ADAPTIVE 2010 : The Second International Conference on Adaptive and Self-Adaptive Systems and Applications

Adaptive Cooperative Multi-Hop Transmission in Ad Hoc Networks

Wasimon Panichpattanakul, Beatrice Paillassa,
Benoit Escrig

University of Toulouse, IRIT Laboratory — ENSEEIHT
Toulouse, FRANCE
wasimon.panichpattanakul, beatrice.paillassa,
benoit.escrig@enseeiht.fr

Abstract— Cooperative communication techniques have been
proposed in order to improve the quality of the reeived signals
at the receivers by using the diversity added by dalication of
signals sent by relay terminals situating between agh
transmission pair. This paper proposes an adaptive
cooperation technique for frame transmissions in AdHoc
networks that is compatible to both of the basic amss mode
and the optional access mode of IEEE 802.11 Mediufccess
Control (MAC) protocol. The transmission mode for ech data
frame is adaptively switched between a cooperativenode and
a non-cooperative mode based on the absence of aocliedge
(ACK) frame. Simulations show that transmission
performance is improved by decreasing the number ofe-
transmissions due to frame errors; thus, chances afulti-hop
mode transitions that are costly in time and bandwdth are
alleviated. The analysis of the proposition perforrance
indicates the interest of the adaptation paradigm.It puts
forward that, in addition to the channel quality parameter, the
channel availability parameter must be concerned inthe
adaptation process.

Keywords-adaptive cooperation; cooperative transmissions;
|IEEE 802.11

l. INTRODUCTION

In wireless communications, fading causes errordaia
transmissions. Based on IEEE 802.11 MAC standasd,
transmission processes are required when errorfdates
are detected. Obviously, re-transmissions increatzy and
decrease the packet delivery ratio (PDR) of thevoeks.
More precisely, in multi-hop networks, if the redtismission
counter (Re-Tx) reaches the threshold, a route vergo
process is activated. For example, considering Ad Bn-
Demand Distance Vector (AODV) routing protocol [1ie
route recovery process is done by an AODV souritiatied
route re-discovery method. The source terminal
broadcasts a route request (RREQ) packet to reafimlite
to the destination terminal (D). The RREQ packet vé re-
broadcasted through the network. Therefore, thear&tis
flooded and is led to network congestion problems.

In addition, if the route re-discovery process @sauhen
the direct path (S-to-D) is dropped, instead okiang the
RREQ packet from S, D receives the RREQ packet fiom
intermediate terminal (I) locating between S antkininals.
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in Fig.1. Rather than directly transmits a datanafrom S
to D in one time slot, the multi-hop transmissi@yuires
two time slots to send this data frame from S aod from |

to D, respectively. Therefore, similar to re-traissions,

multi-hop transmissions also increase the delaydmutease
the PDR of the networks.

Re-Txg;ec; COunter reaches the threshold &
D receives RREQ packet from |

Re-Txg;e COUNtEr
reaches the threshold & l
D receives RREQ packet from S

& =

Re-TXyyii.nop COUNtET
reaches the threshold &
Re-TX.n0p COUNtEr reaches the threshol
D receives RREQ packet from S

D receives RREQ packet fro

Figure 1. Transmission mode transitions.

Since multi-hop mode transitions happen when the Re
Tx counter of the direct mode transmission (RxuL)
reaches the threshold, transmission performandteeadirect
mode must be improved in order to reduce the nurobes-
transmissions. Multiple-input Multiple-output (MIMQs an
example of transmission techniques that have bespoped
to improve transmission performance in wireless

r communications. MIMO provide advantages of spatial

diversity by uncorrelated signal components gepdrétom
antenna array at a source terminal and/or a déstina
terminal. However, each antenna in the antenny amast

be separated at least2 in order to provide independent
signals.\ is the wave length of the system signal and it can
be calculated as follows;

)

Where c is a speed of light (3:¥18/s) and fis a carrier
frequency. Thus, for commonly used 2.4GHz frequency
band, the space between antennas at 6.125 cmusegkq
These requirements make MIMO technique to be intjmiac
to employ in networks with small wireless terminaigh as
sensor networks. In addition, MIMO requires mubipl

Thus, the transmission mode is switched from direchntennas, which are costly. For these kinds of estsit

transmission mode to multi-hop transmission modghasvn
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alternative that can gain benefits of spatial diitgrwhile a
single antenna is required on each terminal. Hitisins of
MIMO and cooperative transmissions are respectishiywn
in Fig. 2a and Fig. 2b.

from RTS frames), HTS frames (Helper ready To Send,
modified from CTS frame), and CTR frames to actvand
deactivate cooperative transmission modes amongrais.
Therefore, CoopMAC can be implemented only in the
optional access mode of IEEE 802.11 networks.
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Figure 2. lllustrations of (a) MIMO and (b) Cooperative tramssions.

Figure 4. Message flows in CoopMAC protocol [6].

To overcome these problems, we propose a simple but
effective transmission method called Adaptive Coafien
Multi-Hop Transmission (ACMHT). In order to have rou
proposition compatibly work with terminals without
cooperative functionality in legacy systems, onigme
process modifications are required and affect timbynodes
with cooperative functionality. In addition, our thed does
not use or modify RTS or CTS frames; thereforeait work
compatibly with both of the basic and the optionatess
methods of the IEEE 802.11 MAC protocol. Transnoissi
mode of ACMHT can be switched between cooperatie a
non-cooperative mode based on the absence of A&lHefs.

Cooperative transmissions have been introduce@]ay [
[4]. The concept of cooperative transmissions igxploit
the broadcast nature of the wireless medium atétsform
single-antenna neighbour nodes, to work as viramé&nna
arrays. As shown in Fig. 3, cooperative transmissi(-ig.
3b) utilize more medium than non-cooperative trassions
(Fig. 3a) when the channel quality of the diredhp&®-to-D)
is good. However, if the channel quality of theedtrpath is
dropped, non-cooperative transmissions with restrassion
processes (Fig. 3c) consumes more medium than cdoee
transmissions. Therefore, cooperative transmissians
interesting and should be used when the channdityjoh Our proposition intends to increase the link qydhy a
the direct path is dropped. Rather than remain theooperative mechanism, and also to prevent unramgess
transmission mode in cooperative mode (named fixedouting processes such as route maintenance armlites-
cooperative transmission), cooperative transmissairould  discovery. In addition, the proposed method allega
be able to switch their transmission modes betweeprobability of multi-hop mode transitions in orderreduce
cooperative mode and non-cooperative one. Theseosts of multi-hop mode transmissions. To evaludie
cooperative transmissions are called adaptive catipe interest of our proposition, the transmission perniance in
transmissions. term of PDR is considered.

The rest of the paper is organized as follows. dntiSn
Il, details of the proposition are presented. ectill is
devoted to the system model while Section IV comgavith
simulation results and analysis. Finally, the casidn is
drawn in Section V.

II.  ADAPTIVE COOPERATIVEMULTI-HOP TRANSMISSION
Our proposition is designed for a WiFi network gsan

(@)
Figure 3. Message flows of (a) Non-cooperative transmissions

(b) Cooperative transmissions and (c) Non-cooperdtansmissions with
re-transmission processes.

In adaptive cooperative transmissions, generafipined
from the IEEE 802.11 MAC standard [5], the actigatand
deactivation of these cooperative transmission moeguire
extra control frames, which are modified from ResjEo-

IEEE 802.11 MAC protocol. For interoperability poges,
rather than specifying a new protocol, we decideddrive
benefit from the handshaking access mechanismstitate
or deactivate the cooperative mode. MechanismsGifIAT
when it works with the basic access method (aledawo-
way handshaking; Data/ACK) are shown in Fig. 5a Bid
5b and with the optional access method (also cédledway
handshaking; RTS/CTS/Data/ACK) are shown in Figabd
Fig. 5d. S, R, and D stand for Source, Relay, aestibation

Send (RTS) or Clear-To-Send (CTS) frames [6] and [7 egpectively. R is assumed to be chosen and itelbda the

and/or are created in new frame formats [8] and T@se
adaptive cooperative transmissions cannot be inmgaiésad
in IEEE 802.11 networks with basic access mode asd
have interoperability problems with legacy systems.

transmission ranges of S and D. Fig. 5a and Figepesent
ACMHT message flows when it works in a non-coopeeat
transmission mode and when it works in a cooperativ
transmission mode are shown in Fig. 5b and Fig. 5d.

For example, the message flow of an adaptive The proposition is adaptive because its transmissio
cooperative transmission protocol called CoopMAQ IS \ode is able to switch between a direct mode and a

shown in Fig. 4. CoopMAC uses CoopRTS frames (nedlif .,operative multi-hop mode. The appearance of at AC
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frame informs R that the direct transmission iscessful;
thus, cooperative multi-hop mode is automaticalméd off.
The network transmission mode

retransmission timer reaches to zero, then the data
retransmitted. To prevent collision between regnaissions

rests at the direalone by S and cooperative multi-hip transmissiomsedby

transmission mode. R remains quiet and S continaes R, S must extend its timeout at least two timeshefvalue

transmit its next data frame in the direct path.

“ACK | 2 Data — |
NAV_Data «AC/K>
ACK =
S
ata
(@) (b) (© (d)

Figure 5. Message flows of our proposition (ACMHT).

On the contrary, in Fig. 5b and 4d, when D fails to

indicated in IEEE 802.11 MAC standard.

For simplicity, similar to [6] [7] [10] and [11],ni our
proposition, the received signals at the destinatesminal
transmitted by S and R are not combined. If signal
combinations in signal-level are needed, signal lioers
such as maximum ratio combiners require fading aogds
and phase compensations of the source and the relay
terminals at both of transmitter and receiver s[d@% These
requirements cause system complexities. Moreover,
additional hardware such as a signal combinereatgbeiver
side is required and it gains cost to the system.

. SysSTEM MODEL
The performance evaluation of the proposed metkod i

decode a data frame and the network allocationovect done by simulations and compared with a non-codpera

(NAV) of R reaches to zero, the cooperative muigghmode
transmission of the ACMHT is automatically turned d@he
transmission mode of the network is temporally chéd
from direct mode to cooperative multi-hop modefas in
Fig. 6. Without any changes in the header, R h&8p®
forward the data to D, and then the transmissiodevaf the
network is automatically switched back to the direode. If
D successfully decodes the data sent from R, ilie®@n
ACK back to S. The Re-Tx counter at S is reset, thed S
sends its next data frame. When the Re-Tx countegset,
chances of multi-hop mode transition are alleviated

Re-Tix; e COUNtET
reaches the threshold &
D receives RREQ packet from||

Re-Txyjec COUNtEr
reaches the threshold &
D receives RREQ packet fro

Re-TxXyutinop COUNtET
reaches the threshold &
D receives RREQ packet from

Re-Txyuti-nop COUNter reaches the threshold &
D receives RREQ packet from S

Proxy Mode

Figure 6. Transmission mode transition of ACMHT.

A MAC layer table is specified at terminal R in erdo
allow R to be able to filter and relay data frareeat from S
to D correctly. MAC addresses of the transmissiair (S
and D) are indicated in the table. These addresses
acquired by upper layer protocols such as Helloooting
protocols in the network layer. For data relayilg\C layer
relaying is chosen instead of network layer fonirsgd R
acts as a dynamical bridge since forwarded dataefsado
not need to be sent up to the network layer; tQusuing
delays and processing delays are alleviated. Rcttjire
forward exactly the same data frame (received f&)nto D
through its MAC layer. In addition, after forwardithe data,
R does not need to wait ACK frames from D.

transmission. NS 2.30 simulator is used [13]. Hffeof
channel quality and channel availability to ACMHT
performance are studied. Three scenarios of 5-tedmi
networks (see Fig. 7) and a scenario of a 9-terdnmievork
(see Fig. 8) are simulated. In Fig. 7a, a scenariahich
only the relay terminal (R) is interfered by an A-B
transmission pair is presented. Assume that thenreha
between A and B is perfect. Scenarios that all itess (S,
R, and D) are interfered and only R is not intexfeare
illustrated in Fig. 7b and Fig. 7c respectively. tdldhat
terminals locating in the interference area caruwtectly
decode received signals but they are interfered.

/

£ N
Trapismission Area \
/

———+ Receive

Overhear

Figure 7. Three scenarios of 5-terminal networks

In Fig. 8, every case presented in Fig. 7 is inetud
There are three transmission pairs; i.e. S1 to$21fo D2,

If adaptive cooperative transmission done by RIs® a and S3 to D3 with one relay terminal (i.e., R1, R&d R3)

fail or the ACK frame sent from D is lost, S waitstil its
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hop paths is not good and R cannot relay data to D
efficiently, S in ACMHT has to re-transmit the datéh the
extended timeout, which causes longer delay comgan

the re-transmission  processes in  non-cooperative
transmissions. Therefore, in non-cooperative tragsons,

if there is no transmission state transition froinect mode

to multi-hop mode, ACMHT is not interesting. The R®of

the non-cooperative transmission are nearly conbggause

all data are sent in the direct mode; thus, théopaance of

the system is only function of the link quality tfe direct
path. The increasing of P2 does not affect theopewnce.

Figure 8. A scenario of a 9-terminal network.

1 B ] e B S s

. 0o —#-Non-Cooperation P1=0.1 |
To study the effects of channel quality to the ACMH - = Non-Cooperation P1=0.2

e : P 08 —+— ACMHT P1=0.1 H
transmission performance in term of PDR, channelityuin a ACMHT P10+

0.7

term of error probabilities in the direct path {&Di) and the
multi-hop paths (Si to Ri and Ri to Di) are varidthe frame o
error probabilities of the direct path (P1) are &e0.1 and £
0.2 per frame, while those of the multi-hop pathg)(varied T L T L T T
from 0.025 to 0.4 per frame. For physical channdls,two S 1 G O A 0 5 O
ray ground propagation model is used while IEEE.BD2 02
[5], and AODV [1] are used as the MAC, and the imyt o1
protocols. The User Datagram Protocol (UDP) agemés o . = . e .
created to send Constant Bit Rate (CBR) traffichwdata PLP2
rate 448kbps and packet size equals to 210 bytes. T Figure 10.PDR of non-cooperative and ACMHT transmissions in
simulation time is 300 seconds. scenario 1 of the 5-terminal networks.
IV. SIMULATION RESULTS ANDANALYSIS In the second scenario of the 5-terminal networksre

In the first scenario of the 5-terminal networkshere &l terminals are interfered by the A-B transmissioair,

only the terminal R is interfered by the A-B trarssion transmission state transitions occur in both of -non
pair, there is no transmission state transitiobdth of non-  cooperative and ACMHT transmissions (see Fig. 11).
cooperative and ACMHT transmissions; thus, theHowever, the percentage of data frames in ACMHT éna

percentages of data frames sent in multi-hop mogelgo ~ S€Nt in multi-hop mode is very less compared wii on-
zero as shown in Fig. 9. The x-axis representsegabf P1 cooperative transmission. The result confirms th@VIHT

over P2 (P1/P2). The frame error probability of tieect ~ €an alleviate multi-hop transmission mode transgio
path (P1) is set at 0.1 and 0.2 per frame andrtmaef error

probability of each proxy path (P2) is varied frof3 to 0.4 BrTTT I T ITITTT
20H —® Non-Cooperation P1=0.
per frame. %
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o0 £ g 16{] —+ ACMHT P1=0.1
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1 igure 11.The percentage of data frames sent in multi-hop mode in
10 F 11.Th t f data f t Iti-h d
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Figure 9. The percentage of data frames sent in multi-hop mode in In Fig. 12, ACMHT ge_”era”y has. h!gher PDRs than
scenario 1 of the 5-terminal networks. those of the non-cooperative transmission. Thus, cae

conclude that ACMHT s interesting when every terahi
PDRs of the systems with non-cooperative and ACMHThas same condition of channel availability and ehare
transmission in different link quality configurati® are chances of transmission mode transition in non-ecatjve
shown in Fig. 10. The PDRs of ACMHT are less tHawseé  transmission to transit from direct mode to mutipimode.
of the non-cooperative transmission because oétfeet of On the left-hand side of Fig. 12 when P1= 0.2,RER
the extended timeout in ACMHT. If the quality oktmulti- of ACMHT is lower than that of non-cooperative
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transmission because channel qualities of the +hafiipaths  the terminal D in ACMHT has to reply ACK framesdhgh

are very poor. This problem leads to two major drasks. the direct path with P1= 0.2 while the non-coopeeat
First, when R missed-hears ACK packets, it compstdsS  transmission works in multi-hop mode and its ACKnfies

to transmit data; thus, the collisions are occurB&tond, R are sent through the multi-hop paths with P2 < 0.1.

is not able to help S on data relaying because unable to In the third scenario of the 5-terminal network® @an

decode the data frame sent from S; therefore, Didnagit  conclude that ACMHT is interesting when terminalhRs

for the re-transmission done by S after the extérimeeout, good condition on channel availability and there etnances

which is twice longer than the non-cooperative tégphe. of transmission mode transition in non-cooperative
transmission to transit from direct mode to mutiphmode.
O o Gooperation P10 However, if the channel qualities of the multi-hpgths are
ozef) -% Non-Cooperation P1=0.2 much higher than that of the direct path, ACMHT wHo
4 — = . . . . .
021 - ACMHT P1=0: switch its transmission mode from direct mode and
0221 | 4 — cooperative multi-hop mode to multi-hop mode.
o o.isi'( :ﬂ_/..r_—n——-—"”’”’/‘*
g gii 063; —=— Non-Cooperation P1=0/1
’ ~ || - ® Non-Cooperation P1=0,2
0.12 0.28) —a— ACMHT P1=0.1
0.1 0.26 1 - - ACMHT P1=0.2
0.08 0.24 = =
0.06 —— R e - 0.22 = —
X an FEE BREUN 02 — =
0.024-f o 0-18F=—
0 S 0.16
0.5 1 1.5 2 2.5 3 0.14
P1/P2 012 =
0.1 -
Figure 12.PDR of non-cooperative and ACMHT transmissions in 0.08 NP B P B s i
scenario 2 of the 5-terminal networks. oo PSRN
0.02 "
In the third scenario of the 5-terminal networkd)ene o e . e ) e .
only the terminal R is not interfered by the A-Brismission ' " pur2 '
pair, trans_m'ss'on Stat_e transitions occur In nooperative Figure 14.PDR of non-cooperative and ACMHT transmissions in
transmission but not in ACMHT. The percentage ofada scenario 3 of the 5-terminal networks.
frames in ACMHT that are sent in multi-hop mode aguo
zero while non-cooperative transmission has highgrgage In the 9-terminal network, the x-axis representsies of

of data frames sent in multi-hop mode, as showhidgn 13.  P1 over P2 (P1/P2). P1is set at 0.1 and 0.2 perefrand P2
Thus, probabilities of multi-hop transmission modeis varied from 0.025 to 0.4 per frame. Transmissitaite

transitions are alleviated. transitions occur in both of non-cooperative andM&I
transmissions. However, the percentage of dataefsam
2 ACMHT that are sent in multi-hop mode is very less
2 2 NomGooperation P10 compared with non-cooperative transmission (see F5.
C ST ASMHT b1=0.1 Thus, the probabilities of multi-hop transmissioroda
=& i’ ' transitions are also alleviated in the 9-termiretinork.
o
gE 1 / ’
£ 22
£ _§ 101 % 20 ‘+lllon-‘coop‘terat‘ion (‘Pl:‘o.l)
%‘é 8 18| ~® Non-cooperation (P1=0.2)
0= 64 . . —— ProxyCoop (P1=0.1)
. . S8 17 -2 Proxycoop (P1=02)
2o 14
2 L% a1 ] g’)g 124 -
0 = — £ g .-
0.5 1 15 2 25 3 ggo 10
P1/P2 £z 8 W
Figure 13.The percentage of data frames sent in multi-hop mode in = 6 e | +—T T
scenario 3 of the 5-terminal networks. 4 — - >
i al
Similar to the second case, ACMHT is interestingewh 0 ‘
there are chances of transmission state trangiton direct S S
_mOde to mUIt"hOp mode. _ln_ addm_on_, since R is not Figure 15.The percentage of data frames sent in multi-hop mode in
interfered by the A-B transmission pair, it can wedrform the 9-terminal network.

on data relaying. Therefore, ACMHT is outperforneu

has higher PDR compared to the non-cooperative In Fig. 16, on the left-hand side, when the linlalifies
transmission as shown in Fig. 14 when P1= 0.1. éd@ny  of the proxy paths are worse than those of thectpaths,
on the right-hand side of Fig. 14 when P1= 0.2rantti-hop  the PDR of ACMHT is lower than those of the non-
paths have very high channel qualities, ACMHT édloiver  cooperative transmissions because of two majororsas
PDR than that of the non-cooperative transmissierabse First, because of the collisions generated by R nwie
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missed-hears ACK packets. Ri competes with Si o da presented work concerns the study of the propositididity

transmissions. Second, due to the extended rentiasion
time introduced by the inefficient relay transmigsii.e., Ri
should be activated to help Si, but it is also Umab decode
the data frame; thus, Di has to wait for the r@gmaission
done by Si after the extended timeout, which iséwbnger
than that of the non-cooperative technique, reathe=ro.
Nevertheless, when the link qualities of the prpgghs are
increased, the PDRs of ACMHT are continually insezh
In some ranges of P1/P2, the ACMHT provides higteRs
than those of the non-cooperative transmissions.

In contrast, when the link qualities of the proxtis are
increased, the PDRs of for non-cooperative trarsions are
decreased due to multi-hop transmission delays. exery
when multi-hop paths have very high channel qesliti
compared to the direct path, transmissions thraughi-hop
paths are more interesting than re-transmissiamaigh the
direct paths with low channel qualities. Thus, ba tight-

that leads to determine some adaptation rules.

From simulation results, it is shown that ACMHT
transmission mode must be adaptable. The propostibth
outperforms the non-cooperative transmissions limgeof
transmission performance (evaluated by PDR), wihamicel
distributions of the direct path (S-to-D) can cauosdti-hop
mode transitions in non-cooperative transmissiond a
good relay is selected. A good relay means a relayinal
having high channel availability and high channahlgy of
its cooperative multi-hop paths (S-to-R and R-to-D)

Thus, the control protocol in charge of relay sibec
(AODV routing protocol for Ad Hoc networks or HyHri
Wireless Mesh Protocol (HWMP) for wireless mesh
networks for examples) has to collect informationchannel
qualities by measuring the frame SNR, and we aiseclade
that it has to collect information of channel aahbilities by
measuring for example the number of frames ovedhbgr

hand side of Fig. 16, the PDRs of non-cooperativeeach potential relay terminal.

transmissions are increased when the number ofi-hopt
transmissions is increased.

Similar to the third scenario of the 5-terminalvnetks,
the crossing point on the right-hand side of Fi§.vthen

P1= 0.2 and multi-hop paths have very high channel

qualities, ACMHT yields a little bit lower PDR thahat of
the non-cooperative transmission because the tatinin
ACMHT has to reply ACK frames through the directipa
with P1= 0.2 while the non-cooperative transmissiarks
in multi-hop mode and its ACK frames are sent tgtothe

multi-hop paths with P2 < 0.053.

0.32
03 —=— Non-cooperation P1=0.1/
0.28 - =- Non-cooperation (P1=0.2)
0.26 | —— ProxyCoop (P1=0.1)
0.24 - a- ProxyCoop (P1=0.2
0.224 M~ xyCoop ( )
0.2 — 5 —— —

o 0.18+

00.16

Qo014 |
0.12 rEET TREEE: -
01—t =
0.08%"
0.06
0.044
0.02

0 T
0.5 1 1.5 2 25 3 35 4
P1/P2

Figure 16.PDR of non-cooperative and ACMHT transmissions in
the 9-terminal network.

Therefore, to improve the performance of ACMHT,
rather than to switch the transmission mode of AOMH
based only on the absence of ACK frames, both ahcél
qualities and channel availabilities of the dir@eth and
multi-hop paths must be considered.

V. CONCLUSION

In this paper,
transmission that can work compatibly with the Bga
systems and is compatible to both of the basic ted
optional access methods of the IEEE 802.11 MACqoalt
is proposed. Beyond the proposition, the interdsthe
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an adaptive cooperative multi-hop12]
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