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AbstrAct
Device-to-device (D2D) relaying is able to 

increase the network capacity, enhance the net-
work coverage, or mitigate the interference to leg-
acy cellular transmissions. These benefits are even 
emphasized if a proper incentives are offered to 
the users to motivate them to act as relays. We first 
survey the state-of-the-art incentives to show that 
despite a proper incentivization, the benefits from 
relaying are enjoyed typically only by the users 
directly involved in relaying, that is, either those in 
favorable locations to act as relays or those exploit-
ing such relays to improve their performance. Nev-
ertheless, many users, who are not satisfied with 
their quality of service (QoS), may not profit from 
D2D relaying due to their unfavorable locations. 
Besides, the current incentive mechanisms are not 
able to alleviate the overloading of the base sta-
tion (BS) without violating QoS of already admitted 
users. Thus, to cope with the spatial unfairness and 
the overloading of BSs, we propose resource allo-
cation framework extending D2D relaying benefits 
also to the users not directly involved in the relaying 
process. The proposed framework enables efficient 
reuse of radio resources and takes inspiration from 
economy concept of taxes. Moreover, it gives an 
opportunity to the users distributing spared radio 
resources to increase their virtual monetary gain, 
reputation, or even helping other users depend-
ing on mutual social relationships. The simulations 
demonstrate that the proposed concept improves 
the ratio of satisfied users and/or maximizes the 
number of newly admitted users for which the BS 
would not have radio resources otherwise.

IntroductIon
Device-to-device (D2D) communication is seen 
as a convenient way to increase the capacity and 
the energy efficiency of contemporary mobile net-
works [1]. At its inception more than a decade 
ago, the sole intended purpose of D2D communi-
cation was to send data directly between any two 
devices in proximity, thus bypassing a base station 
(BS) and saving radio resources in the process.

As D2D communication progressively matured, 
it has found additional intriguing use-cases and 
applications, such as content sharing and cach-
ing [2, 3]. Moreover, D2D communication can 

be exploited for relaying purposes (also known 
as D2D relaying) in order to increase the perfor-
mance of users experiencing a low channel qual-
ity to/from the BS. Besides, D2D relaying can 
augment multi-casting/broadcasting services [4], 
facilitate a load balancing among adjacent BSs [5], 
or improve the computation offloading to edge 
servers [6]. Consequently, D2D relaying is a very 
useful tool for the existing 5G and the emerging 
6G networks.

One of the crucial challenges for D2D relay-
ing, however, is to ensure a willingness of the users 
to offer relaying services to other users, who are 
often complete strangers. This willingness can hard-
ly be taken granted, given that devices used for 
relaying, such as smartphones or IoT devices, can 
suffer from an additional energy consumption. Sim-
ilarly, even the users exploiting relaying services 
should be convinced to entrust their data to the 
intermediate relaying users. In this regard, several 
incentive strategies have been proposed through-
out the years taking an inspiration from economy 
[7, 8], social aspects [9, 10], or reputation [11, 12]. 
Besides, an attractive option to motivate the relay-
ing users is to give him/her some additional radio 
resources [13].

The existing incentive mechanisms typically pro-
vide benefits, in terms of capacity increase and/or 
energy consumption decrease, solely to the users 
directly involved in relaying, that is, to the users 
assisted by the relaying users and to the relaying 
users themselves. Still, there are users with a low 
channel quality to the BS that, unfortunately, can-
not enjoy the benefits of relaying simply because 
no suitable relay is in their vicinity. Consequently, 
Quality of Service (QoS) requirements of these 
“unlucky” users with low-quality channels to the 
BS cannot be met due to this spatial unfairness. 
Besides, the existing incentive solutions are not 
able to alleviate an overloading problem, when the 
BS is not able to admit any new users without vio-
lating QoS of the already admitted users.

In this article, we first overview recent incen-
tive approaches for D2D relaying maximizing the 
benefits of the users directly involved in D2D relay-
ing. Then, to increase the number of users ben-
efiting from D2D relaying, primarily those users 
who are not satisfied with their QoS or cannot 
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ACCEPTED FROM OPEN CALL be admitted by the BS due to its overloading, we 
propose a novel resource allocation framework. 
The proposed framework builds upon the exist-
ing incentive mechanisms but it enables to extend 
the benefits of D2D relaying also to the users not 
directly involved in relaying itself. In particular, we 
propose to:
• Reuse resources allocated to D2D links (i.e., 

links between the users) by the cellular links
• Tax resources earned or saved by the users ben-

efiting directly from relaying
• Sell the earned (or saved) resource to other 

users to convert the relaying gain into mone-
tary gain, increased reputation, or to help oth-
ers with strong mutual social relationship
Subsequently, the resources obtained from 

these mechanisms are distributed to the users not 
directly involved in relaying. We also discuss var-
ious optimization, implementation, and feasibili-
ty aspects of each proposed mechanism allowing 
their smooth and efficient implementation into 
mobile networks. Finally, we show that the pro-
posed framework increases significantly the num-
ber of users satisfied with QoS and/or allows to 
admit many new users to be served even if the net-
work is highly overloaded.

overvIew of IncentIve strAtegIes for  
d2d relAyIng

This section discusses the most prominent incen-
tive strategies giving benefits to the users directly 
participating in relaying (Fig. 1). Moreover, we 
outline key properties each incentive mecha-
nism should support and describe the common 
approaches to reach mutual agreement among 
cooperating users.

vIrtuAl currency-bAsed IncentIves
One family of incentives motivating the users to 
relay data is based on a virtual currency. The vir-
tual currency can be represented by tokens paid 
to the users providing the relaying services [7]. 
The tokens are initially distributed by the network 
to the users. Afterwards, the token is given to 
the user whenever he/she agrees on the relaying 
service provisioning. The received tokens can be 
exploited by the relaying users in the future, when 
these users require some relaying service them-
selves. The potential problem with tokens is that 
the relaying users receive one token for relaying 
service disregarding the amount of relayed data 
or the relaying time/consumed energy. To rem-
edy this problem, the relaying users can be paid 
in “credits” that can easily factor the amount of 
relayed data, capacity improvement, or simply 
duration of the relaying service [8].

socIAl relAtIonshIp-bAsed IncentIves
The social relationship-based incentives build on 
the assumption that the users tend to interact 
preferentially with the people to whom they have 
some social tie, such as close friends, relatives, or 
co-workers [9]. The relationships can be modeled 
as a weighted graph, where the vertices corre-
spond to individual users while the edges repre-
sent a “social closeness” between them. To define 
strength of the social tie, a specific weight to each 
connection (edge) is assigned [10] (Fig. 1). Based 
on such graph, the one subset of users prefer to 

act as relays for other subset of users with whom 
they have close social ties. It is reasonable to 
assume that social peers are willing to relay each 
other’s traffic without any (monetary) cost or, at 
least, with some discount depending on the level 
of social trust [9].

reputAtIon-bAsed IncentIves
The relaying users can also be motivated via a 
reputation-based approach [11]. The users have 
either “bad” or “good” reputation, determined 
by the BS on a regular basis. Intuitively, the users 
with “good” reputation get help easily from oth-
ers when they are in a need of relaying. Contrary, 
the users known to refuse helping others have 
hard times to find anyone volunteering to relay 
data due to “bad” reputation. Moreover, the BS 
is able to detect whether the relaying users send 
data at the appointed intervals and it assigns the 
reputation accordingly [11]. The binary repu-
tation score, however, may not be sufficient to 
reflect the current users’ behavior. Consequently, 
more flexible reputation is based on YouTube or 
Facebook “like” button, where the reputation is 
increased (or decreased) by 1 (or 0.5) if the users 
are satisfied (or not satisfied) with relaying [12].

bAndwIdth exchAnge-bAsed IncentIves
All previous incentive mechanisms are based on an 
indirect reciprocity, where the relaying users ben-
efit in the future. The bandwidth exchange-based 
incentives, on the contrary, gives an immediate 
benefit to the relaying users. The immediate ben-
efit is represented by some part of the channel/
resource blocks or more transmission opportunities 
[13] (Fig. 1). Hence, there is no risk in terms of the 
uncertainty whether the current relaying cost is 
outweighed by a reward in the future. The addi-
tional radio resources are, then, exploited by the 
relaying user to both relay data of other user(s) and 
to boost its own capacity and/or reduce the relay’s 
energy consumption [13].

propertIes of IncentIve MechAnIsMs
All incentive concepts described in previous sub-
sections should ensure individual rationality and 
incentive compatibility. The former one guaran-
tees that all involved participants can benefit from 

FIGURE 1. State-of-the-art incentive strategies for D2D relaying.
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relaying, that is, the relaying cost in terms of the 
payment for relaying service or additional energy 
consumption of the relaying users does not out-
weigh the relaying gain [14]. The latter one, then, 
ensures that every participant in relaying maximiz-
es his/her own gain if acting according to their 
real and true preferences [10, 14].

Moreover, each incentive mechanism should 
ensure that all users participating in relaying are 
satisfied by finding a proper trade-off between the 
relaying gain and the relaying cost. The common 
approach to solve this challenge is to apply auc-
tion mechanism, where the buyers in the auction 
submit bids and corresponding prices they are will-
ing to pay. Subsequently, the auctioneer selects 
winning buyers to maximize social welfare [10]. 
Besides, contract theory is often applied so that the 
users select contracts to maximize their own utility 
[14]. Lastly, also game theory, such as indirect reci-
procity game adopted in [11], is commonly exploit-
ed to stimulate the users’ cooperation.

proposed frAMework
The incentive mechanisms described in the previ-
ous section are able to motivate the relaying users 
and, thus, all users directly participating in D2D 
relaying can fully enjoy its benefits. Unfortunate-
ly, there are still many users unable to meet their 
QoS requirements due to their poor channel qual-
ity to the BS while incapable to capitalize on D2D 
relaying concept due to their disadvantageous 
locations with respect to other users in proximity. 
Besides, the existing incentive approaches cannot 
help users that would like to access the BS that is 

currently overloaded. To extend the benefits of 
D2D relaying to these users, we propose a frame-
work encompassing three mechanisms: 
• Reusing of resources allocated to D2D links
• Taxing
• Selling of resources. 
While the first two are managed by the BS, the 
last mechanism gives a more free hand to the 
users themselves to decide to whom the resourc-
es are assigned.

reuse of d2d relAyIng lInks resources by  
cellulAr lInks

The main idea of the first mechanism is to reuse 
the resources allocated to the relaying links by the 
cellular users communicating directly with the BS. 
The proposed process of reuse is summarized in 
following four consecutive steps (Fig. 2).

In the first step, the user searching for relay 
(User A in Fig. 2) makes a deal with the relaying 
user (User B). In line with the bandwidth exchange-
based incentives, User B gets a part of the resourc-
es from User A. Consequently, User B is able to 
both forward data of User A to/from the BS and 
to increase own capacity or save energy due to 
decreased transmission power. The exact determi-
nation of the amount of resources to be delegated 
to User B is out of scope of this article, but let’s 
assume that both users benefit (e.g., resources can 
be allocated in a way that the relaying gain of both 
is the same [13]).

In the second step, the BS finds a suitable cel-
lular user who can reuse resources allocated to 
the relaying link (i.e., the link between User A and 
User B in Fig. 2). By intuition, the reuse of relay-
ing link’s resources by the cellular user inevitably 
results in the interference to/from the cellular com-
munication from/to D2D communication (Fig. 2). 
Nevertheless, interference from (or to) User A to 
(or from) the BS is usually not significant as the 
channel quality between these two is low. In fact, 
the low channel quality between User A and the 
BS is the main reason why relaying is initiated in 
the first place. Further, one can observe that inter-
ference from (to) User B to (from) User D depends 
strongly on the channel quality between these two. 
Thus, the ideal candidate cellular user to reuse 
the resources of the relaying link is the one that is 
far from the relaying user to mitigate interference 
imposed by the relay to the cellular user in down-
link or vice versa in uplink.

Even though the interference to the relaying 
link is insignificant, there may be still a slight degra-
dation in D2D relaying link quality. Consequently, 
during the third step, a part of the resources initially 
allocated to User D (i.e., the cellular user reuses 
resources of the relaying link) are assigned by the 
BS to D2D relaying link to compensate the interfer-
ence generated to this user by the reuse.

In the last step, the resources initially allocated 
to User D are split into two parts. The first part of 
the resources is exploited by User D to satisfy his/
her requirements. This is beneficial especially if User 
D cannot find any suitable relaying users and, at 
the same time, he/she has a weak channel to the 
BS. Then, the rest of the resources of User D are 
released and given to other user(s) (User C in Fig. 2).

Optimization, Implementation, and Feasi-
bility Aspects: To maximize the benefit from the 
reuse, a selection of the users reusing the resourc-

FIGURE 2. Illustrative principle of resources reuse by cellular link. After Users A and B 
become involved in D2D relaying, User D reuses resources of User A who is, at the same 
time, compensated by a part of resources initially allocated to User D. Then, the remain-
ing resources initially allocated to User D are split to two parts; first part remain to user D 
to ensure his/her satisfaction while the second part is assigned to User C.
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es of individual relaying links should be optimized 
to minimize the interference between the cellu-
lar and D2D communications. The optimization 
problem can be understood as a selection of pairs, 
each composed from one user reusing resources 
of one relaying link. This corresponds to one-to-one 
matching problem solvable optimally in polynomial 
time by Hungarian algorithm [13].

Besides, to enable reuse of the resources, inter-
ference links should be known by the BS. While 
the interference between the BS and any user 
(e.g., User A in Fig. 2) is available via conventional 
channel estimation, the derivation of interference 
among users (e.g., User B and User D) can be 
demanding in terms of signaling, especially if there 
are many cellular users potentially reusing resourc-
es of many relaying links. Fortunately, the channel 
between any two users may be predicted with a 
high accuracy using deep neural networks [15], 
resulting in no or only very low signaling overhead.

tAxIng resources eArned through relAyIng
The application of only reuse mechanism may 
not always be sufficient to increase the number 
of users benefiting indirectly from relaying. To this 
end, we come up with the second mechanism, 
where the resources saved/earned by the users 
directly involved in relaying are taxed in a similar 
way as the taxes imposed by the government to 
its citizen. The principle of the taxation mecha-
nism is summarized into three steps (Fig. 3).

The first step is analogous to the one utilized in 
the reuse mechanism, that is, in the establishing of 
D2D relaying link(s). Then, during the second step, 
the BS imposes a tax on both the resources earned 
by the relaying user (i.e., the resources obtained 
by User B) and the resources saved by the user 
exploiting relay (User A) due to superior channel 
quality between those two. This way, pool with 
taxed resources is created at the BS. Finally, the BS 
distributes the taxed resources from this pool to 
the users in a need, that is, to the users with either 
unfavorable channel quality to the BS that are not 
able to find any relay (User D) or even to the new 
users that cannot be served otherwise due to a 
high load of the BS (User C).

Optimization, Implementation, and Feasibility 
Aspects: The taxing mechanism should be prop-
erly optimized to maximize the revenue coming 
from taxed resources. A low tax rate results in small 
benefits coming to the users not involved in relay-
ing. In contrast, a high tax rate may discourage the 
users to act as the relays resulting in small revenues 
going to the BS and in a subsequent decrease in the 
relaying gain. In theory, there is an optimum tax rate 
maximizing total tax revenue, as indicated by well-
known Laffer curve. In practice, the optimum tax 
rate is very hard, if not impossible, to be determined 
due to its very complex nature and unpredictable 
people/users’ behavior. Thus, we suggest to follow 
common taxing mechanisms based on either flat 
or progressive tax rate self-optimized via machine 
learning (e.g., by reinforcement learning).

To determine the taxes, the BS should be aware 
of the amount of resources obtained from relaying 
in the first place. Since the BS handles the resource 
allocation, it knows exactly the amount of both 
the earned resources by the relaying users and 
the saved resources by the users exploiting relays. 
Hence, the BS can determine the amount to be 

taxed by itself without any additional required sig-
naling cost.

sellIng of resources sAved/eArned through relAyIng
The last piece of the puzzle forming the pro-
posed framework is to sell and/or give resources 
obtained via relaying to other users that are still 
either not satisfied with provided services while 
no feasible relaying user is in their vicinity or have 
no resources at all due to high load of the BS. The 
whole mechanism can be summarized into the 
following subsequent steps (Fig. 4).

The first step consists again in the establish-
ment of D2D relaying link between User A and 
User B. During the second step, some of the 
resources earned by User B for the provisioning 
of relaying services can be sold to other user(s) 
exploiting the auction mechanism and to obtain 
credits/tokens. These earned credits/tokens can 
be exploited in the future to pay the relaying 
services, similarly as in the case of virtual curren-
cy-based incentives. Further, the users may also 
give a helping hand to other users with whom 
they have close social ties. In fact, this approach 
can be seen as another way to motivate the users 
to relay data for others. For example, User B in 
Fig. 4 is willing to help to User D who is his/her 
friend. Since User B cannot relay data for User 
D due to an unfavorable mutual location, he/she 
decides to relay data for User A instead. Subse-
quently, User B gives (or sells with some discount) 
resources obtained from User A to User D. This 
way, User B is motivated to act as the relaying 
user to User A in order to help User C. Finally, 
in line with the reputation-based incentives, the 
resources can be also given freely to other users 
to increase their own reputation.

To further maximize the number of users ben-
efiting from relaying, even User A can sell/give 

FIGURE 3. Illustrative principle of the concept of taxing resources obtained from relaying. 
The resources earned (saved) by User B (User A) via relaying are taxed by the BS and 
distributed to User D to improve his/her capacity. Moreover, taxed resources from other 
relaying users are given to User C who could not be served by the BS otherwise.

Authorized licensed use limited to: CZECH TECHNICAL UNIVERSITY. Downloaded on March 11,2024 at 08:11:42 UTC from IEEE Xplore.  Restrictions apply. 



IEEE Wireless Communications • February 202482

some saved resources in the same way as the 
relaying user himself/herself during the third step 
(e.g., to User C in Fig. 4). Of course, this option is 
feasible only if: User A would experience a higher 
gain than required, for example, if the channel qual-
ity between cooperating users is very high, and the 
resources of User A are not reused by other cellular 
user to avoid unpredictable rise in the interference.

Optimization, Implementation, and Fea-
sibility Aspects: To maximize the amount of 
resources sold to the users in need, the auction 
mechanism should be optimized. The optimal 
auction maximizing the social welfare can exploit 
Vickrey-Clarke-Groves (VCG) mechanism, which 
is, however, of a high complexity. As an alterna-
tive to VCG, various game theory-based auction 
mechanisms can be adopted with the goal to find 
an equilibrium. In such games, there are: a set of 
players (i.e., buyers and the sellers of resources), 
a set of actions available to each player, and a 
payoff vector for the particular action being taken. 
Then, the goal is to maximize the payoff for each 
player during the game.

To make the auction feasible for practical net-
works, the BS should play the role of an auction-
eer mediating the whole process during which 
the users offer the resources and sell them to the 
highest bidder. The auction mechanism gener-
ates signaling overhead coming from submitting 
of bids and offers to the auctioneer (i.e., the BS) 
and, then, announcing the results of the auction 
to individual users. Fortunately, this overhead is 
negligible if a simple bidding language is adopted. 
Moreover, the signaling overhead can be further 
reduced by, for example, concurrent bidding pat-
tern, where each buyer has only one chance to 
make a bid.

cooperAtIon of IndIvIduAl proposed MechAnIsMs

Although the individual mechanisms can work 
as stand-alone solutions, the maximum gain is 
observed if all three are integrated together and 
are performed in the following steps:

Step 1: The BS employs the mechanism 
enabling reuse of resources of newly formed D2D 
links by the cellular users. This, subsequently, allows 
to release some additional resources from the cel-
lular users.

Step 2: To acquire even more resources, 
the taxing is enforced by the BS on the resourc-
es obtained through D2D relaying provided that 
enough resources are gained via such relaying.

Step 3: The obtained resources remaining to 
the users after the taxation can be further distribut-
ed to the users still not satisfied with their QoS by 
selling mechanism. Note that, as explained earlier, 
the users whose resources are reused by other cel-
lular users are forbidden to sell their resources to 
avoid unpredictable interference (e.g., User A in 
Fig. 2 cannot dispense part of his/her resources, as 
these are reused by User B).

Moreover, our proposal is complementary to 
D2D load balancing approaches [5] so that our 
framework is envisioned to be a “first phase” in 
coping with the overloading at a single-cell level. 
If some of the cells would still be overloaded, the 
load balancing operating at a multi-cell level is initi-
ated in the “second phase.”

evAluAtIon of proposed frAMework
Now, we outline the simulation scenario and we 
evaluate the gain of the proposed concept.

sIMulAtIon scenArIo
The evaluation of proposed framework is done 
in Matlab. We assume 50 active users randomly 
located in an area with size of 500x500 m. With-
out loss of generality, the BS initially splits the 
available bandwidth (20 MHz) equally among all 
active users. We assume time division relaying to 
support low-complexity half-duplex relays (note 
that the proposed framework can be also extend-
ed to full-duplex relaying). The relaying users first 
receive data in a specific time slot and at certain 
frequency resources, for example, represent-
ed by resource blocks. Then, the received data 
is re-transmitted to the BS in the next resource 
blocks. The reception/transmission time is derived 
in line with [13]. The relay selection is done in a 
greedy manner, commonly used for this purpose 
(e.g., [13]) to maximize the relaying gain.

The simulation emulates an urban scenario with 
obstacles potentially obstructing the communica-
tion path between any transmitter and any receiv-
er. In case of none line-of-sight communication, 
additional 20 dB attenuation of the signal is consid-
ered. We consider a multicell-like environment with 
the inter-cell interference at any receiver generated 
randomly according to Gamma distribution (see 
more detail in [13]).

To evaluate our proposal, we assume that the 
selection of cellular users reusing the resources of 
individual D2D links is done by Hungarian algo-
rithm to achieve maximum gain} in terms of saved 
resources. In addition, the users are taxed only if 
the relaying gain is above certain threshold in order 
not to discourage them from relaying. Hence, the 

FIGURE 4. Illustrative principle of the proposed selling of resources saved/earned by the 
users benefiting directly from relaying. User A saves part of his/her resources due to 
relaying and these saved resources are sold or given to User C for whom the BS has no 
resources at all. Similarly, User B gives/sells certain portion of earned resources to User D 
who is able to enhance performance.
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users whose capacity is not improved enough (i.e., 
if their QoS requirements are not met) are not 
taxed at all. Otherwise, the users are obliged to pay 
20% of their earned/saved resources to the BS. 
Finally, the users that are satisfied with the capac-
ity improvement and still have some resources left 
after the taxing either sell them to other unsatis-
fied users and/or give these unused resources to a 
close friend(s).

To see the added value of our proposed frame-
work, we confront its performance with the base-
line scheme proposed in [13] representing current 
state-of-the-art, where only the users directly 
involved in D2D relaying benefit. We also discuss 
and analyze the performance of individual mecha-
nisms when working both as stand-alone solutions 
or together.

The proposed framework either improves the 
performance of currently active users not involved 
in D2D relaying or allows to admit new users if the 
BS is overloaded. Thus, the proposed concept is 
evaluated for the following two objectives.

Objective 1 — Maximize the ratio of the users 
satisfied with their QoS: The users are assumed 
to be satisfied with their QoS if their capacity is 
improved by a specific value varying between 5% 
to 50%. 

Objective 2 — Maximize the number of newly 
admitted users: All resources obtained through 
the proposed framework are only exploited to 
admit new users to the network. The capacity 
requirements of each newly admitted user is gen-
erated randomly.

sIMulAtIon results And dIscussIon
Now let’s investigate performance of the pro-
posed framework for Objective 1. From Fig. 5, we 
observe that the ratio of satisfied users decreases 
if the required capacity improvement increases. 
This is understandable behavior due to the follow-
ing facts: there are less resources coming from the 
proposed framework, as the users directly involved 
in relaying should be satisfied first; and the users 
ask for more additional resources to satisfy their 
QoS requirements. If each mechanism works as a 
stand-alone solution, the highest gain with respect to 
the baseline scheme is accomplished by the selling 
mechanism (up to 18.5%). Still, even the reuse or 
taxing mechanisms working separately outperform 
the baseline scheme by more than 13% and 15%, 
respectively, if the required capacity increase to 
ensure QoS is below 10%. If the required capacity 
increase to satisfy the QoS rises to 50%, however, 
the gain of reuse, taxing, and selling mechanism with 
respect to baseline decreases to 3.8%, 3.3%, and 
9%, respectively. To make the gain of the proposal 
even more interesting, all three proposed mecha-
nisms should work together resulting in a gain up 
to 20.7% with respect to the baseline scheme. The 
benefit of the full proposal is promising especially 
if the QoS requirements increase as it outperforms 
baseline nearly by 19% even if users require capaci-
ty boost equal to 50% to meet their QoS.

Figure 6 illustrates the percentage of newly 
admitted users facilitated by the proposed frame-
work (Objective 2). It is worth to mention that 
no new users are served by the BS in case of the 
baseline scheme, as there are no released resourc-
es for the newly arrived users. Again, we observe 
similar trends as in Fig. 5 and the percentage of 

newly served users decreases with an increase in 
the required capacity improvement, since there 
are less resources available for these new users. 
Only in case of the reuse mechanism, the ratio of 
newly served users is actually slightly increasing 
and outperforming taxing mechanism if required 
capacity increase becomes high. This phenomenon 
occurs due to the fact that more resources are, 
in general, allocated to the users assisted by the 
relays to serve their needs. Thus, more resourc-
es may be reused by the cellular users and, sub-
sequently, also more resources are released by 
them. Figure 6 demonstrates that, compared to the 
baseline, reuse, taxing, and selling mechanisms can 
increase the number of newly admitted users by 
up to 10%, 13.8%, and 22.1%, respectively. If all 
proposed mechanisms work together, the number 
of newly served users increases even up to 30.9% 
with respect to the baseline.

conclusIon
In this article, we have first surveyed key state-of-
the-art incentive approaches motivating the users 
to render the relaying services for others. Existing 
incentive approaches are able to improve perfor-
mance of only those users that are directly involved 
in relaying while there are still remaining users that 
are not able to reap the benefits from relaying. To 
this end, we have proposed resource allocation 
framework, build upon existing incentives, so that 
the users not being directly involved in D2D relay-
ing also benefit}. We have demonstrated the pro-

FIGURE 5. Ratio of satisfied users in relation to the required 
capacity improvement to ensure QoS (Objective 1).
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FIGURE 6. Percentage of newly admitted users over the 
required capacity improvement to ensure QoS (Objec-
tive 2).
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posed framework notably increases the number of 
users satisfied with their QoS and/or increases the 
number of users that could not be admitted other-
wise due to the overloaded network.

In the future, the proposed framework can be 
jointly optimized with load balancing to further 
improve users’ QoS and/or to make the network 
even more robust against the overloading problem.
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