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Abstract: - Small cell sized wireless cellular networks with scarce radio resource have motivated the development of deployable quality-of-service (QoS) provisioning schemes. Many specific schemes developed to prioritize handoff calls tend towards over sacrifice of newly arriving calls. In this letter, we propose a QoS based optimal channel provisioning scheme that determines optimal thresholds to provide multiple QoS guarantee (i.e., both new call blocking probability and handoff call dropping probability) under rapid changing non-uniform traffic load conditions. The numerical analysis results show the feasibility of our approach. 
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1  Introduction

Multimedia wireless cellular networks are expected to deliver broadband services to the wireless mobile users in which providing QoS guarantee is well-known as one of the most challenging issues. Generally, an important unique QoS metric in wireless network has been considered the dropping probability of handoff calls because dropping an ongoing call is considered to have more negative impact than blocking a newly originating call. In this context, many specific schemes [1], [2], [4] have been developed to prioritize handoff calls by applying adaptive channel reservation policy. In this type of schemes, a number of channels in a cell are reserved solely for the use of handoff, allowing both handoff and new calls to compete for the remaining channels [1]. Specifically, in each cell an admission threshold is set, and if the number of channels being used exceeds this threshold, an originating new call is blocked and only handoff calls are admitted [2]. But, these kinds of schemes involve some problems. 
The first is reducing handoff dropping by reserving channels could increase blocking for newly originating calls. Specially, the call dropping probability in some cells keeps extremely low. But QoS in the other hotspot cells could not be guaranteed although almost all new calls are blocked. The second is how to determine the admission threshold. In [1], the threshold is calculated as a function of the number of existing service connections and/or the requested channels. And then, after monitoring the handoff dropping probability, this threshold is adaptively increased or decreased. In [2] the threshold is initially set by maximum number of channels in a cell. If dropping a handoff call occurs, then adapt the threshold. Both of these schemes do not propose optimal threshold that can provide QoS guarantee while adapting traffic load conditions in a cell. And so, exact threshold can be known only after both QoS violation and threshold adaptations are repeatedly occurred. After all, these schemes could potentially suffer from poor channel utilization and/or frequent short-term QoS violation until the threshold is adaptively converged. 

In this observation, we believe that new call blocking probability also must be considered as another QoS metric to be provisioned in wireless network. This paper proposes multiple QoS based channel provisioning algorithm in a heterogeneous wireless network where all cells have the different number of channels and experience rapid changing traffic loadings. When given monitored traffic loading parameters in each cell, the objective of algorithm is to find out channel sets, N and H, with minimal number of channels subject to QoS constraints on the new call blocking probability (CBP) and handoff call dropping probability (CDP).

2  The Model

In each cell k, Let C(k) be the total number of channels. Let ((k) and ((k) be QoS bounds for new call blocking probability and handoff dropping probability, respectively. The arrivals of new and handoff calls are Poisson distributed with rates (n(k) and (h(k), respectively. And the channel holding time of new and handoff calls is exponentially distributed with means 1/(n(k) and 1/(h(k), respectively. For the simplicity of notation, this paper denotes the QoS provisioning parameters without cell index, k. And let the base station system support only b channels required single service class.

In the model in Fig. 1, total number of channels of each cell are partitioned into dynamically re-configurable three channel sets, namely, N for QoS of newly arriving call class, H for QoS of incoming handoff call class, R for the remaining channels except for N and H from total channel set, C. Each type of call class, new and handoff call, is allocated a designated channel set of N and H, respectively, so that QoS of each type of call class is guaranteed. The size of remaining channel set, R, is equal to C–(N+H) and can be also used as an overload indicator, which has negative or positive values signaling for traffic loading conditions in each cell. 
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Fig.1. 2-D Markov chain in re-configurable channel provisioning model for C=6, b=1, N=1, and H=2.
3  The Algorithm

The channel model shown in Fig.1 can be described by a two-dimensional (n,h) birth-death Markov chain where n and h denote the number of existing new and handoff calls in a cell, respectively. In this section, we propose an N-H determination algorithm shown in Fig.2 to find out minimal required channel capacity, N and H, as mentioned earlier as follows.
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Fig. 2. N-H determination algorithm

STEP1: Construct traffic matrixes adapting to traffic loadings in a cell. In the diagram, (n, (h, (n+1)(n, and (h+1)(h are assigned to traffic matrixes as follows:
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STEP2: Find the steady state probability (n,h using (2)~(3) that simultaneously exists n new calls and h handoff calls in cell. Generally, when the state dimension of Markov chain is large may be computationally intensive to solve (n,h. Thus, we use SOR iteration method like in [3], [5] by weighting the most recent approximation by a relaxation factor 1(((2.

In Fig. 2, starting with the non-zero initial probability (n,h(0), SOR iteration generates a sequence of approximations (n,h(k), k=1,2,3…, iteratively. When iterative procedure has converged, we normalize the approximations and use the normalized values as the steady state probabilities, (n,h.
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STEP3: Calculate the new call blocking probability and the handoff dropping probability using approximated probability in STEP2. A new call accepted if the number of existing new call is less than N. However, when the number of existing new calls is greater than or equal to N, a new call is accepted only when the channel occupancy is smaller than C-H. Therefore, the condition of new call blocking probability guaranteeing QoS bounds, (, is given by: 
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In the same manner, a handoff call is accepted when the channel occupancy is smaller than C-N. Then the condition of handoff call dropping probability guaranteeing QoS bounds, (, is given by
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STEP4: Find out optimal N and H while satisfying (4) ~ (5). In the algorithm, the value of N and H can be initially started with H=1, N=C–H. And then whenever CBP or/and CDP calculated by (4)~(5) violate ( and ( bounds, the size of N and H are iteratively increased or decreased by one until multiple QoS constraints are converged as shown Fig. 2. 

4  Numerical Examples and Discussions

In this section, we present the numerical examples of our approach. We analysis the results at the viewpoint of the optimal thresholds and its deployment into the changing traffic loading network. 

1.1 Optimal Thresholds
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Fig. 3. Multiple QoS in hotspot cells
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Fig. 4. Optimal admission thresholds in hotspot cell

Fig. 3 and Fig. 4 shows the results for multiple QoS influenced by varying admission thresholds (i.e., N and H) in overloaded hotspot cell. To provide multiple QoS guarantee in Fig. 4, all channels in the cell have to be provisioned into 6 channels of N for new calls, 17 channels of H for handoff calls, and finally –8 channels for R as an overload indicator. As a result, the value of R is negative and the bounds of QoS will be violated although we prioritize handoff calls at the expense of over-sacrifice of new calls such as existing channel reservation schemes. We thus note that there should be a dynamic regulation scheme to alleviate traffic loadings among neighboring cells. In this context, the optimal thresholds this paper proposes is valuable in that it provides an important control data not only for QoS-aware channel provisioning but also for the traffic regulation among cells.

1.2 Deployment

The N-H determination algorithm in Fig.2 we propose has a challenge at the viewpoint of deployment, which is a computing time complexity to adaptively find out optimal thresholds under the changing loading conditions. The algorithm takes about O(C*k) where C is a number of channels in a cell and k is an iteration number for SOR convergence. The complexity is increased in proportion to state dimension of the system. One solution is to prepare the pre-provisioned N-H determination table shown in Table 1 such as Erlang B-formula table. Here in Table 1, given parameters are (, (, and C and traffic adaptation parameters are (n/(n, and (h/(h. For example, when traffic loading condition of ((n,(h) in a cell changes from (30, 30) to (40,50), the required channels for N and H have to be increased from (1, 8) to (3, 11), respectively. Finally, this approach is expected to be easily deployable since it decreases the time complexity into only the table search time, O(n), by index of ((n/(n, (h/(h). 

Table 1. Pre-provisioned N-H table subject to traffic loading in a cell in case (=0.3, (=0.01, (n =20, (h =10, and C=15
	Call arrival rates

((n,(h)
	QoS

(CBP, CDP)
	Thresholds 

(N, H)
	Overload indicator (R)

	(120,80)
	(0.26123, 0.00619)
	(6, 17)
	-8

	(60, 100)
	(0.20281, 0.00889)
	(4, 19)
	-8

	(80, 40)
	(0.19993, 0.00721)
	(5, 10)
	0

	(40, 50)
	(0.2801, 0.00381)
	(3, 11)
	1

	(30, 30)
	(0.07432, 0.0001)
	(2, 8)
	5


5  Conclusion and Future work

This paper proposed the algorithm and analysis model to find out optimal thresholds supporting multiple QoS provisioning in each cell under changing traffic loadings. And we defined optimal threshold based overload indicator in a cell. According to the numerical results, we observed that in hotspot cells, QoS provisioning of even handoff calls is difficult although all of new calls are blocked. Finally, we note that some distributed QoS provisioning schemes are needed, for example such as overload indicator based traffic regulation scheme to cope with hotspot loadings among neighboring cells. 
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