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ABSTRACT

The deployment density of AP increases as well as the density WLAN stations due to increase of WLAN use
and the real performance of WLAN is degraded. To improve the performance, there are many PHY/MAC
technologies and OFDMA and full duplex are promising technologies among them. In conventional OFDMA
WLAN MAC relate works, there are some limitations in terms of channel utilization and collision probability.
Thus, it need to research for effective channel allocation protocol. Full duplex can transmit data on the same
time and same frequency resource so it can allocate channel more flexible than half duplex. In this paper, we
prose the OFDMA FD-MAC(Full Duplex MAC) protocol that it allocates the sub-channels based on the idle

channel information for full duplex pair. In addition, it shows the throughput improvement by performance

analysis.
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2013 54 HEW SG(High Efficiency WLAN Study
Group)e| A=F=|%1a7, o]e14] 20141 549 802.11ax
TG(Task Group)ell4] A4l %3} =gdol &3}
oyl
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Z| throughpute] 7§41E 4= il 802.11axlA&
STR(Simultaneous Transmit and Receive)Z}i %= H-
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Z o]F1 glr} ©o]=#{& CSMA/CA 74t OFDMA
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3lo] Tyl 582 o] A utilizationS Eo],
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AAE Aefstar, 3= A ree] AR

452

£ vlelo 2 3 OFDMA FD-MAC 2 &S A|et
ek, 4ol A 2 2 Al dls) Ans)
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. OFDMA % full duplex & 7

2.1 OFDMA & o+

2.1.1 Multi-channel CSMA/CA protocol

o] =4} OFDMA A|~Elol|42] CSMA/CA
Z2EZ multi Ad CSMA/CA ZTREEZS 7|&E
OFDMAE A43lA] &2, F, single Ad CSMA/
CA ZREZy vlwiAsiglr),

WA, A utilization> multi ¥ CSMA/CA =
R EFo] single A CSMA/CA TR EZ] vl ¢
=T} o] single A CSMA/CA ZEEFoAE=
gk ghdo] dloleE AE3la 9lS uf tfE e
backoff counter+= W3FA] 4=t Blal], multi Ad
CSMA/CA EREZo|X= ABAd F shtit idle
Aelod = backoff counter’} ZFo1Eo] Ad9 idle
timeS &Y 4 9l A utilizationo] AFEIT]

2% 52 multi Y CSMA/CA ZZEZ|
single A'd CSMA/CA ZZEZo| H|s] Hu} ok
3P4, single 2'd CSMA/CA Z2EZoAE whio]
backoff counter”} EA]ol] 0] W F-2A FEo| vt
ASHARE multi A2 CSMA/CA ZZ2EFL2 thie]
backoff counter”} Aol 00] EHrjzle A& t}E A
B S AdEiste] Agshd SEo] AsHA] etk

2.1.2 Group contention-based OFDMA

MAC protocol

OFDMA A|z=®lol|A] A7} = o] 57137}
A =R kow AB A 7k AwA
(orthogonality)®| RAE|R] =t} ma}A], thidzlke]
X2 t}2 timing offseto] cyclic prefix durationg %
&t 73-$- MAI(Multiple Access Interference)”} RHA)
&k 4= 9lr} o] =tellA+= symbol timing delayel] o}
2} AP7} STAS o8] 150R F/3lal 152 A
AE A7 B AAS S AdS dhtol dloly
£ #<%=3= GC(Group Contention)-OFDMAE- Al|gF
s,

2.1.3 2™
(1) A utilization
& 5 71K A4 2% A utilizationol| 4] AR
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utilizatione] #slgc) wlebd &3pdel A IS
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7} 875
Data Sub-channel 1
<STA A> Sub-channel 2
] ] | | | | | |
1 1 1 T T 1 I ]

T2l 1. vlE82el A utilization
Fig. 1. Ineffective channel utilization
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= ¥ 270 v ok AE A R gs S
e=o| AT F olvh wepA FE FEE Eole
Ad g AU MAC A7) sk

Data Sub-channel 1

<STA A> Sub-channel 2
—

Backoff : 3 T i\ Collision

Data Sub-channel 1

<STA B> Sub-channel 2
TR ! [ - | T

— T 1 — L— T 1

Backoff : 0

a8 2. 72 Ad Adez qlgt FE HA
Fig. 2. Collision due to same channel selection

2.2 Full duplex 2Hd o

2.2.1 ContraFlow

o] =rellAl= CSMA/CA EZEZ-S- full duplex
off g4l WA 5 9le —E ﬂ e X]XJU}JI b=
) As}7] 218l distributeddt W12 full duplex Z 2
EZS Aokt 9ok E’i?ﬂ full duplex %<l
primary %143} secondary %5-2] |22 /IS A
okslar glom, 7+ A<roll = 22} transmitter, receiver

7} 913, primary receiver+= secondary transmitter” |

Hrk. Full duplex A%~ primary receiver’}
secondary receivers X1#3}%] secondary %S Al
2o 2 o]Foizlr}. o]ul], secondary receiverv 7t
dual-link ¥4 A% A4S vhos A=gich
2|3 primary %< t|o]E] Zo]|2} secondary A%
dole] Zlole] wehR& sdalr] el WA Higol
$EHE =04 busy toned HEEICH

2.2.2 Janus

o] =3ol|x+= ContraFlowe} o] wHE7F 247
Z3& sl distributed WA ] AP7} full
duplex A% 2~AEE F whdSolA gelF= AP
centric W21 Algkslar glck WA, full duplex°ﬂ =+
oJ3lels whke APR HE3lels dlo|ele] =] A
5o} dlole] AFA thE k=2 1§ interference
level ARE APE £k} o]8|gt ARE njglog
AP+ throughputo] 7} 2 =2 ~A1ZEHs}te] full
duplex A% 2~AF ARES bS] Asshd g

= A 2~AENZ full duplex A52S =33t}
[9,10]
2.2.3 4™

Distributed FD-MACe®l| A= full duplex <ol 4]
a7 37 o] ME AEE dlo|e] ZHolE v o=
U3 FH RS full duplex A4S de]7] ¢
3 dlo|e]E 3K ¢ busytone A<3=t], ©]
2 I3 Alge]l ol 4 ik Centralized

<STA A> | DATA TX TO B
| SIGNAL RX FROM B | ACK1 |
<STA B> | DATATX TO C | B TONE | ACK1
! DATARX FROM A

13 3. Distributed FD-MAC2] busytone %1%
Fig. 3. Busytone transmission for distributed FD-MAC

Bottleneck

Reply Request

Information ACK Flags

o I I

Request Request
Information 3

<STA>

Probe

ACH
w [ [ EEEE

Probe| Collection Phase Schedule| Data Phase ACK
Phase Phase Phase

J2! 4. Centralized FD-MAC®] AR5 2 »~AlEw] +
7} bottleneck

Fig. 4. Bottleneck at the collection and scheduling phase
for centralized FD-MAC
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FD-MACOIAE 13 433 4318k thitEe] AW s

HlELO & AP7} full duplex Z~A1ES 2A3] W&
o APellA] AHzlsflof & dlo]e]7} wWolxH o|& <l
3k bottlenecko] A7 4= glrk. w3k W o] A w g
AZE 2 2AET] AZte] dasie o] Qlsl] AEls
o] Asld <= qltk wlebA full duplex &8 714
= Qe ZF pairg Ask= el digk A7}
4 g3)}

£

jE&E 7|8k OFDMA FD-MAC EZ2EE
Het

B =l 4] %43 OFDMA 7|aF F-xden

oAe] T8l IS $13) half duplexell B]3)
FI 582 =Y F Q= full duplexs 383},
gk AEARE vk g S s F
A= MAC ZREZS A9kl

A2kt OFDMA FD-MAC L2 &Z2 T3] 533
% 42 ek 1ol 7 shdEe] APE
A5 o]l Holo} BA-%|, 12ja 5 idle A
g A RE ASF) 25k o4 full duplex wHE A
3} ~AlES AAFUCE AP= 11 64% AP

______________________________________________________

Transmit the length and
destination of data & Phase 1
idle channel information

Determine the full
duplex pair & Phase 2
transmission schedule

nf{(consecutive common idle
channel for full duplex pair) N
(idle channel for other transmission
STAs)} > Mae/2

Phase 3

Transmit the data

T2 5. A9kl OFDMA FD-MAC Z2EE Z293lE
Fig. 5. Proposed OFDMA FD-MAC protocol flowchart
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<Network Architecture >

<Full Duplex Node Selection>

2| 6. Full duplex g Al#)
Fig. 6. Full duplex node selection
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thhEe] BF full duplex Aol Fojxlo] gl= A
$E= A ()3} 2Z2o] ZE full duplex =9 idle A2

S full duplexel] Sd3ic} Full duplex o] o]
7] Y= wWdEe] s A= 278 A= v
st 23 743 full duplex =9} full duplexel] 3+
oJ&lar 9IA] = =, = non-full duplex =2 3
Z5 idle A7 A A full duplex ==2] idle Ad
o 128 2 A9, A (DAY 2E AES full
duplexel] &=3}ed non-full duplex =7} A5S A
=3 of g Ade] glojA)7] wiel] A )¢k Z

IGS080

Ly

Sub-channel 1 (idle)

Sub-channel 1 (idle)

Sub-channel 2 (idle)

Sub-channel 3 (idle)
Sub-channel 4 (busy)

\\ Sub-channel 2 (idle)
" Sub-channel 3 (idle)

Sub-channel 4 (idle)

Sub-channel 5 (busy)

o] A= full duplex A<=l A A full duplex *==2]
idle 49| 124 =R el wix] A9, 21 8
21 full duplex =52} full duplexel] ZoIstaz ¢IA]
e k=0 FEH idle AE47F ZA full duplex
=9 idle AEe] 1/20] et=El= A= A ) 2
o] full duplex A<l full duplex ==2] idle =2
AAE g, A 4RAE ol 2o
G2 gus AN el dolels Ageh Fn
13 9, 102 7]& OFDMA 7]4lF CSMA/CA =&
EZ3} A9k OFDMA FD-MAC EZEF2] o]

Sub-channel 5 (busy)

<Network Architecture>
Non-full duplex node

idle channel
Full duplex
node
Full duplex idle channel
node &
. Non-full duplex
idle channel
node
idle channel

<Number of Common Idle Channel>
Ozl 7. 3% idle AE7F full duplex A4 idle A5
1/2 o]l 7%
Fig. 7. Example that the number of common idle
channel is larger than the number of half of full duplex
idle channel

1GS0R0

9

“\ Sub-channel 1 (idle)
Sub-channel

\ Sub-channel
Sub-channel 4 (idle)
Sub-channel 5 (busy)

Sub-channel 1 (idle)
Sub-channel 2 (busy)
Sub-channel 3 (busy)
Sub-channel 4 (busy)
Sub-channel 5 (idle)

<Network Architecture>
Non-full duplex node

idle channel
} Full duplex
node
Full duplex idle channel
node
idle channel ND”';‘;"ngPlEX
idle channel

<Number of Common Idle Channel>

a2l 8. # 1dle Ad47} full duplex A1 idle Ad<pe
172 °oJ8}el -

Fig. 8. Example that the number of common idle
channel is smaller than the number of half of full duplex
idle channel

o A4S el Zlolch B AZk APel dlo]elE
Data STA A->AP Sub-channel 1
Sub-channel 2
Sub-channel 3
Busy Sub-channel 4
<STA A> ‘ : IBusyI . : Slub{hanmlel 5 | |

DIFS Backoff

<AP>
I L

Sub-channel 1

Data AP->STA B

Sub-channel 2

Sub-channel 3

Sub-channel 4

Sub-channel 5
TR

DIFS Backoff

T2 9. 7|¥ OFDMA 7|4 CSMA/CA Z2 &%
Fig. 9. Conventional CSMA/CA protocol for OFDMA

|:| Sub-channel 1
T Data STA A-> AP Sub-channel 2
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Schedule 8
e Busy Sub-channel 4
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1 1 T 1 1 T T T
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L 1 [ 1 ! | | |
1 T ] 1 1 T T T
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Information Schedule &
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T2 10. A’k OFDMA FD-MAC Z2EZ
Fig. 10. Proposed OFDMA FD-MAC protocol
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shaekn Zpgstaleh A Aol Aol
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iSIth)
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& wlsah A8 el ok 7 TRl x5 A
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a8 12+ ABAEe] 570w, 23 132 A BA
o] 1171 wle]throughput &2 FEFH o2 A4
28] 57} A& wli= CSMA/CA 2] throughputo] =4
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>
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d
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f
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=
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_
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Sub-channel 1
Sub-channel 2
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l'.l Sub-channel 4
Sub-channel 5
Full Dupléx Transmit _ _ _
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Fig. 11. Network architecture for performance analysis
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E 1. AedelA detvle
Table 1. Simulation parameter
Parameter Value
Number of packets 1-20
Number of sub channels (M) 5, 11
Number of simulation times 100
Data rate 54 Mbps
DIFS™ 110 s
Minimum CW'” 32
Backoff slot duration'® 50 ps
FD-MAC scheduling overhead" 2530 ps
x 10" Throughput accordmg to the number of packets (M=5)
3 T T T T
+CSMA/CA
—— FD-MAC P
25 L B
2 ]
Eﬂi 15
£ |
0.5 B
[} 2 4 6 8 10 12 14 16 18 20

number of packets

0zl 12, AaaApd
Throughput H]3L

Fig. 12. Throughput for CSMA/CA and FD-MAC when

the number of sub-channel is 5

7

4 570wl CSMA/CA%} FD-MAC2

x 10’ Throughpu( accordlng to the number of packels (M 11)

25

—o— CSMA/CA P
FD-MAC o
2 7 B
2 15 B
H
g
E
g
:
A ]
0.5 b
o L L L L
0 2 4 6 8 10 12 14 16 18 20

number of packets

a2l 13, ABAd
Throughput H]xL

Fig. 13. Throughput for CSMA/CA and FD-MAC when

the number of sub-channel is 11

throughpute] &
=

Ae
duplex -]l oA g o] H4at

A
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5 onjs]=of| thh d o] Ao] throughpute] HAA=
A& o odrk =3k 19 129 A= AEE A
] 47} 570 ©]AHEE] FD-MACY] throughput®] t]
i, 21 139 A= ASE Al 571 2] o1
€] FD-MACY] throughput©] ©] ##|™ CSMA/CA
Z2EZF9] throughput *fo]7} ABAE 570U wol]
vl o] & Z& A 5 qlrk o= ABEApde] 5
7} AAGE Adshd dFe] =folx] CSMA/CA
o] 7= A ASERE ABuAPd shunt dshr] o
|| throughpute] Zol=+ vbd, Ak+ FD-MAC
o] A= Aol wetidle Ad A 52 128
Seuty| wlol]l ABEAde] gl we} throughput2]
Aol7} AA) 92 AL AT < gk
V.2 B

B =Fol|X= 7]E OFDMA 74131 MAC ¢3-7-2]
A'd utilization, $-5 & SHelA S A A 3}
3, BEAQl Ao 84S AAEAk et
A full duplexel] oshe ==2] idle A @A BE v}
BgoR B Ads dgsh= OFDMA FD-MAC %
2EZS A-Bgih s 498 530 full duplex
A4 doly] BeE A”K MAC ZEEFo] 7|&
OFDMA 7]8} CSMA/CA =Z2EZFnr} 7%
throughput= 2918 71531917, 7| OFDMA 7|4t
CSMA/CA ZEEFo| ABAd 47} 713l w2t
throughpute| 7+4-8k= ¥k, #|9kst FD-MAC ==
EZL ABAES] Sl wle} throughput Ad5<llA] 2
Aol7) s Falsiich

o]Folli= full duplex A% *==°] QoSE g
OFDMA A'd&d vls) full duplex A5 4541
dlo]e] Ho] nltiA o= <lgh skt RS o
T Aot}
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