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Abstract— This paper proposes an optimization model for 
the LTE RAN network planning that aimed to accounting of 
ser-vices multi-period planning. The analysis of experiments 
results showed that formulation of the problem, which is 
shown in paper and presented as a problem of MILP, allows 
to obtain the correct solutions from the practical point of 
view. Comparison of the result showed that usage of multi-
period network and services planning increase the profit 
margin to 10% more than the proposed by us previously 
method. 
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I.  INTRODUCTION 
The Long Term Evolution (LTE) is a step toward the 

4th generation (4G) of mobile radio technologies to 
increase the spectral efficiency and to obtain higher 
throughput. During the design of telecommunications 
systems is necessary to ensure coherent solution of 
problems such as the choice of the topology, the selection 
channel capacity, routing and flow distribution [1]. It 
should be noted that the creation of a network is not 
instantaneous process. Typically, the creation of a network 
goes stage by stage, with a gradual increase in its capacity 
and territory covered. This makes the problem of multi-
stage planning ensuring high economic efficiency urgent. 
As a criterion of efficiency in this case we can select the 
maximum of operator's profit. 

Multi-period design [2] refers to network design 
problems that span over a time horizon in terms of weeks 
to months, and sometimes even to several years.For 
realization provision of services in the network, in 
addition to creating a network infrastructure that provides 
the traffic transmission, you must also install equipment 
for service delivery and ensure its configuration. Services 
providing planning is important patch of LTE RAN 
creating process. In [3] we are proposed method for 
solving multi-period LTE RAN planning problem, but this 
method did not take in account services which provided in 
network. 

This conference paper offers the modification of the 
proposed by us previously method [3, 4] directed to 
elimination these shortcomings. 

II. OPTIMIZATION MODEL SYNTHESIS AND PROBLEM 
DEFINITION 

LTE RAN can be represented as set of eNodeB which 
transmit information to UE.  

Let`s denote: 

{ }aA =  - set of test points (TP) [5], which covering an 
area of the LTE RAN. 

{ }zZ =  - set of transmitters that can be mounted on the 
eNodeB`s in locations candidates; 

f  – frequency channel is used to organize the radio 
link between the UE and eNodeB to the LTE RAN.  

F  – finite set of available channels; 

W  – constant bandwidth of frequency channels; 
f

zP  – emitted power at which TRX Zz ∈  transmits on 
given frequency Ff ∈ . 

{ }ςς GGG ,,, 21 =  - a family of sets, where 

ς,1, =⊆ iZGi , is a set of mutually exclusive TRXs. 

Creation of LTE RAN is a multistep process with a 
limited budget. We write: 

K – number of periods; 

Q – network creation budget; 

)(kcz  – represent the overall cost of installation of 
TRX z over period k. 

)(kc f
z  - represent the usage cost of TRX z, which 

activated on frequency f over period k. 

}{vV =  - set of profiles [6, 7], ),( vvv ϕµ= , where 

vµ  representing the SIR threshold that must be reached 
to ensure service coverage;  

vϕ  is the spectral efficiency [ Hzs
bit

⋅ ] associated with 
the burst profile. 

For LTE RAN multi-period network planning 
necessary to form step by step plan for service providing. 
Thereby we define next additional variables for our base 
optimization model [3, 4]. 

}{sS =  - set of services which planning for providing 
in our LTE network; 

Each service characterized by several parameters such. 
sh  - traffic arising in the network when providing 

service s in a unit volume; 
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se  - revenue per a unit which operator receives when 

provide service in LTE network; 

)(kqs
a  - predicted demand (service units) from 

subscribers of test point a during planning period k for 
service s. 

The total operator revenue from served test point a can 
be defined as 

 )()( kqeke s
a

ss
a = .  

During planning process we need to define the set of 
test point, which are served and set of service for each test 
point a during period k.  

We introduce sets of Boolean variables: 



 ∈

=
otherwise. 0

, period planningat  served is  ТP if 1
)(

kAa
kya

 



 ∈

=
otherwise. 0

, period planningon  installed  ТRX if 1
)(

kZz
kxz

 







 ∈
=

otherwise. 0
, period planningat 

  channel frequence use  TRX if 1
)( k

fZz
ky f

z

 







 ∈∈
=

otherwise. 0
, period planningat  

   TPfor  provided is   service if 1
)( k

AaSs
kxs

a

 











∈
∈

∈∈

=

otherwise. 0
 ; period planningat   profile

burst with  frequenceon  
   TRXby  served is  ТP if 1

)(
kVv

Ff
ZzAa

kx fv
az  

and real variable 

)(kxsfv
az  - traffic proportion of service Ss ∈ , which is 

transmitted to TRX Zz ∈  from the subscriber Aa ∈ on 
frequency Ff ∈  with burst profile Vv ∈  at period k. 

)(kp f
z  representing the power emitted by TRX Zz ∈  

on channel Ff ∈  at planning period k. 

Dependence between variables can be described by 
next set of conditions. 

TRX Zz ∈  can be activated of any frequency f only if 
it has installed before.  

 ZzkxMky
K

k
z

Ff

K

k

f
z ∈≤ ∑∑∑

=∈ =

,)()(
11

, (1) 

where М – large constant. 

TRX Zz ∈  can be installed only one times 

 Zzkx
K

k
z ∈≤∑

=

,1)(
1

. (2) 

A test point Aa ∈  can be served only if there exists at 
least one TRX z serving a on a frequency f with burst 
profile v. 

 KkAakxky
Zz Ff Vv

fv
aza ..1,),()( =∈≤ ∑ ∑∑

∈ ∈ ∈

. (3) 

If 1)( =kx fv
az , for some Zz ∈ , Ff ∈ , Vv ∈ , then 

TRX z must be activated on frequency f. 

 KkVvFfZzAakykx f
z

fv
az 1,,,,)()( =∈∈∈∈≤ . (4) 

Propagation channel model for case, when, a is served 
by Z∈β  on frequency f with profile v   
( 1)( =kx fv

aβ ) can presented as inequality. 

+⋅−⋅ ∑
∈ }{\

)()(
β

ββ γµγ
Zz

f
zazv

f
a kpkp ( ) NkxM v

fv
a ⋅≥−⋅ µβ )(1 ,(5) 

where azγ  - overall strength attenuation ]1,0[∈azγ  from 
the center of the test point accommodating transmitter 

Zz ∈  to the center of each TP Aa ∈ ; N  - is the thermal 
noise; М – large constant. 

To prevent the activation of mutually exclusive TRXs, 
we introduce the following family of constraints: 

 ,1)( ≤∑
∈Gz

f
z ky     KkFfZz 1,, =∈∈ . (6) 

In case if TRX z is not activated on frequency f  then 
0=f

zp . This can be expressed by  

 max)()( z
f
z

f
z Pkykp ⋅≤ ,    FfZz ∈∈ , . (7) 

Expenses at each stage consists of the cost of installing 
new TRX and usage cost of TRX z, which activated on 
frequency f. Total budget )(kq  for the k-th stage is 

 ∑ ∑∑
∈ ∈∈

+=
Ff Zz

f
z

f
z

Zz
zz kykckxkckq )()()()()( . (8) 

The total cost of creating the entire network LTE RAN 
must not exceed the maximum value of Q: 

 Qkq
K

k
≤∑

=1
)( . (9) 

Traffic, which arises in network, can be found as 

 )()()( kxkqhkh s
a

s
a

ss
a = . (10) 

The service Ss ∈ is provided for test point Aa ∈  only 
if this test point is served at planning period k 

 )()( kyMkx a
Ss

s
a ⋅≤∑

∈

, Aa ∈ . (11) 

For traffic proportion must be true next condition 

 SsAaxx
Ss

s
a

Ff Vv

sfv
az ∈∈∀=∑ ∑∑

∈ ∈ ∈

,, . (12) 

When TP а served by LTE RAN, that is to say 1=fv
azx , 

then traffic occupies part of bandwidth W of channel f. The 
total bandwidth required to service consumed traffic must 
not exceed the bandwidth of communication channel:      
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 Wkxkh
Aa Vv Ss

sfv
az

v

s
a <⋅⋅∑∑∑

∈ ∈ ∈

)(1)(
ϕ

, KkFfZz 1,, =∈∈ , (13) 

or  

 Wkxkqh
Aa Vv Ss

sfv
az

v

s
a

s <⋅⋅∑∑∑
∈ ∈ ∈

)(1)(
ϕ

, 

   KkFfZz 1,, =∈∈ , (14) 

In the process of planning a LTE RAN is necessary to 
find a network configuration to ensure maximum operator 
profit. That can be represented as follows 

 −− ∑∑∑∑∑
= ∈= ∈ ∈

K

k Zz
zz

K

k Aa Ss

s
a

s
a

s kxkcxkqe
11

)()()(
  

  
max)()(

1
→− ∑∑ ∑

= ∈ ∈

K

k Zz Ff

f
z

f
z kykc . (15) 

First part of (15) is operator profit, another parts are 
installation cost of TRX and its usage cost, which activated 
on some frequency. 

III. BRIEF ANALYSIS OF THE PROPOSED OPTIMIZATION 
MODEL 

Experimental investigation of the effectiveness and 
correctness of our optimization model was carried out on 
the basis of input data generated randomly. The experiment 
was repeated several times with different numbers of nodes 
in LTE RAN network.  

To solve the mixed integer programming problem 
offered to use mathematical modeling and calculation 
software, such as ILOG CPLEX 12.0. 

Our experiments was performed at the same values of 
input data. Input data related to the planning of services 
chosen as follows method. For basic optimization model 
[3] demand from subscribers of test point  during period k. 
were equal to demands for the case when all services will 
be provided. 

The analysis of experiment’s results showed that 
modified by us optimization model for LTE RAN planning 
problem allows to obtain the correct solutions from the 
practical point of view. 

TABLE I.  RESULTS COMPARISON 

Network size  
(sites / Test points) 

Profit margin 
LTE RAN MPP LTE RAN and Services MPP 

2 / 64 0 % 0 % 
5 / 91 0 % 4 % 
7 / 91 4 % 8 % 
8 / 100 7 % 10 % 
11 / 256 9 % 12 % 

Comparing the values of the operator's profit values 
that obtained during planning based on our previous 
optimization model and on modified model showed that 
the profit margin under usage of modified optimization 
model is 12% higher than for basic model. 

IV. CONCLUSION 
This paper proposes an optimization model for the LTE 

RAN network planning that improvement of our previous 
method and aimed to accounting of services multi-period 
planning. The major physical, radio-electrical and planning 
parameters are identified and represented by the decision 
variables of a suitable mixed integer linear programming.  

In order to get the optimization model with services 
multi-period planning it is needed to add in our previous 
model set of parameters that describes services, revenue 
and traffic characteristics; add a condition that service is 
provided for test point only if this test point is served, 
condition for traffic proportion and condition that traffic 
occupies part of bandwidth of channel, which not exceed 
the bandwidth of communication channel. We also need to 
modify the objective function of the optimization model to 
account services providing revenues. 

Comparing the values of the operator's profit values 
that obtained during planning based on our previous 
optimization model and on modified model showed that the 
profit margin under usage of modified optimization model 
is 12% higher than for basic model. 
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