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ABSTRACT Two-hop networks are especially useful forimproving cov-

hi devel ion-based istio f &/rage and throughput in cellular systems. In a two-hop net-
This paper develops a contention-based opportunistic- feeg o1 the source can select either a single relay or multiple

back technigue towards relay selection in a dense Wirele%élays to forward its message to the destination. There has
network. This technique enables the forwarding of add#ion been significant prior work on multiple relay selection [ifia

parity information from the selected relay to the destirati single relay selection [2, 3, 4, 5, 6, 7, 8, 9]. In the work most
For a given network, the efft_ag:ts of varying key para.meter%losely related to this paper, [9], GPS information is used t
such as the feedback probability are present_ed and dlsi:uss§elect the closest decoding relay to the destination todw

A primary advantage of the F’“’po,seq technique is 'that rgla arity information. This selection method optimizes the av
selection can be performed in a distributed way. Simulatio rage SNR at the destination, but the necessity of using GPS

results find its performance to closely match that of Cemralinformation in the selection process makes practical imple

ized schemes that utilize GPS information, unlike the pros,.nation difficult, Further, global network informaticre-

|foose(;j met?}‘?d' Tt:‘e pr(r)]posed relay selection method is algireq at all nodes which becomes more difficult to obtain and
ound to achieve throughput gains over a point-to-pointsra store as the number of nodes increases; a more decentralized

mission strategy. method for relay selection would be preferable.

Index Terms— Automatic repeat request, relays, convo-  In this paper, we propose a decentralized relay selection
lutional codes. approach that relies on random access-based feedback to the
source. Relay selection is based apportunistic feedback
[10], which is designed for user selection in a downlink wire
less system. In our approach, the source uses “Hello” mes-

) . . sages from the relays to select a relay to forward parityrinfo
Mesh networks are integral to the operation of next-gef@rat ,4ti0n to the destination if it detects an uncorrectablégic

wireless systems. One of the key aspects of mesh networksdgo; - The “Hello” message feedback is controlled by fac-
their ability to support multihop signaling, where intemite  5¢ jncluding the relay channel gain to the destination. We

ate nodes can act as relays by forwarding a message frofdasent and discuss the effects on system performanceyef var
a source to a distant destination. Message forwarding 0Gqq key parameters such as the feedback probability and chan
curs over inherently unstable wireless links; thus, thfoug e threshold. Our approach significantly outperforms agpoi
put and .rellablllty are decreased by packet outages. Hyb”fb-point hybrid-ARQ strategy where the source forwards the
automatic-repeat-request (ARQ) has been proposed as an ¢ty information to the destination. Also, our stratedgigs

abling method for satisfying quality-of-service (Q0S) €0n 4 ghputs that are very close to those yielded by the GPS-
straints in wireless systems. Hybrid-ARQ methods are@arti j,,cqq strategy in [9]. This further demonstrates the witit

ularly useful in mesh networks, where relays that are clttser yocentralized relay selection algorithms in dense netsvork
the destination than the source can forward additionatypari  \\e ,se boldface notation for vectors. SNR represents the

information to the destination if the destination deteats u sifgnal-to-noise ratiol] A denotes the cardinality of a seft
correctable packet errors [9]. This decreases the number o

retransmission cycles that are needed for decoding thesour
message.

1. INTRODUCTION

2. SYSTEM MODEL
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Fig. 1. Relay network. Fig. 2. Framing structure for proposed selection strategy.
are in a receiving mode. assist the destination in recovering We now describe our

Transmission occurs over a set of time slts, ...,#,,}  method for relay selection.
which are of equal duration. Initially, the source has atk-bi
messagev that is encoded as an n-bit codewordWe adopt 3. OPPORTUNISTIC RELAY SELECTION
the ARQ/FEC protocol in [11], so the source chooses code
rates{ R, Rs, ..., R,, } from a rate-compatible punctured con- We modify the opportunistic feedback approach in [10] to se-
volutional code (RCPC) family, an; > Ry > --- > R,,.  lectone of the relays. The framing structure for our aldwnit
The rateR,,, code is the mother code of the RCPC family. is shown in Fig. 2. In Fig. 2 itis assumed that a NACK is sent
Beforet,, the source and destination perform RTS/CTS-after each packet transmission, which automatically stae
based handshaking to achieve synchronization. Dugiyilpe  relay contention process. L&, denote the set of relays
source transmits a subsatof the bits inx such thak; forms  that can participate in the relay selection process, wheag r
a codeword from the rat&; code. The destination observes i € R, has both recovered and has a channel gain to the
destination|h; .|? that is above a thresholg,,,. Each relay

Yr1 = heoXa 0, (1) i can determingh, ,.|* by listening to the destination’s ACK
) ) or NACK message after a packet transmission; the ACK or
while relayi € {1,2,..., K, } observes NACK message is embedded in a packet that contains train-

ing data. Allrelays inR ,; are allocated the san#€ minislots
for feedback to the source.

Hereh, ; represents a Rayleigh fading coefficient for the chan- During minisloth, eachrelay € R..; will send a"Hello”
nel between the source and nagevhile n, represents addi- 'Message to the source with probability Successful con-

tive white Gaussian noise with variandg at node;. tention occurs during minisldtif exactly one relay € R,

We assume that all fading coefficients are constant ovefends @ I|I_|?”O message to the gogrlce. If relays € Ré‘iiﬂ’l
a time slot and vary from slot to slot, which is a valid as-S€nd "Hello mes;ages during m'n'S@lf’mdS,# L, a CI(IJ -
sumption given that each time slot is less than the chann&f®" occufrs and t Tsouhrce g|scards a Irecglverz]d Hello -n;es
coherence time. It is also assumed that fading and additi@?9€S: After minislof has been completed, the source de-

noise are independent across the nodes, which are valid 4§rMines if successful contention has occurred for at ket

sumptions given that node separation is greater than the ChamInISIOt b. If so, the source randomly select; a reiayh.at
s successfully sent a “Hello” message to it; otherwise the

nel coherence distance. It is also assumed that all nodes hak}a ) ! i
no knowledge of fading coefficients and must learn them vi@°urce will transmit during,. _
training data at the beginning of each packet transmission.  DUringtz, relayi, (or the source) transmits a subzeof

The destination attempts to decogde,. If decoding is the bits inx sgch thak; Ux, forms aqodgword from the rate-
successful, the destination broadcasts an ACK messagl to &2 €0de- This means that the destination should not discard
of the relays and the source. If decoding is unsuccesstl, th/r.1 aftert,; instead, it should combing, , with
destination broadcasts a NACK message to all of the relays
and the source. The challenge for the source is to select one
of the relays to forward additional parity information thét and attempt to decodg. ; Uy, , based on the raté&- code.

Vi1 = heiXi +n;. (2)

yr,2 = h‘itﬂ“XQ +n, (3)



If decoding at the destination is unsuccessful, the destima
broadcasts another NACK message to all of the relays and
the source, and then we repeat the relay contention prozess t
select another relay to transmit durityg This process repeats
until the destination successfully recovevsor the rateR,,
code has been used without successful decoding.

To compute the throughput of this scheme, we use (16)
from [11]

RCPC family with M = 6, rates {4/5,2/3,4/7,1/2,1/3}, d[r =100m
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wherel 4y is the average number of additionally transmitted 0 02 Feedback probfbﬁny P 08 !
bits perP information bits,P is the puncturing period of the
RCPC family andV/ is the memory of the mother code.

Since relayi can determineh; .|?, we could have mod-  Fig. 3. Throughput as a function of feedback probability.
ified our protocol to have all of the decoding relays perform
distributed beamforming. Distributed beamforming is diffi
cult to implement in practice, though, since the oscillatior We employ the codes of ratdd/5,2/3,4/7,1/2,1/3}
distinct nodes are not necessarily synchronized and are sutiom the M/ = 6 RCPC family in [11]. We perform con-
ject to phase noise. We could have also modified our protoc&atenated coding, where the outer code is a (255, 239) Reed-
to have all of the decoding relays forward their parity infor Solomon code with symbols frofF'(2°); this code can cor-

mation using orthogonal time slots, but this would tax syste 'ect at most 8 errors. The mother code for the RCPC family
resources aR...;|| grows large. is a rate-1/3 convolutional code with constraint length @ an

generator polynomial (145 171 133) in octal notation.
Fig. 3 shows how the throughpi,,, yielded by our
4. PERFORMANCE IMPACT OF VARYING SYSTEM selection approach varies with the feedback probabiljty
PARAMETERS Here we fix k' = 10 minislots and set the channel feedback
o thresholdn,,, = —91dB. The average received SNR at the
By optimizing parameters such as the relay-to-source feegestination is 2 dB. We see that the throughput is maximized
back probabilityp; and the relay-to-destination channel thresharoundle - 0.3.
old 7,,,,,, we can maximize the throughput for our approach.  The observed throughput performance has a nice intuitive
A joint optimization of these parameters is fairly diffiqult explanation. For large values of the feedback probabylity
though, so in this section we provide some insight as to howach relay nodec R .., is more likely to send a “Hello” mes-

each parameter individually affects the throughput. sage to the source during each miniglovhich increases the
For simulation purposes, we employ the path loss mode|kelihood of a collision during minislob; this also increases
described in [9]; thus, the received energy at noite the likelihood that no relays will be selected during therent
contention period and that the source will end up forwarding
& = |wilE, (5)  the next set of parity bits to the destination. For small val-
= (>\C/47rd0)2(db,i/do)*“&t1 (6) ues of the feedback probabilipy, each relay nodé € R

is less likely to send a “Hello” message to the source during
whereé,, is the transmitted energy iy . Here,\. is the car-  each minislob, which decreases the likelihood of successful
rier wavelengthd, is a reference distancé, ; is the distance contention in minislob; again, this increases the likelihood
between transmitting nodeand receiving nodé andp isa  that the source will end up forwarding the next set of parity
path loss exponent. bits to the destination.

We adopt similar simulation parameters as those in [9]. Fig. 4 shows how the throughp@,., yielded by our
Here, we employ a carrier frequengy = 2.4GHz,dy = 1m,  selection approach varies with the channel feedback thresh
d:» = 100m andp = 3, whered, . is the distance between old 7,,,. Here we fix X = 10 minislots and set the feed-
the source and the destination. We then uniformly disteibut back probabilityp; = 0.1. The average received SNR at the
K, = 20 relays in the region between the source and the deslestination is 2 dB. We see that the throughput is maximized
tination such that each relayis d; . < d;, units from the aroundn,,, = —91dB. The observed performance can be
destination. We also use the WIMAX signaling bandwidth,intuitively explained as follows. For large values of thede
which is roughly 9 MHz [12]; given a noise floor of -204 back thresholdy,,,, || Rs|| is small, which decreases the
dB/Hz this yields a noise valu¥, = —134 dB. BPSK modu- likelihood of successful contention in minislbt For small
lation is used for all packet transmissions, and all of theyse  values of the feedback threshajgl,,, | Rs.:| is large, which
and the destination use ML decoding. increases the likelihood of a collision in miniskot
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Fig. 4. Throughput as a function of feedback threshold.
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