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Abstract—This paper studies power control strategies in  This paper shows that ALOHA-type random on-off power
interference-limited wireless networks with Poisson digibuted  control policies are single-node optimal and constitutesiNa
nodes. We focus on the case where each transmitter knows 'tsequilibria. In Poisson bipolar network, all of the threeassr

distance to its desired receiver but does not know the topogy . .
of the rest of the network. We study three sets of strategieshe gies are ALOHA-type random on-off power control policies,

Sing|e_node optima| power control (SNOPC) Strategy, the Nsh a.nd the transmit pOWer and transmit pl’Obablllty can be ex-

equilibrium power control (NEPC) strategy, and the globally opti- pressed in closed-form.

mal power control (GOPC) strategy. SNOPC strategies maxinzie

the expected throughput of the power controllable link give Il. SYSTEM MODEL

that all the other transmitters do not use power control. Under

NEPC strategies, no individual node of the network can achie a A. Network Model

higher expected throughput by unilaterally deviating from these The network topology is represented as a marked Poisson

strategies. The GOPC strategy maximizes the throughput of a point process (PPP$ = {(zi,y.,)} C R? x R?, where

typical node in the network. &= {x,;} is a homogeneous PPP with intensitand denotes
This paper shows that under mean and peak power constraints the | i fthe t itt d th d te th

at each transmitter, all of the three strategies are ALOHA-type e c_>ca lon o e_ ransmi er_s, an e ma;_r/l,gs eno e_ e

random on-off power control policies in bipolar networks. For location of a dedicated receiver of transmitter The link

links of iid random distances, we show both SNOPC and NEPC distanceR, = ||z — y.| is iid with distribution fx.

strategies are ALOHA-type random on-off policies. These rsults  \We consider the following SIR model, where a transmission
suggest that ALOHA can be viewed not only as a MAC scheme attempt fromz to y. is considered successtul iff
but also as an efficient and stable power control scheme. Iz

S

A z
|. INTRODUCTION SIR. = il 6,

In wireless networks, power control provides interferenaghere S, = P.h.|z — y.||~%, I, = Zmeq)\{z} Pohy |z —
management and trade-offs between energy and through@HF—a, . is the transmit power at node € ®, a > 2 is
[1]. Relatively recently, benefits of random power contrav@ the path-loss exponert,is the SIR threshold. andh,. are
been observed in different contexesg., [2], [3]. In the case (power) fading coefficients from the desired transmittet tre
where channel state information is not completely knowns rainterfererz to = respectively. We focus on the iid Rayleigh
domly varying the transmit power can boost the performanggiing case, thus bott. and (h,.) are iid exponentially
of wireless communication. In particular, [4] shows that agistributed with unit mean. In the following, we uge for
ALOHA-type random on-off power control policy maximizesy, for simplicity.
the expected throughput in a noise-limited wireless networ . )
This paper extends this result to interference-limitedvoeks, B- Game-Theoretic Formulation
where concurrent transmissions limit the network throughp The players in the game are all the transmitters in the

This paper concentrates on three types of strategies: 1) Tieworkx € ®. Each of the players can select a strategy
single-node optimal power control (SNOPC) strategy, whefeom a common set of stationary strategesHere,S is the
only one node in the network uses power control; 2) Naget of distributions with (at most) unit mean and with suppor
equilibrium power control (NEPC) strategy and 3) Globallyat most) [0, Pax]|, Where Ppa > 1 (otherwise, the mean
optimal power control (GOPC) strategy when all the nodes power constraint would always be loose).
the network use power control; The SNOPC strategy maximizeThe strategy each node chooses is based on its knowledge
the expected throughput of the power controllable link. Thebout the network. In particular, we consider the case where
NEPC strategy ensures that no individual node of the netwdtie transmitters knows the network density, the distandtsto
can achieve a higher expected throughput by unilateratiesired receiver, and the distribution of the link distanioe
deviating from these strategies. The GOPC strategy magsnizhe network. In other words, if,. is the information available
the throughput of a typical link in the network. at nodez, we haveZ, = {\, R, fr}.



The pay-off of noder € ® is its own expected throughputL;(s) E:%- Thus, the success probability of any power

(success probability) averaged over all the randomnedsein tontrol strategy characterized by the pti of the random

rest of the networki.e., 7,(s:) = psiz, (52) = P(?—; > 60| variableP is

Z.,5:(Zs)). The single-node optimal power control (SNOPC) oo fra

strategy of node: maximizesr,(-) if all the other transmitters =~ Ps = Ep Li(s) h:%] :/ Ly (7) fr(z)dr. (1)

in the network transmit with unit power (no power control). . ¢ . :

If all the transmitters in the network use power control, we Itis easy to show that;(z) ISa valid ccdf_,|.e., £1(0) = 1.’

say that a strategy s¢t, (Z,),« € ®} is aNash equilibrium Mz—cc £1(x) = 0, and L;(x) is monotonically decreasing

and s.(Z,) is the Nash equilibrium power control (NEPC)On[O,’OO)' So, |r_13tead,we can ponS|der an |nterfer~encelessllnk

strategy if none of the transmitters is willing to unilatéga °f distancer with another fading random variable whose

deviate from its current strategy as that cannot increase ?Fdf is Fj,(z) = L1(z). The success probability is

pay-off (expected throughput). _ =, _ [ Or®

In addition to the game-theoretic framework above, we ps =P(Phr™* > ) =Ep [Fﬁ (?)}

study the global impact of SNOPC and NEPC by evalu- Ore )

ating the spatially averaged throughput, (or, simply spati Ly (7) fp(z)dz.

throughput), defined as the throughput (success probgbilit . .

of a typical node in the network, which can be expressed ds°mparing (1) and (2), we see that finding the SNOPC
strategy that maximizep; and finding the one fops are
two identical problems. The latter problem has already been

where E'* is the expectation with respect to the reduceﬁlved in. [4]. In particular,_ Theorem 2 in [4] shows that if

Palm measure. In the case of a PPP, by Slivnyak’s theore cre exists such ao as n the statement of the lemma,

subject to the constrainf&[P] < 1 and P < Puax, Ps IS

maximized whenfp(z) = (1 — v~ Hdé(z) + v L6(z — 7),
wherey = max{1, min{ Py, 2y} }. [ |

E'* = E, i.e, having a node at location does not change the
distribution of the point process [5].
A strategy sef{s,(Z,),z € @} is said to be the globally

optimal power control (GOPC) strategy if it maximizes the&€orollary 1. If the Laplace transform of the interference I

spatial throughput of the network.

IIl. SNOPCAND NEPC S RATEGIES FORGENERAL LINK
DISTANCES

This section derives the SNOPC and NEPC strategies

has the form £;(s) = exp(—as®), where § = 2/« and a >
0, the throughput-maximizing power control strategy at any
transmitter 2 € ® with R, = r is a random on-off power
control strategy with transmit power v and transmit probability

t?“, where v = max{1, min{ Pax, (a0)/90r*}}.

generalfgr. We start with the SNOPC strategy and then study

the Nash equilibrium. First, we introduce two lemmas:

Lemma 1. If the interferers are distributed as a homogeneous
Poisson point process ® with intensity A and the transmit
power at each transmitter is drawn iid from the same distri-
bution fp, the interference observed at any receiver y. with
z € ® has the Laplace transform

L1(s) = exp(—=AcgE[P°IE[ROT(1 — 8)s%),

where § = 2/a.
Proof: First, by Slivnyak’s theorem, £;(s) =
E[[,cqp e *P<=IzI7"], where P, is the transmit power (P = 1) and Corollary 1.

Corollary 1 is proved by simply verifying that the Laplace
transform of the interference distribution satisfies thedio
tions in Lemma 2.

Proposition 1. If only one node = € & with R, = r

uses power control and all other nodes ®\{z} transmit

at unit power, the SNOPC strategy of z is an ALOHA-

type random on-off power control strategy with trans-

mit power ~ and transmit probability v—!, where v =
252

1/6
max{1, min{ Ppax, (/\si”n(—ms)) Oro}}.

Proof: The proposition follows directly from Lemma 1
|

atz. Then, sinceP,, Vz € @, is iid, P,h, can be considered Moreover, since the transmit power at each nede ® is
as a new fading coefficierit,. The proof is then completeda (stochastic) function of the link distancés. = r, where
by the Laplace transform of the interference distribution f the R, are spatially iid, Lemma 1 shows that the interference

arbitrary iid fading with finitej-th moment [6, Sec. 3.2]. &

Lemma 2. Given alink of length R = r, if there exists zy > 0
such that z£;(6r*x) is monotonically increasing for = <
and monotonically decreasing for = > z, the power control
strategy that maximizes the throughput at node « is random
on-off power control with transmit power ~ and transmit
probability y~! where v = max{1, min{ Py, 75 '} }.

Proof: For interference-limited Rayleigh fading networks,

the success probability of a transmission at poweris

always has a Laplace transform of the formp(—as?®),
regardless of what kind of power control strategy is applied
at each node. Then, the proposition below follows.

Proposition 2. ALOHA-type random on-off power control is
the unique NEPC strategy in a wireless network where the
transmitters are distributed as a homogeneous Poisson point
process ® and Z,, = {\, R, fr}, for al = € ®.

Proof: The fact that ALOHA-type random on-off power
control at each node is a Nash equilibrium can be deduced



directly from Lemma 1 and Corollary 1. In particular, we capower~ and transmit probability —*, we define the following
write E[P°] in terms of the throughput-maximizing randonregimes to facilitate our illustration.

on-off strategy at each link, which yields Definition 1. A random on-off power control strategy is said

E[P°] = Er[P}] = Erlyr 7] to be in its peak-power-limited regime if the transmit power

1

=& [min {1, max{ P}, (\E[PC()'F (0r)} ], 'S Pinase

) Definition 2. A random on-off power control strategy is said

to be in its bandwidth-limited regime if the transmit power is

whereC(6) = % Note that the RHS of (3) is a mono-1.
tonically decreasing function dE[P?] (sincel — 1/§ < 0),
and whenE[P?] = 0, its value isP2;! > 0. Thus, there is B- The GOPC Srategy
a uniqueE[P’] > 0 satisfying (3). Once this value is found, The NEPC strategy characterized by Corollary 2 is a stable
the optimal power control strategy atis simply an ALOHA in the sense that no selfish user is motivated to deviate
policy with transmit powery and transmit probabilityy~*,  from this strategy. However, in general, the NEPC stratsgy i
wherey = max{1, min{ Pyax, ( AE[P°] n2g2 \M° Oro1)., suboptimal in terms of the spatial throughput of the network

sin(7d) T . . .
Moreover, Lemma 1 also says that no matter what kind 81 this subsection, we show that a GOPC strategy which

power control policy is applied in the rest of the networle thmaximizes the spatial throughput can also be derived based

interference distribution observed at an arbitrary resehas ON the same framework, and this GOPC strategy is also a
a Laplace transform of the form;(s) = exp(—as®). Thus, ALOHA type random on-off power control policy.

Corollary 1 also indicates the uniqueness. B Definition 3. For a link of length », a power control policy
P(r) is J-optimal under interference I iff it maximizes the

IV. POWER CONTROL IN BIPOLAR NETWORKS - X s
) ) i _ success probability under the constraint E[P°] < 1 and P <
As a special case of the networks discussed in previogs

sections, in (standardjpolar networks, the link distances are

a known and constanti.e., fr(z) = 6(z—r) [7]. Thissection ~ Similarly, we say a power control policy is-NEPC iff
focuses on this type of network and shows that, in bipoldsz,= € @} constitutes a Nash equilibrium, and a power
networks, the NEPC strategy derived in Section Il can b&ontrol policy isé-GOPC iff the throughput of a typical link in

further expressed in closed-form, and the GOPC strategy ¢Ag hetwork is maximized, both under the constréaiffe?] < 1
be derived. and P, < P for all x € ®. Then, we have the following
lemma:
A. The NEPC Strategy . . . )
- : . Lemma 3. Given a link of length R = r, if there exists
For generalfg, finding the NEPC strategy involves solving 0 1/5y ] . . .
5 . . o > 0 such that £ (6r*z'/°) is monotonically increasing
E[P°] from (3), which has to be done numerically. Howevet, . .
: . : . x < m and monotonically decreasing for = > =y,
in Poisson bipolar networks [7], closed-form expressiams f . . :
the NEPC strateav can be obtained as follows the §-optimal power control strategy is random on-off policy
9y ' with transmit power v/ and transmit probability v~! where
Corollary 2. If all the link distances are r, the NEPC ~ = max{1l,min{P2 . z;'}}.
strategy is an ALOHA-type random on-off policy with trans-
mit power ~ and tragszmit probability v~' where v =
max{1, min{ Pyax, /\%951"2}}.

Proof: The success probability of the link of lengtican
be written as

sin(7d)
Proof: For Rayleigh fadingh is exponentially distributed ps = Ep |:£I(S)|s: 9;‘;*] =Ep {Ef(sﬂs:%] ) (4)
with meanl, and thusE[h’] = T'(1 +§). Then, when the link 5 . 5
distances are the same, (3) becomes wherel® = ¢°~'r? and L;(s) £ L;(s'/?) for all s > 0.

s_; Thus,ps can be interpreted as the success probability of a
]E[P‘;] = (maX {1,min {pmax, ()\C(a)E[pﬁ])l/‘s 9#!}}) , transmission over a link of Iengtlnwhgn the transmit power
P’ is applied and the interference Is Moreover, the peak

where C(§) = % Solving this equation fol£[P°] and power constraint is equivalent t&#° < PJ_ . Combining
i (P _ a.1/8

applying toy = max{l,min{Pmax, (/\E[PJ] s;i;ﬁg))l/éero‘}} Lemma 2 with the fact thatrﬁl(Hl .I') = xﬁ;(é’r zl/ )

yields the desired result. m completes the proof. u

Corollary 2 says that in any case, an ALOHA-type random Since Lemma 1 shows that the interference in Poisson
' B)
on-off policy is the NEPC policy in a Poisson bipolar net?€tworks always has the Laplace transfoerp(—aa®) for

work. For ALOHA-type random on-off strategies with tranSmisomﬁ constant, Lemma 3 naturally leads to the following
corollary.

IFollowing the most common use of this term in the literatuse, refer
bipolar networks always to the networks where the links are all of the samgorouary 3. An ALOHA-type random on-off powver control

deterministic length. policy is the unique 6-NEPC strategy in Poisson networks.



The idea of the proof is analogous to that of ProposHowever, Proposition 3 shows such an ALOHA scheme is
tion 2, and thus is omitted in this paper. It is easy to verifgptimal among all random power control strategies.
that at the equilibrium, the transmit power at each link of

length r is ~'/% and 2the transmit probability is—!, where V. COMPARISON OFPOWER CONTROL STRATEGIES
_ : S _pé S
7= max{me{/\Sm(M)e %, Prax}}- A. Bipolar Networks

Lemma 4. Wthout the peak power constraint, i.e., Ppa.x =
o0, the 6-NEPC dtrategy is the 5-GOPC strategy in Poisson
bipolar networks.

In Rayleigh fading network, the throughput (success prob-
ability) of a transmission can be expressed in terms of the
Laplace transform of the interference distribution. Intjar

Proof: First, since all the link distances are the samalar, if no power control is applied and all the transmitters
the information available at each transmittéf, = & transmit with unit power, the throughput of a typical link is
are the same, which results in the fact thaBOPC strategy given by [6]
must have all the nodes in the network use the same power

control strategy. We denote such a power control strategy by ps(r) = exp <_ Ars® i&)
random variable® and the spatial throughput achieved by such sin(md) / | ,_gya
strategy byps(P). Similarly, when the SNOPC strategy described in Proposi-

Second, if we fixE[P’] = 1, the spatial throughput is tion 1 is applied at a single link of length the throughput
maximized by theS-NEPC strategy. Becausg[P’] is fixed ¢an pe expressed as(r)

to be 1, the interference distribution is fixed with Laplace

transformegp(—)\sigffé) s°). By definition, theé-NEPC.strat- exp (—)\”(97&)5%) ’ rst
egy maximizes the expected throughput at each link under ) 1/6
this interference distribution and thus maximizes the iapat T (i‘:f;}?) , Ri<r<Ry
throughput. . oy 5
Finally, if we useP, to denote the transmit power under | max eXP <_)‘7T (m) W) , 7> Ry,
the -NEPC strategy, we must haye(P) < p(P,) for all (5)

P with E[P’] € RT. This can be proved by contradictioniyhere g, = g1/ /520 and R, = (Pn;ax)l/a sin(rd)

. ~ 551 - Am242 . Am262 * .
Assume there exist® such thap(P) > ps(P,) andE[P°] = |y pinolar networks, the NEPC strategy is described in
W € RT. We can construct another power control polic

, : ? = . . Corollary 2, and the expected throughput at each link can be
with transmit powerP? = P/W'/°. Obviously, E[P] = 1 .gculated analogously as
but p,(P) = ps(P) > ps(Py), which contradicts the fact that

the -NEPC strategy maximizes the spatial throughput when o 1 28 s o

E[P?] = 1. - ps(r) =7 exp | —\y F(M)@ e,
A direct consequence of Lemma 4 is the GOPC strategy in )

the following proposition. wherey = max{1, min{ Pyayx, Amr? Sig(‘;&) 621},

As indicated by Proposition 3, the GOPC strategy is not
unique. In fact, the optimality of GOPC strategies only de-
pends on the properly chosen transmit probability, and the

. = _ 2 absolute transmit power does not matter as long as the mean
min{ Py ™70, 9!} and oy = max{1, A5y 077} and peak power constraints are satisfied. However, in ocder t

Proof: As is shown in the proof if Lemma 4, it is make a fair comparison with the NEPC strategy, we always
straightforward to show that no power control strategy carhoose the maximum transmit power for the GOPC strategy,
achieve a higher spatial throughput than the spatial thrputy i.e., k¥ = min{Pyay /%, v!~1/%}. Let Pyepc and pnepc be
achieved by theS-NEPC strategy. Then, the proof can béhe transmit power and transmit probability of the NEPCtstra
completed by verify that the strategy stated above achievegy respectively, an@sopc andpgopc be the transmit power
this maximum spatial throughput while satisfying the meamnd transmit probability of the GOPC strategy respectively
and peak power constraints. m It can be shown that, for the same parameters, we always

Not surprisingly, the GOPC strategy characterized by Propoave Psopc > Pnepc andpcopc < pnepc. In other words, the
sition 3 matches the ALOHA scheme derived in [7] whiclSOPC strategy achieves higher spatial throughput by fgrcin
maximizes the spatial throughput in Poisson bipolar netaior each transmitter to back off on their transmit probability.
However, there are two major differences between Proposi-However, GOPC is unstable in the sense that any selfish
tion 3 and the results in [7]. First, the ALOHA scheme itink can apply another power control strategy and thus abtai
[7] only specifies the transmit probability while the GOPG performance far better than anyone else. It is not diffitcult
strategy also specifies the range of the transmit power sirsze (by slight variation to Proposition 1) that the bestoesp
mean and peak power constraints are considered. Secafdny individual link in a bipolar network applying this GQP
[7] finds its ALOHA scheme by optimizing the transmitstrategy is an ALOHA policy with transmit poweygr and
probability,i.e., its optimality is among all ALOHA policies. transmit probabilityngl, where the subscript BR stands for

Proposition 3. In the bipolar networks where R = r, the
GOPC dtrategy is ALOHA-type random on-off policy with
transmit power k~'/® and transmit probability y—!, where k <




10° ‘ ‘ ‘ ‘ of the Nash-equilibriumij.e., each node transmits with (the

5 " [---nopC_ same) powery > 1 and probabilityy~!. At this equilibrium,
 Poopc="Paax | nepe” the interferencd., observed at any receiver has the Laplace
; ' transform£y, (s) = exp(—Amy°~! 72ss), which is larger

than the Laplace transform of the interference without powe
control £7(s) = exp(—Ar sinﬂ(—fré) s%) for all s > 0. Due to the
relation between success probability and Laplace tramsfor
this implies that any power control strategy achieves adtigh
expected throughput when the network operates at a certain
the Nash equilibrium than when all other nodes transmit with
constant power. Moreover, the NEPC strategy, by definition,
maximizes the (individual) throughput at the Nash equitlib,

and thus the spatial throughput of NEPC is always higher than
ro ' ' ' what SNOPC can achieve in a network without power control.
The fact thatl; (s) > L£;(s), Vs > 0 suggests that by

E(i)%séimcg?ﬁ:rrisi?;nsor;i;ggﬁgl(ﬂﬁgtpigwgirp%'g;trgle)t"vz‘;rktieUSSir"\lllog)scelﬁshly choosing its power control strategy, each node is
strategy (at a single link) 3) the NEPC strategy 4) the GOPategy essentiallyreducing its interference to other nodes. Therefore,

5) the best response to the GOPC strategy. Here, 1, Pu.. = 2, (e spatial throughput of NEPC is always larger than the
a = 4, 6 = 5. At the RHS of the two vertical lines, the transmitthroughput of SNOPC when no power control is applied in
power of the GOPC/NEPC strategy hits the peak power limit. the rest of the network.

-1

0.1 0.2

B. Variable Link Distances

best response anghg = maX{17PGOPC56} When the link distances are not a known constant but iid
subject to some distributiorfz, the NEPC strategy hinges
: 2 L A on solving forE[P?] in (3). A closed-form solution is not
= max ¢ 1,min § Prax, (APGOPCPGOPCSm(M)) or available, but a numerical solution is easy to obtain. Given
E[P?], the spatial throughput can be calculated by taking the

Here,yB*R1 > peopc and the equality holds only WhergRl = expectation over the distribution d? and can be expressed
peopc = 1, i.e, both strategies operate in the bandwidthin terms of the incomplete gamma function.
limited regime. Unlike the bipolar case where the GOPC strategy can be

Fig. 1 compares the throughput/spatial throughput of derived by a similar approach to the one we used to find
strategies: constant-power transmission (no power chntne SNOPC and NEPC strategies, the GOPC strategy in variable
SNOPC strategy when the rest of the network does not Uitk distance case is difficult to find and depends on fie
power control, the NEPC strategy, the GOPC strategy, aitpreover, since GOPC can easily circumvent the peak power
the best response to the GOPC strategy in Poisson bipdianstraint by uniformly reducing the transmit power at gver
networks. We can see from the figure that the NEPC poliypde, in some cases, a GOPC strategy may not @x@stthe
has a better performance than constant power transmiss@patial throughput of the network can always be increased by
As expected, outside the bandwidth-limited regime of bottniformly driving the transmit power at each node to zero.
GOPC and NEPC, NEPC has a spatial throughput strictly However, based on the intuition we get from the bipolar
smaller than GOPC. However, the performance gain of GOR@se, we define a globally suboptimal power control (GSOPC)
over NEPC mostly comes from forcing each transmitter in tra$rategy as follows:

network to reduce its mean transmit power and thus managgeiiion 4 5-GSOPC(IV) is a ALOHA-type random on-off

the interferencej.e, for large r, peopclsopc < 1. FIg. 1 noer control policy. At each link of length r, the transmit
shows that in such cases, if any node cheats by using ano%ﬁ%er is min{W'/91/3 ~. Pp..} and transmit probability

power control strategy, in particular, the best response ta; B 725 5.9

GOPC, its expected throughput gain is significant. Such g:;{n  where V7. € R™ and 7 = max{l, )‘sin(wé)e -

can be a strong incentive for individual links to cheat. The 5-GSOPCV) strategy is based on theNEPC strat-
Another interesting observation of Fig. 1 is that by allovinegy which has been shown closely related to the GOPC

all the transmitters in the network selfishly use power auintr Strategy in bipolar networks (Proposition 3). If theth

the spatial throughput of the network can be improved. Imoment constraint is modified t&[P°] < W, it is not

particular, the comparison of SNOPC and NEPC shows tldifficult to see that a Nash equilibrium can be achieved by

the throughput gain of a smart user is larger when all therott&pplying a random on-off policy at each node with transmit

users are also smart. This result is somewhat surprisinge si power TW1/9~1/9 2c’:lnd transmit probabilityy~!, wherey =

it is natural to conjecture that a smart user should be ablertex{1, min{/\si;r(fé) @or2, P /W1}}. But, such a power

take more advantage of others if they are all dumb. The romintrol policy violates the constraifif P] < 1, and thus is not

of this counter-intuitive phenomenon lies in the speciahfo a valid power control strategy. Therefore, we put a hardtlimi




10 VI. CONCLUSIONS

This paper studies (random) power control strategies in
random wireless networks where the node distribution is
governed by a Poisson point process. We show that, in terms
of throughput, a set of ALOHA-type random on-off power
control policies is single-node optimal and constitutesasiN
equilibrium.

This framework also enables us to show that, in Poisson
bipolar networks, ALOHA-type random on-off power control
policy is globally optimal in terms of spatial throughputhié
the study of ALOHA schemes in Poisson bipolar networks
have been carried out in many contexagyy, [7]), to the best
of our knowledge, this paper is the first to show ALOHA-
type random on-off is the optimal power control strategyemd
mean and peak power constraints.

Based on the intuition obtained in Poisson bipolar net-
works, we presented a globally suboptimal ALOHA-type
Fig. 2: Spatial throughput comparison #GSOPC{V) and NEPC  power control strategyi-GSOPCIV), which achieves higher
power control strategies when the link distances are Ratyleis- .oy ghput than the NEPC strategy in networks with random
g'iui%c_i with meant/2V/;. Here, A = 1, Poax = 200 = 4 gy distances, and provides a trade-off between fairness a
spatial throughput.

Since in many cases, the random on-off power control
scheme is SNOPC/NEPC/GOPC, this paper provides a new

on the transmit power and obtain tieGSOPCYV) strategy View of ALOHA as a versgtile_power control scheme as
as defined. opposed to as a simple but inefficient MAC scheme.
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