalof gtk

@ 5GHz °l|1 2Fsli= 802.11a/n tjule]2e) thét Backward Compatibility

(TGac R3) TGac amendment += 5GHz WHECA 52sk= 802.11a tjulo]2ef tjjgh vl
A= AEpleEE Aol g
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(TGac R4) TGac amendment &= 5GHz WME=oA &25l= 802.11n tjule]2o tjst
Backward Compatibility & #|&-3lloF g},

@ 5GHz oll- &2Fsli= 802.11a/n tjvfo]Z~of| th3t Coexistence
(TGac R5) TGac amendment ¥ TGac ¢} legacy 802.11a/n tjujo]2~ Ale]e] Coexistence

g BAshs WAUSS AlFdllof st

@ PAR °l] tg+ Compliance
(TGac R6) proposal & PAR(Project Authorization Request) & 5 Criteria[5]5 welo
gt

o] EAfel|A= B¢k Evaluation methodology & 715531, PHY performance, PAR compliance

= Qg 215, AlEdlo)lAd AUES 2 TGac H7HE 918k ¥]al 7]% 55 Aot

2}. TGac Specification Framework

Specification Framework +4[6]+= 2009 9 € 3]oo|A] Hjo]2glel A= Ao
™, 2010 1 Zgib7lell guPd 11 704 el Adefolar QIEe] Robert Stacey 7} oflHElE 2ar
AUt

2009 3 9 ¥ 3]0l PeiE Specification Framework ¥4¢] 7% E2E5L 7]F0=
ate] 2009 W 11 € 3]9JFE TGac Wlol PHY ol=%, MAC °l=%, MU-MIMO °l=%,
COEX ¢|=® 5 W% 4 7o) oj=& 120 AAEon 2010 d A 2 ojo& 12z
Specification Framework of] E0]71= 7|5 &% 9] 2FLS 23¥3ta ik

Specification Framework ¥A1% S22 E TGac ¥ 4171 71etE7] 93 ZedYa=

AlgshH, #E TGac Ei= w42 7ol He 7s 2559 obelklS Aledith o] A
= A5l 54 7IsEdd tiete] TGac FolAkso] o dAE Bl HAge] 3y & of
2] st 23 7l el tigh g aER AIERAIRE AlRte] XS Ha) BE Ve £
5ol el FE8] AR A FEES AlTstes o] teliA vedlls ol& viEoR
SYEE #FF A ARl AR ¢ RS e FAE A Aol sFelt) 1lac #F
5= 285hHA] Specification Framework o] 3% 31 Q& 7|4 52 [V 2ol 7|3}

3.802.11ac == O&F 74

Specification Framework #41[6]7} 2009 @ 9 ¥ 3]o]ol|A wo]xg}e]l F-A= el
we} TGac o4& Specification Framework £412] 7|5 8255 7|02 2009 d 11 €

- —
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3|oJ5E 4 7le] =S T1Eo] AAEHSAL o5 4 7l =S Tigel uigh o dEo] ¢y
B3 7F o) Hco—chair)o] 3]olE HaPshH,
558 Aosh= o] 78 9%

Ack ZF o= aFelME 3 We F5E
Specification Framework ¥A415 AUlo|EsE| $13t 7]5

A
ojt). 7} o= T15-e] ok v Ut
- PHY o)== & 2% Vinko Erceg(B.2=3), AYIE(ETRD), Raja Banerjea(F)
- MAC o)== 15 )% Matthew Fischer(B2=3), o|A4l(ETRD), Allan Zhu(3Hd 4 =h

- MU-MIMO == 15 )% Brian Hart(X]2~5), Robert Stacey(21)), Sameer Vermani

7152 o}2 Specification

Gka))
- Coexistence == 15 9J7: Eldad Perahia($14)), 73K Atheros), Yusuke Asai NTT)
S

(I8 2= 7 ofl=F 258 =9 FAIE okt aRlo|tH7].

(29 20 BAE FAE F Uplink MU-MIMO &
Framework Aol E31w]%] ekgton] 35 oj=& 1Eol|x]¢] =¢] Axjel ule} Specification
Jol tiet 57} AAE A dck dA) gFEo] Qe 7 ol=S 1

ahe X

Framework ol #% %3
g WYl AL FAT 2
TGac
COEX PHY MAC MU-MIMO
— OBSS Management - Pilots - Power saving - Downlink MU-MIMO
— Multi-Channel - Data tones - Capability negotiations - Uplink MU-MIMO
* Non—contiguous - Preamble - Frame formats - MU-MIMO
channelization - Enhanced MCS Parameters(e.g. # of
= MC MAC protocol - Sounding streams, # of clients)
* >80MHz channel - Higher Bandwidth - Training protocols
- Backwards compatibility modulation - ACK protocols
-CCA - Parsing and Interleaving - Reservation/polling
— Channel access Fairness - Coding, STBC protocols
— Scanning and channel - Spatial Mapping &
selection Cyclic Delays
(O3 2) TGac HE=Z O &8H =2 FH|[7]
V. =2 HEZF3 FE& &=
o] o= 2010 59 IEEE 802.11 3]9]7}A4] Specification Framework[6]l EgH¢l
“a www, nipa, kr | HESEMMAZIEH
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JEES $Ao® 802.11ac 8 EF3} 31 ol sl A3}
1. VHT Physical Layer

7}. Channelization

(1) 80OMHz PHY Transmission
802.11ac =X E FA+= 80MHz PHY transmission < ¥&Hfjof 3t}
(2) 160MHz PHY Transmission

2010 @ 5 ¥ TGac 3]9JellA] Atheros o4 Aokt 160MHz PHY Transmission ol thgk
24 [8]0] BlA~a 15 BAS E3)dle] Specification Framework o] E&=Qich 1 &L
U e

- 802.11ac =ZE 4= 160MHz PHY transmission A< FEgtsfjo} sl

- 160MHz £33 93} tone allocation 2 2 71¢] 80MHz tone allocation 2.& ©]F-0]zjof

=8
- 802.11ac EZTE FX+= non-contiguous 160MHz PHY transmission A|¢L F 3]

o Btk o] A% Fokr 2AERE AR A B = g dole] 2 7l Llac

S8OMHz \ES AHEsR= 2 7o) AaHER FAF)

/ WLAN - 160 MHz \
/ 80 MHz \ / 80 MHz \
[ 121 3 121 5 [ 121 3 121 5
Guard Dama/Pilot DC Data/Pilot Guard Guard Data/Pilot DC Data,/Pilot Guard
Tones _ Tomes  Tomes Tomes _ Tomes Tomes _ Tomes  Tomes Tomes _ Tomes
—qlum: :m: iﬂﬂf —GOO000H Loood Loooog

(323 3) Non—Contiguous 160MHz Tone Allocation[8]

- —
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F21e58 SA

L}, VHT PLCP sublayer

(1) 7he
1=|ofof sh o]o] XYL wirEg]o|tk. VHT

VHT MF(Mixed Format) preamble ©] A
mixed format preamble = U3} 22 EXS 2+=UH6].

- Robust legacy 11a deferral

— Robust legacy 11n deferral
- VHT MF preamble & STA ©] 11a, HT MF, HT GF, VHT preamble % auto detect &

T JL=E ok gt
- VHT MF preamble & ¢ & g, 1~8 71¢] spatial stream, Downlink MU-MIMO =
$%t training & ¥&3f|oF st
=5 Fohsflof ap, o] b2 e, ¥ MCS, H

= 1-7

- VHT MF preamble & VHT SIG Z=
szgslof st

2 spatial stream = $%F A28 H S

(2) VHT PPDU %
2010d A4b7] AA7HA) specification framework #41oll 8 VHT MF PPDU E%-&

(1" Dok ZrH6]

LSIG| \HE-SIGA “SfF VHELTFs | HE-SGB DATA

LSTF LLTF

(T& 4) VHT PPDU ZH[6]

(3) VHT-SIG-A % Group ID
2010 d AW )7HA] specification framework #A19l] ¥38kel VHT-SIG-A ## AFeke o}

¥} 6]
- VHT-SIG-A 9] A WA 4122 BPSK & &5F

-SIG-A 2] AE(E)2 VHT auto—detect = 93 TBD("7) 2FHF
auto—detection WS A=Az EAATYL (ETRD[9]E Marvell[10]e] Z¥2}; #|Qkslo]
=97} A&y ar glom, of7 oldf tigt HF Ao o]FoA|H]

U\o

o] E(modulate)=|o]oF gt} o]ojxji= VHT
o] EE|ojof gt} VHT

PHY of=% 1504

)=
- VHT-SIG-A & <% 2>¢} %

& LEES 7HHof gt
- Smoothing bit = VHT-SIG-A Y VHT-SIG-B ol] ¥3%%] &=}

2—=2 =2

—
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<F 2> VHT-SIG-A Z=[6]

Field Bits Description
Bandwidth TBD
STBC 1
O e s
- A2 94 A%
Group ID Bb - 2% Alle] AR o Aol A%
- TS PAS gl she A (o) nEsAE)
Nsrs TBD
K is the max number of users to support with MU-MIMO
¥ hits % hits
Group # of columns of Qk (Nsts_k) for Qk is the steering matrix
ID k=12,.. K for userk
~
T =0, v =0
Msts field
(& 5) Group ID[11]

Group ID[11]:= MU-MIMO @##lo]dA] AR&AF} space-time stream & 2]H3}17] 213)
HEESA ARG 2o, oj| STA Z15©] S user number o A1t MU-MIMO
transmission = 2180k sl=X& Y= AF-H.

VHT-SIG-B £ MCS Z=7} ¥3gths A o]e]o)| o}271x] 24w Alalo] qlvtk

t}. Modulation and Coding Scheme (MCS)

802.11ac °l4+= 256 QAM = ¥3F51H, 11n & modulation, interleaving, coding ©}7]€1=]
JdiE FAskaL, F7HA] MCS 5419 s #HAst sl 24U =3 802.11ac
Downlink MU-MIMO #1& A] Zt STA ol tisff th& MCS & #1s}hH, %7}%1955 A%
spatial stream o el ¥ MCS AlES E3ksh= o2 AARHITHE

2}. Spatial Multiplexing

- Single User A% A] AR5+ spatial stream(Ngpo)@] H i 7i5+= 8 7= 3k

— Multi User A% A| ARREE= BE ARSAEY] streamNgrs) 71472] €2 Hof) 8 7= 3t}

- Multi User #4 Al single user 7} AF&-8= spatial stream(Ngo)2] Ht 7|5+ 4 7=
gt}

- Single User A4 A]

ARg3IC)

EE stream ° tis}e] 5YU 3+ modulation #} coding rate, coding

type &

HEEMMAXERY | www, nipa. kr
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- Multi User @4 A 2+ AR Al £&351= 2E stream o] ti3ked $U3F modulation 2

coding rate, coding type < ARg-3lch
U]'. CCA

802.11ac &= 9]¢ 20MHz A B. A tigh A= 20MHz A%, 40MHz AH A4 = &
shtoll tsk AE 40MHz A4, A 80MHz A4S 98t CCA & A Qallof s}6].

:

2. Downlink MU-MIMO

2010 @ 24E717-4] Downlink MU-MIMO ## AFsHF Specification Framework 4]
F&E o Uplink MU-MIMO £ ©}2] Specification Framework F-AJol] 3w ekqlc},
Specification Framework F-41ol4] Downlink MU-MIMO ©f] th3+ A}k o3 Zt}6].

- Downlink MU-MIMO + 374 &e]9] 11n channel sounding PPDU ¢} transmit

beamforming 2 EZS 7|Wko 2 3o} it}

~ Downlink MU-MIMO = MU-MIMO transmission & 182 7|8 STA E25F 9+

multiple acknowledgement response S A|¥shk= MAC Z2EZ S X|Ysjof st}
~ Downlink MU-MIMO MAC Z2&3 272> EDCA ¢ 3| s2-8ljof gt

- Resolvable LTFs: Downlink MU-MIMO transmission Aloll STA ¢ll4€] interference

cancellation < 9J& AP + resolvable LTFs & AFg-dh= Z|9E-S %3k 4= glt}

3. Coexistence

Specification Framework &4Jol|4] Coexistence T AR oS3} Zt}H6].

— Channel access rule < 3l+2] BSS 52 7l1¢] overlapping BSS WellA TGac & &
3= tufo] =9} #AA(legacy) TlHO]2~7F medium ol el 3533F A2 3k 4= 9%
= 1A Feojof gt

- llac =Y~ E+= TGac transmission & #AAl A AA2=ZHE B S WAUSS
Algsfiof gk

- 80MHz channel bandwidth 2ellA4 $12]e] 20MHz sub—channel & Primary Channel =
A A&l =™, Primary channel A7 oF212 ZAAEA] 252 co-existence(OBSS) rule

o Hge W=tk

12 www,nipa. kr | SEEMMAIEY
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4. MAC

Specification Framework wA]olA4 MAC ## &E0 2= Power Saving, Capability
negotiation, Frame format 5-°] 0.2H, o]& &5l tgh M5 Al o] =9] Fof Q)

MAC e=% “15F4 Marvell ©] VHT Frame Padding t}}“é[lZ]% Aetatdar, ETRI o
A+ o)} tv])E+= MAC Frame Length Indication[13] S Aetste] ol gk =27} ]
2531 9tk Marvell o|41i= 2pAFe] VHT Frame Padding *%-S #938l7] 918 71¥ 11n 9
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