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Abstract  

Presents a mathematical model of resource blocks distribution in LTE technology downlink. Offered model aims at providing 

guaranteed quality of service wireless users by user stations allocating of required transmission rates. Comparative analysis of ob-

tained solutions by using different objective functions. Using various kinds of objective functions in offered model is directed to re-

source blocks allocation of minimum downlink or a minimum data transmission rate of each user station. It was found the greatest 

savings of time frequency resource allows objective function aimed at minimizing number of used resource blocks. The model offered 

in classes of service CoS corresponds to Class B each providing each user station a guaranteed transmission rate, with access to ad-

ditional (non-guaranteed) bandwidth. Keywords: LTE; mathematical model, required rate, objective function, resource block. 
 

 

In LTE developed by 3GPP, one of the effective ways of productivity and quality of service (QoS) 

increasing is network protocols and mechanisms responsible for available net resources improvement. They 

are, first of all, time resource – OFDM-symbols and frequency resource – subcarrier. OFDM-symbol is 

period of time during of which amplitude and phase of modulated subcarriers is constant. The task solving 

about radio resources allocation is based upon requirements to QoS and can be placed on radio resources 

management (RRM) system, upon scheduler inside the system. 

The result of the task solution about allocation of frequency and time resources must be allocation 

resource block (RB) to user equipment (UE) in download of a single frame. Resource block is the least 

structure element, allocated by a single UE [1]. 

The offered model is directed for application in wireless networks LTE, using frequency and time 

channel division. At the model development we consider the fact that the least structure unit of radio 

resource to be managed at the scheduling task solving RB [1]. 

By developing of mathematical model it takes into account the fact that as the core UE access 

technology to frequency and time resources in LTE technology it was chosen multiple access with 

orthogonal frequency division (Orthogonal Frequency Division Multiple Access, OFDMA), based on 

Orthogonal Frequency Division Multiplexing (Orthogonal Frequency Division Multiplexing, OFDM) [2] - 

[3]. In this case, the smallest structural unit of radio resource, which can be controlled by solving task of 

planning  which is RB [2]. Each RB occupies 12 neighboring OFDM subcarriers in frequency domain, and 

one slot (0.5 ms) in time domain consisting of six or seven OFDM-symbols (the smallest structural unit of 

the OFDM time domain).  

In offered model are given as known following data [4]: 

N  – UE number; 

1) M  – the number of RB, generated during transmission of one time slot; 

2) sK  – the number of subcarriers for transmission of data in one RB. This parameter depends on 

frequency separation between subcarriers f  and must satisfy kHz condition 180fKs  kHz. sK may take 

the values 12 and 24, which correspond to a frequency spacing subcarrier f  in 15 kHz and 7,5 kHz; 

3) RB
symbN  – the number of characters forming one resource block.  

4) Parameter RB
symbN =7 in the case of normal cyclic prefix usage. (cyclic prefix, CP). Duration of normal 

CP of first OFDM-symbol is 1
CPT =5,2 mks, and from the second till the sixth OFDM-symbol – 62

CPT =4,7 

mks. By usage of extended СР ( CPT =16,7 mks) RB consists from six OFDM-symbols ( RB
symbN =6); 

5) RBT =0,5 ms – transferring time of one RB; 



Первая Международная научно-практическая конференция 
«Проблемы инфокоммуникаций. Наука и технологии»  

 

 

 
~ 170 ~ Харьков, Украина 

9 – 11 октября 2013 г. 
 

6) mn
cR ,  – code speed, used by signal coding n  UE on subcarriers of m  SB; 

7) mn
bk ,

 – symbol bit loading of n  UE subcarriers of m  SB;  

8) n
трбR  – required data rate, for n  UE. 

 While resource blocks allocation task solving within the scope of the offered model it is necessary to 

secure the calculation of boolean control variable ( knx , ) defining the order of allocation scheduling blocks 


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
otherwise,  0,
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   (1) 

where Mm ,0 ; Nn ,1 . 

At sought date calculation n,mx  it is necessary to complete a number of conditions/constraints: 

1) Condition of allocation m-th RB of downlink no more that to one UE 
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2) Condition of allocation for n -th UE number of RB, securing necessary rate of transmission in 

downlink using scheme modulation and coding (MCS): 
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To basic requirements for optimality criterion it is attributed, on the one hand, the correspondence of 

physical problem solving i.e. tasks of RB distribution and on the other, obtaining possibility of based on it 

practically workable solutions (results). 

xf Tmin ,      (4) 

where f  – objective function. 

Using of optimality criterion (4) it is aimed at minimizing the time-frequency resource allocated to all 

user stations. 

In this case, the objective function takes the form.   

 ,1,1,1,1,...f 11  .     (5) 

With the proviso that the number of elements in the vector 1f  corresponds to the number of elements in the 

vector x  and all of them are equal to one. 

Moreover task of minimizing of used time-frequency resource number can be solved by using objective 

function to minimize transmission rate allocated to all user stations. Such objective function may be represented as.   

 N,Mn,m,, r,r,,rrf ,...,...,21112  ,           (6) 

21 fff  .              (7) 

Using target function (7) is directed to a joint minimization of used resource blocks and transmission 

rate allocated to user stations in a downlink.  

Let us imagine result of problem solving of resource blocks allocation by using objective function (5). 

As we can see from results obtained (Fig. 1) to provide desired data transmission rate to user stations nine 

resource blocks are allocated. 
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RB1 RB2 RB4 RB5 RB6 RB7 RB8 RB9 RB10 RB11 RB12RB3

- Using RB 

- Not Using RB 

eNodeB

UE 1 UE 2 UE 3 UE 4

 

Fig. 1. An example of objective function use (5) 

Results of solving using problem of objective function (6) are shown in Fig. 2. By using of objective 

function (6) the transfer rate of user stations was very close to required and not much higher than it. 

RB1 RB2 RB4 RB5 RB6 RB7 RB8 RB9 RB10 RB11 RB12RB3

- Using RB 

- Not Using RB 

eNodeB

UE 1 UE 2 UE 3 UE 4

 

Fig. 2. Example of objective function use (6) 

Fig. 3 shows results of allocation of resource blocks using objective function (7). Analysis of obtained 

solution results showed by using objective function (7). 

RB1 RB2 RB4 RB5 RB6 RB7 RB8 RB9 RB10 RB11 RB12RB3

- Using RB 

- Not Using RB 

eNodeB

UE 1 UE 2 UE 3 UE 4

 

Fig. 3. Objective function use example (7) 
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Conclusions 

It was found that one of the main challenges in wireless network operating along with using LTE tech-

nology is the task of required quality of service ensuring which includes need for a network user stations re-

quired transmission rate in the downlink. In this regard distribution resource blocks mechanisms were being 

analyzed between user stations in a downlink wireless network operates using LTE technology. Analysis of 

mechanisms showed all of them are focused on use of interactive «best effort» class data, by which it may be 

a situation where some user stations never have access to time-frequency resources. Use of this class of ser-

vice (Class of Service, CoS) ensures delivery of data to user stations how it is possible without warranty data 

transmission rate. Improving quality of service by planning time-frequency resource of each UE should be 

directed to providing of guaranteed rate with access to additional (non-guaranteed) bandwidth. However, 

none of the analyzed arrangements can’t ensure such CoS.  

Based on identified drawbacks of popular decisions a mathematical model was presented by range of 

linear constraint equations. Novelty of model lies in formulation of resource blocks distribution problem as 

the task of redistribution of available bandwidth downlink LTE technology for transmission of information 

in direction of user stations. In article it was conducted analysis of optimization problem solutions of distri-

bution of sub-channels by using couple of objective functions:  

- distribution available time-frequency resource allocation to minimum number of resource blocks (ob-

jective function (5)); 

- distribution of available time-frequency resource allocation of minimum rate to all user stations (ob-

jective function (6));  

- distribution of available time-frequency resource in order to minimize amount of resource blocks joint 

use and the transmission rate allocated to user stations in downlink (objective function (7)). 
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