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 The introduction of device-to-device (D2D) communication and cooperative relay 

telecommunications in heterogeneous networks (HetNets) facilitates the offloading 

of extra traffic from the main base station to alternative base stations in the subcells. 

However, this load transfer faces several challenges. These challenges include 

resource allocation for establishing D2D links, selection of suitable subcells and 

relays, and interference management due to resource sharing. This paper proposes 

a load balancing scheme where the excess load is transferred from the macrocell 

base station (MBS) to femtocell base stations (FBS) in the subcells. A multi-hop 

D2D relay communication is introduced for load transfer. The load balancing 

scheme aims to minimize the power consumption of network users while ensuring 

the threshold quality of service (QoS) for all users. This optimization problem is 

solved using the proposed algorithm. The scheme not only reduces user power 

consumption but also enhances network coverage and capacity. Simulation results 

demonstrate the superiority of the proposed scheme over previous works. 
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1. INTRODUCTION 

With the emergence of new data-based technologies, the demand for higher data rates in wireless communication 

networks is increasing daily. Factors contributing to this increased demand include the advent and deployment of 

the Internet of Things (IoT) in industry and daily life, the use and prevalence of social networks, media-based 

entertainment applications, and the growing use of remote management and monitoring systems, among others [1-

4]. An effective solution for the optimal use of spectral resources to meet user needs is the implementation of 

heterogeneous networks (HetNets) [5]. In this architecture, small subcells are deployed within the main cell. These 

subcells cover a portion of users in densely populated areas. Increasing the density of subcells and enabling repeated 

use of resources in these subcells significantly enhances spectral efficiency, the QoS level of covered users, 

particularly edge users, and network coverage [5-7]. 

Despite the significant advantages of HetNets, their implementation faces challenges. The first challenge is 

selecting the appropriate subcell for servicing users. In current cellular networks, the received SINR from different 
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BSs is the criterion for selecting the suitable subcell. However, this criterion is inappropriate for HetNets due to the 

varying power and capacity of different BSs. The main cell BS naturally offers greater capacity and power, leading 

many users to prefer connecting to this BS, resulting in its saturation, user competition, and higher power 

consumption [8]. Therefore, other criteria and methods must be introduced. 

Various schemes have been proposed in this regard. For instance, schemes like [9] and [7] introduce criteria such 

as the used capacity of the subcell backhaul link, the number of active users, and the number of used resource blocks 

in the subcell as important user decision-making criteria, avoiding complex optimization problems. Another scheme 

in [10] presents the joint problem of spectral resource allocation and user assignment to subcells, leading to a non-

convex problem. The main problem is divided into two lower-complexity sub-problems, solved with appropriate 

complexity. 

Another crucial aspect in implementing these networks is load distribution across cells. Incorrect user assignment 

to subcells or excessive load concentration in part of a cell under specific conditions can saturate some BSs while 

others operate at low capacity. This issue degrades overall network performance and impairs adequate user service 

delivery. 

Recently, D2D relay communication has gained significant attention for this purpose. However, creating new 

D2D links causes interference with existing network users as these links utilize existing network user resources. 

Therefore, load balancing and interference management schemes have been proposed for new links. For example, 

scheme [7] distributes load based on the backhaul link capacity of subcells, reducing network interference and 

enhancing overall network capacity. Other schemes like [11] and [9] transfer excess load from the main BS to other 

subcell BSs, increasing the overall network capacity. 

Further schemes leveraging D2D communication and user equipment for relaying information and transferring 

excess BS load to other BSs include [12-14]. These schemes involve selecting suitable D2D relays, allocating 

appropriate resources for D2D link formation, and transferring load through these links to substitute subcells. 

One critical issue in proposed schemes for HetNets is user power control. An effective power control scheme 

reduces user power consumption, manages interference from resource sharing, and enhances network capacity. For 

instance, [15] presents a scheme maintaining user QoS in HetNets by optimizing user transmission power to achieve 

maximum sum rate. Game theory is employed to determine optimal user transmission powers. Another scheme [16] 

performs power control for BSs, prioritizing users based on real-time or non-real-time applications and adjusting 

transmission power accordingly, minimizing network interference and ensuring sufficient QoS for all users. Authors 

in [17] address the trade-off between spectral and energy efficiency in HetNets, posing the problem of maximizing 

spectral and energy efficiency while maintaining necessary user data rates as an optimization problem. This problem 

is divided into three sub-problems, with the third sub-problem focusing on user transmission power control, leading 

to a sub-optimal solution for simultaneous spectral and energy efficiency. 

A critical aspect in these schemes is the appropriate selection of user groups sharing resources. Recently, underlay 

resource sharing has attracted considerable attention, such as in works [18, 19]. In this resource-sharing method, 

interference from resource sharing is typically managed using transmission power control schemes, as seen in works 

[20, 21]. 

This paper proposes a load balancing scheme transferring excess load from the saturated main BS to subcells 

through D2D relay links. Resources used once in the cell are underlay shared for forming D2D links. An optimization 

problem is posed for resource allocation, minimizing user power consumption while guaranteeing the threshold QoS 

for users. The proposed algorithm first identifies user pairs capable of sharing a resource block, calculates the optimal 

power for these potential pairs, and selects the best user pairs sharing resources with minimal total network power 

consumption. Using multi-hop D2D relay communication and optimal power control, the proposed scheme 

significantly improves energy efficiency, network capacity, and coverage. 

2. SYSTEM MODEL 

Various scenarios exist for implementing heterogeneous networks. Different types of micro, pico, and femto 

subcells can be utilized within a macro cell. Here, we employ a macro-femto scenario. Consider an OFDMA network 
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comprising a macro cell with a high-capacity and high-power base station (BS) at its center and L femto cells at its 

edges, with femto base stations (FBSs) located at the center of each. Figure 1 illustrates a cell in this network. Users 

within the macro cell but outside any femto cells are referred to as macro users (MUE), while users inside femto 

cells are called femto users (FUE). Assume all available network resources are divided into K resource blocks (RB). 

Each 𝑗 ∈ {1,2, . . . , 𝑀}  ،can use one RB. Each femto cell can accommodate up to F FUE users. To enhance spectral 

efficiency, it is assumed that users within femto cells can reuse some resources of the macro cell. MUE users unable 

to connect directly to the MBS due to poor link conditions must be transferred to femto cells via D2D 

communication, forming the DUE set,𝑘 ∈ {1,2, . . . , 𝐷}. 

 
Fig. 1. Macro cell with embedded femto cells and users' signal and interference links. 

To avoid complex interference scenarios, resources provided as underlay to DUEs and FUEs are separated and 

categorized into two groups, as shown in Figure 2. 

 
Fig. 2. Resource reuse and partitioning scheme for FUEs and DUEs. 
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In Figure 1, users like MUE(a) and MUE(b) with good link conditions use K resource blocks allocated to the 

macro cell and communicate directly with the MBS. In femto cells, FUE users, as shown in Figure 2, reuse a portion 

of the macro cell resources initially allocated to MUEs and connect to their respective FBSs. Some macro cell users, 

due to poor link conditions caused by obstacles or long distances, cannot directly connect to the MBS. Additionally, 

the MBS may reach its maximum capacity and become saturated. These users, neither inside femto cells nor able to 

directly connect to the MBS, form the DUE set, such as DUE(a), DUE(b), and DUE(c), and connect to suitable FBSs 

within femto cells through D2D communication over multiple hops. Thus, the excess load is transferred from the 

MBS to the FBSs within femto cells. The channel model used in this scheme is a path loss model as follows: 

(1 ) ( )0

0
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where  PL  represents the path loss in dB,  d  is the distance between the two points of interest, and  d0  is the 

reference distance for calculating the loss. The objective of this scheme is to minimize user power consumption 

while maintaining QoS for all covered users. The optimization problem is defined as follows: 
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In this problem,  𝑃𝐹𝑈𝐸𝑓

 ،, 𝑃𝐷𝑈𝐸𝑘
 and 𝑃𝑀𝑈𝐸𝑚

 are the power levels of FUE, DUE, and MUE users, respectively, and 

𝛾𝑀𝑈𝐸𝑚
, 𝛾𝐷𝑈𝐸𝑘

and 𝛾𝐹𝑈𝐸𝑓
 represent the SINR of these user groups. The first three constraints ensure that these SINR 

values exceed the threshold to guarantee the necessary QoS for the users. The denominator term in the first constraint 

represents the interference caused by MUE resource sharing with FUE or DUE. Note that due to the resource 

partitioning method, an RB can only be reused by either FUE or DUE, not both. The fourth to sixth constraints 

specify the allowable transmission power ranges for different user types. 

3. PROPOSED LOAD BALANCING SCHEME 

Consider a heterogeneous network with a saturated MBS. As previously mentioned, assume there are K resource 

blocks in the macro cell and M MUE users utilizing these resources. Assume that K MUE users with better link 

conditions utilize these resources. The remaining users in the macro cell, who are out of service, form the DUE set. 

These users are typically located at the cell edges, far from the MBS. These users need to be connected and serviced 

by the FBSs within femto subcells through D2D communication. Each DUE must select an appropriate relay in the 

neighboring cell. For this purpose, the simple criterion of the shortest path is used. 

After selecting the appropriate D2D communication pairs, suitable resources must be allocated to the FUEs and 

DUEs. Since all FUEs are located close to their respective FBS and far from the MBS, the interference caused by 

resource sharing with the MBS is negligible. Therefore, the sensitivity in resource allocation for this group is much 

lower than for DUEs. Another reason is that DUEs and MUEs are in the same ring, while FUEs and MUEs are in 

different rings, and the interference signal between them will encounter at least one hard block. Thus, resources 
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allocated to FUEs can be reused in both separate femto cells, but resources allocated to DUEs can only be reused 

once. 

First, resources are allocated to the DUEs. As previously mentioned, K-Fr resource blocks are allocated to this 

group of users. The following three conditions must be met to allocate these resource blocks to users. 

Condition 1:The use of resources by a DUE must not reduce the QoS level of an MUE below a minimum 

threshold. In other words, if  𝑀𝑈𝐸𝑗 uses resources of 𝐷𝑈𝐸𝑘, the following relationship must hold: 
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Where ℎ𝑀𝑈𝐸𝑗,𝑀𝐵𝑆 represents the path gain between the MBS and 𝑀𝑈𝐸𝑗, and 𝑔𝐷𝑈𝐸𝑘,𝑀𝐵𝑆 represents the interference 

path gain between 𝑀𝑈𝐸𝑗 and the MBS. From this relationship, a lower bound for the transmission power of 𝐷𝑈𝐸𝑘 

in terms of the transmission power of 𝑀𝑈𝐸𝑗 can be obtained. 

Condition 2: Resource sharing should ensure that the received SINR of relay user 𝑅𝑒𝑙𝑎𝑦𝑘from 𝐷𝑈𝐸𝑘 is greater 

than the threshold value. In other words: 
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where 𝑔𝑀𝑈𝐸𝑗,𝑅𝑒𝑙𝑎𝑦𝑘

 and ℎ𝐷𝑈𝐸𝑘,𝑅𝑒𝑙𝑎𝑦𝑘
 denote the path gain between 𝐷𝑈𝐸𝑘 and 𝑅𝑒𝑙𝑎𝑦𝑘  and the interference path 

gain between  𝑅𝑒𝑙𝑎𝑦𝑘and 𝑀𝑈𝐸𝑗, respectively. Using this relationship, an upper bound for the transmission power 

of 𝐷𝑈𝐸𝑘 can be obtained. Therefore, the transmission power range for 𝐷𝑈𝐸𝑘 can be derived considering the obtained 

bounds and the maximum allowable transmission power for DUE users as follows: 
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Clearly, both 𝑃𝐷𝑈𝐸𝑘

(𝑚𝑖𝑛) and 𝑃𝐷𝑈𝐸𝑘
(𝑚𝑎𝑥) are linear functions of 𝑃𝑀𝑈𝐸𝑗

 and can be represented as two line 

equations: 
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where 𝛼𝑖 and 𝛽𝑖 represent the slope and intercept of the lines, respectively. 

Condition 3: Resource sharing between these two users is feasible if the following relationship holds: 

(10 )  
 

Using the results of these three conditions, the allowable transmission power ranges for both 𝑀𝑈𝐸𝑗 and 𝐷𝑈𝐸𝑘 

can be obtained. These two users are permitted to share resources only if there is a non-empty feasible region for 

their transmission powers. Plotting the corresponding transmission power lines for 𝑃𝐷𝑈𝐸𝑘
(𝑚𝑖𝑛) and 𝑃𝐷𝑈𝐸𝑘

(𝑚𝑎𝑥) 

results in one of the scenarios shown in Figure 3. 

 

Fig. 3. Possible scenarios for resource sharing feasibility. 

From these figures, it is clear that the two users are only allowed to share resources if the intersection point of the 

two lines lies within the specified rectangle. This intersection point corresponds to the minimum transmission power 

( ) ( )
k kDUE DUEP min P max
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ensuring the threshold QoS on both sides simultaneously. Since energy efficiency is the goal of this scheme, this 

point is chosen as the optimal transmission power for both users. The optimal transmission power 𝑃𝑀𝑈𝐸𝑗
     can be 

obtained using the following calculations: 
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By substituting 𝑃𝑀𝑈𝐸𝑗

(𝑜𝑝𝑡𝑖𝑚𝑢𝑚) into equations (8) or (9), the optimal power 𝐷𝑈𝐸𝑘 can be determined: 
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Other scenarios do not yield a feasible region for the transmission powers of these two users. This algorithm is 

applied to all pairs of 𝑀𝑈𝐸𝑗 , 𝑗 ∈ {1, . . . , 𝑀} and 𝐷𝑈𝐸𝑘 , 𝑘 ∈ {1, . . . , 𝐷}. Through this method, a transmission power 

matrix P is formed, where rows represent DUEs and columns represent MUEs, and the elements are specified as 

follows: 
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The objective is to minimize the total power consumption among all users in the network. Therefore, by applying 

the Hungarian algorithm to this matrix, the optimal MUE for each DUE that finds at least one feasible resource-

sharing MUE is selected. 

After selecting the appropriate resource-sharing pairs, these resources are allocated to D2D users, and D2D links 

are established. The total capacity for this group of users connected to FBS through two hops is calculated as follows: 
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where 𝑇𝐷𝑈𝐸𝑘,𝑅𝑒𝑙𝑎𝑦𝑘
 and 𝑇𝑅𝑒𝑙𝑎𝑦𝑘,𝐹𝐵𝑆 represent the capacities of the first and second hops, respectively. 

At this stage, many DUE users remain who could not find a suitable relay due to the limited D2D communication 

range and could not connect to neighboring FBSs. Here, the multi-hop D2D relay communication method is 

employed. In this method, all users covered in the previous step become candidate relays. Then, the remaining DUEs 

search within this candidate relay set, and if they find at least one relay within the permissible D2D communication 

range, the above algorithm is executed for them. 
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In this case, the order of the polynomial system of equations increases, but the method for solving the problem 

remains unchanged. Consider a three-hop scenario. In this case, the user’s transmission capacity is calculated as 

follows: 
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The method for FUEs follows the same principle, with the difference that resources can be reused in separate 

femto cells. Assume L FUEs in L different femto cells wish to use the resources 𝑀𝑈𝐸𝑗. In this case, L+1 conditions 

must be satisfied to guarantee the QoS for both FUEs and MUE. These conditions are: 
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If the solutions to these equations satisfy the following conditions, a feasible transmission power point is obtained, 

allowing these users to share resources: 
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After obtaining the feasible solutions, a transmission power matrix for FUEs is formed, similar to what was done 

for DUEs, and the Hungarian algorithm is applied to this matrix to find the optimal users for resource sharing. 

Thus, a resource allocation method is applied to all network users to consume the minimum required power to 

guarantee the necessary QoS while maximizing coverage, network capacity, and the number of users covered. The 

performance of this method is evaluated using software simulations. 

4. SIMULATION RESULTS 

In this section, the proposed algorithm is evaluated through simulations. The simulation model and comparisons 

are based on the OFDMA system presented in [14]. This model includes a macro cell with a radius of 500 meters, 

six femto cells at the cell edges with a radius of 60 meters, up to 200 MUE users in the macro cell, and up to 20 FUE 

users in each femto cell. The MBS is considered saturated, and user distribution is random. The total available 

resources are K = 120 blocks, with Fr = 80 blocks reserved exclusively for FUEs. Each RB has a bandwidth of 180 

kHz, and the threshold SINR is -2.5 dB for all users and base stations. The noise power spectral density is -174 

dBm/Hz, the maximum transmission power for MUE and FUE users is 23 dBm, and for DUE users is 20 dBm. The 

path loss model used is as described in [22]: 

      (19) 

Figure 4 shows the user coverage. As evident, the addition of D2D links in [14] and [9] schemes covers some 

previously out-of-service users, now connected to femto cells through these links. It is observed that adding a second 

hop in the proposed scheme extends coverage to more users in distant areas. Naturally, increasing the number of 

hops significantly enhances the coverage level. 

  

 

User coverage without load balancing scheme 

 

User coverage in scheme [9] 
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User coverage in scheme [14] 
 

 

User coverage in the proposed scheme 
 

Fig. 4. User coverage scenarios with added D2D links (Blue star: MUE user; Red star: DUE user under coverage; Yellow star: 

DUE user out of service; Green arrow: FUE user; Ref arrow: FUE user as a relay) 

The primary objective of this scheme was to reduce the power consumption of users in the network. Therefore, 

the proposed scheme was compared in terms of power consumption with the schemes proposed in [14] and [9], 

which are similar in topic and algorithm. As shown in Figure 4, the proposed scheme performs relatively better than 

the scheme in [14]. Although the scheme in [9] is successful in selecting subcells and resource allocation algorithms, 

it does not perform well in terms of power consumption due to assuming equal transmission power for all users. 

 
Fig. 5. Comparison of user power consumption in load balancing schemes 

Another criterion improved in this scheme is the increased network capacity due to the coverage of new users 

utilizing D2D communication. As evident, the proposed scheme naturally results in a higher network capacity by 

covering more DUE users. Although this added capacity is slightly limited due to additional interference terms, the 

optimal resource allocation and appropriate power control mitigate this reduction, ultimately enhancing overall 

network performance significantly. This is depicted in Figure 6. 
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Fig. 6. Added D2D link capacity to the network 

5. CONCLUSION 

One of the main challenges facing heterogeneous networks is unbalanced load. Load balancing schemes can 

improve network performance by transferring load from saturated base stations to substitute subcells. This paper 

proposed a scheme that optimizes network energy efficiency while ensuring that the QoS for all users remains above 

a threshold level. The issue of reducing power consumption in the network was formulated as an optimization 

problem and solved in multiple stages with the proposed algorithm. This scheme not only increases energy efficiency 

but also enhances network coverage and useful capacity. A simple path loss model for channels between users and 

base stations was used. More realistic models could be employed for further studies. Additionally, the optimal 

subcell, relay, and relay path selection algorithms were not addressed in this scheme, which could lead to further 

improvements in network performance and will be considered in future works. 
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