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Abstract: - This paper presents a new channel assignment technique based on a three-layer cellular architecture which optimizes the QoS of Ultra High-Speed (UHSMT) and High-Speed Moving Terminals (HSMT) in a congested urban area. The lower layer of the proposed architecture is based on a microcellular solution, for absorbing the traffic loads of Low Speed Moving Terminals (LSMT). The second layer is based on a macro-cell umbrella solution, for absorbing the traffic load of the HSMT. The higher layer is based on satellite cell and absorbs the traffic load of UHSMT. The results show that assigning the optimum number of channels in every layer, the QoS of UHSMT and HSMT are optimized, having a small negative effect on the QoS of LSMT.
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1   Introduction

      Today, mobile communications systems experience a rapid increase in the number of subscribers, which places extra demands on their capacity. This is especially true for third generation wireless networks, which have been experiencing a tremendous growth rate in recent years and have become the leading digital cellular standard. This growth rate in the use of personal communications increases the demand of the involved reliable and efficient operations. In terms of mobile communications, this growth leads to a new network architecture where the cells are designed to be increasingly smaller. The most serious problem that arises in this architecture is the handoff issue, which occurs when a mobile user moves from one microcell to a neighboring one [1]. The majority of existing terrestrial wireless communication systems are based on the cellular concept [2-3]. The underlying network structure is composed of a fixed network with wireless last hops between Base Stations (BSs) and Mobile Terminals (MTs). The fixed communication network connects the base stations to controllers, a.k.a. Mobile Switching Centers (MSCs), that manage the calls and track all mobile terminal activities in a cell [4-5]. In some systems, multiple base stations are used to serve the same area. Hence, a multi-layer cellular network is formed [6-7]. The problem of handoff issue becomes more serious, for Ultra High and High Speed Moving Terminals where the handoff rate increases and the probability that an ongoing call will be dropped due to the lack of a free traffic channel is high.
      In the international literature, a great effort has been spent in order to study the handoff process and to minimize the involved handoff blocking probability [8]. The handoff blocking probability is considered to be more important than the blocking probability of new calls because the call is already active and the QoS is more sensitive for the handoff calls.

      Section 2 refers to the description of the new channel assignment based on a three-layer architecture and finally in Section 3 the simulation results are stated.

      The presented in [9] adopts a traffic analysis for cellular mobile networks using erlang model. By taking into account that C are the available channels in every microcell, C channels are shared both by new and handoff calls. The following assumptions, without affecting the results, are considered: The terminals are characterized as LSMT, HSMT or UHSMT according to the speed they move. The speed (velocity) of a mobile is measured approximately by simply gathering the time spent in a cell by a mobile. A more accurate estimation of the terminals’ speed is possible if the received Doppler frequency is known. There is a useful relationship between the branch switching rate of diversity receiver and its Doppler frequency, which permits the estimation of vehicle speed without significant hardware changes [10]. Also, homogenous traffic, same capacity and same mean holding time Th are considered in all microcells.

      New and handoff calls of LSMT are generated in the area of microcell according to a Poisson point process, with mean rates of 
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Also is defined the coefficient that represents the traffic load of LSMT toward to traffic load of all calls generated per cell:
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The coefficient that represents the traffic load of LSMTs toward to traffic load of all calls generated per cell is:
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and lastly the coefficient that represents the traffic load of LSMT toward to traffic load of all calls generated per cell is:
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The offered load per cell is 
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where μH=1/TH and TH is the channel holding time.

Let 
[image: image14.wmf]n

 be the number of microcells in the microcellular area. The total offered load in the system is:
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and the total number of channels in the system is:
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from Fig. 1 [9]
2   The Proposed Channel Assignment Model Based on a Three Layer Architecture

A new channel assignment model is proposed in order to determine the optimized number of channels that should be assigned to satellite cell, to macrocells and to microcells. The purpose of this optimized determination is to decrease the Quality of Service (QoS) of both HSMT and UHSMT with the smallest possible effect on the QoS of LSMT.
A multi-layer architecture is introduced in order to dedicate different layers
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Fig. 2. Call Assignment in Different Layers
to different types of subscribers according to their speed in the same geographical area, [11]. The implementation of the different layers doesn’t require any special hardware setting but only new radio parameters in the existing software. This approximation, introduces a three-layer architecture, the microcellular layer, the macrocellular layer and the satellite layer. In addition, the microcell layer services only new and handoff calls of LSMT, the macrocell layer services new and handoff calls of HSMT and lastly the satellite layer services new and handoff calls of UHSMT. Fig. 2 shows the call assignment in the different layers. Also, homogeneous traffic and same Th is considered in microcells, macrocells and satellite cells.

      Let m be the number of macrocells that are under 
the satellite cell and consist the macrocellular layer and n the number of microcells that are under every macrocell. Let 
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 be the total number of channels in the system. In the microcellular layer, priority is given to handoff attempts by assigning guard channels 
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 channels are shared by both new and handoff calls of LSMT [9]. In the macrocellular layer, priority is given to handoff attempts by assigning guard channels 
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The relative ratios for the guard channels toward the available channels for the satellite cell is:
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for every macrocell is:
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and for every microcell is:
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The mean rate of generation of new and handoff calls of UHSMT is 
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      The proposed channel assignment scheme, assigns the ratios both 
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      The steady state probabilities that 
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 channels are busy in a microcell can be derived from Fig. 3 [2, 9]
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where  
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The blocking probability for a new call of LSMT per microcell is the sum of probabilities that the state number of the microcell is greater than 
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The probability of handoff attempt failure 
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For the macrocell, the steady state probabilities that j channels are busy can be derived from Fig. 4 [2, 9]:
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Fig. 3. State Transition diagram for every microcell in proposed channel assignment technique
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Fig. 4. State Transition diagram for every macrocell in proposed channel assignment technique
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Fig. 5. State Transition diagram for satellite cell in proposed channel assignment technique
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where
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The blocking probability for a new call of HSMT in the umbrella cell is the sum of probabilities that the state number of that cell is greater than 
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The probability that a handoff call will be blocked in the umbrella cell is 
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 and is the probability that state number of the cell is equal to 
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For the satellite cell, the steady state probabilities that j channels are busy can be derived from Fig. 5 [2, 9]:
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where
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The blocking probability for a new call of HSMT in the umbrella cell is the sum of probabilities that the state number of that cell is greater than 
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The probability that a handoff call will be blocked in the umbrella cell is 
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The measure of system performance (Quality of Service) is a cost function [13] which uses system system’s data as the average new call origination rate and the average handoff attempt rate per cell. This cost function can be expressed as:
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Therefore, the QoS for calls especially for both UHSMT and HSMT must be guaranteed while allowing high utilization of channels. The objective of the proposed technique based on the three-layer architecture is to guarantee the required QoS of both UHSMT and HSMT.
3   Results

The comparison of the existing model based on an One Layer Architecture and using the Erlang Model (OLA-EM) with the Proposed Channel Assignment Model Based on a Three Layer Architecture (PCAM-TLA) has been done for different values of CS/C, Cm/C, CM/C, kL, 
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Fig. 6. Cost Function for LSMT

kH, kUH, gCS, gCM and gCm. The figures below present the behavior of the techniques of Section II and Section III for the optimized values of above variables. Fig. 6 presents the Cost Function that relates to the LSMT.

Connaturally, Fig. 7 presents the Cost Function for HSMT, Fig. 8 presents the Cost Function for UHSMT and lastly Fig. 9 presents the Cost Function for HSMT and UHSMT.

In the performed simulation the following parameters are considered without affecting the generality of the model: The number of satellite cell is considered to be one, n=3, m=3, TH=80s, CS=240, gCu=0.10, gCS=0.10, gCM=0.10, αL=0.6, αH=0.4, αUH=0.45, kUH=0.25, kL=0.2, kH=0.35,. Using these values and 0≤
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      In all figures curve (i) represents the performance of a typical cellular system using Erlang Model for Cs=240. In this case, there is only one layer and all the involved calls are served by microcells. Curves (ii), (iii) and (iv) show the performance of Proposed Channel Assignment Model based on a three-layer architecture, for CS=108, CM=36, Cm=6, (ii) CS=90, CM=42, Cm=6 and (iii) CS=72, CM=48, Cm=6 respectively
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Fig. 7. Cost Function for HSMT
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Fig 8. Cost Function for UHSMT
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Fig. 9. Cost Function for UHSMT and HSMT

      Curves of all figures show an improvement in the Cost Function of UHSMT and HSMT as a result of using the proposed technique, as well as adjusting the ratios CS/C, Cm/C, CM/C according to the 
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, αL,αH,αUH, kUH, kL and kH. This improvement depends both on the number of channels that are assigned to every layer. All figures show that the above ratios optimize the behavior of the UHSMT and HSMT with the minimum bad effect on the QoS of of LSMT.

5   Conclusion

A new channel assignment model is proposed in order to determine the optimized number of channels that should be assigned microcells, to macrocells and to satellite cell. Applying this model to a cellular system, a better performance both of UHSMT and HSMT is achieved. In this model using the three-layer architecture, the satellite cell and the macrocells have been introduced to serve calls of UHSMT and HSMT respectively. Moreover, according to the obtained results, the cost function of UHSMT and HSMT have been optimized having a minimum effect on the cost function of LSMT.
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