A Channel Sharing Scheme in Cellular Systems for Hot Spot Traffic Case
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Abstract
This paper presents a channel sharing scheme named Neighbor Cell Channel Sharing (NCCS), which is based on region partitioning of cell coverage for wireless cellular networks. Each cell is divided into an inner-cell region and an outer-cell region. Co-channel interference is suppressed by limiting the usage of sharing channels in the inner-cell region. The channel sharing scheme achieves a traffic-adaptive channel assignment and does not require any channel locking. The performance analysis of the scheme shows that using the NCCS leads to a lower call blocking probability and a better channel utilization as compared with other previously proposed channel assignment schemes.
Key Words: cell channel sharing, traffic blocking, cellular channel assignment
1 Introduction
One of the major design objectives of wireless cellular communication systems is high network capacity and flexibility, while taking into account time-varying teletraffic loads and radio link quality. The limited radio frequency spectrum requires cellular systems to use efficient methods to handle, the increasing service demands and to adapt system resources to various teletraffic (referred to as traffic) in different cells. Many current cellular systems use the conventional radio channel management fixed channel assignment (FCA) [1], dynamic channel assignment (DCA) [2]-[4] and hybrid channel assignment (HCA) [5]. In this paper, we propose a channel sharing scheme based on a channel sharing pool strategy. The scheme can adapt to traffic dynamics so that a higher network capacity can be achieved. The method partitions cell coverage region to eliminate the cochannel interference due to the dynamic channel sharing; therefore, it does not need any channel locking. In addition, because the borrowable channels are a portion of total available channels and are shared only among adjacent cells, the channel sharing management is relatively simple as compared with that of DCA and HCA. Compared with the CBWL(channel borrowing without locking) borrowing scheme, the advantage of the newly proposed scheme is the relaxed constraint on directional borrowing, which results in a higher degree of traffic adaptation and a lower call blocking probability. 
2 The Neighbor Cell Channel Sharing (NCCS) Scheme
In implementing the NCCS, each borrowable channel has an "on/off" register in the associated channel sharing pools to indicate whether the channel is available. During the channel borrowing from a neighbor cell, the borrowed channel register is turned to "on" in the sharing pools. For example, in Fig. 1 when Cell (24) borrows a channel from Cell (17), the channel register is turned "off" in the sharing pools of Cell (17), Cell (10), Cell (11), Cell (16), Cell (18), and Cell (25). When the borrowed channel is returned, the register is then turned back to "on" in the pools. One aspect that should be taken into account is the potential borrowing conflict, that is, two adjacent cells try to borrow the same channel from the different cells at the same time. This will violate the channel reuse distance limitation. To prevent the borrowing conflict, some selective borrowing algorithms should be introduced such as borrowing with ordering [11], borrowing from the richest [12]. The cell selectivity for borrowing can achieve higher capacity at the expense of higher complexity. One simple approach is to use directional borrowing restriction. For example, in Fig. 1, when Cell (24) borrows a channel from Cell (17), it is required that Cell (23) not borrows the same channel from Cell (22), and Cell (31) and Cell (32) not borrow the same channel from Cell (38). All other neighbor cells of the six cochannel cells are allowed to borrow the same channel. In order words, the borrowing restriction is limited only to those cells affected by the borrowing of Cell (24) from Cell (17). The restriction can be implemented by turning "off" the register of the channel in the sharing pools of Cell (23), Cell (31) and Cell (32).

3 Performance Analysis
The uniform topology of this scenario is shown in Fig. 3. For Cell (i) (where i = 1 and 2), xi represents the traffic density in the inner-cell region; yi the traffic density in the outer-cell region; ui
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{0,1,2,…,C+S}channel occupancy in the inner-cell; and vi
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{0,1, 2,…, N} the channel occupancy in the outer-cell. We assume that ui and vi are independent random variables. For each cell, the channel occupancy in the inner-cell region may be different from that in the outer-cell region, so is the call blocking probability. Let PB(C1,in) and PB(C1,out) denote the blocking probability of Cell (1) for inner-cell and outer-cell regions respectively. Due to the channel sharing, the blocking probabilities of Cell (1) depend on the channel occupancy of the neighbor cell, Cell (2), which is at one of the following two states:

(I) The Cell (2) channel occupancy is within its C equipped channels. In this case, we say that Cell (2) is underflow with a
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{0,1,…S} unused and borrowable channels. The probability of Cell (2) being underflow is
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(II) The Cell (2) channel occupancy is over its assigned C channels. In this case, we say that Cell (2) is overflow with b
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{1,…,S} borrowed channels from Cell (1). The probability of Cell (2) being overflow is
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It can be verified that P(C2,u) + P(C2,o) = 1. 
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 Where:
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4 Numerical Results analysis
Fig. 4 shows the call blocking probabilities of the FCA, HCA [5] and NCCS schemes. In FCA, each base station has 28 nominal channels; in HCA, each base station has 20 FCA channels and 8 DCA channels; and in NCCS, N = 20, S = 8. The NCCS scheme outperforms the HCA scheme because the NCCS scheme can adapt to traffic dynamics without channel locking. The NCCS scheme performs much better than the FCA scheme, but the improvement is reduced as the traffic load increases. This is because with a large value of A, all the cells tend to be in a congestion state, so that the probability of having any sharing channel available for borrowing is greatly reduced. Fig. 5 shows the blocking probabilities of the FCA, CBWL with channel rearrangement [8] and NCCS schemes. In the CBWL scheme, each base station has 24 channels with C0 = 6 and Ci = 3 (i = 1, 2, …,6), and 30% of call arrivals can use borrowed channels. In the NCCS scheme, N = 18 and S = 6, corresponding to 25% of calls can use borrowed channels. It is observed that the NCCS scheme has a lower blocking probability than the CBWL scheme, due to the fact that the CBWL is limited to the directional lending, resulting in a channel sharing pool with much less borrowable channels as compared with that of the NCCS scheme.
5 Conclusion
In this paper, we have developed the neighbor cell channel sharing (NCCS) scheme for wireless cellular networks. In the work, both co-channel and adjacent interferences regarding the channel sharing have been discussed. It has been shown that the NCCS scheme achieves a lower call blocking probability for any traffic load and traffic dynamics as compared with other channel assignment schemes. The performance improvement is obtained at the expense of additional intra-cell handoffs. With more neighbor cells in channel sharing, the proposed scheme offers better traffic handling capacity. The first of the advantages of the proposed scheme is that no channel locking is necessary, and second is the larger channel sharing pools which are available due to less strict constraint on directional borrowing. This in turn, leads to both simpler channel resource management and lower call blocking probability.

References

[1] S. Tekinay and B. Jabbari, "Handover and channel assignment in mobile cellular networks",

IEEE Comm.Mag., pp.42-46, Nov. 1991.

[2] D. Everitt and D. Man_eld ,"Performance analysis of cellular mobile communication systems

with dynamic channel assignment", IEEE J. Select. Areas Commun., Vol.7, No.8, pp.1172-

1180, Oct. 1989.

[3] C.L. I and P.H. Chao, "Distributed dynamic channel allocation algorithms with adjacent

channel constraints", Proc. IEEE PIMRC 94, pp.169-175, The Hague, The Netherlands,

Sept. 1994.

[4] J. Chuang, "Performance issues and algorithms for dynamic channel assignment", IEEE J.

Select. Areas Commun., Vol.11, No.6, pp.955-963, Aug. 1993.

[5] T. J. Kahwa and N. D. Geoganas, "A hybrid channel assignment scheme in large-scale

cellular-structured mobile communication systems", IEEE Trans. Commun., Vol. COM-26,

No.4, pp.432-438, Apr. 1978.

[6] J. Karlsson and B. Eklundh, "A cellular mobile telephone system with load sharing | an

enhancement of directed retry", IEEE Trans. Commun., Vol. 37, pp. 530-535, May 1989.

. 
[image: image14.png]AN




Figure 1: Co-channel interfering cells in a cellular network.
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Figure 2: Flowchart of the neighbor cell channel sharing (NCCS) scheme.
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Figure 3: Topology for channel sharing between two cells.
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	Figure 4: Call blocking probabilities of FCA, HCA and NCCS.
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Figure 5: Call blocking probabilities of FCA, CBWL and NCCS.
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