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Abstract: Current paper discusses a resource allocation technique based on unified utility function. Current technique suggests a single utility 

function for real time or non-real time traffic users. The utility function is sigmoidal like utility function. Different parameter values for utility 
function are suggested to have satisfactory resource allocation for real time and non-real time traffic users. For maximizing the utility function, 

Lagrange multiplier based optimization technique is utilized. Results shows optimization rate allocation based on defined parameters of the 

utility function. Results of the current technique shows higher fairness to non-real time traffic users with meeting QoS for real time traffic users. 

Number of iteration for rate optimization is high for current technique.   
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I.  INTRODUCTION 

LTE is a 4G communication technology which is 
standardized by 3GGP body. High data usage, high usage of 
multimedia applications, mobile TV, video on demand etc. 
are driven factor for evolution of communication technology 
[1]. Though research is continuously going on future 
communication technology, here, we are discussing current 
technique in LTE communication. 

Resource allocation technique are extensively researched 
in communication networking, it can be wired or wireless 
communication network. In LTE also, multiple resource 
allocation techniques are disclosed. Most of the resource 
allocation techniques utilizes channel condition, QoS, queue 
length, buffer status, past data rate information for 
scheduling.Conventional techniques suggests utility 
function based resource allocation. In [2], network utility 
maximization problem is suggested for resource allocation 
optimization. Logarithmic utility function is utilized in this 
technique. It allocates resources based on Lagrange 
multiplier based optimization technique. In [3], dual 
problem an iterative algorithm is utilized for scheduling. 
This also utilizes logarithmic utility function for non-real 
time traffic. Utility functions for real-time traffic is 
suggested in [4].In [5], weighted aggregation of real time 
and non-real time traffic based utility functions are 
suggested and accordingly resource allocation is carried out 
using distributed rate allocation technique. In [6], multiple 
utility functions are disclosed. One of the utility function is 
adopted fornon-real time traffic users and another utility 
function for real time traffic users. 

II. UTILITY FUNCTION 

Present section describes utilityfunction in mix traffic 

scenarios. In paper [6] utility function is disclosed for both 

elastic and inelastic traffic users. In paper [6], different utility 

functions are disclosed for elastic and inelastic traffic users. 

These utility functions are logarithmic utility function and 

sigmoidal utility function. Logarithmic utility function is a 

strict concave function whereas sigmoidal utility function is 

a non-strict concave function.It is true that users performing 

real time serviceswill have different utility than user 

performing non-real time services. These different services 

demand different resources and so their utilities are different. 

In paper [7], a single utility function is suggested for both 

type of users. It suggest a sigmoidal type utility function for 

real time and non-real time traffic users. Different 

parameters in sigmoidal utility function differentiates utilities 

for real or non-real time traffic users. Proposed technique is 

also utilizes same utility function for resource allocation. The 

utility function is shown below: 

 

Here, values of parameters A, B and D defines range of 

utility function and value of C defines slope of the curve of 

utility function in corresponding range. Further, value of 

ddefines inflection point of the utility function at which user 

demands resources. Resource allocation below d is like a 

concave function in which users demand resources 

extensively whereas resource allocation above d suggest that 

demand of resources is less. As suggested in paper [8], for 

non-real time traffic users, convex utility function is best 

suited whereas for real time traffic user, sigmoid utility 

function is best suited.  Below table shows different values 

of the parameters of utility functions considered for proposed 

technique. Exemplary values for these parameters are 

defined in paper [7].  
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Traffic 

Type 

A B C D d 

Real 

time 

1 1 0<C1<15 0 0<r0<Rmax 

Non-

real 

time 

1 1.5 0<C2<1 0<D1<1 0 

Table 1: Values of Parameters of the Utility Function 

Fig. 1 shows utility function curve based on parameters 

disclosed in table 1. Fig. 1 suggests that more resources 

should be allocate for real time traffic users above inflection 

point d and more resources should be allocate for non-real 

time traffic users below inflection point d to have higher 

utilities.  

 

Fig. 1: Effect of Utility Parameters on Unified Utility 

Function 

Fig. 1 suggests that as value of C1 is increasing, real time 

traffic users getting higher resources as to have higher 

throughput. Similarly, as value of C2 is increasing, non-real 

time traffic users getting higher fairness. Further, it is clearly 

seen that utility of non-real time traffic is higher below 

inflection point (r0=10) and utility of real time traffic is 

higher above inflection point.    

III. PROPOSED DESIGN  

Present section discusses a resource allocation design 

technique. The technique utilizes a single utility function for 

both elastic and inelastic (real and/or non-real time traffic 

users). Resource allocation system in current technique 

considers allocation for M users (total M1+M2 users) in a 

one base station. Let, the M1 real time traffic users and M2 

non-real time traffic users are included in a coverage area of 

the base station. Resource allocation system allocates 

resources to users defined by However, 

resource allocation should be such that total utilities can be 

maximized for combining all users. Therefore aim of the 

current resource allocation system is to maximize total 

utilities as suggested by below equation:  

 

considering 

 

where  

For optimization, objective function defined in (1) can be 

written as below as equivalent logarithmic function: 

 

Considering 

 

where  

Now, as per [7], utility function in (2) is a strictly concave 

function. So, this is a convex optimization problem and a 

unique tractable global optimal solution is possible. To solve 

the above objective function, a Lagrange multiplier is 

utilized.  

 

Applying Karush-Kuhn-Tucker conditions,  
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where isa Lagrangemultiplier which defines total price per 

unitfrequency bandwidth. A user bid for given bandwidth 

can be given by = . To maximize the utility 

function , should be minimum and 

therefore it can be defined as below:  

 

as already mentioned that  =  or , we can 

also write by substituting .  

 

 

Resource allocation algorithm:Current algorithm has two 

parts, one part is user side and another part is base station 

side. On user side part, each user initially bid for resources 

and transmits their respective bid to base station. At base 

station side part, base station compared received bid of each 

user with the previously transmitted bid of respective user. If 

comparison suggest that bid difference is less than a 

predetermined threshold, base station transmits stop 

command to user and optimized rate for each user is 

calculated based on last transmitted bid and However, if 

comparision suggest that difference of bids is greater than 

predetermined threshold, base station calculates  based on 

received bids from all users and ase station transmits 

 value to user and then user calculates bid based on 

received  value and maximum rate achieved by received  

value. Algorithms will run on both user side part and base 

station side part until difference between old bid and current 

bid does not become less than predetermined threshold.  

 

IV. SIMULATION AND RESULTS COMPARISON 

Present section will discuss results of the current technique 

employed in resource allocation. Respective resource 

allocation algorithm will be run for at user side and at base 

station side. For simulation purpose, we have consider six 

users (three users are real time traffic users and three users 

are non-real time traffic users). As number of users for 

simulation are six, number of utility function corresponding 

to each user are also six. Parameters for sigmoidalutility 

function are shown in below Table 2, which are utilized for 

simulation. 

 

 

Traffic 

Type 

A B C D D 

Real 

time 

1 1 [5 3 1] 0 [10 20 30] 

Non-

real 

time 

1 1.5 [0.6 0.7 0.8] 0.1 0 

Table 2: Values of Parameters of the Utility Function 

 

Here, we are considering maximum number of resources for 

allocation 100. Results of simulation of current technique are 

shown in fig. 2 and fig. 3. Fig. 2 shows rate of allocation for 

users with each iterations for different values of C1 and C2. 

In current technique, it is seen that objective function is 

optimized with iteration up to 27with predetermined 

threshold as 0.1.In both cases, real time traffic has higher 

priority than non-real time traffic, so allocation rates for real 

time traffic users are high. Fig. 3 shows bids of users 

corresponding to iteration performed by current 

technique.Based on value of the bids, resources are allocated 

to the users. From results it is clearly seen that when 

resources for real time traffic users reaches at inflection 

point, then resources are allocated to the non-real time 

traffics as per their utility function. 

Table 3 shows comparison of resource allocation rate for 

different users after optimization based on current technique. 

 

              

Traffic type               

User 

number 

Optimized 

rate 

Real time  1 11.44 

Real time 2 22.24 

Real time 3 35.63 

Non real time 4 9.2 

Non real time 5 8.1 

Non real time 6 7.2 

Table 3: Comparison of Resource Allocation Rate for 

Different Users after Optimization 

Table 3 also shows different optimized rate for real time 

traffic and non-real time traffic users. In can be seen than 

resources are fairly allocated to the non-real time traffic 

users (user 4, user 5 and user 6), while real time traffic users 

(user 1, user 2, user 3) gets optimized rate as per their 

demanding rate at inflection point [10, 20, 30]. 
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Fig. 2: Users Allocated Rated Convergence with Number of 

Iterations for Rmax=100 of Current Technique  

 

Fig. 3: Users Bids Convergence with Number of Iterations 

for Rmax=100of Current Technique 

V. CONCLUSION 

Current paper has discussed a resource allocation 

optimization techniques based Lagrange multiplier. The 

resource allocation technique utilizes a single utility 

function which is sigmoidal utility function for both real 

time and non-real time traffic users. Different parameters of 

the utility function are determined for optimizing resource 

allocation. Current technique has higher fairness. However, 

it optimizes with higher number of iteration.Future scope of 

the current technique is to reduce number of iterations with 

maintaining system performance. Current technique can be 

possible to implement with carrier aggregation technology. 
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