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IntroductionIntroductionIntroductionIntroduction
� OFDMA networks such as WiMAX and LTE are pointed by the 

industry as the most suitable technologies for the future 
deployment of cellular networks.

� In order to avoid inter-cell interference OFDMA networks are 
flexible in terms of radio resource management and FRSs
(Frequency Reuse Scheme).

� However, most of these techniques are not suitable for dynamic 
scenarios where the traffic demands and channel conditions 
rapidly change.
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� In this work, DFP (Dynamic Frequency Planning) is presented as a 

new approach to the frequency assignment problem tailored to 
OFDMA networks.

� DFP may decrease the inter-cell interference and increase the 
capacity of the network by dynamically adapting the radio 
frequency parameters to the specific scenario.

� DFP uses novel algorithms to sense the radio channel, and 
adapted versions of Simulated Annealing, Tabu Search, or Greedy 
Algorithms to solve the optimization problem.
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OFDMA/TDD FrameOFDMA/TDD FrameOFDMA/TDD FrameOFDMA/TDD Frame
� When using OFDMA, different users are allocated to different 

subsets of sub-carriers called sub-channels, allowing the use of 
multi-user or frequency diversity.
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� Many FRSs have been proposed to reduce inter-cell interference. 

However, they are based on static forecasts. Therefore, they are 
not able to cope with the changing behavior of the users and the
environment.
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� The demand vector indicates the number of sub-channels needed 

per sector to satisfy the users demands.

� It is calculated as follows:

� Number of users able to decode the preamble in each sector

� Requested slots for the i-th user (1)(2)

� Requested sub-channel for the Si-th sector (3)

(1) Slot throughput ( Kbps ) =  

Subcarriers

slot
⋅ bits

subcarrier
5ms

(2) Slot i = Requested Throuhgput i  (Kbps )
Slot throughput i  (Kbps )

(3) C S j
= Slots i

i ∈ S j

∑ ⋅ slots

sub − channels
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DFP DFP DFP DFP –––– Restriction Matrix (I)Restriction Matrix (I)Restriction Matrix (I)Restriction Matrix (I)
� Measurement Report contains information about Serving Cell and 

the  strongest Neighbouring Cell

Serving Cell

Neighbour Cell

Other Cells
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� When a MR is received by the BS, the received signal power of the 

Serving Cell and the Neighbour Cell are compared.

� An Interference Event happens if the signal from the Serving Cell 
is stronger / weaker with respect to Neighbour Cell by specified
threshold value defined by the operator.

� Dividing # I (Interference Event) by # MR (Measurement Report) 
for a given threshold (e.g.12dB) indicates the amount of 
overlapping from the Serving Cell  and the Neighbour Cell in terms 
of % of time.

� Finally, the Restriction Matrix can be build. The size of the 
restriction matrix is  [Sector x Sector].
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12 Sectors Scenario 

Example of: 

Capacity Estimation

Restriction Matrix 
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DFP DFP DFP DFP –––– Frequency Assignment ProblemFrequency Assignment ProblemFrequency Assignment ProblemFrequency Assignment Problem
The problem is to:

min
W ij

Di ⋅ D j

y i, j,k
k ∈NF

∑
j ∈N

∑
i∈N

∑

subject to :

x i,k

k= 0

NF

∑ = Di ∀i,k

y i, j,k ≥ x i,k + x j,k −1 and y i, j,k ≥ 0 ∀i, j,k

x i,k ∈ {0,1} ∀i,k

N    number of sectors,  {1,... n i,...N}

NF  number of subchannels,  {1,... f k,,...NF}

D i   requested subchannels by the i - sector

W i,j  interference restriction between the i - sector and the j- sector

y i,j ,k  
1,  the i - th and j - th sector are using the k - frequency

0,  otherwise

 
 
 
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DFP DFP DFP DFP –––– Solving AlgorithmsSolving AlgorithmsSolving AlgorithmsSolving Algorithms
� Meta-heuristics

16

Solution Space, S

Solution, s
Neighbour, 
s’

f(s)

Movement

f(s’)

best neighbour = min f(s’)

1 2
6 7

8 1

1 2 3 4

5 6 7 8

3 4

1 2
5 6 7

8 5

1 2 3 4

5 6 7 8

3 4

NEIGHBOUR DEFINITION

Neighbourhood, N

8 is a forbiden value

N>8 are forbiden values
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DFP DFP DFP DFP –––– Solving Algorithms (I)Solving Algorithms (I)Solving Algorithms (I)Solving Algorithms (I)
� Simulated Annealing

s := s0; e := f(s) // Random Solution
sb := s; eb := e // Best Solution
T := high value // Temperature
k := 0 // Iterations
while T > Tmin and e > emax // While T > Tthreshold or not good enough:

sn := neighbour(s) // Random neighbour
en := f(sn) // Compute its energy
if en < eb then // Is this a new best?

sb := sn; eb := en // Yes, save it.
elseif P(e, en, temp) > rnd() then    // Should we move to it?

s := sn; e := en // Yes, change state.
k := k + 1 // Increase iterations

T *= annealing factor              // Update temperature 
return sb // Return the best solution found.
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DFP DFP DFP DFP –––– Solving Algorithms (II)Solving Algorithms (II)Solving Algorithms (II)Solving Algorithms (II)
� Tabu Search

s := s0; e := f(s) // Random Solution

sb := s; eb := e // Best Solution

T := 0 ; k := 0 // Tabu List & Iterations

while k < kmax and e > emax // While time remains and not good enough:

k := k + 1 // Increase iterations

for (neighbourhood(s))

sn := neighbour(s) ; en := f(sn) // Neighbour & Compute its energy

[sbn, ebn] := select_best_neighbourh

if ebn < eb then // Is this a new best?

sb := sn; eb := en // Yes, save it.

elseif ebn < e then  // Is the best neighbour better that the 
current?

s := sbn; e := ebn // Yes, we move to it

else // Otherwise

s :=random(s); e := f(s) // No, we select a random neighbour

Update tabu list // Update tabu list 

return sb // Return the best solution found.
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DFP DFP DFP DFP –––– Solving Algorithms (III)Solving Algorithms (III)Solving Algorithms (III)Solving Algorithms (III)
� Greedy Algorithms

Operation = Insertion: We start with empty assignments. At each iteration, 
we first compute the frequency which increases the cost function the least 
for all sectors.

Then:
� Random Insertion (RI): Select a random sector

� Minimum Insertion (MinI): Select the sector increasing the cost 
function the least.

� Maximum Insertion (MaxI): Select the sector increasing the cost 
function the most.
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DFP DFP DFP DFP –––– Solving Algorithms (IV)Solving Algorithms (IV)Solving Algorithms (IV)Solving Algorithms (IV)
� Reverse Greedy Algorithms

Operation = Remove: We start with full assignments. At each iteration, we 
first compute the frequency which decreases the cost function the most for 
all sectors.

Then:
� Random Insertion (RR): Select a random sector

� Minimum Insertion (MaxR): Select the sector decreasing the cost 
function the most.

� Maximum Insertion (MinR): Select the sector decreasing the cost 
function the least.
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Results Results Results Results ---- ScenarioScenarioScenarioScenario

Overlapping Sectors

Heavy Interference

(DL case)
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Results Results Results Results –––– Heuristics Vs Greedy Algorithm Heuristics Vs Greedy Algorithm Heuristics Vs Greedy Algorithm Heuristics Vs Greedy Algorithm 



CENTRE FOR WIRELESS 
NETWORK DESIGN

Results Results Results Results –––– Simulation Simulation Simulation Simulation 

# of success users and throughput
increases when interference 

decreases. 

# of blocked users on the other hand 
decreases 
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ConclusionsConclusionsConclusionsConclusions
� This work has introduced a novel approach to the frequency 

assignment problem tailored to OFDMA networks.

� DFP proposed a new model for capacity and inter-cell interference 
estimation in OFDMA networks.

� Adapted SA, TS and greedy algorithms have been used to solve 
the optimization problem.

� Greedy algorithm have been demonstrated very useful since they 
run very fast and they produce slightly worse solutions than meta-
heuristics (by around 6%).

� DFP significantly reduces inter-cell interference (by around 70%) 
and increases system capacity (by around 20%)
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