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Abstract— One of the biggest obstacles for implementing con-
gestion pricing is the pricing time-scale. The Internet traffic is
highly variant and hard to control without a mechanism that
operates on very low time-scales, i.e. on the order of round-trip-
times (RTTs). However, pricing naturally operates on very large
time-scales because of human involvement. So, in order to put
tight control on congestion through pricing, new implementation
methods and architectures are needed for congestion pricing. In
order to solve this problem, we propose a novel approach Pricing
over Congestion Control (POCC). The essence of POCC is to
overlay congestion pricing on top of an underlying congestion
control scheme which enforces a much tighter control than
pricing. This way congestion in the interior network is controlled
very tightly, while pricing is done at time-scales large enough to
incorporate human involvement.

I. INTRODUCTION

Implementation of congestion pricing still remains a chal-
lenge, although several proposals have been made, e.g. [1], [2],
[3]. Among many others, one major implementation obstacle
can be defined as the need for



(a) Pricing with no underlying edge-to-edge congestion control (b) Pricing over edge-to-edge congestion control

Fig. 1. Comparison of POCC with the case of no underlying congestion control.

(a) Traditional pricing architecture (b) POCC

Fig. 2. Comparison of POCC with traditional pricing architectures in terms of participation of network routers into price calculation.

III. PRICING OVER CONGESTION CONTROL (POCC)

Fro the rest of the paper, we will present POCC ideas by
considering diff-serv environment. So, we will refer to edge-
to-edge pricing and edge-to-edge congestion control during the
dicussions. Note that the ideas can be generalized to the case
where diff-serv is not under consideration.

The essence of POCC is to overlay pricing on top of
congestion control, which is a novel approach. Assuming that
there is an underlying edge-to-edge congestion control scheme,
the pricing scheme on top can determine user incentives
and set the parameters of that underlying scheme such that
it leads to fairness and better control of congestion. So,
it will be possible to favor some traffic flows with higher
willingness-to-pay (i.e. budget) than the others. Furthermore,
the pricing scheme will also bring benefits such as an indirect
control on user demand by price, which will in turn help the
underlying edge-to-edge congestion control scheme to operate
more smoothly. However the overall system performance (e.g.
fairness, utilization, throughput) will be dependent on the
flexibility of the underlying congestion control mechanism.

Figure 1 illustrates the difference between POCC architec-
ture and a pricing architecture without underlying congestion
control. Observe that in POCC, the pricing protocol will be
able to operate at larger time-scale and hence provide smooth

prices to customers. However, when there is no underlying
congestion control, the pricing protocol will have to operate
at small time-scale and update prices frequently, in order to
enforce control over congestion. This will cause highly fluctu-
ating prices and hence there will be need for an intermediary
(i.e. a software or hardware agent) that undertakes the job of
smoothing prices.

As another benefit from POCC, amount of effort to calculate
prices will be less. To calculate congestion-based prices,
the provider has to gather congestion information across its
network. So, if the pricing protocol is responsible for control-
ling congestion, then congestion at any node in the network
must immediately effect prices. Traditionally [12], [17], this
problem of communicating congestion information to user is
resolved by involving each network node in price calculation
as shown in Figure 2-a. The idea is to let each network node
convey its congestion price (i.e. congestion measure) to the
user directly, and charge the user based on each of these
conveyed prices. However, this approach requires upgrades
to all current Internet routers which are typically owned by
different entites who may not cooperate in upgrading routers.
POCC solves this implementation problem by pricing at large
time-scales since control of congestion is left the underlying
edge-to-edge congestion control mechanism. Pricing at larger
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(a) Flow rates (b) Price advertised to the flows (c) Bottleneck queue length

Fig. 4. Results of single-bottleneck experiment for Distributed-DCC without any underlying congestion control
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(a) Flow rates (b) Price advertised to the flows (c) Bottleneck queue length

Fig. 5. Results of single-bottleneck experiment for POCC (Distributed-DCC over Riviera)
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(a) Edge queue for flow 0 (b) Edge queue for flow 1 (c) Edge queue for flow 2

Fig. 6. Sizes of edge queues in the single-bottleneck experiment for POCC (Distributed-DCC over Riviera)
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