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---------------------------------------------------------------------ABSTRACT--------------------------------------------------------------- 
Channel allocation scheme proposed for cellular systems. We start with allocation a set of channels to each cell in fixed 
channel assignment scheme. The scheme used  for handling the high density cell problem because it proposes to move 
unused channels from suitable low density cells to the high density ones through a channel borrowing algorithm. Detailed 
simulation experiments are carried out in order to evaluate our proposed methodology. Performance comparison gives that 
the D-LBSB scheme performs better than a C-LBSB version in an overloaded system.  
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1. Introduction 

In the field of the mobile communication and by the FCC 
still very limited frequency spectrum allocated to this 
service, the efficient management and sharing of the 
spectrum among numerous users become important issues. 
This limitation means that the frequency channels have to 
be reused as much as possible in order to support the many 
thousands of simultaneous calls that may arise in any 
typical mobile communication environment. Thus, evolved 
the concept of cellular architecture, which is conceived as a 
collection of geometric areas called cells (typically 
hexagonal-shaped), each serviced by a base station (BS). 
                
In the fixed assignment (FA) schemes, a set of channels 
are permanently allocated to each cell, which can be 
reused in another cell, sufficiently distant, such that the 
co-channel interference is tolerable. Such a pair of cells is 
called co-channel cells. In one type of FA scheme, 
clusters of cells, called compact pattern (CP), are formed 
by finding the shortest distance between two co-channel 
cells, such that each cell within a compact pattern is 
assigned a different set of frequencies [19]. The advantage 
of an FA scheme is its simplicity, which is the primary 
reason why it is adopted in most of the existing systems. 
But the disadvantage is that if the number of calls exceeds 
the number of channels assigned to a cell, the excess calls 
are blocked. This problem can be partially alleviated by 
channel borrowing methods, in which a channel is 
borrowed from one of the neighboring cells in case of 
blocked calls, provided that it does not interfere with the 
existing calls. 
 

The disadvantage of channel borrowing is that the 
borrowed channel has to be locked in those co-channel 
cells of the lender, which are non-co-channel cells of the 
borrower in order to avoid interference [7].  
 

2. Related Work 
While the motivation behind all basic channel assignment 
strategies is the better utilization of the available frequency 
spectrum with the consequent reduction of the call 
blocking probability in each cell, very few of them deal 
with the problem of non-uniformity of demand (or traffic) 
in different cells which may lead to a gross imbalance in 
the system performance. In the directed retry with Channel 
sharing scheme, it is assumed that the neighboring cells 
overlap and the users in the overlapping region are able to 
hear transmitters from the neighboring cells almost as well 
as in their own cell[5]. 
             
Whenever the cell starts getting overloaded, some of those 
users hand-off to the neighboring cells. The main 
drawbacks of this scheme are, increased number of hand-
offs and co-channel interference and the need for Channel 
sharing dependent on the number of users in the overlap 
region. A cell is classified as �high density�, if its degree of 
coldness (defined as the ratio of the number of available 
channels to the total number of channels allocated to that 
cell) is less than or equal to some threshold value. 
Otherwise the cell is �low density�.  
 
The LBSB scheme proposes to migrate a fixed number of 
channels from low density cells to a high density one 
through a centralized channel borrowing algorithm run 
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periodically by an mobile switching center (MSC) server 
in charge of a group of cells. Aided by a channel allocation 
strategy within each cell, the centralized LBSB achieves 
almost perfect Channel borrowing and leads to a 
significant improvement over fixed assignment, simple 
borrowing [4].  Disadvantage of the LBSB strategy is that 
it is a centralized scheme and hence, too much depends on 
the central server in the MSC. Maintenance of continuous 
status information of the cells in a dynamic environment 
results in overheads such as wire line bandwidth wastage 
and increased delay [4]. 

 
3. Cell and User Classifications 
A fixed assignment scheme is used to allocate the channels 
to each cell. A cell can be classified as high density or low 
density according to its degree of coldness, which is 
defined as   

dc = number of available channels / C 
                       
 If dc ≤ 5 h, where h > 0 is a given threshold, the particular 
cell is high density, otherwise it is low density. Typical 
values of h are 0.2, 0.25 etc., and determined by the 
average call arrival and termination rates, and also by 
channel borrowing rates from other cells. The usefulness 
of the parameter h is to keep a subset of channels available 
so that even when a cell reaches the high density state, an 
originating call need not be blocked [1]. 
 
4. Load Balancing for Complete High Density spot 
 
In order to satisfy the channel demand of overloaded (high 
density) cells, the underlying idea behind our load-
balancing scheme is the migration of channels between 
cells through channel borrowing mechanism. Channel 
migration takes place between a borrower and a lender 
cell. Unlike in LBSB scheme, the borrower (high density) 
cell does not have the opportunity to select its lender 
among all the low density cells in its compact pattern.  
 
A high density cell in �Ring i� of a complete high density 
spot can borrow channels only from its adjacent cells in 
�Ring i+l� or the �First Peripheral Ring� if �Ring i� is the 
outermost ring of the high density spot. This structured 
borrowing mechanism reduces the amount of co-channel 
interference between the borrower cell and the co-channel 
cells of the lender using the borrowed channel. Thus, the 
number of cells in which the borrowed channel needs to be 
locked is at the most two in this case. 
 
A high density cell in �Ring i� should borrow sufficient 
number of channels so that not only can it satisfy its own 
requirement X, but also cater for the channel demand from 
adjacent high density cells in �Ring i-1�. Note that only 
local channels of a cell are lended on demand to adjacent 
cells in the next inner ring. After borrowing channels from 
adjacent cells, a ring i cell reassigns the borrowed channels 
(by intra-cellular handoff) to some of the users to release 

sufficient number of local channels and meets the demands 
of the ring i-1 cells[3]. 
We also assume that all cells in the �First Peripheral Ring� 
are able to provide the required number of channels to the 
high density spot without exhausting their channel set or 
becoming high density themselves. If this is not true, 
channels are borrowed from multiple �Peripheral Rings� 
and the algorithm adopted is the same as in the more 
general case of an incomplete high density spot. 
 
5. Channel Borrowing for Incomplete High 
Density Spot 
Let us fix one of the six emanating chains of corner cells 
as the reference chain. The co-ordinate of such a corner 
cell is (i,0) if it belongs to ring i. Moving in the anti-
clockwise direction along ring i from the corner cell Ci,o, 
the co-ordinate of the jth cell will be ( i , j ) . Here we 
distinguish between the cells arrays since the same set of 
co-ordinates cannot be assigned to cells within different 
cell arrays. 
 
 A low density cell is further classified into three groups 
low density safe, low density semi-safe and low density 
unsafe according to the demands of the adjacent cell(s) of 
the next inner ring and the number of channels available 
within the cell. Here the first four rows are for the case of 
corner cells, while the last four rows for the case of non- 
corner cells. 
 

6. Distributed Load Adjustment Algorithm 
 It consists of a resource migration (or channel borrowing) 
algorithm and a resource allocation (or channel 
assignment) algorithm. It is the resource migration 
algorithm, which distinguishes the Distributed-LBSB from 
its centralized counterpart [1].  
 
The underlying idea is the migration of channels by a 
novel channel-borrowing algorithm, from the low density 
cells to the high density ones. We assume that the base 
station transmitter of each cell has the capability of 
transmitting any of the frequencies of the available 
spectrum. When a channel is borrowed by a cell, the same 
channel has to be locked in the transmitters of the lender 
cell as well as those co-channel cells of the lender, which 
are non-co-channel cells to the borrower, followed by 
unlocking it in the transmitter of the borrower cell [2].  A 
low density cell is not allowed to borrow channels from 
any other cell. Similarly, a high density cell cannot lend 
any channel to another cell. The privilege of borrowing 
channels is strictly limited to high density cells and the 
�departing� users in such a cell have the highest priority of 
using the borrowed channels.  

   
 Also a certain number of channels need to be borrowed to 
relieve pressure from the high density cells. When a cell is 
high density and channel migration is needed, channels are 
borrowed from some low density cells (selected on the 
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basis of borrowing criteria) and stored in the available 
channel set of the borrower cell as borrowed channels.  
How these available channels are assigned to the users in a 
cell to maximize resource utilization is the problem of 
resource allocation. Under suitable conditions, borrowed 
channels are re-assigned to �departing� users in the cell and 
the local channels, which they were using, are returned to 
the available channel set. Thus the channel set of the high 
density cell is replenished. The three parameters 
determining the suitability of a low density cell as the 
potential lender, G, are stated below: 
 

••••  Degree of coldness: - dc (G). The lower density the 
cell, the more suitable it is for lending a channel. 
••••  Nearness: - given by the cell-distance D (B, G) 
between the borrower B and lender G. A small value 
of D (B, G) reduces delay in the wire-line network 
during channel borrowing. 
••••  High density cell channel blockade: - H (B, G). 
This is the number of higher density co-channel cells 
of G, which are non-co-channel cells of B. A small 
value of H (B, G) is desirable. 

 
7. Channel Borrowing Strategy 
Each base station is capable of running the channel-
borrowing algorithm when its cell reaches the high density 
state. We assume that each cell knows the set NCC of its 
non-co-channel cells, the set of cells forming its compact 
pattern CP NCC, as well as the set CC of its co-channel 
cells. For the implementation of the distributed channel-
borrowing algorithm, each cell maintains three local 
parameters:  

(i) its own degree of coldness, dc  
(ii) the set HNCC of its high density non-co-

channel cells,  
(iii) the set Hcc of its high density co-channel 

cells.  
 
Whenever there is a channel allocation, blockade or 
release in the cell, the value of d, is updated. We assume 
that every cell in the system maintains its Hcc, independent 
of the running of the Channel borrowing algorithm. This 
means that whenever a cell changes its state (high density 
or low density), it informs all its co-channel cells. The set 
HNCC is computed by the high density cell B at the 
initialization phase of the channel-borrowing algorithm 
described below.  
 
If one of the non-co-channel cells of B changes state, HNCC 
of B is updated. Three global parameters are used by all 
the cells in the channel borrowing algorithm. These are 
davg

c ,h and C, which are used to compute the number X of 
channels to borrow and the width r of the threshold region 
for the cell[9]. 
 
We assume that C, the fixed number of channels initially 
assigned to each cell, is known to all the cells. Before 
starting the channel borrowing algorithm, a newly formed 

high density cell initiates the davg
c computation by 

broadcasting a message to all other cells in the system 
inquiring about their dc values.  

Thus the newly formed high density cell knows 
the state of all other cells. The value of h is computed once 
and for all at the MSC due to the small range of variation 
of h and the computation intensive nature of evaluating h. 
A base station server runs the channel-borrowing 
algorithm, described next, as soon as the corresponding 
cell B becomes high density. 
 
7.1 Algorithm Channel-Borrow 
 
Initialization Phase 
 

1. Send messages to all other cells in the system 
inquiring about their dc's. Compute davg

c and HNCC from 
the received information�s. 
2. with the help of the known global parameters C, davg

c 
and h and known meter K (spatial density of mobile 
users in the cell), the width of the threshold region r, is 
estimated and the value of X is computed [1]. 
3. With the help of r and the user classification 
algorithm the array NumDepart is computed. 

 
Main body Phase 
 
1. Send messages to the low density neighboring cells G 
for which Numdepart [G] > 0, requesting the computed 
value of the function F (B, G).Three information�s are sent 
to the probable lender G in the request message - 
(i) the set NCC (ii) the set HNCC and (iii)D (B, G)=1.Cell G 
computes the number of its high density co-channel cells 
H (B, G) which are non-co-channel to B by comparing the 
received HNCC with its own HCC. Then G computes the 
function F (B, G) and sends it to B [4]. 
2.  The set of neighboring low density cells in Step 1 are 
ordered according to decreasing values of the received F 
(B, G) and then selected according to the listed order for 
channel borrowing. The selected cell computes the set of 
its co-channel cells, which are non-co-channel with B by 
comparing the received set NCC with its own set CC. 
3. Channels are borrowed from the jth selected cell until 
either the basic borrowing criterion is violated, or the 
number of borrowed channels =NumDepart [j]. Upon each 
lending, the lender cell instructs its co-channel cells which 
are non-co-channel with the borrower cell (computed in 
Step 2) to lock the lended channel. Repeat Step 3 until 
either (i) the required number X of channels are borrowed, 
or (ii) the list of cells are exhausted [6]. Terminate for case 
(i). 
4. Send a message to each cell G' in its compact patter 
(excluding the neighboring set of cells mentioned in Step 
l), requesting the computed value of F (B, G�) if G' is in 
the low density state. The parameters required for this 
computation, namely, the cell distance D (B, G�) and the 
set HNCC, and also the set NCC are conveyed in this 
message. Note that, only the low density cells in the 
compact pattern of B respond to this message.  
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5. Select the cell, G', with min {F (B, G�)} for channel 
borrowing, if the basic borrowing criterion is satisfied. The 
selected cell G' computes the set of its co-channel cells 
which are non-co-channel to B by comparing the received 
NCC from B with its own CC.  These cells are instructed 
to lock the borrowed channel. Repeat Steps 4 and 5 until 
the required number of channels is borrowed. In     Step 4, 
a particular high density cell B asks for the recomputed 
values of the function F from all the cells in its compact 
pattern because, due to the distributed nature of the 
algorithm, global information of the current status of each 
cell is required. 
 
8. Channel Assignment Strategy 

 
This is same as the strategy used in the centralized 
version of LBSB. The set of available channels in a high 
density cell can be divided into local channels and 
borrowed channels. For example, low density cells 
contain only local channels. The channel demands 
arising in a high density cell can be divided into four 
priority classes, which are enumerated below in the order 
of decreasing priority [13]. 
● Class 1 demands: These are hand-off   request 
which get the highest priority to make sure that the 
probability of disrupting an ongoing call is 
minimized. 
● Class 2 demands: These are channel requests made 
by originating calls. 
● Class 3 demands: These are Type 1 channel re-
assignment requests. Channel re-assignment requests 
are not generated by a mobile user, but generated 
internally by a base station function, which 
continuously monitors the state of channel 
assignments to the users in the cell.  
● Class 4 demands: These are Type 2 channel 
reassignment requests also generated internally. 

 
9. Comparison of centralized-LBSB and     
 Distributed-LBSB 
         The proposed distributed scheme LBSB is run 
concurrently in all the high density cells in the system, 
while the centralized scheme, LBSB is run periodically 
at the MSC. 

   
Nh Tcentral Tdistributed Sp 
5 163.3 58.3 2.8

10 323.8 58.7 5.5 
15 516.9 58.8 8.8
20 644.4 58.6 10.9 
25 835.8 58.5 14.2 
30 1045.0 58.8 17.7
35 1158.3 58.7 19.7 
40 1527.7 58.7 26.0 
45 1749.1 58.3 30.0 
50 2125.6 58.6 36.2 

Table 1: Speed Up Ratios 
 
T obtained from experiments is shown in table 1 speed up 
defined as Sp: - Tcentral   / Tdistributed 
Where   Sp: - Speed �up      
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Fig.1 Centralized Scheme 
 

Hence, a system running the distributed scheme is 
more sensitive to any channel imbalance and seeks to 
rectify it by triggering off the channel-borrowing 
algorithm immediately at the point of imbalance, 
namely, a high density cell. The effectiveness of the 
centralized scheme can be severely limited by the choice 
of a suitable period to run the algorithm. The period 
should be dynamically varied, with shorter periods ideal 
in case of frequent load variation and longer periods 
suitable for a more stable system.  
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Fig.2 Distributed Scheme 

 
From figure, as the number of high density cells is 
increased, the running time of the distributed scheme 
remains approximately constant. The algorithm works 
concurrently in all the high density cells and since the 
total message delay is independent of the number of high 
density cells. The running time of the centralized 
scheme, on the other hand, increases with a progressively 
higher rate as number of high density cell is increased.  
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10. Conclusion 
 
A Channel Allocation Scheme for (D-LBSB) algorithm is 
proposed for the channel assignment problem in cellular 
mobile networks. A novel distributed channel borrowing 
strategy is proposed where channels are borrowed by a 
high density cell from suitable low density cells. The 
suitability of a low density cell as a lender is determined 
by an optimization function consisting of three cell 
parameters, namely, the degree of coldness, nearness and 
high density cell channel blockade. We conclude that in a 
region with a large number of high density cells, the 
distributed scheme for channel allocation performs better. 
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