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Abstract—In this paper, we study the convergence behavior
of the coexistence between multiple cognitive tactical rad
networks. Each tactical radio network has one transmitter which
broadcasts a common information to several receivers sharg
the same parallel sub-channels and updates its power allotian
autonomously from the other networks owing to a distributed
dynamic spectrum management function based on the iterata
water-filling principle. It is observed that the algorithm h as some
convergence issues in the case of strong interference chais
In fact, at each iteration some power is poured in the best
sub-channels regardless of the interference caused to theher
networks, while they have a better benefit avoiding each othe
by taking different sub-channels. This motivates the addibn of
expert rules to the terminals, more specifically the obligabn
to select by preference a subset of contiguous sub-channels
first advantage is to give the networks more facility to avoideach
other for high target rates and to improve the convergence othe
algorithm. Another advantage is to lower the complexity of he
algorithm and the waveform model by allocating power only oer
a subset of the available sub-channels. This is especiallsue for
the selection of a single sub-channel which exhibits a remkable
convergence behavior, and could be seen as an enhanced vensi
of a simple "detect and avoid” strategy. Simulation resultsare
supported by an implementation in the event-driven simulabr
OMNeT++/MiXiM.

Index Terms—lIterative waterfilling algorithm, tactical net-
works, broadcast channels, sub-channel selection

|I. INTRODUCTION

The distributed power control problem in a frequency sele

4

tive interference channel has been introduced by Yu et &l.

This problem can be modeled as an uncooperative game

can be solved efficiently by the iterative waterfilling aliglom

(IWFA). The existence and uniqueness of the Nash equilibriu
has been established for two users in a digital subscribes i
(DSL) scenario which exhibits diagonal dominant chann@
conditions. In [2], the distributed power control problemsh
been reformulated into an equivalent linear complementag
problem (LCP), proving the linear convergence of the IWFA ilf,
a DSL scenario for arbitrary symmetric interference enwiro
ment as well as for diagonally dominant asymmetric chann
conditions with any number of users. However, in a wirele
scenario in which the channel gains of the interferers co

)

have been introduced in [3], [4], [5], [6], [7] by considegin
imperfect channel and noise variances information. Sitiaria
results were made under diagonal dominant channel condlitio

to guarantee the existence and unigueness of the Nash equi-
librium.

Recently, the IWFA has been extended to parallel Gaussian
broadcast channels with only common information [8], [9],
[10]. In this paper, we study the convergence behavior of
the IWFA in parallel Gaussian quasi-static Rayleigh braatic
channels with only common information for the coexistence
of multiple cognitive tactical radio networks. For instanc
parallel channels represent multiple orthogonal subiexaras
used in orthogonal frequency division multiplexing (OFQM)
or multiple non-overlapping sub-channels. We assume that
the links between the transmitters and the receivers exhibi
quasi-static fading, i.e. in which the coherence times ef th
fading channels are larger than the time necessary to cemput
the algorithm. Such an assumption is motivated by the fact
that tactical radio networks using VHF and low UHF bands
exhibit long coherence times for low mobility patterns. It
is observed that the algorithm has some convergence issues
in the case of strong interference channels. This difficulty
is inherent to IWFA because at each iteration some power
is poured in the best channels regardless of the interferenc
caused to the other networks, while they have a better benefit
avoiding each other by taking different channels. However,
an optimal multiple access scheme would require some level
of coordination in a centralized approach. This motivates t
addition of expert rules to the networks, more specificdily t
opportunity to select a subset of contiguous sub-chanftrels.
this case, the networks can allocate power only over a subset
8]‘ the available sub-channels, thereby limiting the maximu
umber of sub-channels needed for transmission. Moreover,
& networks can only choose a group of contiguous sub-
channels. A first advantage is to lower the complexity of the
IWFA by allocating power only over a subset of the available
sub-channels. A second advantage is to lower the complexity
F the physical layer in the case of a multi-carrier waveform
with non-overlapping sub-channels. A third advantage is to
iye the networks more facility to avoid each other for high
rget rates and to improve the convergence of the IWFA in
wireless channels. Without loss of generality, the sulokha
%eflection can also be applied to the robust versions of the
FA in parallel Gaussian interference channels [3], [&], [

 [7].

be as high as the channel gains of the direct link, multiple

Nash equilibrium solutions exist and no theoretical probf o This paper is organized as follows. First, the system model
convergence can be obtained. Moreover, the initial assomptis presented in Section 1. The IWFA in parallel Gaussian
of quasi-static fading channels might be no longer valid ibroadcast channels with only common information is pre-
a wireless scenario, therefore robust versions of the IWFented along with the ability to select a subset of contiguou
_ _ . sub-channels at each iteration of the inner loop. Extensive
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T — and ¢ the power allocation among all sub-channels and
/ \ \ networks,¢;; = E[|x;]?] the variance of the input signal on
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\ / | / for network j, Af the sub-channel bandwidth, ard the
\\ / SNR gap which measures the loss with respect to theorsticall
optimum performance [11]. Moreover, by introducing weight
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Fig. 1.  Scenario considered for the coexistence betweeticahaadio Valueswjt’ with Z Wit = 1,¥j, (2) can be transformed into

networks the following prél:)IIem (for more details, see [10])
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Il. SYSTEM MODEL B

The coexistence of multiple cognitive tactical radio net-
works is shown on Figure 1. The transmission range is
represented by the gray area around the transmitter. The
different networks can interfere with each other, causiags-
mission losses if dynamic spectrum management techniques
are not implemented. Our goal is to alleviate this problem W‘th
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equipping each terminal with an algorithm which gives the 1 T 17

possibility to optimize its transmission power for each szb \/? S [(Rojt@(g)) - S Roj't(@(g)))Q]

channel. We assume that the links between the transmittersopt . Jjt=1 = jt=1 = )
. - . _ A W, = min \Zi

and the receivers exhibit quasi-static fading, i.e. in \whice 7 w; 1z (w)

coherence times of the fading channels are larger than the ft; ROjt(g:)

time necessary to compute the algorithm. Such an assumption e (6)

is motivated by the fact that tactical radio networks usidfV with w the weight allocation among all receivers and networks.
and low UHF bands exhibit long coherence times for lowlaximization of the aggregate common rate subject to a total
mobility patterns. The received signajg;; can be modeled power constraint per network in a centralized algorithmris a

as extensive task, since it requires the knowledge of the sub-
N ‘ channel gains from any transmitter to any receiffes, ;|
Yiat = hyjaeti + 30 hyka@in + 1m0 i =1...Ne, Vi, j, k,t and an exhaustive search e, Vj, t. Although sub-
k#j ! L. . .
j=1...N, optimal, a distributed algorithm only requires the knovged
P—1 of the sub-channel gains from a transmitter to its own resiv

Y (1) (|hjj.i¢)%, Vi, 4, t), as well as noise variances of its receivers es-

where N, is the number of sub-channeld] the number of timated by spectrum sensing¥;, = o7 ;; + kZ_ kit |* Pin)-

networks,n; ;; the complex noise with variance; ;; for the The gistributed algorithm called IWFA for intereferencenh
receivert of networkj on sub-channel, z;; the transmitted |5 [1] and later extended for parallel Gaussian broadcast
signal for networkj on sub-channel, andh;y ;; the channel channels with only common information [8], [9], [10] iter-
from networkk to the receiver of network;j on sub-channel atively updates the power allocation of each network while
& considering the interference of all other neworks as noise.
This process is updated regularly between all the different
A. Classical IWFA in parallel Gaussian broadcast channelsetworks until they reach a Nash equilibrium. Finally, an

with only common information outer loop minimizes the power while maintaining a target
We consider the maximization of the aggregate commaeate for all receivers. Note that some more robust IWFA
rate subject to a total power constraint per network can also be applied in case of imperfect channel and noise
v variance information [3], [4], [5], [6], [7]. In this case gh
max " R, (¢) SNR gap is mc_rt_aased to assure reliable commumcauc_)n under
¢ j=1 = operating conditions all the time. Under the assumption tha

2

each network regards the interference of all other networks
as noise, the expression in (2) is the maximization of the
aggregate common rate, each common rate being the minimum
. of a sum of concave functions af;;. Since the sum and
Roj(9) = mlgROjt(i) ®)  the minimum operations preserve concavity, the objectve i

N,
subject toy ) ¢;; = P{° Vj
=1

1=

with
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concave, and maximizing a concave function yields a con-
vex optimization problem. Considering the classical IWFA
in parallel Gaussian broadcast channels with only common
information, the Lagrangian function can be written as

Inner loop = Classical IWFA

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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- =1 j=1t= ] it (7) i
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in which A are the Lagrange multipliers for all networks
According to [12], the Karush-Kuhn-Tucker (KKT) condition
of the optimization problem can be solved by taking th
derivative of the Lagrangian function with respectqig

8L(A, 2) . Af I; Wit

=_L —\i
O0ij In2 /= FO'J it Iy 7 (8)
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: P : Fig. 2. Distributed power control for the classical IWFA iarpllel Gaussian
Nulling the derivative gives broadcast channels with only common information
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For T; = 1, the optimal power allocation corresponds to qb(_fvm--awﬁ roots sz wjt =\
Gallager's water-filling strategy for parallel Gaussiamichels * i=1 j it ! (13)
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If T; =1 Vj, the distributed power control corresponds to Ti gj[(Rojt@; LTy Ti 5 Rojt(gi LTy o
the classical IWFA in parallel Gaussian interference cletsin i - i vj
[1]. For T; = 2, the optimal power allocation corresponds the i 52 R(,jt@wﬂ“”'"’f‘”f))
water-filling strategy for parallel Gaussian broadcasincleds It (14)
with only common information [10]

Find qb(“’fl wg2)” V_j given by B. Distributed power control for the classical IWFA in pail

Gaussian broadcast channels with only common information

Wil W 1
¢( 31> 12) —

(v The classical IWFA maximizes the sum rate subject to
ij

2 a total power constraint per network. In practice we want
5 *to minimize the power subject to a target rate per network.
\/L (aij — bij) (w1 — wje) I (aij —bij)” aij +bij | This can be achieved by a distributed power control similar
42 2) 4 2 to [1]. Figure 2 shows the distributed power control for
(11) multiple networks. An inner loop determines iterativelyr fo
each network the power allocation maximizing the common
rate and satisfying its total power constraint. Then, areout

with

(w1, wyz )P

1% ) T ) loop minimizes the total powers of the different networks
_ Fg[( 05t (2; )= T; tz 05 (2, ] , individually such that a common rate constraiRt*™ is
min vj . . . .
wj1 Wz 17 B (Wi achieved. Algorithm 1 provides the power allocation for pow
th; 05t (2 ) @ minimization subject to a common rate constraint.
in which ¢_ the power allocation among all sub-channels
! 52, 72 2 C. IWFA in parallel Gaussian broadcast channels with only
for network j, a;; = i and bij = 7122 In the common information with sub-channel selection

g | |hjji
general case, the optlmal power allocation’ corresponds thdn this Section, the addition of expert rules to the networks
water-filling strategy for parallel Gaussian broadcasincteds is investigated, more specifically the opportunity to sekec

with only common information [10]: subset of contiguous sub-channels. In this case, the nietwor



Algorithm 1 Distributed power control for the classical IWFAAIgorithm 2 IWFA in parallel Gaussian broadcast channels
in parallel Gaussian broadcast channels with only commauaiith only common information with sub-channel selection

information tinitialize L € {1, N.}
1repeat 2repeat
2 repeat s repeat
3 repeat 4 repeat
4 forj=1to N 5 forj=1to N
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8 Calculateqb © 777 Vi e A; according to (13)

(Wjtse-swyT;) . <
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9 end for Jont )
10 Find gﬁj st gecording to (14) 10 if Z q5 R R Pi° increase),
1 end for 11 end for
12 x times (W15 wyr; )P .
i . . Find ’ according to (14
13 until the desired accuracy is reached iz end for¢ g to (14)
14 forj=1to N “ « times
1yewyr; ) °PF
Ca|CU|ateR0j(¢, B )= t 15 until the desired accuracy is reached
15 N. (w1, wm; )P 16 forj=1toN
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18 endfor , 18 if Roj(qﬁg 31Ty ) < Re™ increaseP!**
19 until the desired accuracy is reached g ;)7

19 if Roj(¢; ! ! ) > R°™ decrease’;”!

20 end for
21 until the desired accuracy is reached

can allocate power only over a subset of the available sub-

channels, thereby limiting the maximum number of sub-

channels needed for transmission. Moreover, the netowrks

can only choose a group of contiguous sub-channels. A first

advantage is to lower the complexity of the IWFA in parallel Aj = {71+ L -1} (16)

Gaussian broadcast channels with only common information

by allocating power only over a subset of the available sub-Algorithm 2 provides the proposed power allocation for

channels. A second advantage is to lower the complexity ppwer minimization subject to a common rate constraint

the physical layer in the case of a multi-carrier waveforrthwi With sub-channel selection. Note thatiif = N., Algorithm

non-overlapping sub-channels. A third advantage is to gi¢ereduces to Algorithm 1 and IWFA in parallel Gaussian

the networks more facility to avoid each other for high targéroadcast channels with only common information with sub-

rates and to improve the convergence of the IWFA in parallehannel selection becomes the classical IWFA in parallel

Gaussian broadcast channels with only common informatiérfussian broadcast channels with only common information

in wireless channels. and distributed power control. The IWFA with/without sub-
The sub-channel selection is described as follows. At eaghannel selection are non-optimal solutions of the ceintrdl

iteration of the inner loop in the IWFA in parallel Gaussiafroblem. Similarly to the convergence of the IWFA in non-

broadcast channels with only common information, a netwogagonally dominant channel conditions, the convergerfce o

can only useL contiguous sub-channels, with € {1, N.}. the IWFA with sub-channel selection cannot be proven theo-

In fact, the networkj chooses the subset of contiguous sutietically. Therefore, the convergence of the IWFA in wissle

channels exhibiting the maximum common rate channels with/without sub-channel selection will be stddi

through simulations by an implementation in the eventeaiiv
simulator OMNeT++/MiXiM.

lj+L—-1

2 tot
ZC’ptimla:c min Af > loga(1 %) (15)
i=l; gt I11. SIMULATION RESULTS

The optimal subset of sub-channels to be used for theFor the simulations, the log-distance path loss model is
network ; is therefore determined by used to measure the path loss between the transmitter and



the receivers [14]: sub-channel gains of the interference channels are given by
d t. = k/fa, k begin a constant value between 0.25 and 0.5.
PL(dB) = PL(dp) + 10”'°91o(d—) (17) Therefore, we assume a block Rayleigh fading distribut@n f

0 the sub-channel gains of the interference channels, eg.dte
with n the path loss exponent, is the distance between theypdated according to their coherence time every: 0.05s.

transmitter and the receiver, anth the close-in reference g e 4 shows the evolution of the data rate, the total power
distance in kilometers. The reference path loss is caldlaly the occupation of the sub-channels versus time of both
using the free space path loss formula networks for the classical IWFA in parallel Gaussian braestic
PL(dy) = —32.44 — 20log,,( f.) — 20log,,(do) (18) channels with only common information. At the beginning of
the simulation, the total power of both networks is maximal,
where f. is the carrier frequency in MHz. The carrier frej e 10 W, In this case, the difference between the sub-aann
quency is chosen to be in the very high frequency (VHRyains is negligeable compared to the power being waterfilled
band f. = 80 MHz). The SNR gap for an uncoded quadraturgading to 50; occupation between the sub-channels. As the
amplitude modulation (QAM) to operate at a symbol error rajg,er is decreasing and as the networks are getting close to
1077 isT'= 9.8 dB. The sub-channel bandwidth isf = 25 g4ch others, the first network tends to take the first subreHan
kHz, the path loss exponent is = 4, reference distance 44 the second network tends to take the second sub-channel.
do = 0.02 kilometers and thermal noise with the followingowever, this transition is a rather slow process and casecau
expression an increase of the total power and a difficulty to stabilize
0% = —204dBW/Hz + 10l0g,,(Af) vi,j. (19) the data rate for both networks. As the interference is gtron
enough to make both networks choose different sub-channels
In the first set of simulations, we compare Algorithm Ihe total power and the data rate converge towards stahleval
with Algorithm 2 with N = 2 tactical radio networks, althoug the sub-channel occupation shows some convergence
N. = 2 sub-channels and two receivers per netw@ik= jssues. These convergence issues are due to the doppler effe
1> = 2 by an implementation in the event-driven simulapn the sub-channel gains of the interference channels and th
tor OMNeT++/MiXiM. OMNeT++ is an extensible, modu- existence of multiple Nash equilibria. Indeed, these ckénn
lar, component-based C++ simulation library and frameworkre not quasi-static fading channels since their coherémes
primarily for building network simulators [15]. MiXiM is are lower than the time interval between two inner loops.
an OMNeT++ modeling framework created for mobile angyhen the first network moves away from the second, we also

fixed wireless networks (wireless sensor networks, bodgl argee an increase of the total power and a difficulty to stabiliz
networks, ad-hoc networks, vehicular networks, etc.) .[16he data rate for both networks.

_In this S|mul_at|0n, we have thended th_e OMNeT++/M|X|_M Figure 5 shows the evolution of the data rate, the total power
implementation of the classical IWFA in parallel Gaussiag,qyhe occupation of the sub-channels versus time of both
interference channels [17] to the IWFA in parallel Gaussiafhyorks for the IWFA with sub-channel selection of a single
broadcast cha_nnels with only common information and SuE’(Jb—channel. It is observed that the data rate and the total
channel selection. wer are very stable for both networks. The first network

: . : i 0
_ Figure 3 shows the scenario used for the simulation. Thg 5 the first sub-channel while the second network takes th
first network is mobile and follows a pre-defined trajectory

with a constant velocity (about 90 km/h). In this network,
node 2 broadcasts a common information to node 0 and node
1 at 64 kbps. The second network remains at the same location
during the simulation. In this network, node 5 broadcasts
a common information to node 3 and node 4 at 64 kbps.
The most critical configuration is obviously reached whemn th
two networks are close to each other, and the interference is
maximal. The time interval between two inner loops is set to
0.1s in each network, while the time interval between tweeput
loops is set to 0.5s with power updateslofog,,(0.9) ~ 0.46

dB. The sub-channel gains follow a Rayleigh distribution,
i.e. absolute values of random complex numbers whose real
and imaginary components are independently and identicall
distributed (i.i.d.) Gaussian. We assume that the sub+atan
gains of the direct channels (nhode2node 0, node 2- node

1, node 5— node 3 and node 5+ node 4) do not change
during the simulation as the relative doppler is zero. Havev
the sub-channel gains of the interference channels (node 2
node 3, node 2— node 4, node 5— node 0 and node 5

— node _l) have a relat|ve_d0ppler shifi = vfc/c_: 6.67 Fig. 3. Scenario used for the simulation
Hz, ¢ being the speed of light. The coherence times of the
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Fig. 4. Data rate, total power and sub-channel occupatiorhi classical Fig. 5. Data rate, total power and sub-channel occupatiorthfe WFA
IWFA in parallel Gaussian broadcast channels with only caminformation in parallel Gaussian broadcast channels with only commfarrmation with
with N = 2 tactical radio networksN, = 2 sub-channels and two receivers Sub-channel selection of one sub-channel viNth= 2 tactical radio networks,
per networkTy = Th = 2 N, = 2 sub-channels and two receivers per netwditk= T> = 2

second sub-channel. In this case, the system is converging

rapidly towards one Nash equilibrium and there is no more

convergence issues due to the doppler effect on the sub-

channel gains of the interference channels. sub-channels. However, the management of the sub-channel
In the second set of simulations, we compare Algorithm ROWers is more complex as seen on the figure showing the sub-

with Algorithm 2 with N = 2 tactical radio networksy, = 4 channel occupation versus time. Moreover, some conveegenc

sub-channels and two receivers per netwdik= T, = 2 issues appear due to the doppler effect on the sub-channel

using the same scenario. Figure 6 shows the evolution gﬂins of the interference channels and the existence Ofphijlt

the data rate, the total power and the occupation of th&sh equilibria.

sub-channels versus time of both networks for the classical

IWFA in parallel Gaussian interference channels. The da#&ar The convergence issues can be reduced using a more robust

and the total power shows better convergence with= 4 IWFA such as [5], [6]. However, these algorithms either ¢&rad

sub-channels compared . = 2 sub-channels on Figure performance with robustness or assume a specific diswituti

4. Moreover, the averaged power necessary to achieve tiiehe error process. In [3], [4], the authors proposed taiseu

required data rate is lower wittv, = 4 than N, = 2 sub- tically address the impact of such time-varying unceriabyt

channels owing to the degrees of freedom introduced by timroducing a memory parameter at each iteratios (0, 1]
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Fig. 6. Data rate, total power and sub-channel occupatiorhi classical Fig. 7. Data rate, total power and sub-channel occupationthf® averaged
IWFA in parallel Gaussian broadcast channels with only ceminformation IWFA in parallel Gaussian broadcast channels with only caminformation
with N = 2 tactical radio networksN. = 4 sub-channels and two receiversWith N = 2 tactical radio networks an&. = 4 sub-channels

per networkT} = To = 2

in the calculation of the transmission power levels
(wjl,...7ijj)0pt _ (’LUjl,...,wJ'Tj)Opt
[ t+1)=(1-a)9; (t)

' In the following simulations, we apply the averaged IWFA
Vj to parallel Gaussian broadcast channels with only common
) ] (2_0) information. As shown on Figure 7, the averaged IWFA has

However, the choice of the memory parameteis crucial peter convergence properties than the classical IWFAhas t
for the convergence and there is no method to find g er 10op is executed every 0.5s and the inner loop ever 0.1s
optimal value. Recently, [7] proposed the averaged IWFA fofe choosel — 4 to avoid averaging across multiple total

improved robustness and convergence, showing that if 6yer constraints. Indeed, the averaged IWFA is betteeguit

) . 1 onstl ]
memory parameter is chosen as a time Sequence 1.3, for maximizing the common rates subject to a total power
the transmission power levels are averaged

constraint (inner loop) than minimizing the powers subject
(w1, wir; 1 & (Wi wir )P common rate constraints (outer loop). Therefore, each mgmo
?; (T+1) =793 t;)% (t+1) parameter sequence should be restartéd=at whenever the
B vj  total power constraint is modified. To average across nialtip
(21) total power constraints, we propose to feed a circular buffe

yopt
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Fig. 8. Data rate, total power and sub-channel occupatiorthi® circular Fig. 9. Data rate, total power and sub-channel occupatiorthfe IWFA

averaged IWFA in parallel Gaussian broadcast channels avith common in parallel Gaussian broadcast channels with only commorrimation with

information with N = 2 tactical radio networks and/. = 4 sub-channels  sub-channel selection of one sub-channel viNth= 2 tactical radio networks,
N. = 4 sub-channels and two receivers per netwdik= T> = 2

of lengthT + 1 with the transmission power levels
T (w7 one Nash equilibrium and there is no more convergence
Q;?”t(TJriJr 1) = ﬁ Yoo, T (t+ 1) (22) issues due to the doppler effect on the sub-channel gains
t=i Vi i of the interference channels and the existence of multiple
J Nash equilibria. One can observe an increased power for both
We call this algorithm the circular averaged IWFA in parbllenetworks of about 1 dB in average compared to Figure 7 and
Gaussian broadcast channels with only common informatidhbecause of the exploitation of a single sub-channel idstea
As shown on Figure 8, the circular averaged IWFA wiith= 9  of four sub-channels. Therefore, in order to reduce the powe
has also better convergence properties than the clas@# | when a higher number of sub-channé¥s is available, one
and the averaged IWFA. might consider to exploit several sub-channels for the IWFA
Figure 9 shows the evolution of the data rate, the total parallel Gaussian interference channels with sub-cllann
power and the occupation of the sub-channels versus timesefection. To summarize, simulation results show that sub-
both networks for the IWFA in parallel Gaussian broadcashannel selection does not affect drastically the perfoea
channels with only common information with sub-channalf IWFA and in some cases can lead to better performance
selection of a single sub-channel. The first network takes thnd a better convergence behavior in wireless channels. Thi
second sub-channel while the second network takes the fissiespecially true for IWFA with sub-channel selection of a
sub-channel. The system is also converging rapidly towarsisigle sub-channel showing no errors of convergence, which



could be seen as an enhanced version of a simple “detect aog
avoid” strategy.

IV. CONCLUSION (11]

In this paper, we have studied the convergence behaviorl &l
the IWFA in parallel Gaussian quasi-static Rayleigh braatic [13]
channels with only common information for the coexistence
of multiple cognitive tactical radio networks. We have isve [14]
tigated the addition of expert rules to the networks, moxes;
specifically the opportunity to select a subset of contiguou
sub-channels during the IWFA. A first advantage is to lowé}6]
the complexity of the IWFA by allocating power only over 317]
subset of the available sub-channels. A second advantage is
to lower the complexity of the physical layer in the case of
a multi-carrier waveform with non-overlapping sub-chasne
A third advantage is to give the networks more facility to
avoid each other for high target rates and to improve the
convergence of the IWFA in wireless channels. In a wireless
scenario, multiple Nash equilibrium solutions of the IWFA
exist and no theoretical proof of convergence can be oldaine
Therefore, the convergence of the IWFA in wireless channels
with/without sub-channel selection has been studied tmou
simulations by an implementation in the event-driven satan
OMNeT++/MiXiM. Simulation results show that sub-channel
selection does not affect drastically the performance dfAW
and in some cases can lead to better performance and a better
convergence behavior in wireless channels. This is edpecia
true for IWFA with sub-channel selection of a single sub-
channel showing no errors of convergence, which could be
seen as an enhanced version of a simple “detect and avoid”
Strategy.
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