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Abstract—Channel switching and parameter randomization between the transmitter and the receiver are modeled as flat-
can provide performance improvements for communication sy-  fading and additive Gaussian noise channels, and the channe
tems in terms of metrics such as probability of error and gistripution information (CDI) of each channel is assumed t
channel capacity. In this study, the optimal channel switcing be available at both the transmitter and the receiver. On the
and randomization problem is formulated and its solution is - - :
characterized for flat-fading Gaussian noise channels wittthe ~Other hand, the channel state information (CSI) of the cbnn
aim of outage capacity maximization under average power and is available only at the receiver. By employing the outage
outage probability constraints. For the single user scenao, it capacity [11] as a performance metric, we derive optimal
is proved that the optimal solution can always be realized by channe| switching and randomization strategies. (Thegeuta

erforming one of the following strategies: (1) Transmissin over I . . . -
g single ghannel with no rangomizat?on. ((2)) Channel switchig C@Pacity is an important and practical metric, based on lwhic

between two channels with no randomization. (3) Randomizaan ~Communication systems can be designed to support a certain
between two parameter sets over a single channel. Hence, thenumber of users with target data rates.) Main contributions

solution can easily be obtained by considering only these tee and novelty of this letter can be summarized as follows:

strategies. However, for the multiuser scenario, obtainig the Th bl f optimal ch | itchi d domi
optimal solution can have very high computational complexty. * 'N€ problem ot optimal channel swiiching and randomiza-

Therefore, an algorithm is proposed to calculate an approxi  tion according to the outage capacity metric is proposed for
mately optimal channel switching and randomization soluton the first time in the literature. (In [2], the optimal channel

(with adjustable approximation accuracy) based on the soltion switching problem was studied based on the Shannon capac-

of aémearly ConSt(r:?]'”ed Illnear.o;k)]t.|m|zat|on problem. ity metric in the absence of randomization or fading. In [5],

shg;in%)f pgﬁgs;loc:tri]gr?, ﬂ:‘t'f’f'gcdi'nngg‘chgﬁtnag? capacity, time- optimal power rand_(_)mi_zation was performed for mini_miz_ing

the outage probability in the absence of channel switching.

o It is shown (in Proposition 1) that an optimal solution
to minimize the average outage capacity can be imple-
Performance of communication systems can be enhancethented as one of the three strategies: (1) Transmission

via various time-sharing approaches such as channel smgtch over a single channel with no randomization. (2) Channel

and parameter randomization [1]-[9]. In channel switching switching between two channels with no randomization. (3)

a transmitter and a receiver perform time-sharing amongRandomization between two parameter sets over a single

different channels by communicating over only one channelchannel.

at a given time [1]-[3]. In this way, improvements can be For the first time in the literature, we propose and solve

achieved in terms of the average probability of error [1], the optimal channel switching and randomization problem

throughput [10], or channel capacity [2]-[4]. For example, over flat-fading channels for multiuser systems (i.e., iplgt

as shown in [1], switching between two channels with a transmitter and receiver pairs) with the aim of maximizing

certain time-sharing factor can be necessary in some casdbe total outage capacity of users. Unlike those in [2],

for attaining the minimum average probability of error in [4], [5], an optimization theoretic approach is employed to

an average power constrained binary communication systermprovide a solution in the multiuser scenario.

In addition, for m_aximizing the average Shannon capacity Il. SYSTEM MODEL

between a transmitter and a receiver under average and peak ) )

power constraints and in the presence of Gaussian chaanels, e consider the presence ¢f > 2 different channels

optimal approach is to implement channel switching betwedfiequency bands) for communication between a transmitter
at most two different channels [2]. and a receiver, which can perform channel switching (time-

ring) among thes& channels to enhance the capacity of
communication system. As described in [2], during cleann
itching, only one channel is utilized for the communicati
etween the transmitter and the receiver at any given time,
d the transmitter informs the receiver about the occupied
annel for synchronization purposes.
n this work, the channels are modeled as flat-fading and
ditive Gaussian noise channels with various bandwidths
and constant power spectral density levels. In partictdiar,
channeli, B; and N;/2 denote, respectively, the bandwidth
and the constant power spectral density level of the additiv
aussian noise, where e {1,...,K}. Also, g; represents
e channel gain (i.e., the magnitude square of the channel

I. INTRODUCTION

Apart from channel switching, parameter randomizatiot'®
can also enhance performance of communication systemst
employing different parameter values for certain fractio
of time; i.e., by performing time-sharing among differen
parameter sets [5]-[9]. For example, power randomizati
was carried out in [5] for minimizing the outage probability’
in a flat block-fading Gaussian channel under an avera
transmit power constraint. In the context of jamming adain
digital modulation, the authors of [6] showed that the ojatim
jamming signal distribution has at most two signal levetaal
any signaling dimension.

In this letter, we propose the problem of optimal channéiI
ﬁy'é(:e?\',cge?]ng :?;nds%?tltzeartgr?dﬂg giéz\r/rgrz|irrllgﬂt1heepc;té;aegni(e:r_:1(§a efficient) related to channelbetween the transmitter and

erage power and outage probability constraints. The chann e receiver. It is assumed fOF eaghe {1,...,K} that .
g; IS a continuous random variable, and the support of its
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the receiver, it is assumed that the CDI of each channelvidiere F-! denotes the inverse CDF gf. For channeli,
available at both the transmitter and the receiver; howeher P, ; ands” (or, equivalently;y; ;) can be regarded as design
CSI of the channels is available only at the rece’rvbT this parameters that are subject to power limits and acceptable
setting, the outage capacity can be employed as a welldsuitevels of outage probability, respectively. Accordingthe
performance metric [11]. optimal channel switching and randomization problem for

In addition to channel switching, we also consider rarputage capacity maximization is proposed as follows:
domization of transmit power and outage probability forfeac

channel by considering up tb > 2 different values per chan- ma. ZZ XijCi(Pij i) (4a)
nel. In this regard, we emplogime-sharing factorsdenoted {/\”,Pu,e”}” e =1
by )\” fori =1,...,K andj = 1,..., L, which satisfy K L
Zl 12 ~ 1A = 1land);; > 0 for all 7 and j. Namely, subject tOZZAi,jH‘J < Py, (4b)
i corresponds to the fraction of time when chaniislused =1 =1
with the jth set of parameters (i.e., power level and outage K L
probability pairs) for that channel, Which can be denoted as N s < e, Ac
0; ; in general. For example, suppose that= 3, L = 2, ZZ 9663 = Cavsy (4c)

i=1 j=1

M1 =02 Ao=03 Ay = 015, Ago = 0, A3y = 0.1, , _
Ll 12 2,1 2,2 31 P, €[0,Pyl, Vi €S, Vj€S, (4d)

and A3 ; = 0.25. Then, over a communication duration Bf

seconds, channglis used with parameté; ; during the time €ij €[0,epk], Vi €Sc, Vj €S, (4e)

interval of [0, 0.27'] sec., channel is used with parameté »

during[0.27",0.5T] sec., channel is used with parameté, ; Z Z Xij=1, (4f)

during [0.57,0.65T] sec., channe} is used with parameter 1=

051 during [0.65T,0.75T] sec., and channd is used with o . .

paramete®s » during [0.757, T sec. Channel switching and Aig 20, Vi € Se, ¥ €Sr, (49)

randomization can provide performance improvements as thghere S. = {1,....K}, S £ {1,...,L}, P, is the

facilitate achievement of convex combinations of the perfoaverage power constraint,, is the average outage probability

mance metric (outage capacity) via time-sharing. constraint, Py is the peak power constraint, aagh is peak

outage probability constraint. Due to practical reasonss i
[1l. M AXIMIZATION OF AVERAGE OUTAGE CAPACITY assumed thaf’,, < Pp. Although the problem in (4) is a
UNDER AVERAGE POWER AND OUTAGE PROBABILITY challengingnon-convexoptimization problem over 8K L-
CONSTRAINTS dimensional space in general we characterize its solution

(glenoted bY AT, P, u}” 1» in the following proposition.

The aim is to perform optimal channel switching an Proposition 1: Consider the following problem:

randomization for the maximization of the average outage
capacity under average power and outage probability con-  max V Cmax(Pr,€1) + (1 = v)Crax(P2,2)  (53)
straints. The outage capacity is defined as the maximum datd - Feen e

rate that can be transmitted over a channel with a certain subject to vP1 + (1 —v)P, < Py, (5b)
probability of outage (i.e., no proper decoding). Consiugr ver+ (1 —v)eg < eay, (5¢)
the time interval c.orresponding to the time-sharing fagtoy, Py €0, Py, Py €0, Py, (5d)
the outage capacity of channetan be expressed as [11]

g1 € 0,epk], €2 € 0,60k, v € |0, 1], 5e

(1 —¢4;)Bilogy (1+7i;), ) N c [P P [C ;] S 6)
whereg; ; is the outage probability ang ; denotes the targetW ere max(P€) = I%%X i(Pe). 6)
SNR level below which channéwill be in outage. The outage
probabilitye; ; specifies the probablhty that the SNR level is
below the target SNR level; ;, in which case proper decoding

cannot be performed. The outage probability can be caldilat ¢ = argmax C; (P}, e}), m = argmaxC;(P5,¢3). (7)

Let (v*, Py, Py, e7,e5) denote the solution of5), and let?
and m be defined as

as [11] i€Se i€S.
_p 9i P ; _p Vi,; NiBi 5 Then, the solution of(4) can be specified as one of the
N, B; = Yo P ’ © following strategies:

« Conventional Strategy— Single Channel with no Random-
ization: If v* = 1 orif £ = m and (P, e}) = (P5,¢e3),
then a solution of(4) can be stated as} , = 1, P/, = Py,

PoF (o) €, = 51, and \f; = 0 for all (i,j) # (£,1).2 Slmllarly,
- e s

Ci(Py ;i) = (1—e; )B;1 1 bt gs \Eig 3 if v* = 0, a solution of (4) can be stated as\;, ; = 1,

(Pijreig) = (1= &iy) Og2< * N;B; - G Py P5, ey, 1 =3, and;; = 0 for all (zg);«é(m 1).

where P; ; represents the power level arid, denotes the
cumulative distribution function (CDF) of;.
From (2), the outage capacity in (1) can be stated as

ml_

Namely, one of the channels'is used exclusively without any

1The CSI of the channels can be obtained at the receiver based orandomlzatlon o
pilot (training) based channel estimation approachesceSftat block-fading o CS2 Strategy— Channel Switching between Two Channels
channels are considered, channel estimation can be pedaatrthe beginning with no Randomization:If ¢ 7& m and v* € ((), 1), then
of each block. Also, CDI can be obtained based on previousreastimates 5 go|ution of (4) can be stated as}, = v*, P}, = Py,
and/or statistical channel models related to the operatimgronment. In )
particular, by utilizing previous channel estimates, tleeiver can form
statistical knowledge about the channel parameters, aa shis knowledge 2|t is noted that the second index in the subscripts is choséragbitrarily
with the transmitter via a feedback mechanism. as it does not affect the performance of the solution.



€1 = €1y Ay = 1=V, Py =P, e, = &5, and subject tov0, + (1 — v)03 < [Pay, €av] , (10b)
Ar; = 0forall (i,7) ¢ {(¢,1),(m,1)}. That is, channel 0,€T,0,€T, velo1], (10c)
switching is performed between two channels without ayhich is guaranteed to achieve the same maximum value as

randomization over each channel. (9). It is noted that the problem in (10) is the same as (5)
« Rand2 Strategy— Randomization between two Powein proposition 1 a9, = [P,e1] and 0 = [Ps, 5], Let

Outage Probability pairs over a Single ChanndF. ¢ =m, (y* 0%,6%) denote the solution of (10), and létandm be

v* € (0,1), and (Pr,et) # (P5,e5), then a solution of gefined as in (7), wher@; = [Py, <3| and@} = [Ps,<5]. The

(4) can be stated as\;, = v*, P/, = Pl, €/, = €1, maximum value of (10) (equivalently, of (9)) can be achieved
Ao = 1—=v" Py = P;, g5, =¢e5, and A} ; = 0 for  py the problem in (4) via the conventional strategy, the CS2
all (i,5) ¢ {(£,1),(¢,2)}.2 That is, randomization (time- strategy, or the Rand2 strategy, as specified in the proposit
sharing) is performed between two different parameter sesince the problem in (9) is an upper bound on the problem
over a single channel (i.e., without channel switching). in (4), and the maximum value of (9) can be achieved by (4)
Proof: By introducing a vector variable & ; = [P, j,¢; ;], via the conventional, CS2, or Rand2 strategies, it is catezu

the problem in (4) can be stated as that the solution of (4) can be characterized by the strasegi
K L specified in the proposition.
max ZZ i ;jCi(0; ;) (8a) Based on Proposition 1, the solution of (4) can be obtained
[EYEN IS i by searching over three possible strategies, which sigmifig
K L reduces the computation complexity of the problem. Namely,
subject toz Z Xii0i; < [Pav:Cav] . (8b) instead of a search oved L-dimensional space, the optimal

solution can be obtained via a four-dimensional searches sp

. . ified in the following: First, it is noted that,.« (P, ¢) in (6)

0ij €T, Vi€S, V€S, (8€) is a monotone increasing function &> 0 for a(nys € [0,1]

K L since eaclC; (P, <) in (3) is monotone increasing with respect
Z Z ANij =1, Nij 20, Vi€ S, Vj €S, (8d) to P. Therefore, any approach withP, + (1 — v)P, < P,

i=1 j=1 cannot be a solution of (5) since it can always be improved
by increasing at least one of the power levels fas < Ppk).
Hence,vP, + (1 — v)P, = P,, must be satisfied in (5). By
utilizing this equality, the problem in (5) can be simplified

i=1 j=1

whereT £ [0, Pyx] x [0, epx]. To characterize the solution of
(8), we first present the following problem:

max Cinax(0)p(0)dO (9a) P, — P pP-P

(@) / Lcmax P ) Jcmax P, )
! {Pl-,II'I)l?,g}iyE2} PP (Fre0) + P - P (P2, 2)
subject to/Op(O)dO < [Pav, €av] (9b) (11a)

. Pav - P2 Pl - Pav
0cT. [pO)0d0=1,p0)20,v0 (9 SPENOpTpET TS, (D)
whereCinax (i j) = max C;(6; ;) as in (6), and(6) denotes Py € (Pav, Pox], P2 € [0, Pay], (11c)
1€S¢

the PDF off. The problem in (9) provides an upper bound e1 € [0,ep], e2 € [0, ep1] - (11d)
on (8) since it employs the maximum 6f;’s in its objective Let (P;", Py, e},¢5) denote the solution of (11). Then; is
function and more generic weighting coefficients. obtained as/* = (P, — Py)/(P; — P5). Also, £ and m

The problems in the form of (9) have been investiare calculated as in (7). Then, the solution of (4) corredpon
gated in various contexts in the literature; e.g., [7]-[9}0 the use of the conventional, CS2, or Rand2 strategies, as
By adopting a similar approach, we define $étand set specified in Proposition 1 based on the parameters’, Py,

W as follows: U = {(6,Cinax(0)) forall & € T} and e, 5, £, andm. (To specify the computational complexity
W = {( [ 0p(0)d6, [ Crax(0)p(0)d0) for all [p(6)de = of solving (11) via exhaustive search, suppose thatand
1, p(§) > 0, 8 € T}. It is noted thatWw contains the ¢2 are discretized with a step size df, and P, and P
solution of (9) since it consists of all possible values ddre discretized with step sizes df; and A,, respectively.
[ Cinax(8)p(8)d@ and [ 6p(0)dé subject to the constraints Then, the objective function in (11) shoqld be evalua_tedjabo
in (9c). Also, via the arguments in [7]-[9], it can be showfpiPav (Pox — Pav)/(A§A1As) times to find the solution.)
that W is equal to the convex hull af; i.e., W = hull(/). Remark 1: Proposition 1 alsp mphes that the use of bo_th
Therefore, as a result of Carathéodory’s theorem [12]], [1$hannel S_,W|tch|ng and randomization is not nee_ded to aehiev
any element o#V can be expressed as a convex combinatidfe solution of (4). In other words, when optimal channel
of dim(i) + 1 = 3 elements i/, wheredim (/) = 2 since s_W|tch|ng is performed as in the CS2 strategy, rando_r_nlza-
U c R2. In addition, as the maximizer of (9) must reside ofion over any of the channels does not bring any additional
the boundary ohull({), the solution of (9) can be achieveddenefits. Similarly, when the optimal solution is achieveal v
by a convex combination afim (/) = 2 elements i/ by randomization over a smgle channel as in the Rand2 strategy
Carathéodory’s theorem [12], [13]. Hence, an optip(@) can the average outage capacity cannot be increased further via
be specified ap(8) = v3(0 — 01) + (1 — )5(6 — 05), where channel switching.
() denotes 'ghe I_Dirac delta functi_on. By insert_ing this specific IV. EXTENSION TOMULTIUSER SYSTEMS
p(0) expression into (9), we obtain the following problem: ) i , )

In this section, we consider a multiuser system with

(02 v Cmax(01) + (1 = ) Crmax(62) (102)  yransmitter-receiver pairs, i.e., users, which aim to camm

nicate over theK available channels with the ability of
3The second indices in the subscripts are choseh asd 2 arbitrarily. performing channel switching and randomization. The aim



is to maximize the total outage capacity of the users und@lﬂqdiag(lfml, ce 1:’I;NU), andG = {IK ®1%, - Ig ®
average power and outage probability constraints by pintl . ) - . .
optimizing the parameters of all the users in a centraliasiif LNy |» Whereblkdiag specifies a block diagonal matrix con-

ion. Accordingly, the following problem is proposed (cf))4 structed by the given matrices, denotes the Kronecker prod-

U K L uct, I is the K x K identity matrix, P = [131(“) . P](VZ]
(w) ~(u) ( pu) () () _ raw) | ()
max A C; (Pi 7€ ) (12a) ande —gal €y } for u € S,.
) P Y S uz::l ; Jz:; i R It is noted that (16) is a linearly constrained linear optiani
K L tion problem. Therefore, it can be solved rapidly via linear
subject toZZ)\(.“.)P.(@ < P wyeS,, (12b) convex optimization algorithms such as the simplex or the
e A interior point method [14]. Although (16) is an approxinuati
KL to (12), the approximation accuracy can be enhanced by
Z Z /\Eu_)gl(_u_) < 5&3)7 Vu e S,, (12¢) inc_rea_sing the_ numbgr of possible va_lues for (b}é?),sg?)
== ol pairs, i.e., by increasingVy, ..., Ny, with the cost of higher

() () _ . computational complexity. (It is noted that the problemig)
PP e 0,P)’], YieS,, VjeS,, Yue Sy, (12d) has polynomial complexity in the number of variables, which

; U
) c [O E(u)]’ Vi€eS., Vji€S, YueS,, (12e) is equal toK Zu:l N, [14])

(
£, , : . . .
*J pk Remark 2: It is also possible to add fairness constraints

L i K Ly (u) ~(uw) (pu) ()

(u) to (12) in the form ofy ;2 >0 N G (P €))) = au
ZZAiyj <1, Vu €Sy, (121) Vu € S,. In that case, the solution can bé obtained by an
=1=1 approximate problem as in (16) by adding linear constraints
/\EZ) >0, VieS, Vjes, YueS,, (12g) related to fairness.

U L @ V. NUMERICAL RESULTS AND CONCLUSIONS
ZZ)‘M <1, Vieds, (12h) In this section, numerical examples are presented to cor-
u=1j=1 roborate the theoretical results by considering two ggstin

In the first setting, as in [2], we considéf = 3 channels

whereS, £ {1,...,U}, and the capacity function and theyjth the following bandwidths and noise level; = 1 MHz,
parameters are defined as in (4) with the addition ofsupqatsch2 — 5MHz, B3 = 10MHz, N; = 10~ 12W/Hz, N, —

(u) for denoting the user index. The constraint in (12h) igy-11\W/Hz, and N5 = 10-''W/Hz. In this setting, there

required in multiuser scenarios to make sure that the tofg|, exist one user or two users in the system. We model

time-sharing factor over each channel does not exceed ongne channels as independent Rayleigh fading with the channe
The problem in (12) is very challenging to solve in genergains being exponentially distributed with the followin@Es

since its solution cannot be reduced to a set of three strad@&d PDFSF (., (g) = 1—e—oi"g andpg(u> (9) = al(.“)e—aﬁ“)g

Complexity. However, we. can employ a convex relaxaticgs > {011 € 11,2 3} andu < {1,2]. The parameters are
. ) . (1) _ (1) _ (1) _
approach [7], [14] to approximate the non-convex proble ven by(zo)‘l N 0'25(2)% = 1, and Cfg) = 0.75 for user
in (12) with a convex problem with the ability to adjust thel; @nda;™ = 0.95, ay” = 0.35, anday™ = 0.3 for user2.
approximation accuracy. To this aim, instead of the continu AlSO, the peak power and peak outage constraints are set as
of values for theP) andz") terms, we consider a set of, Ppic = 10Pyy andepy = 10cay. o :

_ = , - W) _(w) We first assume that only usetexists in the system and in-
possible (known) values for them specified @3 }’, ;")) € vestigate the outage capacity maximization problem intf4,
{( plw) gy (Pﬁl),ggg))} for eachu € S,. Accordingly, solution of which is specified by Proposition 1. In Fig. 1, the
we define the following vectors: average outage capacity achieved by the solution of (4)dwhi
is obtained via (11)) is plotted with respect to the average

A= {5\(1) . -X(U)} and C = {C’(l) : --C’(U)}, (13) power constraintP,, for e,, = 0.01 (labeled as ‘Proposed

< () (w) (w) (w) (w) (single user)’ in the figure). In addition, the average oatag
where X = [A[] - Ay e Aga o Arv.) s (14) capacities achieved by the conventional strategy, which em
o _ [Cl(u) (P, ey o (p](vi)’ PJ(\Z)) ...... ploys the best channel all the time at the average power limit

(and with the corresponding optimal outage probabilityg ar

C\W (P &My o\(PWW, YY) (15) presented for comparison purposes (labeled as ‘Conveition
. y single user)’)! It is observed from Fig. 1 that employing
e best channel all the time (i.e., conventional stratdgy)

max €A (16a) not always optimal, in accordance with Proposition 1. For
bY example, whenP,, = 10~2mW, the proposed (optimal)
subject toRA < [P(l)...R(U)]T (16b) solution employs channel with a time-sharing factor of
o N 0.33444 and a power level 0f).029901 mW (corresponding

EA < [Egz) " ~a§1§,’)} ) (16c) to an outage probability of.029901) and does not send any

BA<1y, A=0, GA<1g, (16d) Power in the remaining duration (i.e., employs zero power
- - - with a time-sharing factor 0§.66556). This can be considered

with 1x representing a column vector of ones witki as a special case of the Rand2 Strategy (or, CS2 Strategy) in
elements,R = blkdiag(lf( ® 13(1), L1t ® 2 (U)), Proposition 1 withPy = 0, which results in an average outage

foru € S,. Based on these definitions, (12) is approximated

)

E = blkdiag(l}; ® é(l), R 1712 ® é(U)), B = 4This corresponds to solving (5) ovei by settingy = 1 and P} = Pay.
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(Total) Outage Capacity (bps)
Outage Capacity per User (bps)

Proposed (smgle user) S — A — Conventional, Py, — 1 mW
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Py (mW)

Number of Users
Fig. 1. Average outage capacity versi, achieved by the solution of Fig. 2. Average outage capacity per user versus the numtees fisr the

(4) (labeled as ‘Proposed (single user)’) and by the Cofweak Strategy in  ,r5h0sed approach based on (16) and the conventional abpraherels —
Section Il for the single user scenario. Also, the totalrage outage capacity 5 ande., = 0.01.

is plotted versug’,, for the multiuser scenario witlh = 2 users considering

both the proposed approach based on (16) and the convdngippaach. and independently ove[O.l, 1] in MATLAB with seed 1

. i namely, 0.1 + 0.9 * rand(10,5)"). As in the first setting,
capacity 0f0.71742 Mbps. (Such an on-off strategy can nevejD « = 10P,, andey — 10e.,. Also, the N, possible values

be optimal according to the Shannon capacity metric in [# dd > /" &) i "

to its concavity.) As another example, when, — 5mWw, the Of (Pi; ’ai,{:) are generated as in the previous paragraph for

proposed (optimal) solution corresponds to the CS2 Styate§achu. In Fig. 2, the average outage capacity per user is

which uses channel 1 with a time-sharing factofaf23 and plotted versus the number o_f users for three different wlue

a power level oft.5561 mW, and channel 3 with a time-sharing®f Pav, Wheree,, = 0.01. It is observed that the proposed

factor of 0.2977 and a power level ofi3.125mW, leading Strategy based on (16) outperforms the conventional gyate

to an average outage capacity If.292 Mbps. However, for N all cases, especially for low values &%, It is also noted

the same setting, the conventional strategy employs channdhat as the number of users increases, the average outage

exclusively, and achieves an outage capacity.6817 Mbps. Capacity per user tends to decr_ease in _general since thete ex

On the other hand, wheR,, = 100 mW, the proposed strat- limited resources. However, this trend is not monotoneesinc

egy corresponds to the conventional strategy, which etlizthe channel parameters of the users are generated randomly

channel 3 exclusively. It is also important to mention thae t (1-€.. @ new user with favorable channel characteristicy ma

turning points in Fig. 1 occur when a strategy starts emplpyi iImprove the average outage capacity per user). _

a different channel. As an important direction for future work, channel switch-
Next, we consider the presence of both useand user ing delays can be considered when determining the optimal

2 in the system described above, and obtain the propos&@nnel switching and randomization strategies.
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