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Abstract

In this paper, we consider the problem of realtime
distributed admission controls and a ceniralized static
sequential homing policy for channelized wireless com-
munication networks. To maximize spectrum efficiency,
we study the effect of adjustable channel separation to-
gether considering generic channel inferference on
different propagation environments. For maximizing
System revenue purpose, sequential homing policies can
cooperate with channel assignment to prearrange
channel resource more efficiency.

The emphasis of this work is to develop a centralized
sequential homing algorithm and determine fixed chan-
nel allocation scheme to support realtime distributed
admission control. We formulate the sequential homing
problem as a combinalorial oplimization problem,
where the objective function is to minimize the total call
blocking rate of systems. The basic solution approach is
Lagrangean relaxation. In the computational experi-
ments, we compared the proposed algorithm with the
power dominant heuristic on test networks. The pro-
posed algorithm average achieved wp to 99%
improvement of the total call blocking rate,

Keywords; Admission Control, Channel Assignment,
Channel Separation, Sequential Homing Algorithm, and
Sectorization Wireless Networks.

1. INTRODUCTION

In channelized cellular systems, a given radio spec-
trum can be divided into a set of disjoint radio channels.
All channels can be used simultangously while main-
taining an acceptable received radio signal. Channel
interference caused by frequency reuse is the most re-
straining factor on the overall system capacity in the
wireless networks. The main idea behind channel as-
signment algorithms is to make use of radio propagation
path loss characteristics and IF filter in order to mini-
mize the carrier-to-interference ratio (CIR) and hence
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increase the radio spectrum reuse efficiency [2][9].

In this paper, we consider the problem of admission
control for channelized wireless commmmication net-
works under the censideration of adjustable channel
separation and generic channel interference. We explore
the feasibility of optimizing the frequency spacing be-
tween carriers such that the combined effect of distance
and IF filter to allow maximum number of channels in a
given propagation environment. To accommodate dif-
ferent situations of smart antenna deployments, we
adopt generic sectorization model to formulate irregunlar
cell location, transmission power, and sectorization ar-
chitectures. Both co-channel interference (CCI} and
adjacent channel interference (ACI) are accumulated as
total interference to evaluate communication quality of
service (QoS) [2]. For maximizing system revenue pur-
pose, sequential homing policies can cooperate with
fixed channel assignment mechanism to rearrange chan-
nel resource more efficiency and support realtime
distributed admission control.

We formulate the sequential homing problem as a
combinatorial optimization problem, where the objective
function is to minimize total blocking rate of systems
subject to configuration, sequential homing, and QoS
constraints. The configuration constraints require that
the assipned channels for each sector be admissible.
Whereas, the QoS constraints require that the call
blocking probability constraint for each sector and CIR
constraint received by each mobile terminal be satisfied.
The basic approach to the algorithm development is La-
grangean relaxation, which has been successfully
adopted to solve many famous NP-complete problems.
In the computational experiments, the proposed algo-
rithm is shown to be efficient and effective.

The remainder of this paper is organized as follows.
In Section 2, the admission control problem and sequen-
tial homing problem are presented. Section 3 shows a
mathematical formulation and a solution procedure for
the problem, In Section 4, a primal heuristic and several
computational experiment results are presented.



2. PROBLEM DESCRIPTION

We adopt the most widely quoted macro-cell model
become our propagation prediction model. The model
involves dividing the prediction area into open, subur-
ban, and urban areas. Hata’s approximations [3] are
described as follows [10}:

Urban areas: L, =A+BlogR-E

Suburban areas: L, =A+BlogR-C

Openareas: L, = A+BlogR-D

Where

A=6955+26.16log f, —13.82logh,

B=449-6.55logh,

C =2(log(f, /28)° +5.4

D =478(og f.)* +18.3310g £, +40.94

E =32(log(11.75k,))* -4.97

(for large cities, f, 2 300MHz )

E =8.29(log(1.54R_))* -1.1

(for large cities, f, <300MHz)

E=(11ogf, -0.7), —-(1.56lcg f, - 0.8)

(for medium to small cities).

Notation f, denotes carrier frequency (MHz),
k,/h, is BS/MT height above local terrain height (m),
and R is distance from BS to MT (Km). This empirical
propagation prediction model can be applied in built-up
quasi-smooth areas for distances between 1 and 20 km
and for frequencies in the range of 150 MHz to 1 GHz
(It had be extended to cover up to 100 km and 2 GHz).

In this paper, we explore the influence of adjustable
channel separation on different propagation model to
maximize the spectrum efficiency. If the transmitter and
receiver are matched, we can use S(f) to denote the
filter characteristic. A ratio called as net filter discrimi-
nation (NFD) describes the discrimination of ACI over
CC1 due to channel separation and modulation spectrum

shape. This NFD ratio between the received ACI and
CCI can be defined as [9]

NED(AT) = [SU)- S + 40 [ [S* () .

With the concept of NFD, the interferences can be
formed as a function of channel separation normalized
to the bit-rate. We can formulate the CIR constraint by
accumulate all interferences received by each MT and
ensure the receiver sensitivity of MT ¢ {6].

2.1 Admission Control Problem

Admission control is the acceptance or blocking of
call requests. At the cell level, flow enforcemsnt mecha-
nisms police a source to ensure that its blocking

probability does not exceed the negotiated limit [8].
Admission control combined with flow enforcement
(policing) can support preventive congestion control
mechanism to maximize system revenue subject to the
QoS constraint for each MT (7],

Channel allocation schemes can be divided into two
kinds: fixed channe! allocation (FCA) and dynamic
channel allocation (DCA). In general, there is a trade-off
between QoS, the implementation complexity of the
channel allocation algorithms, and spectram utilization
efficiency. DCA strategies are less efficient than FCA
under high load conditions but provide flexibility and
traffic adaptability [5].

In this paper, realtime distributed admission control
does not cooperate with DCA but with sequential hom-
ing based FCA mechanism. We propose a sequential
homing algorithm to determine homing sequences and
FCA of total system to achieve efficient of channel re-
sources. Whenever we determine the homing sequence
for each MT, admission control is source-driven so that
MT initial the call setup phase and inspect the QoS fea-
sibility of candidate homes sequentially. These
admittance computations are avoided at intermediate
nodes to support distributed and realtime characteristics,
Another design philosophy behind the construction of
the algorithm is that the speed of the decisions is more
important than how close the solution is to an optimal
solution [8].

2.2 Sequential Homing Problem

To support realtime admissicn control, we formulate a
fixed channel resource allocation and sequential homing
decision algorithm, denoted as fixed sequential homing
algorithm. The architecture of farget network is de-
scribed by the following information and the given
parameters, which are depicted in Table 1.

(1) Architectures of wireless communication networks:
carrier frequency, available bandwidth, and channel
separation;

(2) Configurations of base stations (BSs): location, an-
tenna height above local terrain height, smart antenna
structures, transmission power, and maximum chan-
nel configuration constraint for each BS;

(3) Characteristics of mobile terminals (MTs): antenna
heights, receiver sensitivity, candidate set of homing
sectors, and mean arrival rate of new traffic for each
MT.

For each MT, we use Erlang-B formula to model te-
lephony commumication networks as an M/G/mym
queueing system under the assumptions that overflow
traffic also behaves as Poisson arrival process and aver-
age traffic load is used to estimate realtime traffic load.

We formulate the probiem as an integer programming
problem where the objective function is to minimize the
total call blocking rate of system subject to single home
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constraints, sequential homing constraints, QoS con-
straints, and configuration constraints. We depict the
notations of decision variables in Table 2 and the prob-
lem formulation in the following.

Table 1. Notations descriptions for given parameters.

Given Parameters

Notation Descriptions

T The set of mobile terminals

The set of candidate home sectors which can

&, support of MT reT

F ___|The set of available channels

C The set of sectors in the system

S [The set of permutation which is integer value

2 The mean arrival rate of new traffic for each|
! MT teT

¥ Threshold of acceptable CIR

g_, Upper bound of aggregate traffic for Sector j

N Upper bound of assigned channels for Sector

-

jel

Indicator fimction which is I if Sector f

8y  [belongs to homing policy heH, and 0
otherwise

Received power level of MT teT from
¥ lthe downlink signal of Sector jeC

Blocking probabitity function of Sector j

d, which is a function of traffic demand and
|available channels.

INFD ratic which is formed as a finction of]
6(Ai) |the channel separation (kFHz) normalized to
the bit-rate (bps)

Table 2. Notations descriptions for decision variables.

Decision Variables

Notation Descriptions

Agpregate flow on Sector jeC (in Er-

g_, langs)

Channel assignment decision variable which
¥, {is 1if Channe! ieF is assigned to Sector
jeC and 0 otherwise

Homing decision variable which is 1 if hom-
ing decision hell, of MT teTl is
selected as the sth candidate path and 0
otherwise

Call blocking probability for the sth candi-
B date homing policy for ¢ which belongs to

discrete set B, € K, ={0,0.01,0.02,..., Bs}

Blocking probability of Sector j which is
' lreferenced byMT teT

Objective function (IP):
er =mjnZ(A:HBa) (IP)

subject to:
25204, =B,
ml Jec

d,(gyﬁ,g,ha}
5oy ia))-
DD NN

. 1
Ly 8(i-i)<G, +(7+ 1-G)y,

bell, JjeCieF 4 y

VieT,seS (1)

viel,jeC (2)

YieC (@)

YieF,jeCtel (&)

SN, YieC (5
eF

3 x, =1 Viel,seS (6
FeH,

>, =1 Viel,heHd, (7)
28

%, =0orl VieT,heH,5e§ (8)
y,=0orl YieC,ieF (9
0<B,<B. VieT,s€8,B, €K, (10)
0<d,<d, vieT,jeC (1)
0<g,<g, vjeC. (12)

The objective is to minimize the call blocking rate of
total system. Constraint (1) is the call blocking probabil-
ity of MT ¢ on the permmutation s. Constraint (2)
decomposes the call blocking probability of Sector
by introducing one additional notation d,. Constraint
(3) calculates the aggregate traffic for Sector jeC.
Constraint {4) ensure CIR requirement for mobile ter-
minals, which are homed to Sector je C. Constraint (5}
enforces configuration constraint for Sector jeC.
Constraint (6) enforce only one candidate homed BS can
be selected for each MT t on each permutation s. Con-
straint (7) enforces the number of candidate path is equal
to the number of homing decisions. Constraints (8) and
(9) enforce the integer property of the decision variables
x, and y,. Constraimt (10) limits the feasible discrete
region of path blocking probability. Constraints (11) and
(12) enforce the feasible regions of call blocking prob-
ability and aggregate traffic for each Sector ;.

3. SOLUTION PROCEDURE

The above fixed sequential homing problem is
NP-complete, and we do not expect to develop an opti-
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mal algorithm for large-scale problems, Instead, an effi-
cient Lagrangean-based algorithm is developed.

3.1 Lagrangean Relaxation

By using Lagrangean refaxation method [1], we relax
three complicate constraints,. Two of them are integer
programming problems, which are Constraints (2) and
(4), and another one is signomial problem, that is Con-
straint (3). These constraints must be mmltiplied by
Lagrangean multipliers and added to the objective func-
tion. After dualizing these complicating consiraints, we
can construct the following Lagrangean relaxation prob-
lem,

Objective function (LR):

ZoHpo b5, 18) =mm§(;.,1;13,]
+221u:'[dj(zying;)_dvj
1eT jel R
2z g(rz(xfin)-e)
Fild 2T MeH, s ¥l
+;;;ﬂi{;%;;(%yﬂﬂ(li—f'])}

—G,-(—;—;-Jrl——GJ)y,,) (LR)
subject to: (1), (5), (6), (7), (8), (9), (10), (11), and (12).

In this formulation, all of uj,4;,u;, are Lagrange
multipliers but only g, must be positive, To solve this

problem, we can decompose (LR) into the following two
independent and solvable optimization subproblems.

Subproblemn 1 {related with decision variables B,
x,,and d,)

ble combination value of x,xd&, to calculate
minimum objective value for subproblem 1.

Subproblem 2 (refated with decision variabies y,
and g,)

Zmz = mzzﬂ;di(zyﬁ’gj) _Zﬂ_:gj
=T jeC ieF JeC
a
+ZZZ#}"[ZJMZZJ'.VJV'9(“ _ilD
JeC jeF =T bel,  JeCieF d

—G,—(%H—G,)yﬂ) (SUB2)
subject to: (5), (9), and (12).

Objective fimction:
Zom = minZ( 4T]8,)- ST 44,
[ red . el jel
a1
+EZZZ(I“}A:§MIh];!:Bn) (S.UBI)

weT kel feC 53

subject to: (1), (6), (7). (8), (10), and (11).

We can decompose this problem into {7} subproblems.
Each subproblem solves the following problem.

Zwm, = minA,HB, 'Z”:'dd
P JeT

+ ZZZ[;:;A‘JbeﬁBuJ VieT (SUBI)

kel JeC res
As the property of decision variable x, and given
parameter 5, we can exhaustively search for all possi-

We can decompose this problem into |C] subproblems.
Each subproblem solves the following problem.

Z.smz, = min;#;'dj(g’;yﬁ!gj} - .lujlg} —égpjuG;

a . 1

+ Zy,q Z[ZEZ'_”#;M6H'9(II —i D - ﬂ;u (""" 1- Gj)J
eF 1T | heH, peCier ¥
According to the weak Lagrangean duality theorem,

for any #4520 and u,u7, the objective value of

Z\uy, 1, p},)is a lower bound of Z;p. The following

dual problem (D) is then constructed to calculate the
tightest lower bound.

Z, =maxZ, (.15 18). D)

There are several methods for solving the dual prob-
lem (D), of which the subgradient method is the most
popular and is employed here [4]. In iteration % of the
subgradient optimization procedure, the multiplier vec-
tor & is updated by #*" =x* +1'g". The step size

£ is determined by ¢ =48(z% - Z,(z,)Y]g* ||2 where
Z;, is the primal objective function value for a heuris-
tic solution, It is an upper bound on Zgp.

3.2 Getting Primal Feasible Solution

When we use Lagrangean relaxation and subgradient
method as our solution approaches to selve the problems,
we not only get a theoretical lower bound of primal fea-
sible solution, but also get some hints when solving dual
problem iteratively. More precisely, when solving the
dual problem iteratively, a Lagrangean relaxation prob-
lem is solved. If the decision variables are feasible and
satisfy all of the constraints in the primal problem, then
a primal feasible solution is found. Otherwise, modifica-
tion on such infeasible primal solutions can be made to
obtain primal feasible solutions, For getting primal fea-
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sible solutions purpose, we propose a homing dominant
primal algorithm, denoted by Algorithm A. In Algorithm
A, we use the permutation results as the dominant deci-
sion and then allocate available chamnels by
load-balance approach.

[Algorithm 4]

Step 1. Initialize permutation s=0 to denote the first
homing situation for all of MTs.

Step 2. For each sector jeC, applying the sequential
homing policy, referred to the decision variable
x,, of MT ¢ from Lagrangean dual problem, to
pre-calculate the aggregate traffic under permu-
tation § situation by Constraint (3):

3(egoi) o

Step 3. For channel assignment putpose, we calculate
the blocking rate reduction level for each sector
jeC and then sort sector order by their
contribution of reducing objective value if
assigning one additional chanmel to sector.

Step 4. Using the comments of Lagrangean dual prob-
lem to sort channel order for Sector j The
comments are calculated from the coefficient of
channel assignment decision variables y,

a

3 S 1-6))

1eF \ kel JeCieF Ay 14

Step 5. Assign the lowest coefficient channel / to the
greatest objective reduction sector j and then
check the feasibility of this assipnment. We
must ensure the configuration constraints for
Sector j (Constraint (5)) and the QoS con-
straints for each MT that is homed to Sector j
(Constraint (4)).

Step 6. If the QoS constraints are feasible, assign this
Channel i to Sector j, change the system status,
resort sector order, and go to Step 3. Otherwise,
retry to assign next channel for Sector j by go
to Step 5. If the configuration constraints or
blocking probability constraints violate, go to
Step 7 to apply drop-and-add approach to mod-
ify sequential homing policy.

Step 7. For tuning infeasible solution purpose, we sort
all of sectors by its residue capacity in decreas-
ing order to construct modify sactor order. This
sector order reveals the sector modifiability to
reroute more traffic from infeasible sectors.

Step 8. Reroute the traffic load of multiple candi-
date-home MT from the most infeasible sector
to the greatest modifiability sector, Check the
feasibility of both modified sectors and medify
the sequential homing decision.

Step 9. If the most infeasible sector still infeasible, go
to Step 8 to reroute more traffic. If any sector
still infeasible, go to Step 7 for further tuning,

Step 10. If all of permutation cases have processed, cal-
culate the objective value and keep the best
feasible solution, Otherwise, set s=s+1 and go
to Step 2 for processing next permutation
phase.

4. COMPUTATIONAL EXPERIMENTS

In this section, we randomly generate a sectorization
wireless network topology as our experiment environ-
ment. In this topology, there are 5 BSs constructed by 15
smart antenna to service 20 MT clusters under the
GSM-like situation that frequency ( /) is on $00 MHz,

bandwidth (W) is 12.5 MHz, CIR (y) is 9 dB, average
MT height (4 ) is between 1 m to 10 m, average BS
height (A, ) is between 30 m to 200 m. For comparison
purpose, we also develop a primal heuristic as follows.

4.1 Primal Heuristic

For developing a primal heuristic, we adopt the most
traditional homing policy which home each MT priori-
tizes to the greatest received downlink power sector. We
denote this power dominant homing policy as Heuristic
H and describe in the following. In Heuristic H, the
homing permutation is in decreasing order of received
power. The sector order for assigning channel is the
same with Algorithm 4 by sorting the contribution of
reducing objective value in decreasing order. For sim-
plicity purpose, we assign channel just by the order of
channel identifiers. The detail description of this primal
heuristic is described in the following.

[Heuristic H}

Step 1. For each MT te T, following received power
dominant rule to become the homing sequence
of each MT, Initialize s~0 and begin to process
the first homing phase.

Step 2. For each sector je C, calculate the aggrepate
traffic on each permutation situation s.

Step 3. Sort sector order by blocking rate reduction level
of each sector in decreasing order.

Step 4. Using the channel identifier as the channel order,
check sequentially the feasibility of channel as-
signment policy for the greatest objective
reduction sector f.

Step 5. If the QoS constraints are feasible, assign this
Channel i to Sector j, change the system status,
resort sector order, and go to Step 3. Otherwise,
refry to assign next channel for Sector j by go to
Step 4. If the configuration constraints or block-
ing probability constraints violate, rehome the
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MT to rext candidate home sector.

Step 6. If all of permutation cases have processed, cal-
culate the objective value and keep the best
feasible solution. Otherwise, set s=s+1 and go to
Step 2 for processing next permutation phase.

4.2 Experiment Results

After several computational experiments, we list all of
the experiment results together in Table 3. For exploring
the effect of adjustable channel separation, the experi-
ments are performed the network topology on different
propagation environment to evaluate the effect of ad-
justable channel separation. In these cases, we can find
that different propagation environments have different
niche channel separation. In this GSM-like test envi-
ronment, the performance of 100 kHz channel
separation is better than that of the standard GSM sys-
tem, which channel separation, is 200kHz.

In the second experiment, we compare the computa-
tional results of Algorithm 4 and Heuristic A to evaluate
the effective of the proposed algorithm. In these experi-
ments, we ¢an observe that as the traffic load increasing,
Algorithm A can achieve feasible solution but Heuristic
H cannot. Furthermore, Algorithm A achieved average
up to 99% improvement of the total call blocking rate.

5. CONCLUSION

In this paper, we consider the problem of realtime
distributed admission controls for channelized wireless
communication networks. Instead of adopting DCA pol-
icy, we develop a centralized sequential homing
algorithin cooperate with fixed channel assignment to
maximize spectrum efficiency. Further, we study the
effect of adjustable channel separation together consid-
ering peneric channel interference on different
propagation environments.

We formulate the sequential homing problem as a
combinatorial optimization problem and use Lagrangean
relaxation as our solution approach. In the computa-
ticnal experiments, the proposed channel separation is
better than GSM system. We also compared the pro-
posed algorithm with the power dominant heuristic on
test networks. The proposed algorithm achieved average
up to 99% improvement of the total call blocking rate.
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Table 3. Experiment results for Algorithm 4 and Heuris-
tic A upon several test networks.

Case | Areas| Ai | 4, | Algorithm 4 | Heurisic &7 | IOV
| |open | 50 | 2 | 8478110 | L1600o04 | 99.9%
2 |open{ 100 | 2 | 5.8552¢-19 | 82101 004 | 100%
3 |open | 200 | 2 | 2605413 | 10501 c-02 | 100%
4 |open | 300 | 2 | 26515004 | 17376001 | 99.8%
5 |open| 50 | 5 | 66102e03 |9.0580e01 | 99.2%
6 |open | 100 | 5 | 3.2364-09 | 9.6843¢-01 | 99.9%
7 | open | 200 | 5 | 2047703 |3.0707ex00| 99.9%
8 |open | 300 5 |50930eH00 N/A -

9 |open | 100 [ 10 | 17254007 | NA —
10 |open § 200 | 10 | 54501600 | WA —
11 | open | 300 | 10 N/A N/A —
12 |uban| 50 | 2 | 11209¢-13 | 9943605 | 100%
13 |uban | 100 | 2 | 7.068826 | 2.5741 004 | 100%
14 |udan | 200 | 2 | 7.638005 | 2.5839e02 | 99.7%
15 |uan | 300 ] 2 | 3819604 | 63651601 | 99.9%
16 |wban| 50 | 5 | Leoize02 |29121e400| 99%
17 |utan | 100 | 5 | 3.5969c.06 | 29843 500 | 99.9%
18 |uban] 200 | 5 | 9782801 | N —
19 |uban| 300 | 5 | 157646401 | NA —
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