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Proposing a Mechanism for Minimizing Cellular Operator
Costs in Traffic Offloading

R. Nazarit, MSc; S. Yousefi2, Associate Professor; B. Ghalebsaz Jeddi?, Assistant Professor

1- Faculty of Engineering, Urmia University, Urmia, Iran, Email: nazari.itsu@yahoo.com
2- Faculty of Engineering, Urmia University, Urmia, Iran, Email: s.yousefi@urmia.ac.ir
3- Faculty of Engineering, Urmia University, Urmia, Iran, Email: b.jeddi@urmia.ac.ir

Abstract: Traffic offloading (transferring a share of cellular network traffic to complementary network technologies such as Wi-Fi)
is an economic and efficient mitigation for the ever-increasing congestion in cellular networks. In this regard, reducing fixed and
variable costs of cellular operators in one side and providing some incentives for the users to participate in the offloading in the other
side are among the main challenges to be addressed. In this way, delay tolerant offloading (in which users may tolerate some delay
before receiving their needed data) is investigated and a new optimization mechanism in two stages is proposed. First, by utilizing
user motion pattern prediction, a model is formulated to obtain the optimal placement of complementary WiFi networks and their
bandwidth allocation. Second, cellular operator's overall variable cost (including data exchange and user incentive costs) is
minimized. Minimizing the latter is performed using a reverse auction framework. Moreover, due to nonlinearity and high
complexity of proposed models, heuristic algorithms are proposed to solve them. A numerical study and simulations of the
algorithms show that the proposed mechanism outperforms previous methods in terms of balancing the load of cellular network and
reducing overall cost of the cellular operators.

Keywords: Traffic offloading, cellular network, complementary network, incentive cost, reverse auction.
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Algorithm 1: Minimizing Cellular Fix Cost

/I Input: extracted Weight W from historical data, N, M, bmin, bmax, Theen, 7, d, 7,

/7 Jgax osalive

/I Output: X*: optimal APs deployment, Q*: optimal bandwidth, Cost*: optimal

cost

1: Initialize IX []: {Sorted regions based on their weight W }

2: APnumber = the number of APs based on coverage rate; //V aslss ol 5

3: For k = 1 to APnumber

4: X [K] = IX[K]; // oty Lol )il

5:End

6: For g = bminto bmax do // A aslee olul

7: Q= Allocated bandwidth to APsin X set according to their weights //
Q2 doles ulul 5

8: V= Calculated offloading potential of the users (TjenVi()) // oLt TN

D] g2 0 ol 2 1S ) issn
9: If V>Then // based on Eq. (6)
10:  CandidateCost(X, Q )= Calculate Cost(X, Q) // 6 aslss ulul 5
11: end
12:end
13: (Cost*, X*, Q*) = FindBest (CandidateCost) // 6 dslxe olul »

14: Return Cost*, X*, Q*;
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Algorithm 2: Minimizing Cellular Overall Cost

Mnput: X*, Q* /71 )8 (25>

N, o, B, Theeir, Thus, 6, B, li, di, D;  //\ Jso> osaliw

/I Output: t*[N]: optimal delay, V*: optimal offloading traffic, Cost*: optimal

cost;

1: Vid(t) = Calculated offloading potential of the users // <ol o in
DAl gy (Sl slounl 3 b ool 2 52 5 lemiss

2:Forp=0tol do //v- aslee ulul

3: VO=q0D /) sluisnslpdos om

4:  [Cg"°, Tg"°] = Win-Coupon-Allocation (N, B, VO, Vi(t))// asles Lo 5
DA g po 3V pys50 518 alsles 5 VF

5:  CandidateCost () = Calculated cellular overall cost by considering «,

By Theen, Thut 5 // 10 dslas ol

6: End
: (Cost*, V*, t*) = FindBest (CandidateCost); //\0 dolss Lolal 5

~

8: Return Cost*, V*, t*;
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