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Network Coding Communication for Bi-Directional
Wireless Multihop Communications

Yusuke AOIH®  Hiroakr HIGAKI!:P)

Abstract: In some wireless network applications using bidirectional wireless multihop transmissions of
sequences of data messages, intermediate wireless nodes hold temporarily data messages in both direc-
tions with high probability. Network coding methods have been proposed for reduction of forwarding and
end-to-end transmission delays and for increase of end-to-end data message throughput. However, for
collision-free wireless multihop transmissions, 2-hop neighbor intermediate wireless nodes are required to
be suspended during a data message transmission. Some extended RT'S/CTS control have been proposed
for network coding support; however, for avoidance of collisions between control messages transmitted for
the control, longer transmission delay is inevitable. This paper proposes a novel RT'S/CTS control method
for supporting network coding in bidirectional data message transmission. Here, the CTS and ACK con-
trol messages are transmitted with the usual SIF'S interval and their correct simultaneous transmissions
are detected by their collisions. In addition, one of the neighbor intermediate wireless nodes receiving a
network coded data message successively forwards the data message exclusively. This results in reduction
of numbers of control messages by introduction of possible piggybacking and shorter end-to-end trans-
mission delay of data messages. In simulation experiments, 40.3% higher end-to-end throughput of data
messages is achieved by the proposed RTS/CTS control in comparison with conventional methods.

Keywords: Wireless Multihop Transmissions, Bidirectional Communications, Collision Avoidance,
RTS/CTS Control.
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[FRkIZ ACK A w2 —Y & RTS HlEIA Y —Y % &
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T 2 FIERIRETD.

FREIEAR ) — R N, 2SBRERRERR ) — R N AN EEg
ETDT—ZAVE—Y m; LBEERRER ) — R N,
NIRRT DT —AAY =Y my L ExY "NT—2 O—
FAVITUET =2 A=Y m, & Ni_y & Ny N7
O—RF ¥ A NEEULEA, Nipr # N, 2D Ni_1 # Ny
THEBHIE Nioy & Niyq BB ITZELE my & my
EETNTN Ny, Nipo NEHEKERT D Z LA A[EET
Hd. ZDOrE, ACK Rt A Y ¥ —T & RTS HIH AW
T —VREBTLZILIZL>THIEIA Y v —Y8ZHIE L
T—ARAY Y —VDREBIER FMET 2 N TED. L
MU, Wi CTHREL 2 RTS/CTS I A v & — Y X ik
T, Niop & Nipq 28 ACK il A v & — % IR %AE
FTEHILMNE, N IXFDHEEIZE>T ACK HilfHI A v —
VDZEEMETEZEDD RTS A Y 2 —YDEE
ERIT 2 2 IETER (19 10).

X6, MILIGRT &I, N;_y & Njpy WeEIC RTS
FIHA Y —VREZ U ACK HIfIA Y 2 —T % R
RAF UGG, N; 1I2&D 0TS KA Y £ — Y EITRHRY
T Ni—q & Nipqy OUMATISREING Ay b —2 02—
FTAUTINET—=RAAYY =YX N, THEETE I &h
5, Ni_1 & Ny ZBI22y NI —2a—F14 V70
MBI E 20D, TZT, Ny, & Ny ICBIZT—4
AWt — T ORI B AT R b NS Z e BARET
Hb.

ZZT, MARNZ T —& Ay 2—IMR W T I i% I N
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BEHRL, T—2 AVt —Y OREBIENEHIND Z
EDS, HHERNIZAT B OB ZEBBBETH DT —F A Y
=YV DOEGIEEIE, N1 & Nyyy DOBERY hT—2
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%S BT — R AV —I% N 7 7 I L TV 3
FRRIERR ) — RIZK o TT— & A Y ¥ — Y DGR T
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CIFEBBETDZ I ENTERNIE, Ny & Njpy &OD
WD ACK HIfIA Y2 —Y 2 RTS HIfIA Y —
ZEEBETDH7201C1F, ACK HIfIA v £ —Y D% PARTIC
TATIRIE T D BEPIER ) — RERET OB ENRH D Z
N ICESTREIEIND T =R AV —IDWT ok
kiR ) — RIZE > TRZEINDINIE N; 1I2&2 CTS
HIH A v =Y DZED D VIFEEREITROND T
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80 B ERR ) — K& N; PREL, TOEHRE T —
&)( /“E‘—‘/ E&D—C NZ 1 bl NZ+1 1z 93[]-3‘6 (‘:(‘.’.—‘3‘
% (2 12).
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Y Nipt OBFH N; NERETZT— AV —T %Ny
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‘7 7 A—F 1 v T@IEH }ﬂ*?f’bé LeRd. DY
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5. ZHIE, N, DNy 77 IR INT WS N,y & Niyg
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A P SR N B Tl eP AV A0) T3 R XY
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REeTRbEILedd. ZDEE mp & om LI
Nig1 & Nj &> Txy NY—2a—FT4 v IXhd
ZERLEEREIND NG, N, BT —42Av&—
VOEISIE L 1385 R0 (X 13).
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2) Nipg E2E N OWTHL—FHDNY 7 7IZN; &
TEEE L T2 T =X AV —UDPMEREFINTHEREND
ThHNUE, TNTN, N,_1, Ny % EEHER BB
kR ) — RT3,

3) Nipi & Ny OXFDNNY 7 712 N; &gk $2
TR AV —=IUWRFEINTVWDIDOTHNE, Th
RHLEITLETD N, DN 7 7 IEFHFINT VWD T —
B A X — Y DD %SG HERS i e B ik
) —RE 35,

4) Ny & Niog DWTHRONY 7 7128 N; ZiEgikEk
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X, N1 & Niyy ORI % &GRS e B Ak iR
J—R&§5.0

AT CHEZE L 72 RTS/CTS il A v ¥ — YR |FIE Tl

FYRNT—=DA—=F 4 VITINET =AY —VEEE

U7k ERR ) — R N, I2BWT Ny & Ny 25 liAT
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AW — T DR E TR D BT ) — R % N,
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BEEERZRHE DI L L RDIN, TNEBIHIZEY hT—
JA—=FTA VT RBHAUET =AY —VkEEHIE
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REEIEDONUOREBFATD Y, ZrhfkiEit ) — K2
WY BN —F 1 VT T—TNRHEINT D EDL T 5.
T, RV F Ry TROER ORI EE 2-20 Ky T
EUT, TR AV —VUlENHANICEET D54 DK
BYNFHRY THEDTY RV ROAN—Ty k2 HIE
T3, WENRIE, REFIE RELZ CTS Ay £—
V¥ ACK Hli A Y & — Y D517 & 2 ZEMIE D &A% j#
FAUAETE 2v NT—=2 =T 9 V72 ARV ERS
VF Ry TRETFEICIA T, hfkERR ) — R N; 232w
J—2 A—F 4 VT XINET— XA v ¥ — % ik
R — R Ni_q, Njpg NEBRETOEIC N, & Nijyq »
5D CTS HlfHIAY X —YDEEIHF %2 5222 &i1l&-
T CTS HlfA v ¥ — VRO % [E#E$ 5 NC-MAC
FiEL 95 A8, YIal—&iiEns-3 [7] ZHNWS.
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WBZEDRNMD. AN—TY hOWEITFY TEN9
Y TUTTHIGEIZHEETHY, FH 11.5%Dm EE
BoTWd, 9w TR EIZB TR ERII A ERKE
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DORILEBOBIREDE DY, TN LDHEA Y ¥ —Y
T— &R AW — Y DELEEEED 72 0O DB RS DO HIRE,
TR AV —IEEHEROHIRIC L DR THD L E X
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BREFIRIZL DR IVF By THED AN —TY &
RFEFIETH D NC-MAC & %2 [HEKT D &, R~ IV F Ry
THOERIE RN 2 Ry 7L 3Ky TOEEIZIEZ NC-MAC
DIMT =B AV —=IDAN—Tv "DPRETFELY
EELBOTVEN, REEN 5 Ky TXYEEVWEAIZ
BREFEIVEENAINL—=TY "OTFT—AA vt —
Bl % FHEL TS, R, IEREEN 45y U ET
H2EEIIE, MDD 2 FENEEREE 4-9 Ay 7B 0n
TEEAN—TY MDMET T 2D LT, IEFIETIE
BlERBE 4 Ay T EIZSWTIEZEZEANL— Ty b A8
AKESEFUARY., ke UTIREFER, {EFETDH
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WEL, 2y NT—7 =T 4 VT EHOBVERY IV F
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BLTWD. BB, B A Y —Y DU FEEDEZRIZ LD
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BERAR ) — ROWT N HMANIC T — 2 A v —T %5
Bk 2 - DIEEHEEBET 2 FEEEELZ. Zh
W&, FIEAY =Y NEEIND I LIZEDEEA—
N ROHIEE 2w T —2 3—F ¢ J58(5 05 Ak
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