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1. PROBLEM STATEMENT

A GSM wireless operator is planning to expand its coverage to a new area. The operator has been given 5 Mhz  of bandwidth.  Traffic and coverage analysis were studied by the RF engineering team.

The results of the studies indicate that 27 cells are needed to cover the new area. The location of each cell site  is given as a (x,y) coordinate in Table 1.1.  For frequency planning purposes a 3/9 frequency re-use pattern was required to minimize interference. A 3/9 re-use pattern means that there are three three-sector sites supporting nine cells i.e each cell sites has 3 cells. Frequencies in the 3/9 cell plan is given in table 1.2

Traditionally cell planners divide the needed coverage area into many smaller areas (cells) which form clusters. A cluster is a group of cells in which all available carriers have been used only one time.  Using carriers in cells in neighboring clusters leads to interference.  To minimize interference the frequency re-use  distance (distance between two sites using the same carrier) must be as large as possible.

Using data provided by its RF engineering team, the operator  wishes to build a network that minimizes interference.

Table 1.1

Cell site geographical location

Cell site #
X coordinate value

(in km)
Y coordinate value

(in km)

1
1
1

2
3
1

3
5
1

4
1
3

5
3
3

6
5
3

7
1
5

8
3
5

9
5
5

Table 2.2 

24 frequencies in the 3/9 re-use pattern cell plan
Channel groups
A1
B1
C1
A2
B2
C2
A3
B3
C3

RF

Channels
512

521

530
513

522

531
514

523

532
515

524

533
516

525

534
517

526

535
518

527


519

528
520

529

3/9 re-use pattern means:

      three three-sector cell sites giving a total of 9 cells

- RF channels given correspond to the 

  frequency interval  1710 - 1715 MHz 

  5 Mhz of bandwidth in GSM 1800

2. PROPOSED OPTIMIZATION SOLUTION

2.1 NETWORK DIAGRAM
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2.2 ASSUMPTIONS

i) Given a 3/9 re-use pattern (each three-sector site has 3 cells, there are 3 three-sector sites giving a total of 9 cells per cluster

ii) From Table 2.2 there are three cells sites in the cluster








· Cell site 1 has cells A1, B1, C1

· Cell site 2 has cells A2, B2, C2

· Cell site 3 has cells C3, B3, C3

iii) Since 27 cells are required for complete coverage the number of total cell site is 9

iv) Carrier frequency is 5 MHz

v) Geographical area covered by each cell site is the same

vi) RF Channels are allocated according to traffic demand in each cell

vii) For 3/9 C/I >= 9 (frequency hopping)

2.3 DECISION VARIABLES

xij = place cell site i at location j 

j = 1,..,9

Distance[i] = total distance between all three locations of site i ( i = 1,..,3)

vi = deviation over distance for site i

ui = deviation under distance for site I

2.4 CONSTANTS

param d[j,k] = one way distance between location j and location k


j  = 1,..,9


k = 1,..,9

2.5 CONSTRAINTS

i)  ReuseFactorEqualThree {i in I}:

sum {j in J} x[i,j] = 3

ii) OneCellSitePerLocation {j in J}:

sum {i in I} x[i,j] = 1

iii) TotalDistanceForEachSite {i in I}:

sum {j in J, k in K} x[i,j] * d[j,k] = Distance[i]

iv) UniformDistance1:

Distance[1] - Distance[2] - v1 + u1 = 0

v)  UniformDistance2:

Distance[2] - Distance[3]  - v2 + u2 = 0

vi)  UniformDistance3:

Distance[1] - Distance[3]  - v3 + u3 = 0

vii)  NonNegativity


xij 

>= 0

Distance[i]
>= 0

vi 

>= 0

ui 

> = 0

2.6 OBJECTIVE FUNCTION

minimize Dev: v1 + v2 + v3 + u1 + u2 + u3

2.7 MATHEMATICAL FORMULATION

minimize Dev: v1 + v2 + v3 + u1 + u2 + u3

(2.1)

subject to ReuseFactorEqualThree {i in I}:

sum {j in J} x[i,j] = 3




(2.2)

subject to OneCellSitePerLocation {j in J}:

sum {i in I} x[i,j] = 1




(2.3)

subject to TotalDistanceForEachSite {i in I}:

sum {j in J, k in K} x[i,j] * d[j,k] = Distance[i]
(2.4)

subject to UniformDistance1:

Distance[1] - Distance[2] - v1 + u1 = 0

(2.5)

subject to UniformDistance2:

Distance[2] - Distance[3]  - v2 + u2 = 0

(2.6)

subject to UniformDistance3:

Distance[1] - Distance[3]  - v3 + u3 = 0

(2.7)

NonNegativity

Distance[i], xij, vi, ui
>= 0


(2.8)

2.8 AMPL SOLUTION
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2.9 AMPL CODE

# 05/06/03

# Bakary Sylla

# EMIS 8378 Term project

# Frequency planning optimization

option solver CPLEX;

set I;

set J;

set K;

# x[i,j] cell site i is placed at point j

var x{I,J} integer >= 0;

var y{J,K} integer >= 0;

var z{J,K} integer >= 0;

# identical cell site separation

var Distance{I} >= 0;

var v1 >= 0;

var u1 >= 0;

var v2 >= 0;

var u2 >= 0;

var v3 >= 0;

var u3 >= 0;

# distance between point j and point k

param d{J,K} >= 0;

#param z{J,K} >= 0;

minimize Dev: v1 + v2 + v3 + u1 + u2 + u3;

subject to ReuseFactorEqualThree {i in I}:

sum {j in J} x[i,j] = 3;

subject to OneCellSitePerPoints {j in J}:

sum {i in I} x[i,j] = 1;

subject to TotalDistanceForEachSite {i in I}:

sum {j in J, k in K} x[i,j] * d[j,k] = Distance[i];

subject to UniformDistance1:

Distance[1] - Distance[2] - v1 + u1 = 0;

subject to UniformDistance2:

Distance[2] - Distance[3]  - v2 + u2 = 0;

subject to UniformDistance3:

Distance[1] - Distance[3]  - v3 + u3 = 0;

data;

set I := 1 2 3;

set J := 1 2 3 4 5 6 7 8 9;

set K := 1 2 3 4 5 6 7 8 9;

param d :=

1 2 2

1 3 4

1 4 2

1 5 4

1 6 6

1 7 4

1 8 6

1 9 8

2 3 2

2 4 4

2 5 2

2 6 4

2 7 6

2 8 4

2 9 6

3 4 6

3 5 4

3 6 2

3 7 8

3 8 6

3 9 4

4 5 2

4 6 4

4 7 2

4 8 4

4 9 6

5 6 2

5 7 4

5 8 2

5 9 4

6 7 6

6 8 4

6 9 2

7 8 2

7 9 4

8 9 2

1 1 0

2 2 0

3 3 0

4 4 0

5 5 0

6 6 0

7 7 0

8 8 0

9 9 0

2 1 0

3 1 0

4 1 0

5 1 0

6 1 0

7 1 0

8 1 0

9 1 0

3 2 0

4 2 0

5 2 0

6 2 0

7 2 0

8 2 0

9 2 0

4 3 0

5 3 0

6 3 0

7 3 0

8 3 0

9 3 0

5 4 0

6 4 0

7 4 0

8 4 0

9 4 0

6 5 0

7 5 0

8 5 0

9 5 0

7 6 0

8 6 0

9 6 0

8 7 0

9 7 0

9 8 0

;

solve;

display x;

display Distance;

display v1, u1;

display v2, u2;

display v3, u3;
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