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Abstract 
 
This paper presents a model for the ACK-clock inner loop, common to virtually all Internet congestion control 
protocols, and analyses the stability properties of this inner loop, as well as the stability and fairness properties of 
several window update mechanisms built on top of the ACK-clock. Aided by the model for the inner-loop, two new 
congestion control mechanisms are constructed, for wired and wireless networks. 

Internet traffic can be divided into two main types: TCP traffic and real-time traffic. Sending rates for TCP traffic, 
e.g., file-sharing, uses window-based congestion control, and adjust continuously to the network load. The sending 
rates for real-time traffic, e.g., voice over IP, are mostly independent of the network load. The current version of the 
Transmission Control Protocol (TCP) results in large queuing delays at bottlenecks, and poor quality for real-time 
applications that share a bottleneck link with TCP. 

The first contribution is a new model for the dynamic relationship between window sizes, sending rates, and queue 
sizes. This system, with window sizes as inputs, and queue sizes as outputs, is the inner loop at the core of window-
based congestion control. The new model unifies two models that have been widely used in the literature. The 
dynamics of this system, including the static gain and the time constant, depend on the amount of cross traffic which 
is not subject to congestion control. The model is validated using ns3 simulations, and it is shown that the system is 
stable. For moderate cross traffic, the system convergence time is a couple of round trip times. When introducing a 
new congestion control protocol, one important question is how flows using different protocols share resources 
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