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Abstract
With the rapid development of communication networks, the information interaction
between heterogeneous networks such as the Internet of Things (IoT) and vehicle ad-hoc
networks (VANETs) is becoming more and more common. In cellular networks, the prox-
imity devices may share files directly without going through the eNBs, which is named
Device-to-Device (D2D) communications. It has been considered as a potential techno-
logical component for the next generation of communication. The traditional centralized
network architecture cannot accommodate such user demands due to heavy burden on the
back-haul links and long latency. Cyber-social networks seamlessly integrate people’s daily
lives and social activities, which has a prominent contribution to the social relationship of
mobile users in D2D communication. In this paper, we make an exhaustive review on the
state-of-the-art research efforts on D2D caching. We first give an overview of D2D helper
selection, including the network frame, computing method, and social-aware attribute. Next,
a comprehensive survey of issues on D2D helper selection is presented. Finally, open
research challenges and future directions are presented as well.

Keywords D2D cache · Cyber-social networks · D2D helper selection ·
Information diffusion and sharing

1 Introduction

With the rapid development of network communication technology, the relevance of the net-
work and the social attributes of users have become increasingly close. How to seamlessly
integrate cyber-social networks [102, 104] with people’s daily life and social activities has
become a hot topic in current network research. Device-to-device (D2D) communication
[94] in the 5th generation (5G) [6, 66] environment utilizes the mobile user’s smartphone
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for information transfer. The social attributes of users have become an indispensable
consideration in this field.

During the past several decades, mobile cellular networks have been steadily evolving
from voice-only systems [15] to the current 4th generation (4G) all-IP based LTE-Advanced
network [23]. In order to solve the explosive growth of mobile data traffic, large-scale termi-
nals, emerging services and various new business scenarios, the 5G mobile communication
network has been proposed, which has become a hot topic in academia and industry. As a
next-generation wireless mobile communication network [81], 5G will be mainly used to
meet the mobile communication needs after 2020. With the rapid development of the mobile
Internet and the growing demand for IoT services, 5G needs to provide low cost, low cost
power, strong security and high reliability [60, 85, 86]. As one of the key technologies of
5G communication, D2D communication is proposed to enable devices to communicate
directly, which provides a bottom layer for cellular networks to improve spectral efficiency
(SE). Under the control of a small base station (SBS), user equipment (UEs) can use cel-
lular resources instead of transmitting data to each other over a direct link through SBS.
Therefore, it implements physical proximity communication, thereby saving power while
significantly improving spectral efficiency.

In dealing with system caching issues, hyper-heterogeneous networks (HetNets) [9, 79,
80] have been proposed to solve the problem of large cellular users. This requires deploying
a large number of SBS and introducing caching capabilities to SBS to address bottlenecks
in a large number of network requirements. Therefore, SBS can prefetch content during
off-peak hours. SBS provides services directly to local users during peak hours. However,
such deployments can result in significant cost overhead. How to deliver content at the
lowest download/access time cost and meet user requirements in the future. D2D caching is
considered as a potential solution to this problem.

In this article, we provide a brief survey on some works that have already been done
to enable the integration of D2D helper selection, and explore several research challenges.
Other surveys focus on the discussion of energy consumption and minimization of latency
in d2d networks. In this article, we discuss the discussion in this article based on how the
helper is chosen. Due to the different perspectives of the discussion, we can get different
performance results. The major contributions in this paper are three parts: 1) To catego-
rize the existing D2D helper selection strategies into three classes: network-based helper
selection, computing-based helper selection and social-aware-based helper selection. 2) To
review on previous works following the proposed taxonomy. 3) To discuss the performance
metrics and challenges associated with D2D caching.

The classification of our D2D helper selection design method is shown in Figure 1. To
improve the readability of this article, Table 1 summarizes the acronyms used in this article.

The rest of this paper is organized as follow. Section 2 presents an overview on the history
and current research progresses of D2D helper selection in network architecture. Section 3
focuses on the research of D2D helper selection in computing method. A D2D helper selec-
tion based on social-aware attribute is proposed in Section 4. The open challenges and future
directions are shown in Section 5. Finally, conclusions are drawn in Section 6.

2 D2D helper selection in network architecture

In this section, we present the current research advances in D2D helper selection in the
network architecture for wireless communication system. In particular, we provide Table 2
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Figure 1 The classification of D2D helper selection design method

to compare the existing work. From the table, using the network architecture to select the
optimal helper can provide a node cache solution for D2D caching technology.

2.1 Helper Selection In Content Delivery Networks

We first discuss the helper selection in Content Delivery Networks or Content Distribution
Networks (CDNs) [42, 58]. Compared to traditional networks, content in the CDNs is pre-
cached to a proxy server closer to the user. In this way, mobile users can easily obtain the
necessary information resources from the surroundings. The CDNs architecture is shown
in Figure 2. In such a network architecture, we usually select a proxy server as the helper.
which proxy server should be selected as the helper is a problem for minimize energy
consumption in the networks.

Researches on the CDNs helper selection problem focus on three aspects: energy, file size
and caching algorithms. In energy research articles such as Mathew et al. [58], Mathew et al.
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Table 1 Summary of
abbreviations 4G 4th generation

SE Spectral efficiency

SBSs Small base stations

UEs User equipments

HetNets Heterogeneous networks

CDNs Content delivery networks or content distribution networks

P2P Peer-to-Peer

NDNs Name data networks

ICNs Information centric networks

EPC Evolved packet core

RAN Radio access network

MSNs mobile social networks

D2D Device-to-device

V-D2D Vehicle Device-to-Device

IoT Internet of Things

VANETs Vehicular ad-hoc networks

RSU Road side unit

V2V Vehicle-to-vehicle

V2I Vehicle-to-infrastructure

LTE Long term evolution

VITP Vehicular information transport protocol

CC Cloud computing

MCC Mobile cloud computing

VCC Vehicular cloud computing

CCFF Cognitive caching approach for the future fog

MEC Mobile edge computing

UDN ultra-dense networks

propose online and offline algorithms to reduce network energy consumption. However,
cache consumption is caused by many factors, and it is only the optimal helper that energy
consumption cannot find cached content.

In terms of file size, Kangasharju et al. [42] cache content using nodes with limited stor-
age capacity. The helper is selected by traversing, and the real Internet topology data is used
for comparison. The disadvantage is that the network overhead is correspondingly larger
due to the traversal approach to finding helper nodes. Video data often requires consistency
of data. The literature [67, 89] discuss and analyze the buffering of video data. Xie et al.
[89] discuss and analyzed the user performance, user interest in content and video popu-
larity dynamic mode. However, no better results were obtained. Shanmugam et al. [67] use
a low-speed backhaul but high storage capacity assistant to cache video files. Considering
that such mobile users are not general. Therefore, such a network node is actually equivalent
to a simplified SBS device.

In terms of caching algorithms, Mokhtarian et al. [61] design a variety of caching algo-
rithms: The based on recently used baselines to meet demand; The adaptive entry control
algorithm to reduce the peak upstream traffic of the server.
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Figure 2 Helper selection in CDNs

2.2 Helper selection in peer-to-peer networks

Unlike the centralized CDNs architecture, peer-to-peer (P2P) networks [51] is a distributed
application architecture. The P2P networks architecture is shown in Figure 3. Therefore, all
nodes in the P2P networks in fact can be selected as helpers.

Due to the relationship between nodes, there is no extensive research, mainly focusing on
the node memory and combining with other methods. Moeini et al. [59] designed an unstruc-
tured p2p routing mode when considering node memory is limited. This mode implements
network caching through static and dynamic switching, which increases certain network
overhead. In terms of P2P networks extension, Shojafar et al. [69] introduced fog comput-
ing into the P2P networks, and uses edge computing to adaptively discover point-to-point
and point-to-point minimum jump routes.

2.3 Helper selection in name data networks

The CDNs and P2P network architecture, which we discussed, can not fully meet the
demand of the D2D helper selection [62]. This is mainly due to the fact that D2D commu-
nication in 5G environment belongs to a non-IP network. In Named Data Networks (NDNs)
[46] and Information Center Networks (ICNs) [2, 91], users can get data they need directly
from neighboring users. The NDNs architecture is shown in Figure 4. Therefore, the device
through which the information flow passes in the NDNs can be regarded as helper.

World Wide Web (2020) 23:2407–24282412



Figure 3 Helper selection in P2P networks

The researches of helper selection in NDNs and ICNs mainly focus on three aspects:
cache location, intelligent algorithm and hybrid cache. In terms of cache location, Wang et al.
[84] discussed four caching methods. There are no cache; Evolved Packet Core (EPC)
cache; EPC + Radio Access Network (RAN) cache and EPC + RAN + D2D. Katsaros et al.
[43] designed a content caching model based on MultiCache. Sourlas et al. [71] proposed
distributed autonomic management architecture. These articles are mainly discussing the
problem about what to cache and where to cache. The performance of these systems will
vary depending on the selected cache location and the size of the cache.

Figure 4 Helper selection in NDNs
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In terms of intelligent algorithms, Banerjee et al. [8] proposed a greedy cache, and Huang
et al. [34] proposed pre-caching. They all have high requirements for content popularity,
and have better improvement of the network performance of the designed scenarios, but the
generality is not strong.

In terms of hybrid caching, Shi et al. [68] combined ICNs with mobile social networks
(MSNs). It used the node friendship metric in MSNs and the working methods of the ICNs
to select the cache nodes in the network.

2.4 D2D helper selection in cellular networks

Since the D2D communication technology [7, 74, 94] enables direct communication
between mobile devices, without the expensive data transmission by cellular link. In other
words, content can be carried by mobile devices and propagate directly to nearby inter-
ested consumers without involving the cellular infrastructure. It is apparent that expensive
cellular spectrum resources can be effectively saved by offloading partial traffic to D2D
communication to support content delivery. Therefore, how to choose the appropriate helper
to achieve D2D caching [10, 35, 37] has become a research hotspot in this field. The D2D
helper selection network architecture is shown in Figure 5. Since the D2D cache needs to
take advantage of the mobile device’s own capacity, this capacity is often limited. Mobile
users also do not want to spend their own cache and traffic to transmit information to

Figure 5 D2D helper selection in cellular networks
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strangers. This requires the development of appropriate incentives to make mobile users
more interested in becoming helper nodes for other nodes.

We use the Figure 5 as an example to describe how the helper selected in cellular network.
In the information request phase, UE5 transmits the request information to BS3. In the
helper selection phase, BS3 sends relevant information to the selected helper UE6. In the
D2D communication phase, BS3 establishes a D2D communication channel between UE5
and UE6. UE6 sends the cached data to UE5. Then, BS3 closes the D2D communication
channel. In the process, UE6 plays the role of helper. It is determined by many factors such
as its location and cache size. Due to the mobility of mobile users, the helper and the target
UE may not be in the same cellular coverage. For instance, there is only one user UE1 in
the coverage of BS1. At this point, UE1 generates a communication request. Since there is
no other UE in the coverage of BS1 to service as helper, the information will be transmitted
directly from BS1 to the UE1. The communication between UE2 and UE4 is through the
intra-cell D2D link. The Data exchange between UE2 and UE3 is through the inter-cell
D2D link. In the D2D helper selection, a node can be information requester and helper.

The D2D helper selection will result in a difference in network overhead. How to choose
the optimal helper to reduce network overhead becomes the core issue of this research
field. D2D helper selection has chosen a wide variety of research directions, which can
be roughly divided into two parts, namely the method other networks for architecture for
cellular network and the performance optimization in the cellular network.

The articles [19, 31, 53, 75] are other network architectures for D2D cache for perfor-
mance optimization. Wang et al. [75] proposed the social Internet of Things (IoT) for D2D
caching to allocate wireless resources using the physical and social characteristics of users.
Thus, D2D cache performance is improved. Ma et al. [53] also used the social distance
model based on physical distance. Unlike [75], this is mainly to improve the performance
of specific scenarios. Then, it considers the social relationships between D2D users and the
physical proximity between devices. He et al. [31] used MSN and MEC for D2D cache.
Network resources are allocated by designing deep reinforcement learning methods. The
VANET is an emerging communication network structure, which we will discuss in the next
subsection. Cheng et al. [19] utilized VANETs for D2D caching, namely Vehicle Device-
to-Device (V-D2D). It is a pity that this paper has only conducted a comparative analysis
under the Manhattan model without further discussion of the technology.

The articles [16, 21, 27, 36, 38, 44, 56, 101] are performance optimization in the cellular
network. Chandrasekaran et al. [16] designed on-line content caching and off-line assisted
selection algorithm. Zhang et al. [101] tried to use unlicensed bands to improve system
performance.

2.5 D2D helper selection in vehicular ad-hoc networks

Taking into account the life scenes of mobile users, vehicles become an integral part of
everyday life. Using a vehicle to assist helper work can be used as a large D2D helper selec-
tion supplement. Some scholars have proposed the vehicle Ad-hoc networks (VANETs) [4,
14, 30, 45, 82, 95] architecture based on this. At the same time, the helper selection in
VANETs also provides a new improvement for D2D helper selection. The VANETs archi-
tecture is shown in Figure 6. In VANETs, the Road Side Unit (RSU) can act as an Internet
gateway for vehicles that provide low-cost Internet. Information can be transmitted to the
user via vehicle-to-vehicle (V2V) communication, vehicle-to-person (V2P) communication
and vehicle-to-infrastructure (V2I) communication. In VANETs, the helper can be selected
as moving vehicle, other UE or the RSU.
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Figure 6 D2D helper selection in VANETs

The studies of D2D helper selection in VANETs focus on three areas: actual scenarios,
cache coverage and popularity. In actual scenarios, systems are often divided into Manhat-
tan models, urban environments and highway scenarios. The streets in the Manhattan model
are neatly divided for analysis and discussion, but they are not the same as the actual sit-
uation; the urban environment is more complicated, and the existence of multiple forks is
inconvenient for network analysis; the highway model is equally simple and involves only
a road analysis. Raheem et al. [65] based on urban environment discussed three different
scenarios: the Macrocell (eNB)-vehicular UEs scenario, the fixed Femtos-vehicular UEs
scenario, and the mobile-Femtos-vehicular UEs scenario.

In cache coverage, Bian et al. [11, 12] chose the helper by considering parameters such
as cache coverage, vehicle density, transmission radius, and cache rate.

In popularity, Zhou et al. [106] achieve maximizing the total user-satisfaction and achiev-
ing a certain amount of fairness. Quan et al. [63] designed a novel popularity-aware content
caching and retrieval strategy.

3 D2D helper selection based on computingmethod

How to select the optimal helper to cache appropriate information is determined by the cost,
QoS and other factors. In Section 2, we discussed 5 kinds of network architecture based
helper selection. In this section, we will focus on the helper selection based on computing
method. A comparison of different mobile computing architectures is shown in Table 3.
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Table 3 Comparison of different mobile computing architectures

Item Cloudlet MCC Fog computing MEC

Originally proposed by Prof.Satyanarayanan Not specific Cisco ETSI

Hierarchy 3 tiers 2 tiers 3 or more tiers 3 tiers

Latency Low High Low Low

Ownership Local business Centralized by
cloud providers:
Amazon,
Microsoft, etc.

Decentralized Fog
node Owners

Mobile operators

Sharing Population Small Large Small Medium

Location Between devices
and DC, or directly
in a device

Large data center Between devices
and DC

RAN

Context awareness Could be No Yes Yes

Cooperation
between nodes

No No Yes No

In particular, we provide Table 4 to compare the existing work. From the table, most
computing method based helper selection strategies take advantage of the compute method
to select the optimal helper.

3.1 D2D Helper Selection In Mobile Cloud Computing

With the widespread use of smart phones, the demand for computing capacity of the network
continues to be strong. Some researchers introduced traditional cloud computing into the
Internet of Vehicles environment and proposed the concept of Vehicular Cloud Computing
(VCC) [87]. The D2D helper selection in VCC is shown in Figure 7. At the same time, the
researchers also proposed the concept of mobile cloud computing (MCC) [22, 25], using the
rich computing resources contained in the cloud to perform computing tasks and achieve
computing offload through the wireless cellular network. The assistant selection in the MCC
is shown in the Figure 8. This makes the D2D helper selection a better solution. Through the
distribution of resources in the cloud, information can be cached in more reasonable helper,
which can greatly reduce network overhead.

The researches on D2D helper selection in MCC mainly focus on two aspects: cloudlet
and cache. In terms of Cloudlet, Magurawalage et al. [55] introduced a data caching mecha-
nism on the cloudlet. Hou et al. [33] also taking advantage of cloudlet technology. Different
from [55] focusing on energy consumption, [33] discussed data access efficiency.

In terms of cache, Jiang et al. [40] focuses on how to reduce the amount of data needed
to migrate to a server, which will increase energy/time efficiency. Zeydan et al. [96] and
Li et al. [47] discussed how to use machine learning for big data analysis and cache
visualization, separately.

3.2 D2D helper selection in fog computing

With the development of communication technology, relying solely on the MCC has been
unable to meet the demands of mobile users for real-time. Thus, some scholars have pro-
posed fog computing [1, 20, 72] to improve the insufficient of cloud computing in solving
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Figure 7 D2D helper selection in VCC

real-time performance. The D2D helper selection in the fog computing is shown in Figure 9.
In the fog computing, D2D helper selection can be computed on the fog node, which will
greatly improve the speed of D2D helper selection.

The researches on D2D helper selection in fog computing mainly focus on two aspects:
intelligent optimization algorithm and hybrid with network architecture. In terms of intel-
ligent optimization algorithms, su et al. [41] proposed a caching scheme based on Steiner
tree. Then, the cached path scheme is obtained.

In terms of intelligent hybrid with network architecture, [5, 70, 77] used different net-
work architectures to improve the helper selection in Fog computing, separately. Song et al.
[70] Proposed to build intelligent collaborative cache, combining ICNs with Fog computing.

World Wide Web (2020) 23:2407–2428 2419



Figure 8 D2D helper selection in MCC

Al et al. [5], similarly. The difference is that [5] focused on the value of exchanging data
and chose the optimal helper by estimating the value. Wang et al. [77] utilized Fog comput-
ing for social network and D2D communication technology, which used the edge nodes in
the network to cache information and offloading.

3.3 D2D helper selection inmobile edge computing

Similar to the fog computing, Mobile Edge Computing (MEC) [18, 54, 57] is also proposed
to serve as a complement of mobile cloud computing. The difference from the fog com-
puting is listed in the Table 3. The D2D helper selection in MEC is shown in Figure 10.
MEC is envisioned as a promising technology to provide agile and ubiquitous computing
enhancement services for mobile devices, by endowing considerable computational capa-
bility to mobile communication networks. Thus, D2D helper selection in MEC can benefit
D2D communication content caching.

The researches on D2D helper selection in MEC mainly focus on two aspects: efficient
caching strategy and hybrid with network architecture. In terms of efficient caching strate-
gies, We list two typical papers for discussion. Hao et al. [29] proposed the concept of task
caching to achieve joint optimization of edge cloud task caching and offloading under com-
putational and storage resource constraints. Similarly, Hou et al. [32] proposed a proactive
caching mechanism named Learning based Cooperative Caching (LECC) strategy based on
MEC architecture to reduce transmission cost while improving user QoE for future mobile
networks. Both of them introduced intelligent optimization algorithms to improve network
performance and reduce network throughput.

In terms of hybrid with network architecture, [93, 98–100] optimized cache performance
by combining with VANET or 5G networks. Zhang et al. [98] used MEC resources to
enhance the storage capacity of nodes. Zhang et al. [99] designed an offloading framework,
combining MEC with VANETs. Yang et al. [93] and Zhang et al. [100] discussed energy-
efficient offloading problem, combining MEC with 5G and VANETs. Different from the
others, Ge et al. [26] mainly studied the network edge assisted video adaptation problem.
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Figure 9 D2D helper selection in fog computing

4 D2D helper selection in social-aware attribute

In Sections 2 and 3, we discussed the D2D helper selection problem of network architecture
and computing method. In related research, we also covered the social attribute [39, 48, 83,
97] factors of mobile users. With the development of mobile communication technology,
the social attributes of users have become an indispensable consideration. However, due to
the user’s selfishness, they are not necessarily willing to spend their own traffic and storage
space to help strangers cache files. How to make mobile users more actively participate in
caching becomes a direction in this research field. However, this article is not intended to
describe the user incentives in detail. On the contrary, we are more concerned about how
to use the social attribute of mobile users to provide more convenience for the D2D helper
selection. The D2D helper selection in social-aware attributes is shown in Figure 11. The
social bond can relieve the user selfishness cost.

The researches on D2D helper selection in social-aware attributes mainly focus on two
aspects: incentive cache and hybrid with network architecture. In terms of incentive cache,
zhu et al. [107, 108] analyzed four caching schemes: random cache, selfish cache, incen-

Figure 10 D2D helper selection in MEC
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Figure 11 D2D helper selection in social-aware attributes

tive cache, and social-aware incentive cache. Then, he discussed some of the effects of the
impact helper selected parameters, such as social relationships and physical distance. These
two parameters are the basic parameters that most papers will cover in discussing social
attributes. Another incentive caching scheme is implemented by dividing mobile individu-
als in the network. Zhi et al. [105] divided the mobile individuals in the network into three
actual categories, namely individual node, friend nodes and stranger nodes. Then according
to the user’s social attributes, the optimal helper is selected. These literatures in this area are
mainly aimed at how to reduce network overhead and how to balance the users, to achieve
helper selection in D2D caching.

In terms of hybrid with network architecture, many network architectures for social-
aware attributes can be utilized to improve system performance, as described in the previous
section. We will introduce some other interesting articles to reflect the advantages of
social-aware attributes. The application scenarios of social-aware attributes are mainly con-
centrated on the node-intensive scenarios, and the performance in the sparse scenarios is
degraded. However, in the ultra-dense networks (UDN), the communication cost of the
network will increase greatly. Yi et al. [49] divided the BSs in the network according to per-
formance, and uses high-performance BS as very important base station to serve other BSs
and users.

In the environment of the VANETs, social-aware attributes have an important impact
on the information transmission between vehicles. Quan et al. [64] utilized social-aware
attributes for VANETs and ICNs to improve the quality of highway vehicles media services.

5 Discussion and future work

Despite the promising future of D2D helper selection, there are still many significant
research challenges that need to be addressed before the widespread implementation of
D2D caching systems [73, 78, 88]. In this section, we will introduce some of these research
challenges and then discuss a broader perspective.
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5.1 Heterogeneity

In the future network, with the rapid development of communication technology, the het-
erogeneity of D2D cache becomes a key issue [17, 28, 92]. How to use different network
architectures makes communications seamlessly connected. How to make users in differ-
ent network systems become helpers in D2D caching technology. Although some existing
studies have designed this discussion, they are often limited to theoretical analysis and
experiments, instead of real data simulation and research. Thus, the system performance
needs to be further strengthened. This requires a depth study of the heterogeneity of D2D
helper selection in future work.

5.2 Realtime analysis

Considering that in the future communication, mobile users have more demand for real-
time information, and some existing tolerant delay network technologies need to further
reduce the time for information transmission [24, 90, 103]. In the content of communica-
tion, the video stream has a higher demand for information transmission. How to transmit
information in real time becomes a big challenge for D2D helper selection.

5.3 User Mobility

The random mobility of users becomes one of the challenges of D2D helper selection. The
user’s movement will result in changes in the network topology, especially in VANETs
environment [30]. In VANETs, due to the influence of the speed of vehicle, the network
topology changes frequently. Although this problem can be compensated by a status-based
approach, the performance of the network is greatly affected. In edge calculations, frequent
user movements can also cause dramatic changes in edge nodes, which in turn can degrade
network performance. How to solve the problem of mobile network research caused by the
random movement of users caused by the problem of mobile network research has also
become an urgent problem to be solved in this research field [17, 44, 76].

5.4 Extensibility

Compared with traditional systems, extensibility is an important feature of D2D helper
selection. With the popularity of 5G mobile devices, more and more mobile devices require
service scalability [73]. This has a further need for the performance of UDNs systems. How
to effectively use D2D helper selection technology to save network resources has become a
challenge in this field.

5.5 Security

The information security of mobile devices is a top priority for every UE [3, 31]. How-
ever, with the widespread use of smart devices, users’ personal information and privacy are
threatened in many ways. Especially in the use of social-aware technology, the social circle
of mobile users is almost in a transparent state. How to effectively protect users’ personal
privacy and information security has become a major challenge for D2D helper selection
technology. While trusted friends can reduce the risk of this security, they also need better
reward mechanisms to collaborate because of their selfishness [52].
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6 Conclusion

With the popularity of smart phones, device-to-device communication technology has
become the key to 5G communication technology. This is because D2D communication
can communicate between mobile devices directly, without the expensive data transmission
by cellular link. In this work, we studied the D2D helper selection problem. Then, D2D
helper selection technology is classified as the following: D2D helper selection in network
architecture, D2D helper selection on computer method and D2D helper selection in social-
aware attribute. Finally, we analyzed the existing challenges and future developments of
D2D helper election.

Acknowledgements This paper is supported by the National Natural Science Foundation of China
(61102105), the Heilongjiang Provincial Postdoctoral Science Foundation(CN)(LBH-Q12117); the Founda-
tion for Innovative Research of Harbin (2015RAQ XJ008); and the Fundamental Research Funds for the
Central Universities (GK2080260157).

References

1. Aazam,M., Huh, E.N.: Fog Computing and Smart Gateway Based Communication for Cloud of Things.
In: International Conference on Future Internet of Things and Cloud, pp. 464–470 (2014)

2. Ahlgren, B., Dannewitz, C., Imbrenda, C., Kutscher, D., Ohlman, B.: A survey of information-centric
networking. IEEE Commun. Mag. 50(7), 26–36 (2012)

3. Ahmed, M., Li, Y., Waqas, M., Sheraz, M., Jin, D., Han, Z.: A survey on socially aware device-to-device
communications. IEEE Commun. Surv. Tutorials 20(3), 2169–2197 (2018)

4. Al-Sultan, S., Al-Doori, M.M., Al-Bayatti, A.H., Zedan, H.: A comprehensive survey on vehicular ad
hoc network. J. Netw. Comput. Appl. 37(1), 380–392 (2014)

5. Al-Turjman, F.M.: Cognitive caching for the future sensors in fog networking. Pervasive Mob. Comput.
42, 317 (2017)

6. Andrews, J.G., Buzzi, S., Wan, C., Hanly, S.V., Lozano, A., Soong, A.C.K., Zhang, J.C.: What will 5g
be? IEEE J. Sel. Areas Commun. 32(6), 1065–1082 (2014)

7. Asadi, A., Wang, Q., Mancuso, V.: A survey on device-to-device communication in cellular networks.
Commun Surv. Tutorials IEEE 16(4), 1801–1819 (2014)

8. Banerjee, B., Kulkarni, A., Seetharam, A.: Greedy caching: an optimized content placement strategy
for information-centric networks. Comput. Netw. 140, 78–91 (2018)

9. Banerjee, N., Wu, W., Das, S.K.: Mobility support in wireless internet. IEEE Wirel. Commun. 10(5),
54–61 (2003)

10. Bastug, E., Bennis, M., Debbah, M.: Living on the edge: The role of proactive caching in 5g wireless
networks. IEEE Commun. Mag. 52(8), 82–89 (2014)

11. Bian, C., Zhao, T., Li, X., Du, X., Guizani, M., Yan, W.: Quantifying Caching Effects in Urban Vanets.
In: Wireless Communications and NETWORKING Conference (2016)

12. Bian, C., Zhao, T., Li, X., Du, X., Yan, W.: Theoretical analysis on caching effects in urban vehicular
ad hoc networks. Wirel. Commun. Mob. Comput. 16(13), 1759–1772 (2016)

13. Bok, K., Kim, J., Yoo, J.: Cooperative caching for efficient data search in mobile p2p networks. Wirel.
Pers. Commun. 97(3), 1–23 (2017)

14. Cao, Y., Wang, T., Kaiwartya, O., Min, G., Ahmad, N., Abdullah, A.H.: An ev charging management
system concerning drivers’ trip duration and mobility uncertainty. IEEE Trans. Syst. Man Cybern. Syst.
48(4), 596–607 (2018)

15. Chandavarkar, B.R., Reddy, G.R.M.: Survey paper: Mobility management in heterogeneous wireless
networks. Procedia Eng. 30(9), 113–123 (2012)

16. Chandrasekaran, G., Wang, N., Hassanpourasheghabadi, M., Xu, M., Tafazolli, R.: Mobility as a service
(maas): a d2d-based information centric network architecture for edge-controlled content distribution.
IEEE Access PP(99), 1–1 (2017)

17. Chen, M., Hao, Y., Qiu, M., Song, J., Wu, D., Humar, I.: Mobility-aware caching and computation
offloading in 5g ultra-dense cellular networks. Sensors 16(7), 974 (2016)

World Wide Web (2020) 23:2407–24282424



18. Chen, X., Jiao, L., Li, W., Fu, X.: Efficient multi-user computation offloading for mobile-edge cloud
computing. IEEE/ACM Trans. Netw. 24(5), 2795–2808 (2015)

19. Cheng, N., Zhou, H., Lei, L., Zhang, N., Zhou, Y., Shen, X., Bai, F.: Performance analysis of vehicular
device-to-device underlay communication. IEEE Trans. Veh. Technol. 66(6), 5409–5421 (2017)

20. Chiang, M., Zhang, T.: Fog and iot: an overview of research opportunities. IEEE Internet J. 3(6), 854–
864 (2017)

21. Deng, T., Ahani, G., Fan, P., Yuan, D.: Cost-optimal caching for d2d networks with user mobility:
modeling, analysis, and computational approaches. IEEE Transactions on Wireless Communications
(2017)

22. Dinh, H.T., Lee, C., Niyato, D., Wang, P.: A survey of mobile cloud computing: architecture,
applications, and approaches. Wirel. Commun. Mob. Comput. 13(18), 1587–1611 (2013)

23. Esmailzadeh, R., Nakagawa, M., Jones, A.: Tdd-cdma for the 4th generation of wireless communica-
tions. IEEE Wirel. Commun. 10(4), 8–15 (2003)

24. Fan, L., Dong, Z., Yuan, P., Fan, L., Dong, Z., Yuan, P.: The capacity of device-to-device communica-
tion underlaying cellular networks with relay links. IEEE Access PP(99), 1–1 (2017)

25. Fernando, N., Loke, S.W., Rahayu, W.: Mobile cloud computing: a survey. Futur. Gener. Comput. Syst.
29(1), 84–106 (2013)

26. Ge, C., Wang, N., Skillman, S., Foster, G., Cao, Y.: Qoe-Driven Dash Video Caching and Adaptation at
5G Mobile Edge. In: ACM Conference on Information-Centric NETWORKING, pp. 237–242 (2016)

27. Gregori, M., Gmez-vilardeb, J., Matamoros, J., Gndz, D.: Wireless content caching for small cell and
d2d networks. IEEE J. Sel. Areas Commun. 34(5), 1222–1234 (2016)

28. Guo, Y., Duan, L., Zhang, R.: Cooperative local caching and file sharing under heterogeneous file
preferences Computer Science. ArXiv: 1510.04516 (2015)

29. Hao, Y., Chen, M., Hu, L., Hossain, M.S., Ghoniem, A.: Energy efficient task caching and offloading
for mobile edge computing. IEEE Access PP(99), 1–1 (2018)

30. Hartenstein, H., Laberteaux, K.P.: A tutorial survey on vehicular ad hoc networks. IEEE Commun.
Mag. 6(6), 164–171 (2008)

31. He, Y., Yu, F.R., Zhao, N., Yin, H.: Secure social networks in 5g systems with mobile edge computing,
caching, and device-to-device communications. IEEE Wirel. Commun. 25(3), 103–109 (2018)

32. Hou, T., Feng, G., Qin, S., Jiang, W.: Proactive Content Caching by Exploiting Transfer Learning for
Mobile Edge Computing. In: GLOBECOM 2017 - 2017 IEEE Global Communications Conference,
pp. 1–6 (2018)

33. Hou, Z., Grande, R.E.D., Boukerche, A.: Towards Efficient Data Access in Mobile Cloud Comput-
ing Using Pre-Fetching and Caching. In: IEEE International Conference on Communications, pp. 1–6
(2017)

34. Huang, B., Liu, A., Zhang, C., Xiong, N., Zeng, Z., Cai, Z.: Caching joint shortcut routing to improve
quality of service for information-centric networking. Sensors 18(6), 1750 (2018)

35. Jeon, S.W., Hong, S.N., Ji, M., Caire, G.: Caching in Wireless Multihop Device-To-Device Networks.
In: IEEE International Conference on Communications, pp. 6732–6737 (2015)

36. Jeon, S.W., Hong, S.N., Ji, M., Caire, G., Molisch, A.F.: Wireless multihop device-to-device caching
networks. IEEE Trans. Inf. Theory 63(3), 1662–1676 (2017)

37. Ji, M., Caire, G., Molisch, A.F.: Wireless device-to-device caching networks: Basic principles and
system performance. IEEE J. Sel. Areas Commun. 34(1), 176–189 (2015)

38. Jiang, J., Zhang, S., Li, B., Li, B.: Maximized cellular traffic offloading via device-to-device content
sharing. IEEE J. Sel. Areas Commun. 34(1), 82–91 (2015)

39. Jiang, L., Tian, H., Xing, Z., Wang, K., Zhang, K., Maharjan, S., Gjessing, S., Zhang, Y.: Social-aware
energy harvesting device-to-device communications in 5g networks. IEEE Wirel. Commun. 23(4), 20–
27 (2016)

40. Jiang, Y., He, J., Li, Q., Xiao, X.: A Dynamic Execution Offloading Model for Efficient Mobile Cloud
Computing. In: Global Communications Conference, pp. 2302–2307 (2014)

41. Jingtao, F., Zhou, X.X.: Steiner tree based optimal resource caching scheme in fog computing. China
Commun. 12(8), 161–168 (2015)

42. Kangasharju, J., Roberts, J., Ross, K.W.: Object replication strategies in content distribution networks.
Comput. Commun. 25(4), 376–383 (2002)

43. Katsaros, K., Xylomenos, G., Polyzos, G.C.: Multicache: an overlay architecture for information-
centric networking. Comput. Netw. 55(4), 936–947 (2011)

44. Krishnan, S., Dhillon, H.S.: Effect of user mobility on the performance of device-to-device networks
with distributed caching. IEEE Wirel. Commun. Lett. 6(2), 194–197 (2017)

45. Li, F., Wang, Y.: Routing in vehicular ad hoc networks: a survey. Veh. Technol. Mag. IEEE 2(2), 12–22
(2007)

World Wide Web (2020) 23:2407–2428 2425

http://arxiv.org/abs/1510.04516


46. Li, J., Wu, H., Liu, B., Lu, J., Wang, Y., Wang, X., Zhang, Y., Dong, L.: Popularity-driven coor-
dinated caching in named data networking. Ancs Proceedings of Theghth Acm/ieee Symposium on
Architectures for Networking & Communicat, pp. 15–26 (2017)

47. Li, X., Wang, X., Zhu, C., Cai, W., Leung, V.C.M.: Caching-As-A-Service: Virtual Caching Framework
in the Cloud-Based Mobile Networks. In: Computer Communications Workshops, pp. 372–377 (2015)

48. Li, Y., Wu, T., Hui, P., Jin, D., Chen, S.: Social-aware d2d communications: qualitative insights and
quantitative analysis. IEEE Commun. Mag. 52(6), 150–158 (2014)

49. Li, Y., Zhang, X., Zhang, J., Wang, S., Wang, D.: Base Station Social-Aware Caching Strategy for 5G
Ultra Dense Networks. In: IEEE GLOBECOMWorkshops, pp. 1–6 (2017)

50. Loulloudes, N., Pallis, G., Dikaiakos, M.D.: Caching Dynamic Information in Vehicular Ad Hoc
Networks. In: International Euro-Par Conference on Parallel Processing, pp. 516–527 (2010)

51. Lua, E.K., Crowcroft, J., Pias, M., Sharma, R., Lim, S.: A survey and comparison of peer-to-peer
overlay network schemes. IEEE Commun. Surv. Tutorials 7(2), 72–93 (2008)

52. Ma, C., Ding, M., Chen, H., Lin, Z., Mao, G., Li, X.: Socially Aware Distributed Caching in Device-
To-Device Communication Networks. In: GLOBECOMWorkshops, pp. 1–6 (2017)

53. Ma, C., Ding, M., Chen, H., Lin, Z., Mao, G., Liang, Y.C., Vucetic, B.: Socially aware caching strategy
in device to device communication networks. IEEE Trans. Veh. Technol. PP(99), 1–1 (2018)

54. Mach, P., Becvar, Z.: Mobile edge computing: a survey on architecture and computation offloading.
IEEE Commun. Surv. Tutorials PP(99), 1–1 (2017)

55. Magurawalage, C.M.S., Yang, K., Hu, L., Zhang, J.: Energy-efficient and network-aware offloading
algorithm for mobile cloud computing. Comput. Netw. 74(PB), 22–33 (2014)

56. Malak, D., Al-Shalash, M.: Optimal Caching for Device-To-Device Content Distribution in 5G
Networks. In: GLOBECOMWorkshops, pp. 863–868 (2015)

57. Mao, Y., Zhang, J., Letaief, K.B.: Dynamic computation offloading for mobile-edge computing with
energy harvesting devices. IEEE J. Sel. Areas Commun. 34(12), 3590–3605 (2016)

58. Mathew, V., Sitaraman, R.K., Shenoy, P.: Energy-aware load balancing in content delivery networks.
In: INFOCOM, 2012 Proceedings IEEE, pp. 954–962 (2011)

59. Moeini, H., Yen, I.L., Bastani, F.: Efficient Caching for Peer-To-Peer Service Discovery in Internet of
Things. In: IEEE International Conference on Web Services, pp. 196–203 (2017)

60. Moghaddam, R.F., Lemieux, Y., Cheriet, M.: A decentralized approach to software-defined networks
(sdns). Computer Science (2015)

61. Mokhtarian, K., Jacobsen, H.A.: Flexible caching algorithms for video content distribution networks.
IEEE/ACM Trans. Netw. 25(2), 1062–1075 (2017)

62. Passarella, A.: A survey on content-centric technologies for the current internet: Cdn and p2p solutions.
Comput. Commun. 35(1), 1–32 (2012)

63. Quan, W., Liu, Y., Jiang, X., Guan, J.: Intelligent popularity-aware content caching and retrieving in
highway vehicular networks. Eurasip J. Wirel. Commun. Netw. 2016(1), 200 (2016)

64. Quan, W., Xu, C., Guan, J., Zhang, H., Grieco, L.A.: Social Cooperation for Information-Centric
Multimedia Streaming in Highway Vanets. In: World of Wireless, Mobile and Multimedia Networks,
pp. 1–6 (2014)

65. Raheem, R., Lasebae, A., Aiash, M., Loo, J., Colson, R.H.: Mobile femtocell utilisation in lte vehic-
ular environment: Vehicular penetration loss elimination and performance enhancement Vehicular
Communications (2017)

66. Rappaport, T.S., Sun, S., Mayzus, R., Zhao, H., Azar, Y., Wang, K., Wong, G.N., Schulz, J.K., Samimi,
M., Gutierrez, F.: Millimeter wave mobile communications for 5g cellular: It will work! IEEE Access
1(1), 335–349 (2013)

67. Shanmugam, K., Golrezaei, N., Dimakis, A.G., Molisch, A.F., Caire, G.: Femtocaching: Wireless
content delivery through distributed caching helpers. IEEE Trans. Inf. Theory 59(12), 8402–8413
(2013)

68. Shi, J., Wang, X., Huang, M.: Icn-based cache-aware routing scheme in msn. Ad Hoc Networks (2018)
69. Shojafar, M., Pooranian, Z., Naranjo, P.G.V., Baccarelli, E.: Flaps: bandwidth and delay-efficient dis-

tributed data searching in fog-supported p2p content delivery networks. J. Supercomput. 73(2), 1–22
(2017)

70. Song, F., Ai, Z.Y., Li, J.J., Pau, G., Collotta, M., You, I., Zhang, H.K.: Smart collaborative caching for
information-centric iot in fog computing. Sensors 17(11), 2512 (2017)

71. Sourlas, V., Gkatzikis, L., Flegkas, P., Tassiulas, L.: Distributed cache management in information-
centric networks. IEEE Trans. Netw. Serv. Manag. 10(3), 286–299 (2013)

72. Stojmenovic, I., Wen, S.: The Fog Computing Paradigm: Scenarios and Security Issues. In: Computer
Science and Information Systems, pp. 1–8 (2014)

World Wide Web (2020) 23:2407–24282426



73. Wang, C., He, Y., Yu, F.R., Chen, Q., Tang, L., Wang, C., He, Y., Yu, F.R., Chen, Q., Tang, L.: Inte-
gration of networking, caching and computing in wireless systems: a survey, some research issues and
challenges. IEEE Commun. Surv. Tutorials 20(1), 7–38 (2018)

74. Wang, L., Tang, H.: Device-to-device Communications in Cellular Networks. Springer International
Publishing (2016)

75. Wang, L., Wu, H., Han, Z., Zhang, P., Poor, H.V.: Multi-hop cooperative caching in social iot using
matching theory. IEEE Trans. Wirel. Commun. PP(99), 1–1 (2017)

76. Wang, R., Zhang, J., Song, S.H., Letaief, K.B.: Mobility-aware caching in d2d networks. IEEE Trans.
Wirel. Commun. 16(8), 5001–5015 (2016)

77. Wang, S., Huang, X., Liu, Y., Yu, R.: Cachinmobile: an Energy-Efficient Users Caching Scheme for
Fog Computing. In: Ieee/Cic International Conference on Communications in China, pp. 1–6 (2016)

78. Wang, S., Zhang, X., Zhang, Y., Wang, L., Yang, J., Wang, W.: A survey on mobile edge networks:
Convergence of computing, caching and communications. IEEE Access 5(99), 6757–6779 (2017)

79. Wang, T., Cao, Y., Zhou, Y., Li, P.: A survey on geographic routing protocols in delay/disruption tolerant
networks (dtns). Int. J. Distrib. Sens. N. 12(2), 79 (2016)

80. Wang, T., Li, P., Wang, X., Wang, Y., Guo, T., Cao, Y.: A comprehensive survey on mobile data
offloading in heterogeneous network. Wirel. Netw. 25(2), 1–12 (2017)

81. Wang, T., Wang, Y., Han, C.: An improved clustering routing mechanism for wireless ad hoc network.
J. Intell. Fuzzy Syst. 32(5), 3401–3412 (2017)

82. Wang, T., Wang, Y., Liu, B., Wang, X., Zhang, J., Hussain, A., Wang, P., Cao, Y.: A novel cross-layer
communication protocol for vehicular sensor networks. Int. J. Commun. Syst. 31(7), 81 (2017)

83. Wang, T., Zhou, Y., Wang, X., Cao, Y.: A social-based dtn routing in cooperative vehicular sensor
networks. Int. J. Coop. Inf. Syst. 27(1), 17 (2018)

84. Wang, X., Chen, M., Taleb, T., Ksentini, A., Leung, V.: Cache in the air: exploiting content caching and
delivery techniques for 5g systems. Commun. Mag. IEEE 52(2), 131–139 (2014)

85. Wang, Y., Cheng, Y., Yu, L.: A study of route optimization support in distributed mobility management.
Springer India (2016)

86. Wang, Z., Luo, Z.: Wei, K.: 5g service requirements and progress on technical standards. Zte
Technology Journal (2014)

87. Whaiduzzaman, M., Sookhak, M., Gani, A., Buyya, R.: A survey on vehicular cloud computing. J.
Netw. Comput. Appl. 40(1), 325–344 (2014)

88. Wu, Y., Yao, S., Yang, Y., Zhou, T., Qian, H., Hu, H., Hamalainen, M.: Challenges of mobile social
device caching. IEEE Access 4(99), 8938–8947 (2017)

89. Xie, G., Li, Z., Kaafar, M.A., Wu, Q.: Access types effect on internet video services and its implications
on cdn caching. IEEE Trans. Circ. Syst. Video Technol. PP(99), 1–1 (2017)

90. Xu, Y., Liu, F.: Qos provisionings for device-to-device content delivery in cellular networks. IEEE
Trans. Multimed. PP(99), 1–1 (2017)

91. Xylomenos, G., Ververidis, C.N., Siris, V.A., Fotiou, N., Tsilopoulos, C., Vasilakos, X., Katsaros, K.V.,
Polyzos, G.C.: A survey of information-centric networking research. IEEE Commun. Surv. Tutorials
16(2), 1024–1049 (2014)

92. Yang, C., Yao, Y., Chen, Z., Xia, B.: Analysis on cache-enabled wireless heterogeneous networks. IEEE
Trans. Wirel. Commun. 15(1), 1–1 (2016)

93. Yang, L., Zhang, H., Li, M., Guo, J., Ji, H.: Mobile edge computing empowered energy efficient task
offloading in 5g. IEEE Trans. Veh. Technol. PP(99), 1–1 (2018)

94. Yu, C.H., Doppler, K., Ribeiro, C.B., Tirkkonen, O.: Resource sharing optimization for device-to-
device communication underlaying cellular networks. IEEE Trans. Wirel. Commun. 10(8), 2752–2763
(2011)

95. Zeadally, S., Hunt, R., Chen, Y.S., Irwin, A., Hassan, A.: Vehicular ad hoc networks (vanets): status,
results, and challenges. Telecommun. Syst. 50(4), 217–241 (2012)

96. Zeydan, E., Bastug, E., Bennis, M., Kader, M.A., Karatepe, I.A., Er, A.S., Debbah, M.: Big data caching
for networking: moving from cloud to edge. IEEE Commun. Mag. 54(9), 36–42 (2016)

97. Zhang, B., Li, Y., Jin, D., Hui, P., Han, Z.: Social-aware peer discovery for d2d communications
underlaying cellular networks. IEEE Trans. Wirel. Commun. 14(5), 2426–2439 (2015)

98. Zhang, K., Leng, S., He, Y., Maharjan, S., Zhang, Y.: Cooperative content caching in 5g networks with
mobile edge computing. IEEE Wirel. Commun. 25(3), 80–87 (2018)

99. Zhang, K., Mao, Y., Leng, S., He, Y., Zhang, Y.: Mobile-edge computing for vehicular networks: a
promising network paradigmwith predictive off-loading. IEEEVeh. Technol. Mag. 12(2), 36–44 (2017)

100. Zhang, K., Mao, Y., Leng, S., Zhao, Q., Li, L., Peng, X., Pan, L., Maharjan, S., Zhang, Y.: Energy-
efficient offloading for mobile edge computing in 5g heterogeneous networks. IEEE Access 4(99),
5896–5907 (2017)

World Wide Web (2020) 23:2407–2428 2427



101. Zhang, N., Zhang, S., Wu, S., Ren, J., Mark, J.W., Shen, X.: Beyond coexistence: Traffic steering in lte
networks with unlicensed bands. IEEE Wirel. Commun. 23(6), 40–46 (2017)

102. Zhang, X., Li, Y., Zhang, Y., Zhang, J., Li, H., Wang, S., Wang, D.: Information caching strategy for
cyber social computing based wireless networks. IEEE Trans. Emerg. Top. Comput. PP(99), 1–1 (2017)

103. Zhang, X., Wang, J.: Statistical Qos-Driven Power Adaptation for Distributed Caching Based Mobile
Offloading over 5G Wireless Networks. In: IEEE Conference on Computer Communications Work-
shops (2017)

104. Zhang, Y.Q., Li, X.: Temporal dynamics and impact of event interactions in cyber-social populations.
Chaos 23(1), 907–R (2013)

105. Zhi, W., Zhu, K., Zhang, Y., Zhang, L.: Hierarchically Social-Aware Incentivized Caching for D2d
Communications. In: IEEE International Conference on Parallel and Distributed Systems, pp. 316–323
(2017)

106. Zhou, L., Zhang, Y., Song, K., Jing, W., Vasilakos, A.V.: Distributed media services in p2p-based
vehicular networks. IEEE Trans. Veh. Technol. 60(2), 692–703 (2011)

107. Zhu, K., Zhi, W., Chen, X., Zhang, L.: Socially motivated data caching in ultra-dense small cell
networks. IEEE Netw. 31(4), 42–48 (2017)

108. Zhu, K., Zhi, W., Zhang, L., Chen, X., Fu, X.: Social-aware incentivized caching for d2d communica-
tions. IEEE Access 4, 7585–7593 (2017)

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

World Wide Web (2020) 23:2407–24282428


	A detailed review of D2D cache in helper selection
	Abstract
	Introduction
	D2D helper selection in network architecture
	Helper Selection In Content Delivery Networks
	Helper selection in peer-to-peer networks
	Helper selection in name data networks
	D2D helper selection in cellular networks
	D2D helper selection in vehicular ad-hoc networks

	D2D helper selection based on computing method
	D2D Helper Selection In Mobile Cloud Computing
	D2D helper selection in fog computing
	D2D helper selection in mobile edge computing

	D2D helper selection in social-aware attribute
	Discussion and future work
	Heterogeneity
	Realtime analysis
	User Mobility
	Extensibility
	Security

	Conclusion
	References


