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Abstract
The success of next generation mobile and wireless networks will significantly depend on the performance of Call Admission Control (CAC) schemes which contributes to the overall network performance. Due to the limited availability of resources, mobility of users, and quality of service (QoS) provisioning for applications whose demand and nature are highly heterogeneous, CAC schemes now play a more central role in QoS provisioning for next generation mobile and wireless networks such as 3G, B3G, WLAN, WiMAX and others. In this paper, we briefly review existing CAC schemes and examine the analytical methods employed by these schemes for computing new/handoff call blocking/dropping probabilities. The normalized approach for determining the new/handoff call blocking/dropping probabilities for the New-Call Bounding Scheme is further investigated in terms of the expected number of new/handoff call packets in the system in steady state. A performance comparison of these techniques is carried out via simulation and compared with analytical results.

On the basis of this study we also suggest that the performance evaluation of an “effective holding time” approach of the guard-channel (GC) based CAC scheme be reexamined/addressed in a 4G cellular network. This is due to the higher efficiency and lower computational complexity of the said approach, as compared to other traditional and normalized approaches to the guard channel based CAC schemes.
I. Introduction
With the rapid advancement in the next generation of mobile and wireless networks, future telecommunication networks are targeted at providing a rich set of new wireless data and multimedia services along with the support of traditional voice service. The designers of these telecommunication networks face significant challenges due to the strict quality of service (QoS) requirements. These challenges are further exasperated due to the typical mobile and wireless issues such as limited availability of resources, user mobility, fading, shadowing, noise etc.

In order to cope with these challenges, the next generation of wireless technologies will have to incorporate radio resource management (RRM) mechanisms that efficiently utilize the available resources. RRM plays a critical role in the provisioning of QoS in wireless systems. The performance of these schemes in turn affects the overall network performance. Many researchers have proposed several radio resource management techniques but later on discovered through analysis and simulation that a sub area within RRM, called call admission control (CAC) is to be addressed more critically than RRM [1,2]. 

Traditionally arriving new/handoff calls are either accepted or denied access to the network by the CAC scheme based on call handoff dropping probability or cell overload probability [3]. A CAC scheme controls the amount of traffic entering the network by either managing the number of call connections into the network or reducing the overall network load thus enabling the network to provide the desired QoS to new/handoff call connections. 

Various CAC schemes have been proposed in the past for different types of networks. Following are some of the prominent schemes that have been proposed for 3G, beyond 3G (B3G) and Asynchronous Transfer Mode (ATM) networks. 
For cellular networks such as 3G and B3G systems, several CAC schemes have been proposed such as the distributed call admission control [3], handoff density [4], two-dimensional Markov approximation approach [5], Hoeffding Bounds [6], Tangent at Peak [7], Tangent at Origin [7], Measure CAC[7], and Aggregated traffic envelops [7] in order to reduce the call handoff probability or cell overload probability. 

Whereas Non-statistical allocation, Peak bandwidth allocation, and statistical allocation call admission control schemes have been proposed for Asynchronous Transfer Mode (ATM) networks [8]. 

In the above networks, CAC schemes are only concerned with accepting or rejecting calls based on QoS requirements. On the other hand in upcoming wireless infrastructures such as the 4G ubiquitous wireless systems, there will be heterogeneous wireless access networks such as wireless local area network (WLAN), wireless metropolitan area network (WiMAX) etc. Congestion control techniques for these sort of wireless systems are expected to be far more complex than traditional cellular network systems in the sense that the proposed CAC scheme should now be capable of also selecting the best access network and at the same time supporting QoS requirements and user mobility. 

For such heterogeneous networks, several solutions have recently been studied such as the WLAN voice manager [9], ranking schemes [2], call admission and rate control scheme (CARC) [10], Distributed Call Admission Control scheme for non-uniform traffic [11], thinning schemes [12], Differentiated Treatment to Multimedia Traffic at Link Layer Framework [13], Dynamic Programming Based Approach in Polynomial Time [14], and Stable Dynamic CAC (SDCA) [15] for call admission control purposes. 
Future telecommunications networks such as the 4G cellular networks aim to provide differentiated services such as traditional voice, data, and multimedia with the desired QoS to service providers. From the call management perspective, in such type of networks normally handoff calls are assigned higher priority over new calls as call dropping (which occurs when the network is unable to provide resources to a call for it to be handed off to another cell) is more intolerable to mobile users than call blocking.

Handoff priority-based CAC schemes is the area where most of the recent research on CAC for wireless networks has been studied in depth in the recent past as compared with other schemes discussed previously [5,12,16,17]. In this paper we explore these CAC schemes briefly and examine the analytical methods employed by these schemes for computing new / handoff call blocking / dropping probabilities. The normalized approach for determining the new/handoff call blocking/dropping probabilities for the New-Call Bounding Scheme is further investigated in terms of the expected number of new/handoff call packets in the system in steady state [En(L) & Eh(L)].

Finally, suggest that the performance evaluation of the “effective holding time” approach of the guard-channel based CAC scheme be reexamined / addressed in a 4G cellular network.
The rest of this paper is organized as follows. In Section II we briefly present the different Guard-Channel (GC) schemes. Next, in section III we study the performance of the New-Call Bounding Scheme in detail. Results of simulation and analysis are presented in this section. In section IV we review the “effective holding time” approach of the guard-channel based CAC scheme. Finally section V summarizes our findings and discusses future research areas.
II. Brief Overview of Guard-Channel Based CAC Schemes
In a wireless mobile / cellular network environment, call dropping is more intolerable than call blocking from the mobile users aspect. As a result most of the CAC schemes proposed, give higher priority to handoff calls than to news calls. Handoff priority-based CAC schemes proposed in [5,12,16,17], are classified in two broad categories, as described below.
1. Guard Channel (GC) schemes:
In guard channel based schemes some channels are reserved for handoff calls. Following are the four different types:
New Call Bounding Scheme [5]:

In the new call bounding scheme, a threshold is enforced on the number of new calls accepted into the cell. If the number of new calls in a cell is less than a threshold K than a new call will be admitted. 
Cutoff Priority Scheme [18,19,20]:
In the cutoff priority scheme, new calls are admitted only if the number of busy channels is less than a threshold m.
Fractional GC Scheme [17]:

This is also called as the Thinning Scheme, in which new calls will be selectively blocked when the cell traffic increases. More specifically, new calls are admitted with probability 
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 when the number of busy channels is i. Based on this probability a new call is either admitted or blocked.
By assigning different values to 
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 this scheme can be reduced to the cutoff priority scheme [17] that has been discussed earlier. As this scheme is quite similar to cutoff priority scheme, it will not be presented in detail, in this paper. 
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Here q(c) denotes the equilibrium channel occupancy probability when exactly c channels are occupied in a cell and 
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are the arrival and departure rates for handoff calls and new calls respectively. c is the  number of occupied channels in a cell.
Rigid Division Based Scheme [21]:

In this scheme all channels are divided into two groups: one for common calls and the other for handoff calls. This scheme does not efficiently utilize the available resources and mentioned for reference only.

2. Queuing Priority (QP) schemes:

In these schemes if channels are free than calls will be accepted. When all channels are busy either new calls are queued and the handoff calls are blocked, or new calls are blocked and handoff calls are queued, or all arriving calls are queued with certain rearrangements in the queue [22,23,24,25,26].
These schemes are restrictive to the GC schemes presented earlier [17]. Secondly, they cannot be compared with other GC schemes as the protocol is quite different [17].

In recent research [5,17] the above mentioned GC based CAC schemes were examined using the Markov chain models. 
In a traditional circuit switched network, the one-dimensional Markov chain model was used under the assumption that all arrivals are modeled as Poisson and the channel holding time and channel residence time are modeled as exponential with predetermined channel bandwidth [27,28]. However with the rapid evolution of cellular networks, the Markov chain model used for obtaining blocking/dropping probabilities for new/handoff calls becomes more complex as the new and handoff calls may have different average holding times and worse, different distributions. This problem may be solved with use of multidimensional Markov chain model but these suffers from the curse of dimensionality thus making them much more complex as compared with the one-dimensional Markov chain models [29]. Many researchers attacked this problem with the assumption that the channel holding times for new/handoff calls are identically distributed with the same average values. However this assumption is inappropriate as new and handoff calls may have quite different distributions and average holding times [30,31].

To avoid such complexities associated with multidimensional Markov chain models, approximations have been used that have high accuracy and low computational complexity with the condition that the approximation is based on a one-dimensional Markov chain model with exponentially distributed holding times for new / handoff calls however with different average values [5,17]. 
III. Performance of New Call Bounding Scheme using Simulation and Analysis
In this section we will briefly discuss the performance of the new call bounding scheme using the traditional and the normalized analytical methods proposed in [5,17]. The assumptions made are that the arrival process of the new/handoff calls are modeled as Poisson, and the average channel holding times are different, and are exponentially distributed. Resulats of a simulation written in C++ are given and compared to analytical results as well.
In the traditional approach, the blocking/dropping probabilities are derived for new/handoff calls with the assumption that the new/handoff calls have the same average values and channel holding time distributions. This system is approximated as one-dimensional Markov chain model with a fixed channel holding time for the total cell traffic [5].

In the normalized approach [5], the results are improved by normalizing the average service times for new/handoff calls to unity rather than equal average channel holding time.

The performance of the new call bounding scheme is discussed as follows:
As presented earlier in section II, if we use the call admission control scheme given in section II for the new call bounding scheme, we get the following transition diagram (Fig. 1) which is modeled by a two-dimensional Markov chain model (Please refer to appendix A for nomenclature).
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Fig. 1. State transition diagram for the new call bounding scheme (Source [5])
The steady state probability p(n1, n2) can be determined as given below (2) by solving the global balance equations from the state transition diagram as shown in Fig. 1. n1 and n2  represents new calls and handoff calls. 
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Where 
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represents the traffic intensities for new/handoff calls (please refer to appendix A for nomenclature).

Due to the inherent complexity associated with the two-dimensional Markov chain model, in the normalized approach the new/handoff calls blocking/dropping probabilities (
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) are determined under the assumption that the service rate of new/handoff calls equals to 1 (please refer to appendix B for blocking/dropping probabilities of the new call bounding scheme for the normalized approach) [5,17]. Whereas, the traditional approach uses fixed average channel holding time 
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 for total cell traffic is given by:
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By replacing 
[image: image13.wmf]n

m

1

and 
[image: image14.wmf]h

m

1

 in the formulas for new/handoff call blocking/dropping probabilities of the normalized approach (please refer to appendix B for blocking/dropping probabilities of the new call bounding scheme for the normalized approach) we get the traffic intensities for new/handoff calls in the resulting one-dimensional Markov chain model for the traditional approach (please refer to appendix B for blocking/dropping probabilities of the new call bounding scheme for the traditional approach).
In order to compare the normalized versus traditional approaches a simulation was also conducted, written in C++. The simulation made the same assumptions as noted above for traffic and call admission control. Results of the simulation and analytical expressions are discussed below.

When the new call bounding scheme is investigated under fixed handoff holding times and varying new call holding times (K=15, C=30, 1/λn=30, 1/µn=changes from 200 to 600, 1/λh=30, 1/µh=450), it is apparent from Fig. 2 that the traditional approach overestimates the normalized approach when handoff call traffic load is higher than new call traffic load whereas the traditional approach underestimates handoff call blocking probability of the normalized approach as shown in Fig. 3. Figure 4 shows the graph of average number of new/handoff calls in a cell in steady state for different new call traffic loads (
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Fig. 2. New call blocking probability in the new call bounding scheme*
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Fig. 3. Handoff call blocking probability in the new call bounding scheme*
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Fig. 4. Average number of New/Handoff calls in a cell in steady state *
* N and T denotes the Normalized and Traditional Approaches, n and h denote new/handoff, S and A denote Simulation / Analytical

On the other hand when the new call bounding scheme is investigated under varying handoff holding times and fixed new call holding times (K=20, C=30, 1/λn=30, 1/µn=300, 1/λh=30, 1/µh= changes from 100 to 1200), it is observed from Fig. 5 and Fig. 6 that the new call blocking probability and handoff call blocking probability are similar in value. This makes sense because due to the heavy traffic load incurred from handoff calls the new calls will not be able to reach a bound. However, the traditional approach is close but not the same as the normalized approach. . Figure 7 shows the graph of average number of new/handoff calls in a cell in steady state for different handoff traffic loads (
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Fig. 5. New  call blocking probability in the new call bounding scheme *  
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Fig.6. Handoff call blocking probability in the new call bounding scheme *
* N and T denotes the Normalized and Traditional Approaches, n and h denotes new/handoff, S and A denotes Simulation / Analytical
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Fig. 7. Average number of New/Handoff calls in a cell in steady state *
* N and T denotes the Normalized and Traditional Approaches, n and h denotes new/handoff, S and A denotes Simulation / Analytical

IV. Review of the “effective holding time” approach of the guard-channel based CAC scheme

From the results presented in the previous section we can determine that the normalized approach performs better than the traditional approach [17]. However in order to further improve the results while keeping the complexity low, a new approach called the “effective holding time approach” was proposed which produced better results when compared with the existing approaches discussed earlier [17].
To keep the computational complexity low it is useful to reduce the two-dimensional Markov chain model to a one-dimensional chain model. All that is required is a better approximation method.
In the “effective holding time approach”, equation (1) is simplified by replacing the average holding times for new/handoff calls with the average channel holding time for the total traffic also referred to as average effective channel holding time 
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 average since the average channel holding times for total cell traffic have different blocking probabilities for new / handoff calls. The 
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 average is obtained from the idea proposed in [29] which is also referred to as the knapsack problem approach (please refer to appendix B for locking/dropping probabilities of the cutoff priority scheme for the “effective holding time” approach) [17].
In order to evaluate the performance, the numerical results obtained from this scheme i.e. the “effective holding time approach” was compared with those obtained from the existing traditional approach, normalized approach, and the direct approach. The exact method that is used for determining the actual values of a multidimensional Markov chain model using the “LU decomposition” is referred to as the direct approach [17]. 
Through the comparison (Fig. 8 and Fig. 9) it was observed that the traditional approach and normalized approaches deviate significantly from the direct and the “effective holding time approach”. The “effective holding time approach” results are very close to the actual results obtained from the direct method and seem as the best fit as a future GC based CAC scheme for wireless network.
[image: image30.emf]
Fig. 8. New call blocking probability in the effective holding time approach [17].
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Fig. 9. Handoff call blocking probability in the effective holding time approach [17].
In summation, the traditional approach overestimates whereas the normalized approach underestimates the direct approach. 
V. Summary and Future Work
In this paper we critically reviewed existing guard-channel based CAC schemes proposed in [5,17] in order to determine the approach that gives more accurate results when compared with other approaches. It was learnt that the two-dimensional Markov chain model solves the problem when the average channel holding times for the new and handoff calls are significantly different. However as the dimensions of the Markov chain model increase due to distinct traffic type’s e.g. video, voice, and packetized data, the computational complexity increases and at times  becomes virtually impossible to analyze exactly due to, the asymmetric nature of the states in a Markov chain transition diagram. Hence it was noted that it is useful to attempt reducing/approximating the two-dimensional Markov chain model with a one-dimension Markov chain model. All GC scheme approximate a two-dimensional Markov chain model with a one-dimensional Markov chain model using different approaches referred to as the traditional approach, normalized approach, and the effective holding time approach. 
It has been shown that the “effective holding time approach” outperforms the traditional and normalized approaches in terms of accuracy and low computational complexity. Hence in order to evaluate CAC schemes for a 4G network environment, which will require handling of multiclass services we suggest that the “effective holding time” approach be used and further studied. 
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Appendix – A
C
Number of channels in a cell.

c
Number of occupied channels in a cell.

K
Threshold for new call bounding scheme.

m
Threshold for the cutoff priority scheme.
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Arrival rate for new calls.
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Arrival rate for handoff calls.
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Average channel holding time for new calls.
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Average channel holding time for handoff calls.
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Average effective channel holding time.
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Traffic intensities for new calls.
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Traffic intensities for handoff calls.
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Blocking probability for new calls.
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Dropping probability for handoff calls.
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Blocking probability for new calls from the normalized approximation.
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Dropping probability for handoff calls from the normalized approximation.
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Blocking probability for new calls from the traditional approximation.
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Dropping probability for handoff calls from the traditional approximation.
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Blocking probability for new calls from the effective holding time approximation.
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Dropping probability for handoff calls from the effective holding time approximation.
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Admission probability for new calls in fractional guard channel (GC) scheme
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Equilibrium occupancy probability.
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Approximate equilibrium occupancy probability.

Appendix – B

1. New Call Bounding Scheme

	Normalized Approach
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Traditional Approach
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Replace the given traffic intensities in the equations for normalized approach (new call bounding approach) given above (1.1) to get the probabilities for the traditional approach. 

2. Effective Holding Time Approach
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