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Abstract Channel bonding technology, which bundles multiple adjacent channels, is one of the promising way for
improving throughput performance in IEEE 802.11ac wireless LANs. However, the device using channel bonding would be
highly likely to be exposed to severe competition with other devices. In our prior work, we clarified that there are three types
of communication procedures of IEEE 802.11ac AP employing channel bonding due to different implementation among
vendors, such as extended RTS/CTS (optional function). Then we clarified the communication performance employing static
channel bonding with RTS/CTS in the case where multiple communication with different procedures coexist within channel
width. We have observed that an AP using CTS-to-self actually exists, but its communication performance is still unclear in
case where the CTS-to-self AP employing channel bonding is competed with another AP without channel bonding in the
proximity. Therefore, in this paper, we investigate its behavior in terms of channel bonding to clarify its type, and thus we
demonstrated that the AP that we used in our experiments implements dynamic channel bonding, and the impact of competition
between AP with channel bonding and that without channel bonding can be alleviated only when they work on the same
channel, i.e., primary channel of the AP employing channel bonding.

Keywords IEEE802.11ac, Dynamic channel bonding, CTS-to-self, RTS/CTS

-81-
This article is a technical report without peer review, and its polished and/or extended version may be published elsewhere.

Copyright ©2019 by IEICE



1.IZU®BIC

IEEES02.11 MM EFEHKE CHH I T WD ISM
NUFEEREBHEIERRBATAETCH DD,
IEEE802.11 ZEHL o> 47 LAN B i3 %< ol 2 —
AL oTlEfENn, E<EXLLTWE., FOFT
H 5 GHz OB EHEHE O % F M+ 2 IEEE802.11ac
MEARGE S 1] (LAKE, 1lac) 1T K 6.93 Gb/s OF
HEGEZEBT 5.

llac O @ME E# Lo 1 12 IEEE802.11n[2]7%>

LEEILIN TWETF Yy RXVRCT 4V THRERD 5.

I, DEBEERAERSELEOICHET IHE
BoFxxriEto CRHATLIHENNCTCHSL. LrL,
BEEF ¥ XAEZRAT D20, MoER LAN b
OBADPEELLTWVWERE L 22, 258, B LAN #%
wmEOBAESTWE BT 572 DIZ, Carrier Sense
Multiple Access with Collison Avoidance (CSMA/CA) *
FIFLTWS. £, FIAT28F vy 3V ETERZE
i K 73 YE 9 Request To Send (RTS) / Clear To Send
(CTS) 7V — A% FIH T2 CSMA/CA with RTS/CTS
BEAHL. LL, ZOBBIEIA T a  HBETH
L, MEA—HICL > TEEFENRL>TND.

IINETORITHIE[3NTE VT, llac ¥EHL O R 72
LHGEA— D O LAN 77 8 AR A b (AP :
Access Point) & #E# LAN F#% (STA : Station) % M
WT, FA—HOBEREOEEEFNIC L DEEMERE
WELZ. ZORWETIEK, 1 HD AP IZ1 HD STA
DT 5, MANKEELRVRECTHEERZIT-
7o, TORER, BlEXA—DITL->T AP OEEFIE &
HIEMHESERLZZ R T.

%72, CSMA/CA with RTS/CTS ## % H \TF v 3
NKRCT AV T %ITH AP XL T, Fy AR T
4T LB AP BHAT 2L AOBEEMEEOHE
BICBWT, BT Y RABNTIAL~I Fr XL TH
B FYF X ALTHERED AP 2B T HEEME
BRA~DEBIIREREN RN ERbrro/o. L L,
RTS % F| A3 CTS-to-self # W TF ¥ X /LR v
F AT EITI) AP DR VT 4 THENTHA NI
ETHEAEDOBEBMREIIH L TR > TRV,

FZTRMIETIE, FrrAVR T 4 v Ik ER
9% CTS-to-self ® AP ¥ LT, WIEFIHEORELD
3R =D AP EF X XNVNRCT 4 7ETICE
NENHEIELHAEOEEHEREROFPELZITo. 2
DLx, 0MHz TF ¥ RXNVARLT 4T 55D AP O
TIA= IV FrxrrétehrZ)F vy rLDEFH 4
Ty XN ERET XY FINVELEHBAONT O AP ~
OEFEEDOEBEE R L, CTS-to-self Z W\ TF v *
NRYT 473D AP RWAET D AP 2RET D
LEDK AP OF ¥ XAV REFH R EITOVWTERT H.

Channel 100 104 108 112 116 120 124 128 132 136 140 144
K 1 802.11ac AP RF ¥ XARVFT 4 v T %

TOBEDF v R NVFI R

[r20\[s20\[  sa0

100 104 108 112
X 2 SOMHzEERYT 4 v T HEDOF v XIVIER

P: 75342 UF v R
s:EAVEYFrrN

LI, 2 HiTlX llac OF v R AR T 1 v 7 HE
ERUVF 4 U TEOF vy XTI AICONWTEH L,
3HCTCINETOERTHFERICOVWCHMZT S, £ L
T, 4 HITERNEEZHBL,S SiTEOMEERT.
D% 6 HTEEREZBR, KB THTELDD.

2. IEEES802.11ac B 1E S

llac X 2014 4 1 A AR L & hu 7z JERR @ S HLAS
T, MR OBREEE LY SBT3 7200 REW
REWRDO 1 DI2F v 2%V RT 4V THBEXD H . AR
BTk, ZOBEOHBLT Y XALELT v 7D
BEFIER LT L — AEREFICOWTHRIT 5.

2.1. FXYRNVRUT 40 TR RE

F XY RNVRT 47 LI HBEE O EE R & L
REFLTZDICHEET H2HEOT ¥ 2 L% F LD TH
AT oM chHs. B 112 56 GHz BB T HF
INR T 4 v VBRI AREOFl %R T . 1lac TOR
VT4 TIRIE 4 Fy xSy O 80 MHz B E TE
AHELLTBY, 72 a VBREICE » T 160
MHz [BE CHLRAEETHD. 72, FY¥ Rx LR T 1
Y HAKE 20 MHz D77 A4~ U Fx xL Lt 1 D
Dbl h o Z)F v 2L THERSHS[6]. 6l 2 I1XX
2 X9, 80 MHzfE T 100 ch % 20 MHz ® 7 <
A~ U F v (P-20) &£ 5&, 104 ch A% 20 MHz
DY I FEYF v R (S-20) 72D, 108 ch & 112
ch iX 40 MHz & F ¥ U F v 3/ (S-40) THEK
.

Ry T 4V ITHOF ¥ X NVT 7 & RAIX CSMA/CA
FoiFxA S a v HETH S RTS/CTS #FH L 72
CSMA/CA with RTS/CTS ZH W2 Z & L ARETH D
[7]. X 3, 4 12 100ch #2774~V F ¥ x1tLT
80 MHz T CSMA/CA with RTS/CTS % W74 D
ABT AT FXRINRT 4 T AL T Iy I TF
YRNVNRST 4 T DEEFIEERT.
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#F 1 1lac TEA IS CCA HfE [dBm]

CCA mode P-20 P-40 P-80 S-20 S-40 S-80
SD-th -82 -79 -76 -72 -72 -69
ED-th -62 / / -62 -59 -56

(1) Y914~V F v %L LT DIFS MloxxV 7k
VAEATW, T U X ANy 7 F 7R (CW) 72
TR S

(2) =0 CW B¥boHEMIC, T4 ZUFv3b
ETRMKIZ PIFS BfIF v V7B ZA&1TH.

(3) #o#%, 2F v x/ iz RTS 2#EL, ZIEM
D CTS OERZIICIE L CHAT I F v R ViE%E
kEL, TFEEETD.

(4) FrRARE—LHBrIn-6Hsa
> AET AT TFXYRIARUT 4T OHE,

BE (1) nETEERD (K 3).
> AT IvIFrRARYT 4 v T OHE
X774~V F ¥ 2V aE & 20 MHz 7=

1T 40 MHz THEECTE 20+ 25 (K 4).

F72, ¥ % U7 ¥& R|T Clear Channel Assessment
(CCA) ZHwWwimH*x U T & X & Network
Allocation Vector (NAV) ZH W72 KEX ¥ U 7 & &
ZRMT 5.

2.2. Clear Channel Assessment (CCA)

llac TiE, 20MHz 77 A4 <~ U F ¥ %/ L TR
Fr VTR ADESHE PLCP U T v 7k
H) CES 21TV, BB LEZEHR (NAV) 12X - TR
Xy V7BV ABRETEND. —F, ¥V F
YAV TIEHVHEHIF Y VT B RADOBENEITEND[L].
F 11T llac OPEF Y VTR ATHHHZIND
CCA MfE% 7. llac TR 1 LI TT A~
Fx XN F Y F v xNTHERAT S BME? R,
Lo ¥, BRI VTR ATIRESHRE O BRE
(SD-th) & =3 A X —fHOBE (ED-th)y KHWVW L
%. SD-th FEHFOEERAECTHLIGAICHERA SN
LN, EEOBEENRTE R WSSO ED-th A X
na.

2.3. 7L —AEREHIF

llac D7 L — AT 7V F—varobBHEREIK
Aggregation MAC Protocol Data Unit (A-MPDU) &% %
[1]. ® 5 » X 9iZ, MAC ~v &5 FCS £ THK
Shsd MPDU #BEBEEMNLEEFET L. 71 —20
EEHRITZEMN»S EfM Sz ACK THh D Block
ACK (BA) NiEE I 5. MPDU #EHEEHNL TWD
e, ZJV—AERESE Yy b T —0RN¥EAEL, BEE

Data

ime
=g
3| w
I A Time
PITFATUFrRN, I EAVEYFriL

X 3 RET A9 I7FRARST 4T

100ch |
P)

104ch
(s)

Data
108ch

(s)

112ch
)

ﬂ FARLANER OBIE Time

{g!
- et Time
P:7FATYF AR, S:EAVEYFriL

4 FAFIvI7FxRARST 407

BEROBM7L—LA

“ © “ © - “ ©

MPDU

5 A-MPDU DR

NE—1

PEEEIHELIHE“HEH
s [Fs] [ e ] [ [res]

P: 754U FrRIL S:AVEYUF RN

NR—22

HEEE-
s e e =+ 1

P: 754U FrRIL S:AVEYUF RN

NE—3

FE[ DE|E |
@ mE ™ m | e
P:TFA4TYFrRIL S EAVHEYF v R mime

B 6 SLATHZETH bIZLBEEFIR

ROBNTEZHA, ERENEZET—F 7L —2DH T
W BHT7 L —LE T OHEETHID.

3. RATHESR

INETORTHRDBILY, HEA—DITL-TH
Ty a VHERETH D PEE RTS/CTS D FEIEFIEN R
L7, TOEEEZRET 22DICEED AP % #
LTHALAVWEREICBITIBEEREZITo/-. TO
MR, UTND 3 RN —VIChEIND T EBbhotz
(X 6).
e % —>1(Pt.1):RTS/CTS ZF .
o iy —22(Pt.2): RTS/CTS ZAIH L7gw.
® X% —> 3(Pt.3): CTS-to-self % Fl| .

WIZ, F¥RIART 4755 Pl @ AP ITH L
T, FY¥RxNVART 47 LRy PLI~3 ® AP BN %
NENBAE LG aoBEMHREEAELZ[4]. TOR
B, UToZEhbhrol.
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uor &fE B: i
[]: saap wio cey

80MHz

'

Receiver

Sender

AP (w/ CB) : Pt.3

— ARIER 100 104 108 112
..... A
: Omnipeek 100 :
uDP i#{E
— — 104
Q./ L 08—
Sender HEAP (w/o CB) | Receiver 112

Pt.1, Pt.2, Pt.3

M 7 ZERERLBEST v X VNLE

® Pt.1-AP R0 @EEMHRIIEEHSEOEE R
MICIRFET D720, BEFRMAEW AP O 5 )k
MobFERTELS Y, BEEREbEIRD.

® Pt.2-AP FE K L TEFET25 A-MPDU 0%k % &)
BICERETHZ LT, FYyRABR T o715
Pt.1-AP 125X 2B 2R T ENTES.

@ FXxRNLARUFT 47T 5 Pt.1-AP 1342 F ¥ %
WIZ RTS (3T 5720, B FUF ¥ xb
MAROBEMHER~OEBIIT I~ F v

AR L RTH /X,

4. EBRFLAM
4.1. EBRERE

AWFZE TIL, CTS-to-self T 80 MHz IR D F ¥ » X%
NVNRT 47 (CB) #iex BT 2 Pt.3 ® AP (LLF&

AP (w/ CB)) IZ% L T, Pt.1~3 O@EEFIEDOER D
20 MHz @ AP (L%, ¥EA AP) BWEATH2HAICE

LBEMHE~OEBEREST L. M 7 ICERERZ
/?3“ AP (w/ CB) I& 100ch #7774~ VU F xRN

HEL, HEF v X NVICKLTHA AP 2% ETDH. LA
%, Pt.1, 2, 3 OFEA AP NEAT 28546 % Casel,
2, 3 95.

FEBRFIEE LT, EEMEZEMD PC TIEAL—
7y FERFHIY 7 b iperfd ZAWVT 1470 NA D
UDP 7 v — % F ¥ XAMRIZIE Cloig RKIE&E L — M
Hh® T 30 BEEGET L. ERITZ 5 BATY, BRE
FOETZFHT 25 72DIZ Omnipeek[8]& AW T, F
YRV BICHET DI I L2 E2F Y T F ¥y LTHONE
1T o 7.

F, BAEREZIT ORI, 20 MHz O A AP (Pt.1
~3) ODEEFREZFHET H7-0I1C, A7 b7 A3

Y 7 k@ AirMagnet Spectrum XT[9]%Z H W CEHHEIL 7=.

4.2. HEREFE R

AR CTIEBEARICB T 2T O BEEED AT
HicEBT 5. £ T, X/lx~7°~y]\’E§H‘ P HE 5
L LT, BUToRE AW THAEOIEEMHRE %2 2L
Liz. 79, BAELZ2VWEREOALV—T v & A

K

IeS dB
.J”h--.

5. dBm

-65 dJ;km L4

| M’fmlm /™ “104ch
100ch  108ch 100ch 108ch 100ch 108ch
(a) Pt.1 (b) Pt.2 (c) Pt.3
X 8 108ch (ZERE LA AP (w/o CB) D
AR FT A

AiANL—T"y ] T2, THERALV—T v b T5
B AN—T y FEILFETDH AP OB N THREAEL
EET D, 2LT, BHERKORAL—Ty O EAMHE
AN —Ty PTESLEZ L=y &G
BEE45.
o HMEZL—Tv |

= BWAmMAL—7> b INN:AP O &%)
e [FHiIAL—Tv K

= BWAERAL—T v b | BEZXL—T v b

5. KRR
AP (w/o CB) DARILTLFHE
BRI, KEBRTHEMLEZES AP © Pt.1, Pt.2,
Pt3 OBEHELRWVWEREICEBIT DAY M T A% K 8
WRT. B 8 IR LTV DEENET v R, MEfhixE
77 [dBm] #&R L CTW5. £/, T I TiL, 108 ch (T
HRELEZEAEDARI VT LZ LTS X 8 kv,
#EEA AP OEPIE 100 ch, 104 ch I[ZF THIHRA TV
HZ ENbMholz. 104ch ETIEEDOHE AP b -65
dBm uL@ /Epr)Eu\fu\éz» 100ch 2B W TiX
Pt.1 (¥4 -90 dBm, Pt.2, 3 (4 -85dBm O EI M@
I/\Tl/\é’ LEER L., Z0OZLEnb, BE AP O
EEE, FIAF Y X NLVOEKROF ¥ X2 AITHBNT -82
dBm F /X -72 dBm ORBE (F 1) TRVT 47

51. &

T5 AP PO fEF AR IS WRENSY, 2 Fy
FIVEENTZF ¥ F L TH SD-th T/REND -82 dBm

ODEMBZBXLAEERD D Z ERbhoTz.
5.2. AP (w/CB) DB {E# ZE

AREBRIZEB T, BHAKICET D% RilMaE1T 5
-z, ERICHEMT 5 AP (w/ CB) OEifExZ FA L
7. 9 2% 80 MHz @f‘/%‘% yﬁ‘rhEV\u: Pt.1 @
A AP 2 112 ch THALEBAICBT AN FDO 7
L—ARERHEZRLTWS. X 9 T“bﬂ;ﬁiﬂuzﬁ‘éiﬁﬂ%
MZRLTEY,AP (w/ CB) LA AP NEELEZY
VL—APREREINTVWLIEKHZEMRTRHRLTWND.
9 DFERMNSEA AP 28 112ch ET@EIFEL TV



AP

(w/ CB)

#wEap

15.16 15.165

9 112 ch BAFFIZE AP BEE

E80MHz E40MHz [320MHz B 80MHz & 40MHz E120MHz

100%
80%
60%
40%
20%

0%

100%
80%
60%
40%
20%

0%

Casel Case2 Case3 Casel Case2 Case3

(a) 100ch 5 & B (b) 104ch A B

B 80MHz E40MHz [£320MHz B 80MHz & 40MHz E]20MHz

100%
80%
60%
40%
20%

0%

Casel Case2 Case3 Casel Case2 Case3

(c) 108ch B A B (d) 112ch B4 B

K 10 A F v XA D AP (w/ CB) @
RyF 4 v FiEE AR

AZMTHoThH, AP(w/CB) AREEFICEELTWS Z
ERPbMNoTn. 2D E X,108ch X 112 ch Z1% AP (w/
CB) ® CTS ® BA I®AELTEHT, 20MHz £
X 40 MHz IZHfi/h L THIELTWA Z & A Liz.
IO ENDL, AP(W/ CB) XX AT I v 7 F ¥ xR
VT4V T ELTWAHRI ERbMotz. £, CTS I
BRE E N TW 5D Duration time % 0 sec TH D I & »n
L, KREBRTHEMLZ AP(W/CB) IZHWHN D CTS
%, i A AP I NAV HMz@m+ 5720 Txh
<, HEBPFHT A 2F v 2 VORREHERT D207
D7V —ALTHDI ENDNoT.

5.3. 80 MHz (BN DB A FFICIBITHBIE MR

52 ORMGEFMERZEE 2T, BAROBEEMEREICS
WTHlRA L 2. 10 IZHEA AP OEE FIEN R 5
Casel~3 IZB T D AP (w/ CB) DRV T 4 > ZHED
ERREZBES AP BIEHFT D2 F ¥ 2RI R T,

100 ch AR : 346 AP 3774~V F vy x Ltk
DMAETH DD, 10(a) &V Casel~3 IZBWT
AT 4 v 7RI HE NSNS 80 MHz O IEE DA T
DL EWHBE L.

104 ch BiAKF : AP (Ww/ CB) T & U F v 31
ETPIFS floXxx V72 ARITbild. £7-, CTS
X NAV il 2 @m LR Wiz, B A AP (X#1E & #i
TTHILENTED. LT, HA AP 2R L7Z AP
(w/ CB) XX 10 (b) @ Casel~3 ® X 91Z, 20 MHz

15.17 15175 15.18

[sec]

LETF—Z2 7L —A507 L — ALERY

# 2 A AP ® A-MPDU %79 OEER

Ba AP A5 R A [msec]
Casel 4.6
Case2 0.6
Case3 1.9

DEEFEEZLTWVWDZ ENRDbMr>7=. LML, 20 MHz ®
WEICK LT, 80 MHz OEEAH 80 % Ll EH D
TW5. ZoFEKIE, 8 O X IHIT 104ch ITHTEL
728 A AP 1E, EBE® 100 ch (24 -65 dBm o & A
W THBY, AP (w CB) 7T A4~V F ¥ X LD
CCA B (% 1) 1% -82 dBm TH DD, F*'IA4~
VF Y2V ETEFXY VTRV RAENDNDLTHD.
108 ch AKX 10 (c) £ Y, Casel ® 20 MHz ®
fERHEMN Case2, 3 I bmWVWI EBnbhotz., F£ 1
v, eh o FUVF ¥ xrLDd CCA BEIX -72dBm T
HDH.ZLT, Biad AP OBFEREIIK 8 LV, 104ch I
% -65 dBm OEBE NN TWDL D, v U7 E»
2ATHETLHZENTEDL. £, A AP O
A-MPDU, 1 2% 7=V 0o@EERHICEE T ER 2 O
X 91z Casel OEEIFHAHK bK< PIFS Mo * ¥
V7 ATREhST W ERbhol. —F,
Case2, 3 @ 80 MHz DOfEH=EN 70 % UL EdH 5 HIK
WA AP OE S 100 ch (28 -85 dBm DR T
W T2 ThHob. APWCB) D774~V Fx
D CCA B -82 dBm TH D7 ®, A AP
DOERAH 100 ch ETHEHREMIC -82 dBm UL E TN
TWEAEENDLS. K-> T, AP(WCB) 3774~
VF vy 2L EDXFY U T ATHET LN TE
DB ENbrolz. 7272 L, Casel 28V TIiL, 100ch
EOBEHITH -90 dBm THY 7F7 4~V F ¥ 3L
DFR ¥ VTR ZATEBHETL2ZENELWZD, 80
MHz Oi@{E OEI A7 Case2, 3 LV L& otz
112 ch BER : A& AP OE I 100 ch £ ThE»
RN, T34 Frx X LOF Y YT B AT
B EhARW., 207D, AP (w/ CB) 14 AP ©
A-MPDU %5 E#% OFEfIZ PIFS MoX+v V7 &
ATTARNVRETHL EHBTTOIXLERH L. K 2
D A-MPDU OEFFEMICE H T 5 &, Case2 DHH
R bEWI ERbro7z. LT, 10 (d) IZ&H
4% L, 80 MHz OEIEN Casel, 3 LV HE <K 40 %
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BCasel EICase2 M Case3 B8 Casel @ Case2 m Case3
1.0 1.0
0.8 0.8
0.6 0.6
iy y é % ﬂiﬂ
0.2 0.2
cw_s WO ma

104ch 108ch 112ch  104ch 108ch 112ch  104ch 108ch 112ch
BREFrRIL

(a) 754 <Y F %X/ (100ch) B4
b) EAUFYF xRN (104,108, 112 ch) A
X 11 AP (w/CB) OEHRIELALV—F v b

OFETEFL WD ENRbMhoT. £z, Casel X
112ch THALTWDIZTHL b5, 20 MHz Ol
178 80 %Ll L TWa. Cyclic Redundancy Check
(CRC) =7 —IZ/(HTH&, 20 MHz BERDO =T —
FIEH 029% & x LT, 40 MHz @BEFFOT T —F
35 072 % L 2 fELLEICRoT0nD I ERnbho
7o. 2FE D, AP (w/ CB) DRSFRIICEIE 1T 9 7291,
20 MHz BfE 0EI AN ®L 2T N bhoi.
WIZ, AP (w/CB) OEHILANV—T v 2T T A~
VF v XAl LI ) F vy XVEEETEN
ZRE 11 (a) X 11 (b) 28”7, 11 (a) kv,
Casel OEHILANL—T > EBRRHE/NHNIWNVT ERDOD
S>7-. Zhix AP(w/CB) ® A-MPDU, | ©%7/7=0 o
WG & B4 5. AP (w/ CB) OB{EHFREIZM 1.9
msec (2% L T, Casel OFH AP OHEERHIT&R 2
XV, 46 msec THDH7=®, Casel DFHITFE AP
Lo THEHERHMAEAEINTWVWDE I ERbho k.
£/, B UF IV F XY RLEAE, 2F v XL ET
AP (w/ CB) @ CTS MiEFEINTSH NAV HIR] % i &
Lignizomia AP L2 L3 <5, £/, AP
(W CB) A FTIvIFxRrxNRrT 4T T 57
W, Case 1~3 IZBITBHXE 11(a) DT IF7A4~ IV F ¥ x
WA D ER 11 (b)) O H v Z U F v 3L
BAFRFOMREIZZENZENELS 2D Rbhol.

6. B

UEofE»S, CB 5 A L THEMR LAN &M 7
LEOBARBEICBIT D AP ST v X VERTEICLD
WHEIZHOWNWTELZT S, AP (w/ CB) 23 80 MHz T
WHEALTWEIEHE, o FUFrvx L EoEa
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