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Providing quality of service guarantees in mobile data networks is an inherently challenging task. Mobility of users imposes a spatial demand on resources resulting in overloaded regions that are entirely dependent on mobility pattern of users that is often unpredictable. Prior and ongoing work in this area of QoS relies on call admission control (CAC), or careful resource allocation based on mobility prediction. The latter approach is not scalable, as it requires constant monitoring of the mobility of individual users and per-user state. Further, many of the CAC schemes assume a random or uniform mobility patterns. Although such CAC schemes are scalable and have less complexity, they do not always perform well under non-uniform mobility patterns. The challenge is to design a scalable scheme that can provide QoS under distinct mobility patterns.

  
In mobile networks, QoS degradation is mostly due to mobility as opposed to change in flow requirements. One notion of QoS is the drop probability due to handoffs. In a cellular system, where calls can be dropped during handoff, better QoS means reduced handoff drop probability. Another notion of QoS is to disallow drops during handoff but limit the cell congestion probability that may occur in a given cell. 

 
In this paper, we explore this notion of QoS by proposing a dynamic CAC scheme that uses an estimated mobility pattern and distribution of users in different cells to reach an admission decision with the objective of minimizing cell congestion probability. This scheme does not maintain per user mobility state, and can be implemented in a distributed fashion. This dynamic scheme also keeps the network utilization above a given level. 

The dynamic scheme operates in two stages: reactive and proactive. The reactive stage divides the geographic area into regions that have no significant effect on each other. A region is formed from all the cells affecting each other either by heavily directed traffic or by overload. Such partitioning helps provide a looser control on the number of calls admitted in lightly loaded regions and provides stricter control on admission in highly loaded regions. The proactive stage involves a call admission decision based on the spatial population distribution inside the region. This decision is based on computing a spatially convoluted sum of population in all cells of the region and comparing it to a threshold indicating the predefined utilization level. For each cell of the region, convolution assigns a weight that is exponentially attenuated with distance from the accepting cell, and with the amount of overload. The rate of attenuation is a function of average number of hand-offs in the region.

To evaluate the performance of the dynamic scheme, we use a simulation study and compare it against three other major CAC schemes:  the guard channel cell based scheme, the region based scheme and the distributed call admission scheme. All the above schemes were adapted to meet the predefined level of network utilization. 
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In these simulation scenarios each mobile requires one unit of bandwidth, and in case of overload the cell bandwidth is shared among mobiles in a best effort fashion. The QoS measure is the fraction of the requested bandwidth received, averaged over all mobiles in a certain area.   
Transient state measurements reflecting a real-life scenario of a stadium game is presented in the figures on the left above. For the first 1000 seconds there exists an initial rush of mobiles identifying a directed mobility pattern towards the stadium, which transforms into a uniform pattern once the game starts. The performance results indicate lower service degradation achieved by dynamic scheme, when maintaining utilization higher than the desired level (>75% in this case).


Figures on the right column show results for high and low values of mobility (50, 10 respectively handoffs in the average lifetime of a mobile) under steady state scenario for four different traffic patterns. All the compared schemes are seen to perform better under certain cases of mobility and traffic pattern and poor in other cases leaving no clear choice about the best scheme. We also observe that our proposed dynamic scheme not only provide better QoS irrespective of the various degrees of mobility but also outperforms other schemes across different mobility patterns. 


To summarize, the advantages of the proposed scheme are that it proactively reduces the probability of congestion and reactively ameliorates existing congestion. In transient scenarios it reacts faster to changing conditions, and in steady state scenarios it captures advantages of both cell based and region based schemes. Instead of setting individual thresholds for separate cells or regions based on the current mobility pattern, the dynamic scheme achieves uniform levels of utilization by resizing regions.
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