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Abstract. The network of smart grid communications (SGC) is expected to be heterogeneous for 
providing diverse access interfaces. Load balancing is one of the key technologies in such 
heterogeneous networks, which can increase the system throughput as well as quality of service 
(QoS). In this paper, a context-aware load-balancing scheme is proposed for SGC networks by 
virtue of an adaptive trigger threshold. We investigate the characteristics of different kinds of 
services in the wireless local access network (WLAN) and Long Term Evolution (LTE). Simulation 
results show that our proposed load balance algorithm achieves better fairness and thus improves 
the overall throughput. 

Introduction 
The public-utility industry envisions the traditional power grid to incorporate the advanced 

communication systems for improving the control, efficiency, reliability and safety of power 
distribution and resource management. The resulting next-generation electric grid, known as smart 
grid, is expected to support a myriad of applications that have heterogeneous traffic requirements. 
Continuously increasing the demand of bandwidth, the intensive applications and the users’ variable 
appetite for services of smart grid lead to a tremendous pressure to the smart grid communication 
(SGC) systems. To address the wide variety of applications, scenarios, regions, environments and 
topologies in smart grid, multiple radio access technologies (RATs) such as wireless local access 
network (WLAN), Long Term Evolution (LTE) and Worldwide Interoperability for Microwave 
Access (WiMax) are inevitable to coexist. Therefore, with the increasing amount of users and 
services, an effective load balancing approach in heterogeneous SGC networks is becoming 
extremely imperative. 

Some previous literatures have addressed the heterogeneous SGC networks. The use of multiple 
RATs in a smart grid was first proposed in [1] to support the varying traffic requirements for 
overhead transmission line monitoring. At the network layer, architectures and frameworks to 
support such heterogeneous networks have been suggested in [2]-[4]. A survey of these architectures 
is provided in [2]. Recent proposals are based on the Media Independent Handover function defined 
by the IEEE 802.21 standard, which provides a framework to support seamless transition across 
networks based on different RATs [3]. Another relevant standard, IEEE P1900.4, defines building 
blocks for enabling coordinated network-device distributed decision making that contributes to the 
optimization of radio resource usage, including the spectrum access control, in heterogeneous 
wireless access networks [4]. Hierarchical resource managers have been proposed by the Common 
Radio Resource Management, Joint Radio Resource Management, and Multi-access Radio Resource 
Management schemes studied by the 3GPP group. And the emerging standards from the IETF and 
3GPP communities to support flow mobility, when a device switches its data flows over multiple 
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wireless access systems are proposed by [5]-[6]. However, none of the aforementioned literature puts 
forward an effective load balancing method for multiple RATs heterogeneous networks in smart grid. 

In this paper, a context-aware load balancing scheme is proposed for heterogeneous SGC 
networks. Both the fairness and the overall throughput are investigated for demonstrate the 
enhancement of the proposed approach. The optimal radio resource allocation is determined for 
exploring the resources from either cellular base station (BS) or access point (AP). 
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Figure 1.  Heterogeneous Network Model in SGC 

System Model 
A. Network Model 
The heterogeneous SGC network model under our consideration is depicted in Figure 1, which 

consists of one LTE cellular BS and several WLAN APs. And all the users are located in the region 
covered by LTE BS and WLAN Aps, which can only connect to one RAT simultaneously. The users 
of different kinds of service in the overlapping area can access to both RATs, which would make a 
big difference on the load condition of the network if users make different selection. To acquire the 
services effectively, each user should obtain the corresponding physical resource blocks (PRB) from 
BS or APs. Moreover, in order to ensure the quality of service (QoS) of each user, a minimum data 
rate is set for each service. In addition, we assume that different PRBs lie in different frequency 
bands, thus the interference between any of two PRBs could be ignored. 

B. Context Information 
In order to manage PRB in heterogeneous networks across smart grid efficiently, we need the 

relevant context information from both LTE BS and WLAN APs. We consider the following context 
information in our model. 

1) LTE BS Load Condition: We assume that the average received signal to interference plus 
noise ratio (SINR) for user from cell c  at time t  uSINR  is determined by the average channel gain, 
which is written as 
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 is the average pathloss with shadow fading from the currently serving cell and 
other interference cell, cp  denotes the transmit power for cell c , cρ  represents the load of the cell 
c  and N is the power of additive white gaussian noise, respectively. Given the uSINR , we find the 
data rate per PRB by using the Shannon formular. Assuming that the adaptive coding and 
modulation is used to chieve the Shannon rate limit, the quantity of resources allocated to user u  by 
cell j  can be written by 
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where 2( ) log (1 )uR SINR SINR= + , uD  represents the bit rate of user u  and B  is the bandwidth of 
per PRB. Therefore, we can acquire the total load of cell c  by 
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2) WLAN AP Load Condition: We assume that the maximum capacities of differnet WLAN APs 
are identtical. In this paper, the load of WLAN AP wρ  is defined as the ratio of the number of 
current users accessing to WLAN AP ( mU ) to the maximum number of users that can access to the 
WLAN AP ( maxU ). The load is presented as 

max
W U

Um=ρ                                                                                                                                      (4) 

3) WLAN AP Connectivity Index: The connectivity index is to measure whether the users in the 
coverage of the WLAN hotspots is appropriate to having access to the WLAN AP. Large 
connectivity index indicates that users appropriate to access to WLAN APs. The connectivity index 
includes 2 parts: the mobile index and the ratio of received signal power of WLAN APs. The latter 
is that users received signal power compared to the maximum input signal power lever of user from 
WLAN hotspots. We assume that the maximum input signal power levels of user are the same to all 
users. The formula of the connectivity index can be expressed as 
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where ,
u
m tp  represents the received power strength in time slot t from the WLAN AP m , tp  is the 

received power threshold, maxp  denotes the maximum input signal level that received by users, 
which is a constant, and 1γ , 2γ represent the weight factors of mobile index and the received WLAN 
signal power ratio, respectively. The higher connectivity index of user u indicates the user is proper 
to access to the WLAN AP; otherwise, the user is proper to access to the LTE BS. 

Problem Formulation 
A. Load Balancing Index 
Load balancing aims to achieve a fair distribution of users among cells. It is desirable to have a 

method or an index that can be used to describe the degree of fairness. Typically, Jain’s fairness 
index is used as a metric to assess the level of load balancing in a network. Since Jain’s fairness 
index is used as a load balancing standard in the homogeneous network, we use it to measure the 
load fairness among different WLAN hotspots. The Jain’s fairness index is indicated by 
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In order to make the load well-distributed in the two networks, we use ε  which represents the 
ratio of the two network load to measure the difference. We aim to make the ε  close to 1, the ε  can 
be written as 
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B. Adaptive Balancing Threshold 
We use δ  as the load balancing threshold. If

LTE WLANρ ρ δ− ≥ , LTE BS load compared to WLAN AP 
is too heavy, thus a load balancing process is required to convert the LTE BS load to WLAN AP. 
If

WLAN LTEρ ρ δ− ≥ , which means that WLAN AP load compared to LTE BS is too heavy, we need to 
balance the WLAN AP. 

For a dynamical network, a fixed balance threshold obviously cannot ensure the optimization 
performance of the network all the time. So we need the δ  change itself versus the load condition. In 
this paper, we propose a heuristic algorithm. The load balancing threshold δ starts at a given value. 
When a load balancing process has been completed and the condition of 

LTE WLANρ ρ δ− <  has not been 
met, the load balance threshold δ  becomes aδ , thus another load balancing process is required. Here 
α  have two values. When maxδ  is met,  α  is the small value. When minδ  is met, α  is the larger one. 
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These settings are made because they could make a limit toδ , ( )min max,δ δ δ∈ , so as to ensure the 
rationality of load balancing. 

C. Mathematical Model  
In order to improve the load condition of heterogeneous networks in smart grid, we need to 

enhance the load ratio and fairness, which will help improve the throughput of the heterogeneous 
networks. Therefore, we can formulate our problem in the following mathematical model. 
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In this mathematical model, constraint C1 means the difference between the LTE BS load and 
WLAN AP load is smaller thanδ , so the load can be distributed uniformly in the heterogeneous 
networks. Further, constraint C2 denotes the number of PRB allocated to users is smaller than totalN , 
which is the total number of PRB. Moreover, mU  is the number of users accessing WLAN AP and 

maxU is the maximum number of users that an AP can serve. Constraint C3 ensures the number of the 
users served by each AP is smaller than maxU . 

Context-aware Load Balancing Algorithm 
According to the discussion above, we can propose a context-aware algorithm to solve the load 

balancing problem in heterogeneous networks across smart grid. Through our proposed algorithm, 
we can effectively achieve the load balancing in heterogeneous networks.  The outline of the 
proposed algorithm is depicted in Figure 2. 
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Figure 2.  Context-aware Load Balancing Algorithm 

Simulation Results 
In order to validate our proposed algorithm, we need to simulate a practical scenario. In our 

scenario, there is one LTE BS and four WLAN APs located in the covered area. Meanwhile, we 
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assume that the signal loss between the LTE BS and users including path fading and frequency 
selective fading can be calculated by ( ) ( )( )128 37 lg 21lg 1.3 dBd+ + , and the path loss model between the 
users and the WLAN AP is ( ) ( )( )140.7 37.6 lg 21lg 1.3 dBd+ + . Moreover, the simulation parameters of 
the system are shown in TABLE I. 

TABLE I.  SIMULATION PARAMETERS 

parameter value parameter value 
The coverage radius of LTE BS 500m Power Spectrum Density of Noise 180 dBm 

Transmit power of LTE BS 40W WLAN bandwidth 22MHZ 
Number of Resource blocks 100 Number of WLAN APs in a cell 4 

LTE Resource block Bandwidth 180KHZ The coverage radius of WLAN 40m 
Number of cells in a system 7 Transmit power of WLAN AP 0.1 W 
Shadow standard deviation 8 dB Maximum user number of each 
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Figure 3.  Load Ratio in heterogeneous networks.     
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Figure 4.   Fairness Index in heterogeneous networks. 
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Figure 5. Throughput in heterogeneous networks.  
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Figure 3 shows the ratio of the average WLAN AP load to LTE BS load in heterogeneous SGC 
networks. Before the load balancing algorithm is applied, the fairness β  in heterogeneous networks 
is about 0.4. Through our proposed load balancing algorithm, β  can enhance to 0.9 approximately, 
which indicates that the load between LTE BS and WLAN APs is balanced since some users have 
been transferred to the WLAN APs. 

Figure 4 indicates the fairness index in networks. With the increasing of users, the original index 
is around 0.6. By our proposed algorithm, the fairness index in the networks can be improved up to 
0.9. Therefore, this implies that the proposed algorithm can balance the load condition among LTE 
BS and different WLAN APs. 

The throughput of the heterogeneous networks is shown in Figure 5. As the number of users in 
the LTE BS increases, the network total throughput gradually increases. When the number of users is 
around 80, the total throughput is maximized, where the proposed algorithm has improved the 
performance by 30%. After the load balancing algorithm, the WLAN throughput increases while the 
LTE throughput decreases, which is due to the fact that some users have been transferred to the 
WLAN APs from LTE BS. 

Conclusions 
In this paper, a context-aware load balancing scheme was proposed in heterogeneous SGC 

networks. By the proposed algorithm, we can improve the load condition of heterogeneous SGC 
networks effectively with sufficient context information. Through the network optimization realized 
by our proposed algorithm, we can acquire a higher total network throughput, which guarantees a 
better environment for smart grid communication. 
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