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Abstract—This paper addresses the challenge of incentivizing
energy-constrained, non-cooperative user equipment (UE) to
serve as cooperative relays. We consider a source UE with a
non-line-of-sight channel to an access point (AP), where direct
communication may be infeasible or may necessitate a substantial
transmit power. Other UEs in the vicinity are viewed as relay
candidates, and our aim is to enable energy-efficient connectivity
for the source, while accounting for the self-interested behavior
and private channel state information of these candidates, by
allowing the source to “pay” the candidates via wireless power
transfer (WPT). We propose a cooperation-inducing protocol,
inspired by Myerson auction theory, which ensures that can-
didates truthfully report power requirements while minimizing
the expected power used by the source. Through rigorous
analysis, we establish the regularity of valuations for lognormal
fading channels, which allows for the efficient determination
of the optimal source transmit power. Extensive simulation
experiments, employing real-world communication and WPT
parameters, validate our theoretical framework. Our results
demonstrate a 91% reduction in outage probability with as few
as 4 relay candidates, compared to the non-cooperative scenario,
and as much as 48% source power savings compared to a baseline
approach, highlighting the efficacy of our proposed methodology.

I. INTRODUCTION

The forthcoming 6G wireless standard promises to revolu-
tionize wireless communication by delivering significant im-
provements in reliability, data rates, and energy efficiency [1].
Achieving the desired technical performance depends on a
number of emerging technologies and paradigms, which in
turn bring their own challenges. For instance, high frequency
communication (e.g., mmWave, THz) enables vastly increased
capacity, but suffers from acute shadowing and penetration
losses [2]. At the same time, given the ever-increasing number
of connected devices, there is a growing need for scalable sys-
tem design, with reduced reliance on centralized coordination
mechanisms, to produce the desired performance.

This paper proposes the use of wireless power trans-
fer (WPT) [3] to induce cooperative behavior among non-
cooperative communication devices, with the end goal of
enabling connectivity and/or reducing energy consumption.
More specifically, we consider a setting in which a large scale
blockage (e.g., a wall) obstructs the line-of-sight (LoS) link
between a user equipment (UE) and an access point (AP), so
that direct communication is challenging. To reduce the power
required to connect to the AP, the blocked user may offer to
send a payment of power (via WPT) to a more advantageously
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Fig. 1. Fundamental scenario considered in this work: A single source
UE attempts to communicate with a blocked AP using one of the n relay
candidate UEs, incentivizing cooperation with wireless power transfer.

placed UE, in exchange for relay services. The core problem
we address in this paper is the identification of the optimal
relay candidate from a potentially extensive set of options,
along with the determination of the associated power cost.

Extensive prior work considers the use of wireless power
transfer and related technologies to enable relaying in coop-
erative settings, in contexts such as IoT networks or device-
to-device communication [4], [5]. Other works, such as [6],
more explicitly acknowledge the need to incentivize the relay
operation, but still assume a basic level of cooperation. We
instead consider fully non-cooperative relay candidate devices
that are energy limited, and possibly mobile (e.g., a cellular
phone or autonomous vehicle), thus requiring an incentive
to provide the relay service. We approach the scenario from
a game-theoretic perspective, inspired by several-decades-old
seminal work on auction theory, to develop a protocol which
creates emergent cooperation among non-cooperative entities.

Game theory has long been an important tool in the design
and analysis of communication systems [7], and recent years
have seen the use of auctions linked to WPT in conjunc-
tion with energy markets [8]. These works, however, apply
auctions in the fiscal domain, using money as the payment
medium. In contrast, we propose the use of wireless power
itself as an RF-native “currency”, thus eliminating the need for
complex configuration and integration between the physical
wireless system and financial infrastructure.

Our contributions are succinctly stated below:
• We consider a source UE with a non-line-of-sight (NLoS)

channel to an AP, so that communication either requires
significant transmit power or is impossible altogether. This
source seeks to use WPT to incentivize non-cooperative,
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energy limited UEs to act as cooperative relays (see Fig. 1).
• We pose the problem of finding a cooperation-inducing

protocol which minimizes the energy consumption of the
source, while accounting for the self-interested rationality
of the relay candidates and their private channel state
information, which is unavailable to the source.

• We show that the solution to our problem is given by
a Myerson auction [9], with valuations determined by
the minimum source transmit power needed for the relay
candidates to be neutral towards cooperation. We provide a
rigorous proof that these valuations are regular for wireless
channels described by lognormal fading, which allows the
optimal source transmit power to be found with a simple
bisection search.

• We validate our theoretical findings through extensive sim-
ulation experiments, with communication and WPT param-
eter values taken from real-world experiments reported in
the literature. Our results demonstrate a 91% reduction
in outage probability with as few as 4 relay candidates
compared to the non-cooperative alternative, and as much
as 48% source power savings compared to a baseline
approach.

II. SYSTEM MODEL AND MOTIVATION

We consider a system consisting of a single source UE,
n battery-powered relay candidate UEs, and a single AP, as
depicted in Fig. 1. We assume that the channel between the
source and the AP is quite poor, e.g., due to a LoS blockage, so
that direct communication with the AP is either impossible or
requires an unreasonably large transmit power. Consequently,
the source looks to induce one of the candidate UEs to act
as its relay. Without loss of generality, we set the AP as the
origin, and let qs and qi,∀i ∈ N = {1, ..., n} denote the 2D
positions of the source and the ith candidate, respectively. We
next describe our modeling of communication and WPT.

A. Communication System Model

To satisfy a given quality-of-service (QoS) requirement,
e.g., maximum bit error rate at a minimum spectral efficiency,
all communication links must maintain a minimum signal-to-
noise ratio (SNR) of γth.

The SNR across any link is given by γ = PH/σ2, where
P is the transmit power, H is the channel coefficient (given
by the square of the modulus of the complex channel gain
between the transmitter and receiver), and σ2 is the noise
power. We denote the channel coefficient between the source
(candidate) UE and the AP as Hs (Hi), while Hsi denotes
the channel between the source and candidate i.

Based on [2], [10], we use a reference path loss channel
model with lognormal small scale fading, and we account
for large scale fading by considering different sets of channel
parameters for LoS and NLoS cases. In the dB scale, this
model is parameterized by a path loss intercept, Hc

PL,0,dB, a
path loss exponent, nc

PL, and fading power, (σc
SS, dB)

2, where
c ∈ {L, NL} indicates the corresponding channel parameters
for the LoS and NLoS cases. We assume that Hi and Hsi

are LoS channels, as depicted in Fig. 1, as otherwise, the
candidate would almost certainly not be useful as a relay. We
thus express these channels as

Hl,dB = HL
PL,0,dB − 10nL

PLlog10(dl)−HσL
SS,dB,l

,

for l ∈ ∪n
i=1{si, i}, with dl the corresponding distance

between the two endpoints of the channel and HσL
SS,dB,l

∼
N (0, (σL

SS,dB)
2). We also assume that Hs is NLoS:

Hs,dB = HNL
PL,0,dB − 10nNL

PL log10(ds)−HσNL
SS,dB,s

,

where ds = ||qs||22 is the distance between the source and the
AP, and HσNL

SS,dB,s
∼ N (0, (σNL

SS,dB)
2). The small scale fading

is taken to be independent across all channels [10].
If the source attempts to directly communicate with the AP,

it must use a power of Ps = γthσ
2/Hs. However, due to the

NLoS channel, this power may be quite large and may exceed
the maximum transmit power of the device, Pmax, causing
an outage. Alternatively, if the transmission is cooperatively
relayed via candidate i, the source first transmits by expending
Psi = γthσ

2/Hsi, after which the candidate transmits with
power Pi = γthσ

2/Hi over the LoS link with the AP.
Under certain channel conditions (specifically, if H−1

si +
H−1

i < H−1
s ) this relaying setup provides improved energy-

efficient connectivity. However, the gains from cooperation
are not equally distributed across the source and the chosen
relay candidate, as the candidate expends energy from its
limited store to help meet the QoS requirement of the source.
Consequently, in scenarios where the source and relay are
independent, non-cooperative actors, the candidate has no
incentive to participate in this scheme.

B. Wireless Power Transfer

In order to achieve the utility transfer necessary to en-
able candidate participation in the aforementioned scenario,
we propose leveraging wireless power transfer from the
source to the relay candidates. More specifically, the source
uses simultaneous wireless information and power transfer
(SWIPT), so that the total source transmit power is given
by P tot = Psi + PWPT, where PWPT is the power allocated
for WPT. The candidate then uses a dynamic power-splitting
setup [11], with the power splitting ratio given by PWPT/P

tot.
The power harvested by a candidate relay i is then given
by P harv

i = αPWPTArHsi [12], with α ∈ [0, 1] denoting the
efficiency of the power harvesting circuitry, and Ar denoting
the effective aperture area of the receiving antenna (assumed
to be identical for all candidates).

The candidate will only participate in the relay scheme if
it harvests at least Pi power, which covers the subsequent
transmission to the AP. Thus, the minimum source transmit
power that induces cooperation with candidate i, is

Pmin
si = Psi +

Pi

αArHsi
. (1)

If P tot ≥ Pmin
si , the candidate harvests P harv

i = α(P tot −
Psi)ArHsi ≥ Pi, and any surplus power can be used for
charging its battery or powering on-board sensors. However,



Pmin
si is not exactly known to the source, as we next detail in

our information availability assumptions.

C. Information Assumptions

We assume that both the source and the relay candidates
individually know the value of the channel coefficient between
themselves and the AP, but do not have precise information
about the channel between other UEs and the AP. Additionally,
the channel coefficient between the source and a candidate is
known to both parties, but unknown to other candidates.

We also assume that the source and each candidate can
estimate the channel, Hi, between any candidate and the AP
using estimation frameworks such as [13], in conjunction
with information acquired from prior data collected during
operation, including the coordination process presented in
Section III. Specifically, the channel parameters HL

PL,0,dB, nL
PL

and σL
SS,dB, along with candidate locations, qi, and source

location qs, are known to all, but the specific realization of
the fading component HσL

SS,dB,i
is known only to candidate i.

Analyzing the impact of errors and differences in parameter
estimation is an important avenue for future exploration.

III. PROBLEM FORMULATION

We now mathematically state our WPT-incentivized relay
scenario and construct an optimization problem for efficient
selection of a relay candidate. Our objective is to design
a protocol, known beforehand to all UEs, that incentivizes
cooperation between the source and candidate UEs, while
adhering to informational limitations. Fundamentally, the pro-
tocol should ensure that the source is able to communicate
with the AP whenever possible. Additionally, as the source
initiates the process, our protocol prioritizes minimizing its
overall energy consumption.

To achieve this, we propose the following streamlined
coordination procedure: First, the source broadcasts a signal1

that queries for feasible relay candidates for data transmission.
Each candidate then responds by indicating the amount of
power it requires to serve as a relay for the source, which,
in general, may differ from the true value, Pmin

si . The source
then decides on which candidate to use as a relay, if any,
and the total transmit power to use, P tot. We next model
this coordination procedure as an auction game and formally
state our optimization objective to make the WPT-driven relay
scenario power-efficient for the source.

A. Bayesian Reverse Auction Formulation

A reverse auction [14] is a procurement process in which
bidders compete to win a contract specified by a buyer.
Bidders submit bids, b = {bi}ni=1, to the buyer, who then
decides which bidder, determined by a function ρ(b), wins
the auction, and the amount to pay, denoted by x(b). The pair
(ρ, x) is referred to as the auction mechanism [9], and is itself
a function of the buyer’s valuation, v0, i.e., the cost for the

1This signal can also be used to estimate channels, Hsi, and locations
qi, by employing integrated sensing and communication (ISAC) or other
techniques.

buyer to directly fulfill the contract (we set ρ(b) = 0 in such a
scenario). Additionally, each bidder has a valuation, vi, which
is conceptually its “breakeven” price point; if x(b) < vi,
the bidder’s “cost” to fulfill the contract is less than the
payment. While the buyer’s valuation is known to all, the
bidders’ valuations are private, i.e., unknown to the buyer or
each other, and thus, the bids may differ from valuations.
In a Bayesian auction, however, the valuations are drawn
from known distributions, characterized by PDFs fi(vi) with
support over Vi.

Our problem is well modeled as a Bayesian reverse auction,
with the candidates as bidders and the source as the buyer. The
private valuation of each candidate is given by vi = Pmin

si , the
minimum source transmit power which could induce coopera-
tion, while the valuation of the source is v0 = min {Pmax, Ps},
which is communicated to all candidates in the coordination
protocol2. If Ps ≤ Pmax, then v0 represents the power required
for the source to communicate directly with the AP. Otherwise,
v0 is a placeholder bid indicating the maximum amount the
source can pay. Furthermore, x(b) = P tot ∈ [0, Pmax] deter-
mines the price the source pays expressed as the total transmit
power for both communication and WPT (if ρ(b) ̸= 0).

The source’s knowledge of the channel statistics, Hi, ∀i ∈
N , provides a distribution over valuations Pmin

si . More specif-
ically, Pmin

si is a function of the realization of the channel
Hi, known to candidate i at the time of placing the bid.
Decomposing Hi into the deterministic path loss component,
HPL,i and a stochastic small-scale fading component, HSS,i ∼
Lognormal(0, σL

SS), we have

Pmin
si = Psi +

γthσ
2

HPL,iHSS,iαArHsi
.

Therefore, the PDF of Pmin
si , denoted by fmin

i (·), is given as

fmin
i (Pmin

si ) = fln,σL
SS

(
HSS,i(P

min
si )

) ∣∣∣∣dHSS,i(P
min
si )

dPmin
si

∣∣∣∣
= fln,σL

SS

(
HSS,i(P

min
si )

) HSS,i(P
min
si )

(Pmin
si − Psi)

,

with HSS,i(P
min
si ) =

γthσ
2

(Pmin
si − Psi)HPL,iαArHsi

,

(2)

where fln,σL
SS

(·) is the PDF of HSS,i. We denote the support
of Pmin

si as Pi, and the support over the joint valuation space
is given by P =

∏n
i=0 Pi.

We do not disallow bids that differ from the valuations, but
the revelation principle [14] states that for any auction with
untruthful bids, there is an analogous auction with truthful
bids that produces the same outcome. Therefore, without loss
of generality, we may focus on the case where the candidates
bid their true valuations, as long as we also ensure that honest
bidding of valuations is optimal for all candidates, as we do
in the sequel. Thus, a candidate’s bid is given by its valuation,
i.e., bi = vi = Pmin

si .

2This is necessary to avoid market manipulation by the source. Further
study of trust mechanisms in our communication system is an important
direction for future work.



B. Formal Problem Statement

The problem of minimizing the transmit power of the source
through a choice of the mechanism (ρ, x) can be formally
expressed as follows:

min
ρ, x

Ev∼P [x(v)] (3a)

s.t. Ev−i∼P−i

[
1i=ρ(v)(x(v)− vi)

]
≥ 0, (3b)

∀i ∈ N, vi ∈ Pi,

Ev−i∼P−i

[
1i=ρ(b)(x(v)− vi)

]
≥ (3c)

Ev−i∼P−i

[
1i=ρ(v−i,si)(x(v−i, si)− vi)

]
,

∀i ∈ N, ∀vi ∈ Pi, ∀si ∈ Pi.

where v = {vi}ni=0, v−i denotes the set of all valuations
except vi, (v−i, si) indicates a joint valuation profile v with vi
replaced by si, 1C is a binary indicator of whether condition C
is met, and Ev∼P [x(v)] is referred to as the expected revenue.
Constraint (3b) enforces that no candidate expects to expend
more energy by participating in the auction than they would
otherwise (individual rationality), and Constraint (3c) ensures
that bidding the true valuation is an optimal strategy for
all candidates (incentive compatibility), as required per our
application of the revelation principle. In the auction context,
this problem corresponds to designing a revenue-maximizing
auction, as described in the next section.

The interpretation of the auction result in the context of
the underlying communication system requires brief consid-
eration. In particular, when ρ(v) = 0, the source “wins” the
auction (no suitable candidate is found), and if, additionally,
Ps ≤ Pmax, the source communicates directly with the AP
with power x(v) = Ps. However, if Ps > Pmax, the source
will be unable to connect to the AP, and x(v) = Pmax
is no longer representative of the transmit power (which
is 0), as no communication occurs. On the other hand,
any mechanism that does not result in communication when
feasible can be shown to be sub-optimal within the auction
framework3. Further, when communication is infeasible, i.e., if
Pmax < min

(
{Ps}∪{Pmin

si }i∈N

)
, all mechanisms that respect

individual rationality yield the same result, x(v) = Pmax, so
that the optimization is effectively over only scenarios where
connectivity is achievable. Thus, optimality within the auction
framework corresponds to a protocol in the communication
system which (1) always results in connectivity when feasible
and (2) minimizes the expectation of source’s transmit power
conditioned on the event that connectivity is possible.

Perfect Information Lower Bound: To establish a bench-
mark for evaluation, we introduce a baseline lower bound
for comparison. The perfect information solution minimizes
the source’s power while respecting incentive compatibility,
but ignores informational constraints, i.e., the source has
perfect knowledge of Hi for all i. This is denoted as P lb =
mini∈N Pmin

si , and corresponds to the source making a take-
it-or-leave-it offer of P lb − ϵ for an arbitrarily small ϵ, which
will be accepted by ilb = argmini∈N Pmin

si .

3A simple proof proceeds by contradiction but is omitted for brevity.

IV. SOLUTION VIA MYERSON AUCTIONS

To solve the optimization problem of (3), we employ the
seminal results presented in a several-decade-old work on
auction theory to design the mechanism that maximizes the
expected revenue of the source, while respecting individual-
rationality and incentive-compatibility constraints. In [9], My-
erson demonstrated the construction of such an optimal mech-
anism for forward auctions when the valuation distributions
of the bidders satisfy certain technical constraints. We next
show how to extend the optimal Myerson mechanism to
reverse auctions, and then prove that our scenario satisfies
the corresponding technical constraints.

A. Buyer-Optimal Reverse Auctions

To describe the optimal auction, we first introduce the
virtual valuation, ci(vi), which for a reverse auction we define
as follows:

ci(vi) = vi +
Fi(vi)

fi(vi)

where Fi(vi) and fi(vi) are the CDF and PDF of vi, re-
spectively. We call f a regular distribution if dci(vi)/dvi >
0, ∀vi ∈ Vi, i.e., the virtual valuation is strictly increasing in
the valuation over the support. We now state the key result:

Lemma 1. If all bidder valuations are independently dis-
tributed according to regular distributions, fi, then for an
auction with valuations v = {vi}ni=0, the revenue-maximizing
mechanism for a reverse auction is given by

ρ∗(v) =

{
0 If v0 < ci(vi) ∀i ∈ N

argmini∈N ci(vi) Otherwise
(4)

and

x∗(v) =

{
0 If ρ∗(v) = 0

z(ρ∗(v)) Otherwise
(5)

with z(i) = sup{s | ci(s) < v0 and ci(s) < cj(vj), ∀j ̸= i}

Proof. We note that the reverse auction may be transformed
into a forward auction with valuations {−vi}ni=0 and payments
−x(v). The result then follows from [9, Lemma 3].

Therefore, the optimal Myerson reverse auction assigns
the object to the bidder, ρ(v) = i∗, with the lowest virtual
valuation, ci∗(vi∗), or the buyer, if its valuation, v0, is lower
than all virtual valuations. The payment x∗(v) is the highest
valuation that would still result in i∗ winning the auction,
which motivates the placement of honest bids from the partici-
pants. We note that while, in general, a closed form expression
for z cannot be found, a simple bisection search can quickly
find a solution, given the monotonicity of ci.

B. Optimal WPT Auction

To apply Lemma 1, we must prove that the valuations of the
candidates, vi = Pmin

si , are regular. Using the dependence on
the log-normally distributed fading component of the channel
developed in Eq. (2), we show in the following lemma that
this is indeed the case.



Fig. 2. Sample simulation results: (a) Consistent reduction in outage probability with a Myerson auction-based relay selection, incentivized by WPT for
(left) various values of WPT circuitry efficiency, α with Γ = 1 and (right) several scales of small-sacle fading variance, Γ with α = 0.2. (b) Higher relative
source power savings of the Myerson mechanism with increasing number of relay candidates (c) Variation in harvested power with WPT efficiency (α) as
the number of relay candidates grow, with an overall reduction due to higher source power savings.

Lemma 2. The distribution for valuations vi = Pmin
si , as given

by Eq. (2), is regular.

Proof. From Eq. (2), it can be shown that

dci(vi)

dvi
= 2− Fi(vi)

fi(vi)2
dfi(vi)

dvi

= 2 +
1− Fln,σL

SS
(HSS,i(vi))

fln,σL
SS

(HSS,i(vi))HSS,i(vi)

× [1− ln(HSS,i(vi))

(σL
SS)

2
]

= 2 +
1− Φ(z)

ϕ(z)
[σL

SS − z]

where Φ and ϕ are, respectively, the CDF and PDF of the
standard normal distribution, and z = ln(HSS,i(vi))/(σ

L
SS).

By inspection, the above expression is positive for z ≤ 0. For
z > 0, we note that the ratio r(z) =

(
1− Φ(z)

)
/ϕ(z) is the

Mills ratio for the standard normal distribution, and it can be
shown that r(z) < 1/z, ∀z > 0, [15]. Therefore,

2 +
1− Φ(z)

ϕ(z)
[σL

SS − z] > 2− 1− Φ(z)

ϕ(z)
z > 1, ∀z > 0.

Having shown the regularity of the bidders’ valuations, we
can now apply the optimal mechanism to our reverse auction:

Corollary 1. The optimal solution to (3) is given by Eqs. (4)
and (5) with v0 = Ps, vi = Pmin

si , ∀i ∈ N , and fi(vi) =
fmin
i (Pmin

si ), as given by Eq. (2).

Proof. This follows from Lemmas 1 and 2.

Remark 1. While the above results have been derived for
lognormal fading, similar results may be derived for other
statistical channel models, even if they are not regular. How-
ever, if not regular, a more complex method must be used [9],
which may be less computationally tractable.

V. NUMERICAL EXAMPLES

To verify the validity of our proposed approach, we run a
number of simulation experiments with system parameters as
reported from experimental studies. In particular, we consider
the scenario depicted in Fig. 1, in which a source seeks

to connect with an access point with which it has a NLoS
channel. We randomly place up to 10 relay candidates with
LoS channels to both the AP and the source. We then follow
the auction protocol described in Section IV to select a
candidate relay (if any) and determine the transmit power
of the source. Throughout, we assume all links communicate
using 8-QAM modulation, with a target bit error rate (BER) of
1e−6, so that the target SNR in dB is given by γth,dB = 33.18
[16]. Communication noise is modeled as AWGN with power
σ2 = −75 dBm, and the maximum transmit power of the
source is 100mW. The channel parameters are given as fol-
lows: HL

PL,0,dB = 0, HNL
PL,0,dB = −25, nL

PL = 2.5, nNL
PL = 5.76,

σL
SS,dB = 8.66, and σNL

SS,dB = 9.06 [2, Table VI], [17].
For WPT, we take α = 0.2 and Ar = 1 cm2. For several
experiments, we vary both σL

SS,dB and σNL
SS,dB by scaling

the given values with a factor, Γ ∈ {0.2, 0.6, 1.0, 1.4}. Each
reported average is taken over a set of 10,000 simulations
with randomly sampled channel fading, and, unless stated
otherwise, random placement of the candidates.

We next examine system performance in terms of outage
probability, source transmit power, and harvested power, while
exploring system parameters including circuitry efficiency, α,
fading power, σL

SS,dB , and number of candidates, n.
A. Outage Probability

We first study the impact of our protocol on the outage
probability of the source. In the absence of relay candidates,
the source experiences an outage probability of 96%. Fig. 2
(a) plots the outage probability of the source for different
values of n, α and fading scale factors, Γ. We see that the
presence of even a single relay candidate significantly reduces
the outage probability to as little as 45%, and this probability
drops to near 0% for higher values of n. Furthermore,
increasing either power efficiency, α, or fading factor, Γ,
reduces outage probability.

B. Source Transmit Power

We next examine the transmit power used by the source
as determined by the auction protocol. To gauge energy
efficiency, we compare the transmit power, P tot, of the source
under the Myerson mechanism to the perfect-information
transmit power, P lb (described in Section III-B), which is a



Fig. 3. (a) Sample placement of UEs for candidate selection study (b)
Variation in selection likelihood across several scales (Γ) of fading. See color
PDF for optimal viewing.

lower bound on P tot. As an upper bound, we also compare
against a standard sealed-bid, second-price auction (Vickrey
auction), in which the source selects the candidate relay with
the lowest valuation but transmits with a power equal to the
second-lowest valuation [18]. Fig. 2 (b) shows significant
power savings when using the proposed buyer-optimal Myer-
son auction protocol compared to a standard Vickrey auction,
particularly when fewer relay candidates are present. Further-
more, as the number of candidates increase, our proposed
Myerson auction solution approaches the perfect-information
lower bound. We also note that the performance of the Vickrey
and Myerson auctions become comparable when the number
of candidates is large, suggesting that in scenarios where
candidates and sources have less information about each
other’s channels, the Vickrey auction may produce acceptable
results given a sufficiently high density of UEs.

C. Harvested Transmission Power
While energy harvesting is not the chief objective of our

protocol, it plays an important role in motivating the candi-
dates to cooperate. Fig. 2 (c) shows the average amount of
power harvested by candidates for various efficiency factors,
α. As expected, more energy is harvested as the WPT effi-
ciency is increased, and we see that the candidates receive
small but significant boosts on the order of tens of µW.
However, as the number of candidates grow, competition
allows the source to reduce the transmit power, P tot, which in
turn reduces the power available for harvesting.

D. Candidate Assignment
To better understand how the placement of a candidate

affects its likelihood of winning the auction, we consider the
system of n = 4 candidates at fixed positions, as shown in
Fig. 3 (a). For each value of Γ, we sample 10,000 realizations
of channel fading and report the frequency with which each
candidate is chosen, as shown in Fig. 3 (b). At low fading, we
see that Candidate 1, whose proximity to the source results in
more efficient WPT, consistently wins the auction. However,
as the fading power increases, the location-dependent path loss
component of the channel loses prominence, and the auction
mechanism picks the other candidates more frequently.

VI. CONCLUSION

This paper addresses the use of wireless power transfer
(WPT) to incentivize energy-constrained user equipment (UE)

to serve as cooperative relays in challenging non-line-of-
sight communication scenarios. By proposing a cooperation-
inducing protocol inspired by Myerson auction theory, we
minimize the expected power used by the source while con-
sidering the self-interest of relay candidates and their private
channel state information. Rigorous analysis establishes the
regularity of valuations for channels modeled with lognor-
mal fading, facilitating efficient determination of the optimal
source transmit power. Extensive simulation experiments val-
idate our framework, demonstrating a significant reduction in
outage probability and power consumption, thus promoting
energy-efficient cooperative relaying in wireless environments.
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