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VII. CONCLUSION

In this paper, we studied the maximization of the
sum-throughput in interference-limited queueing wireless
networks via distributed selections of users' transmission
thresholds. We formulated the optimization problem using a
game theoretical approach (noncooperative design) and a more
classical nonlinear programming approach (holistic design).
We developed a general best-response algorithmic framework
wherein the users can explicitly choose the level of cooperation
(in the form of message passing) and consequently converge
to: 1) a NE of the NEP, if no signaling exchange is allowed
or 2) to a local optimal solution of the (nonconvex) NUM
problem, if some coordination in the form of pricing exchange
is performed among the users. Finally we developed a global
solution method for the NUM problem and numerically com-
pared the performance of the cooperative and noncooperative
solutions. In many practical scenarios, a NE (noncooperative
solution) yields sum-throughput very close to the global op-
timum. In case of “high” interference (i.e., coupling) among
users, the performance loss can be partially filled by allowing
some cooperation among the users and relying on the pro-
posed pricing-based algorithm. We are currently implementing
the proposed distributed algorithms on a USRP2/GNU radio
testbed. As future research subjects, we will take power and rate
control into consideration in the queueing game, and extend the
queueing game to multi-hop wireless networks.

APPENDIX A
MODEL PARAMETER ESTIMATION

We first derive the first and the second order moment of
. Using to denote the first order moment

of , according to (11), can be represented
as

(42)

where represents the probability that user
transmits a packet in a time slot as defined in (3). The second
order moment of , denoted as , can also be
represented similarly.
According to (12), the first and second order moments can

also be represented as , and
, respectively. Then, we can

calculate and as

(43)

Fig. 7. Verification of interference model.

(44)

respectively.
In Fig. 7, the interference model is verified by considering a

wireless network with an area of 1000 1000m and 100 users.
Results of Monte-Carlo are obtained by averaging over 10000
simulations. We can see the the interference model based on
Gamma distribution function fits the real interference distribu-
tion very well.

APPENDIX B
PROOF OF THEOREM 1

Invoking standard results on NEPs (see, e.g., [53]), the ex-
istence of a NE is guaranteed if: i) the strategy set of each
player is convex and compact; and ii) the payoff function of
each players is a continuous function on and concave on ,
for any given feasible . We only need to prove the concavity
of each function on , when . This
can be checked by computing the first and second derivatives of

with respect to , as given next. The first derive of
with respect to is

(45)
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(47)

(48)

The second derivative of with respect to can be
written as

(46)

with and are given by (47) and (48),
shown at the top of the page, where is a positive constant
whose explicit expression is not relevant and thus is omitted.
Note that, if and , the latter due to

. Therefore, we have . Also, when
(i.e., delay-tolerant traffic or large number

of sub-channels), we have , implying .

APPENDIX C
PROOF OF THEOREM 2

We hinge on recent results in ([11], Proposition 3). Given
, let us introduce the matrix

defined as

if
otherwise

where and
with denoting the least eigenvalue

of . Then, invoking ([11], Proposition 3) one can show that
Algorithm 1 converges to the unique NE of if is a P-ma-
trix. It turns our that condition (23) is sufficient for to be P
(see also [12] for more details).
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