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Abstract - In this paper, we study the problem of channel
reassignment, augmentation and cell transmission power
control in wireless communications networks under the
consideration of irregular cell allocation/sectorization and
generic channel interference, including both co-channel
and near-channel interference. Channel reassignment may
be required in a wireless communications network when
channel interference and/or the distribution of traffic de-
mand changes. Like channel reassignment, cell transmis-
sion power control is another effective and economical
measure to alleviate performance problems. However,
when the traffic demand exceeds a critical point and the
current network capacity becomes insufficient, even when
the above two cost-effective measures are applied, chan-
nel augmentation is required. We formulate this problem
as a combinatorial optimization problem, where the ob-
jective function is to minimize the channel augmentation
cost subject to configuration, capacity, QoS constraints
and call dropping constraints. The basic approach to the
algorithm development is Lagrangean relaxation. In com-
putational experiments, the proposed algorithm is shown
to be efficient and effective.

1. INTRODUCTION

Due to the rapid growth of wireless communication sys-
tems in the world, the scarcity of spectrum necessitates
efficient resource management mechanisms. In order to
efficiently utilize the scarce spectrum resource, channel
assignment is becoming one of the most important issues
for wireless communication researchers and practicians
[7. 8]. Whether the channel sharing is based upon given
cell configuration environment, there exists a fundamental
limit on the number of users sharing the same frequency
simultaneously {10, 11]. Since higher resource utilization
can achieve higher service revenue gains, how to reor-
ganize original cell configuration by optimize channel
utilization and transmission power control to achieve
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more higher system resource utilization than apply pure
channel assignment approach is the objective of this pa-
per.

Although various resource management approaches have
been proposed to increase the channel efficiency, the
majority of current results still focus on hexagonal or
regular sectorization network structures due to simplicity
of implementation and ease of operation. However, real
wireless communications networks may be far from such
regular configurations. In this paper, due to mobility and
unbalanced traffic demands distribution, we propose a
more generic sectorization approach to mode! any kind of
real wireless networks and operate the resource manage-
ment of real wireless communication systems more pre-
cisely.

Interference model used in this paper is different from the
traditional “co-channel reuse distance™ approach applied
by several literatures to simplify interference model [3,
10]. We estimate the frequency interference precisely by
accumulating all interference from all of the other cells to
the interested cell. By doing that, we can assure received
interference must not violate the carrier-to-interference
ratio (CIR) constraint from the signal receiver’s point of
view. This is referred to as generic quality of service
(QoS) assurance interference model [9].

Another interference issue, which is concerned by practi-
cians in real wireless networks, is near-channel interfer-
ence. Although hardware device may eliminate some ef-
fect of near-channel interference, the avoidance of near-
frequency reused rate under a small-scale region is still
adopted by network operation practicians. Mobile termi-
nals homing on the interested cell will receive the near-
channel interference from the same cell and all of the oth-
ers. In this paper, we together accumulate the co-channel
and near-channel interferences in our QoS assurance ap-
proach to calculate the total interferences on mobile ter-



minals when resource management policy is applied.

In general. channel reassignment, augmentation, and
power control problem on generic sectorization structure
is NP-complete [5] and is more complex than traditional
channel assignment problem. We formulate the problem
as an integer programming problem where the objective
function is the minimization of the augmentative channel
license fee of whole wireless communication system the
objective function is to minimize the channel augmenta-

tion cost subject to configuration, capacity, QoS con-

straints and call dropping constraints, referred to as ge-
neric wireless network servicing and sizing. problem. The
configuration and capacity constraints require that the
transmission radius and the assigned capacity for each cell
be admissible. Whereas. the QoS constraints require that
the call blocking probability constraint for each cell and
co-/near-channel interference constraints for each channel
assigned to the cell be satisfied. The call dropping con-
straints ensure that the loss revenue due to channel reas-
signment or mobile re-homing is less than the modifica-
tion cost threshold. As such, to take into account compu-
tation time constraints, instead of attempting to solve the
problem optimally we would propose an efficient and
effective heuristic algorithm to solve this problem.

The remainder of this paper is organized as follows. Sec-
tion II provides the generic sectorization and interference
models. Section III develops the problem formulation.
The solution approach is described in Section IV. Finally,
Section V is our computational results based on the pro-
posed algorithm.

II. THE GENERIC MODELS

In this section, we proposed several generic models about
the key issues of generic wireless network servicing and
sizing problem. The propagation model adopted in this
paper is assumed a distance-dependency function that is
traditionally applied on a no-shadowing flat macro-
cellular environment. The existing and augmentation fre-
quencies are labeled in continuous number. So we can use
channel number to simplify the notation of a channel by i
that has the interfering near-channel numbers /-1 and i+1.

A. Generic Sectorization Model

Traditionally, wireless communication systems are con-
sidered an omni-direction antenna cell structure and

87

Jomm Figen op v By ges aUasg

Cell g, 1)

sopg s ey

thi waipmied

apasy l

o4, <hange!

Fig. 1. Generic cell configuration and spectrum usage status

modeled by hexagonal network structures. which is suit-
able for the assumption of mobile terminal normal dis-
tributed over the cell coverage area. Sectorization has
been introduced to handle the unbalanced and numerous
traffic demands in real system. The advantage of sectori-
zation is that sectorization can reduce the co-channel in-
terference to improve spectrum efficiency [1].

In this paper, generic sectorization model allows the loca-
tions of base stations are not regular, the radiuses of cells
are not identical and the radian types of sectorization cells
are not limited. Therefore, the proposed generic approach
can model any kind of real wireless networks, such as
omni-direction antenna, regular sectorization and irregular
smart antenna structure. We depict the generic cell con-
figuration and spectrum usage status in Fig. 1 [9].

B. Generic QoS Assurance Interference
Model

To satisfy the required QoS level of wireless communica-
tion for each mobile terminal in the network, interferences
must be considered on the mobile terminal’s point of
view. Most of researches calculate the co-channel inter-
ference by simply reference the location of base station to
estimate average interference received by mobile termi-
nals. These approaches are suitable under omni-direction
cell but no reasonable on a sectorization system. Whereas,
the grid-based interference approaches [2] are advantage
on its higher precision at each grid region interference
measurement. Its disadvantage is that its time complexity
depends on the granularity of grid size against network
service area.
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Fig. 2: A case for the radian of interested cell is less than =

In this paper. to take into account computation time con-
straints and QoS assurance purpose, we propose a generic
QoS assurance interference model, which would rather to
over-estimate the maximum interference received by mo-
bile terminals than under-estimate it in order to ensure
QoS constraint. Under a flat none-shadowing macro
propagation environment, signal attenuation factor is only
dependent on propagation distance from transmitter to
receiver. Due to the characteristic of this network servic-
ing and sizing problem, transmission power of each cell is
one decision variable to be determining after optimizing
the system. We simplify pre-calculate the minimum inter-
ference distance by using the maximum candidate radius
of interested cell. By this way, we can assure that any
mobile terminal homing to interested cell must not violate
QoS constraint because we have over-estimated interfer-
ence effect before we apply channel assignment policy.
We formulate a nonlinear programming problem to esti-
mate interference for interested cell case in the following
and depict in Fig. 2.

Objective function for cell radian smaller than 7 :

. 2 2
Zypr = miny(x-x,)% +(y-,) (vP1)
subject to:

2 2.2 .
(x=x;)"+(y-y;)" s7; vieC (1)
xsindj) — ycosfj; < x;sinb;; ~ y; cosé

VieC (2)
xsinj; — ycosfjz 2 x;sinfj; -y, cosb,
VieC (3)
xsinépy - ycosfpy < x;sinfpy -y pcosb
vireC j'=j 4
xsinf p = yeosb;y 2 x i sinf -y cosf
Vji'eC j'#j. (5)

If the radian of one cell is larger than 7z, the obtuse angle
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sector must be separated into two acute angle sectors and
apply NP1 algorithm on each other and then the shorter
result distance is the shortest interference distance of this
case.

III. GENERIC CHANNEL AUGMENTA-
TION PROBLEM

Channel reassignment, augmentation and power control
problem is one kind of wireless network servicing and
sizing problems. It considers not only the channel rear-
rangement but also the network expansion problems. In
such a problem, give the configuration of existing wire-
less network and a set of augmentation channels. The
decision will be how to reassign existing channels to deal
with the changes of channel interference and/or the distri-
bution of traffic demand. Cell transmission power control
is another effective and economical measure to alleviate
performance problems for each cell. As the traffic de-
mand growth and exceeds a critical performance point,
the current network capacity becomes insufficient even
when the above two cost-effective measures are applied.
A channel augmentation decision is required to expand
system capacity as network sizing purpose.

Table 1: Notations descriptions for given parameters

Given Parameters
Notation Descriptions
F the set of available existing channels
A the set of augment channels
C the set of cells
T the set of mobile terminals
M. the loss revenue limitation for Cell j to rearrange channel
J lallocation and power level
N upper bound on number of channels that can be assigned to
J Cellj
R j upper bound of transmission radius of Cell j
o4 fi attenuation factor (2< & <6) for Cell j
p j threshold of acceptable call blocking probability of Cell j
Y j threshold of acceptable CIR (in dB) of Cell j
5 the NFD (net filter discriminator) is the filter reduction
constant for adjacent frequencies
minimum number of channels required for traffic demand
i such that the call blocking probability shall not exceed
g(gj B )| 8/ g p ty
By
minimum distance between interested Cell j and interfering
D 1‘,"(" j ) Cell j° under the condition of the transmission radius of|
Cell j
G j an arbitrarily large number
k, traffic load of mobile terminal
7 indicator function which is 1 if existing Channel ; is used
s by Cell j and 0 otherwise




d Jjt the distance between Cell j and mobile terminal ¢
hy, the homing relationship between mobile terminal ¢ and Cell
j )
J
P indicator function which is 1 if mobile terminal  locates in
J the candidate service area of Cell j and O otherwise
AF loss of revenue for the decision of reassignment existing
i channel /
AH loss of revenue for the decision of re-homing mobile ter-
! minal ¢
A’f license fee function of augmentation Channel
Table 2: Notations descriptions for decision variables
Decision Variables
Notation Descriptions
. decision variable which is 1 if Channel 7 is assigned to Cell j
Vi 2N J
- and O otherwise
- decision variable which is 1 if mobile terminal  is homed to
JIICell j and 0 otherwise
decision variable which is 1 if augmentative channel i (je 4
a. ¢ gm
! is installed and 0 otherwise
8 the aggregate flow on Cell j
ry decision variable which is the transmission radius of Cell j

The given parameters and decision variables for this algo-
rithm to formulate generic network servicing and sizing
problem are defined in Table 1 and 2 separately. This
problem can be formulated as the following integer pro-
gramming problem.

Objective function:

Zp =min ¥ Afq;
ieA

(IP)
subject to:
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Ty <N, vjeC (13)
ieFuAd

Zzﬂzl VieT (14)
jeC

a; =0orl VieAd (16)
y;=0o0rl VieCieFud (17)
:j,=00rl VieC,teT. (18)

The objective function is to minimize the license fee of

augmentation channels. Constraint (6) is reformulated

from the purpose of to ensure that the loss revenue of call

dropping due to channel reassignment )3 A{:I'YJ’ - fﬂ’l and
ieF

rehoming s i"l’" h,,! is lower then the modification
teT

cost constraint. Constraint (7) is to ensure that the sum of
interferences introduced by other co-channel cells and
near-channel cells is less than the CIR threshold for each
channel. Constraints (8, 9) are to ensure the number of
channels assigned to each cell is larger enough than the
required minimum trunks to service aggregate traffic.
Constraint (10) is to ensure that one cell can only serve
those mobile terminals that are in its coverage area of
effective candidate radius of cell. Constraint (11) is to
ensure that if a cell is not assigned any channel, it cannot
provide any service. Constraint (12) is to count the num-
ber of augmentation channels used in this system. Con-
straint (13) is to ensure that the number of channels as-
signed to each cell is satisfied its configuration limitation.
Constraint (14) is to enforce that one mobile terminal can
only home to one cell. Constraint (15) is to ensure the
transmission radius of each cell ranges is between 0 and
the maximum transmission radius limitation. Constraints
(16, 17 and 18) are to enforce the integer property of the
indicator variables.

IV.SOLUTION PROCEDURE

The above integer programming formulation problem is
NP-complete, and therefore we use Lagrangean relaxation
and subgradient method as our solution approaches to
solve the problems. In applying the Lagrangean relaxation
approach [4], a number of complicating constraints of
integer programming problem (/P) are relaxed (i.e. Con-
straints 6-12) [9] and the problem can be decomposed into
four independent sub-problems. According to the weak
Lagrangean duality theorem, for any u; 2 0, Zp (4;) is a
lower bound on Z;p. Then, We use subgradient method to
calculate the tightest lower bound [6]. Not only get a
theoretical lower bound of primal feasible solution, but
also get some hints of the process. We propose an effi-
cient heuristic algorithm for getting primal feasible solu-
tions purpose, denoted by Algorithm 4.



Algorithm A4:

Step 1. For each mobile 1, according to homing coeffi-
cients (/JJI-AI,-[(I =20+ gk + pd g+ 4 ):j, ,
make homing decision in increasing order.

For each cell j, aggregate the total traffic load to
calculate the minimum required channels and de-
rive the radius of this cell.

Ensure to satisfy the capacity constraint. Other-
wise, go to Step 1 to re-home ¢ to next candidate
homing cell and reduce cell radius.

Applying load balance approach as cell order to
re-assign existing channels in the order of coeffi-

()67 (=270 3 + 3G, -7 )

Step 2.
Step 3.

Step 4.
cients

nI
6 2 2,2 T ’
BN TR (/1}'.(,-1)(7*’#;','+ﬂj'.n+n5 —d— by
el s Dy (ry)

Check the QoS constraint of each cell for the
existing channels to assure no violate QoS con-
straint of assigned channels.

If re-assignment and power control cannot satisfy
the network, add augmentation channels in the

increasing order of [ #17.’. _ #; -3 ,U?y P
teT

Step 5.

Step 6.

Je
Check the QoS constraint of each cell for the
augmentation channels to assure no violate QoS
constraint of assigned channels.

Accumulate the license fee of total augmentation
channels in this system.

2,
‘ 2 22 . 4] 2 i
2 N U A M O | —E— | G ~—) [y
- G ui-N0 * Hyi+ HF gisly {Dj'j("j‘)] #H5i(G 7, i

Step 7.

Step 8.

V.COMPUTATIONAL EXPERIMENTS

In the experiments, the Algorithm A4 is performed on a
sectorization scenario of network components, which is
depicted in Fig. 3, and the given parameters is listed in
Table 3. This network has five cells and twelve random
generation clusters of mobile terminals. Four cells have
n/2 radians of sectorization smart-antennas and one cell
construct by omni-direction antenna. For experiment the
Algorithm A, we increase and unbalance the traffic load
of some mobile clusters to violate the initial status. After
performing on several random generated traffic demand
case, we can observe the feasible results found by Algo-
rithm 4 and find that the servicing policies will be applied
first when traffic load becomes unbalance or traffic distri-
bution change against initial status on network planning
period. After applying channel re-assignment and power
control schemes, Algorithm 4 can find feasible solution.
Once the traffic demand growth, wireless networks be-
come infeasible. Network sizing scheme must be applied
by augment another available channels in this network.
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Given Value
aj 4
Vi 63 (18 dB)
Jd 1/8
AF 2000
A 10000
A4 200000

Fig. 3: The scenarios Table 3: Given parameters

On the average, Algorithm A4 takes 235 sec for running
1000 iterations to find out a better feasible solution and
only uses half number of channels than it used by applied
no channel reuse schemes. Because the license fee of
augmentation channel dominates the cost structure of this
problem and it becomes the objective of proposed formu-
lation, using Algorithm 4 can reduce network operation
cost dramatically. This formulation will be helpful for
wireless network operators to servicing/sizing wireless
networks become feasible.
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