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Socially Aware Energy Efficient Mobile Edge
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Abstract—To relieve the current overload of cellular networks  mobile data demand, mobile edge computing (MEC) is intro-
caused by the continuously growing multimedia service, mobile duced by the ETSI Industry Specification Group (ISG), which
edge collaboration, which exploits edge users to distribute videos provides an information technology service environment and

for base station (BS), provides an effective way to share the . e .
heavy BS load. With the emergence of mobile edge technologiesC|OUd computing capabilities within the radio access network

for Internet of Things (I0T) applications such as device-to-device (RAN) at the edge of mobile network [2]- [5]. It has the

(D2D), and machine to machine (M2M), how to exploit users’ potential to significantly reduce latency, ensure highly effi-
social characteristics and mobility to minimize the number of cjent network operation, enhance the utilization of network
transmissions of BS and how to improve the quality of experience resources, and optimize user experience.

(QoE) of users have become the key challenges. In this paper, o - . .
we study two aspects that are critical to these issues. One is In addition, the growing demand for video services from

the two-step detection mechanism, namely the establishmentUsers which cause serious BS overloads eventually. Neverthe-
of virtual communities and collaborative clusters. Specifically, less, an enormous amount of duplicate content requirements
we take into consideration user preference for content and existin the local service [6]. Many studies suggest the close re-
Iocatlpn. First of. fill, a virtual community is e§tabllshed, Wh!Ch lationship between click-though rate (CTR) and popularity of a
exploits the coalition game based on the user’s preference list to . id d follow the Ziof distributi 71 A dina t
dynamically divide users into multiple communities. Then, to take given vi .eo and follow the ZIp 'S_r' ution [ ]‘_ C?Or Ing to

full advantage of the temporary link established between users, the architecture of the current mobile communication network,

a grid-based clustering method is proposed to manage the video BS needs to allocate resources in time and frequency domain
requesting users. On the other hand, we propose a Scalable Videofor each user demand respectively, and sends the same content
Coding (SVC) sharing scheme based on user’s social attrlbutes.to individual users repeatedly [8]. Obviously, for multimedia

This approach makes video distribution more flexible at the . ith bulk of dat h . del is b d
edge of mobile network through collaboration among users, and service wi ulk Or data, such a service model IS boun

effectively reduces transmission energy consumption of transmit- {0 cause a great waste of network energy [9]. Meanwhile,
ters. Numerical results show that the proposed mechanism can redundant content transmission makes the available spectrum

not only effectively alleviate the BS load, but also dramatically resources extremely limited, which leads to a rapid decline in
improve the reliability and adaptability of video distribution. the quality of experience (QOE).

Index Terms—Mobile edge collaboration, scalable video cod-  Currently, there are two main methods to solve the above-

ing, video distribution, multicast, energy-efficient, user attributes. mentioned problems: 1) Significant improvement of the

physical-layer link capacity between transmitter and receiver.

However, the limited spectrum resources are insufficient to

. INTRODUCTION satisfy the explosive growth of multimedia services; 2) De-

ease of the cell size to improve the efficiency of radio

. . . 2 L sources. Although this approach can enhance the capacity
wireless multimedia applications, the limited spectrun&f

) X . the cellular capacity, the cost of establishing new cell sites
resources and ever-growing service requirements have becomg L . - .
. . . L _and providing associated backhaul will increase accordingly.
the main problems in mobile communications. Accordin

. . ) 9 Device-to-device (D2D) communications, as defined in
to Cisco's latest Visual Networking Index (VNI) report, the3(3PP, enable the physically proximal device to transmit data

global mobile data traffic will increase nearly 11-fold fromdirectly over a short range under the control of BS [10]. By

2014 to 2019, of which mobile video services will account foﬂsing D2D technology to distribute multimedia data at the

nearly 75% [1]. In order to cope with this ongoing increasingdge of network in a collaborative manner, the scarcity of
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D2D communications, the energy consumption and video The user can decide what to share in the local cache
transmission delay can be effectively reduced; 2) Through the according to the similarity of proximity ones, which not
cooperation between D2D users, not only a large number of only avoids redundant transmission, but also effectively
transmission resources can be reduced, but also the BS load reduces the transmission energy consumption of transmit-
can be alleviated; and 3) Owing to the D2D users, the limited ters.
spectrum resources of the cellular system can be multiplexeds A multicast mechanism based on the energy consumption
which can effectively improve resource utilization, and then of BS is employed in this paper. Under this scenario, the
the system capacity can be greatly enhanced. highest link rate in the cluster is selected as the multicast
Though D2D communications can offload BS traffic and rate to obtain the optimal cooperative cluster number
further enhance the spectrum utilization, applying D2D-based which is combined with the SVC for selectively receiving
edge computing method to solve the problem of massive video the enhancement layers among users. The reasonable
still faces following challenges [13]: 1) Video sharing typically ~ value of A\ balances the relationship between user’'s QoE
introduces additional energy overheads for the transmitter, how and BS load; moreover, video distribution can be achieved
to trade off the consumption and willingness of video sharing; more flexible and adapt to dynamic features of edge
2) Due to the different preferences of users for the quality of distribution.
multimedia playback, how to adapt to the needs of different The rest of this paper is organized as follows. Section I
video services; 3) The network environment is complex anglesents an overview of the previous work related to user at-
dynamical, how to overcome the impact of channel errofgpytes and energy efficiency in D2D communications. A grid-
and packet loss during network transmission; and 4) Th@sed clustering method based on game theory is presented in
connection between users has dynamic characteristics, &gtion IIl. Section IV, a user attribute aware video distribution
the movement will make the D2D link exhibits discontinuougyechanism using SVC is proposed. Finally, simulation results

features in time and space domain. In addition, users in cellulge analyzed in Section V, and the conclusions are reached in
communication systems have significant social attributes [14action VI.

[16]. The difference of social relationships among users lead to
various transmission preferences for them, which will provide
different service priorities for receiving user.

To solve the above problems, a video distribution mech- Recently, there has been much effort on the video distri-
anism based on dynamic social mobile edge collaboratibation over wireless networks. In general, previous works
is proposed in this paper. According to the similarity desn this problem have typically assumed that users in each
gree of user’s interest, the logical relationship among usessmmunity can communicate with each other locally, and
are analyzed and virtual communities are constructed inusers are distributed uniformly in the cell. The assumption,
distributed manner. Besides, by using SVC technology, susbwever, is impractical for real D2D application scenarios. The
video stream is divided into a multi-layer nested bitstreamglative works about data transmission based on user attributes
which consists of a base layer and multiple enhancement layargl energy efficiency D2D communications are introduced
[17]. Specifically, users send requests to BS in a group below.
virtual community manner according to their physical location The random mobility of cellular users and dynamic de-
to reduce redundant transmission. During a subsequent vidége trajectories make the multicast structure dynamical, the
transmission, in order to avoid packet loss caused by chanpehnections between users unstable and the data transmission
differences, multiple levels of bitstream can be provided f@rocess frequently interrupted [18]. In [19], a reliable D2D
respective users according to the energy state of each usafidticast algorithm is proposed to ensure that every user
device and its current location. Subsequently, to meet theceives the data correctly. The works in [20], [21] pointed out
user experience requirements, additional enhancement layeit the cellular data distribution can be achieved through D2D
data is further forwarded to the user based on the logiagbportunistic deliveries, which could reduce the BS load and
relationship between users in the best effort manner, namelyhance the data transmission efficiency. The work in [22],
user attributes are used to control encoded data forwardiD®D communication was used to improve the performance
The main contributions are as follows: of multicast transmission in cellular networks. The authors

o By analyzing the similarity degree of user interest iproposed to use D2D communications inside the clusters

different contents, a distributed logical relation detectioto enhance the multicast performance. The work in [23], a
method is proposed. Using coalition games, the users &euristic algorithm was proposed, that used the history of
dynamically divided into different virtual communities,user mobility of the previous day to identify a target set of
which makes the analysis results have dynamic evolutioisers for the cellular deliveries. In [24] developed the incentive
characteristics. Furthermore, according to the geogragiompatible contracts to encourage users to participate in data
ical distribution and the residual energy of users, thecquisition and distributed computing programs. The authors
set of cooperative transmission users can be reasonahly{25] exploited social community to design efficient data
established for video requesting users. forwarding in delay tolerant networks. Local users are very
o The SVC sharing mechanism based on the social chéikely to request same video services and the resulting repeated
acteristics of users is proposed in this paper, which camultimedia data transmission consumes massive network re-
transmit the video data between users at various bitratssurces in the traditional cellular network, which notably

II. RELATED WORK
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affects delay and efficiency of the transmission process [2&]p as to achieve the purpose of saving energy for BS. Finally,
[27]. The common assumption of these previous studies fasers share data with each other by exploiting the regularity
cooperative D2D communications is that all users are willingf their activities.

to help any other user. However, D2D communications would

incur significant energy consumption, there is no sufficiel ccs|

reason to assume that all users would cooperate with e:
other, especially for video service with bulk of data.

Much effort has been made in the literature to improv
energy efficiency. The work in [22] proposed a bufferin
mechanism to offload and alleviate the heavy (BS) load. Wh
a user device receives a content request, it directly chec
the buffer of itself or its neighbors. To reduce of the enerc
consumption of BS in a video transmission and sharing sc
nario, in [28] proposed to construct in-band underlaying D2
clusters where the total energy consumption of each clustel
constrained. The works in [29]- [31] proposed several resour
allocation algorithms based on game theory to improve tl
energy efficiency of D2D communication system. In [32], the
author proposed a user group partition algorithm based on theFig. 1. The distribution of users in virtual communities
coalitional game, which saves the total energy of the system
by cooperation among users. However, this approach is largelyirtual communities have dynamic characteristics, so it is
limited by the geographical location of user device. necessary to update the node information in real-time. In this

To summarize, it is different from our work, since we carriegaper, Mobile Management Entity (MME) receives, updates
the comprehensive consideration on the energy consumpt&@m manages the node information through the Cooperative
of BS, social attribute and physical location of users, as wellontrol Server (CCS). The function of CCS is similar to
as cooperation between edge users. In addition, we proptise cluster-head or cloud-head, which accesses the mobile
a video data distribution mechanism based on SVC. On onede within the community in a centralized way. In addition,
hand, SVC based multicast scheme provides differentiatérs architecture can take advantage of both centralized and
services to community users with varying channel conditiondistributed architectures to deliver video in a "best effort”
which improves the adaptability of system. On the othenanner at the edge of the network.
hand, user attributes are used to control SVC encoding andn addition, to meet the requirements of different users
forwarding so as to meet the needs of different edge usersfor video services, as well as the dynamically changing

network environment, H.264/SVC standards was developed by

I11. NODE RELATIONSHIP ANALYSIS International Telecommunication Union (ITU) in 2007 [35].
The basic idea is that the video is encoded into one base
layer (BL) and one or more enhancement layers (ELs), and

The social attributes, which describe the long-term interagach layer containing the information relative to a quality
tion behavior between users, are stable [33]. Using parametiekgl. The basic quality of the video stream is guaranteed by
associated with social attributes, users can make the best pigg/iding the user with the base layer. The quality of video
of temporary link to complete the distribution of video datagan be improved as the number of received enhancement layers
In addition, virtual community is a cooperative organizatiomcreases. An enhancement layer can be decoded if and only if
composed of user devices, which can opportunistically shaienhancement layers below it are received. Therefore, SVC-
resources and dynamically connect nodes. As shown in Figased sharing mechanism provides a degree of freedom by
1, virtual communities are marked with different colors anghatching video stream characteristics to user device capability
users are going to or have arrived at their interest points. Aad the social characteristics of different users. For ease of
mentioned in the introduction, in traditional video diStI’ibUtiOfgearching, Table 1 summarizes the notations used in this paper.
mode, each user obtains desired content from BS indepen-
dently. While multiple users access the same content, BS
will transmit the content repeatedly. Such transmission mofe
not only increases the burden of BS, but also decreases th@o improve the utilization of network resources, we in-
resource utilization of the network. Therefore, we proposetaduce interest similarity to distinguish users, that is, users
virtual community model which can alleviate the load of BSletermine their affiliation with community by comparing the
through collaboration among edge users. Different from theterest similarity with others. In this paper, the similarity of
usual communities based on the location, the virtual commuiniterest between users is obtained by collaborative filtering
ties can be established in a self-organized manner accordingrtethod, and this approach can be used to analyze and predict
the interest preference of users [34]. Users in units of clustersquisition of user groups who own similar behavior or
send request to BS based on their physical location at currenéference, namely, the users have similar interests primarily
time, which greatly avoids redundant transmission of videbecause they are interested in the same contents.

P
Rath
a**a

A. Virtual Community

Virtual Communities Establishment
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TABLE I. Notations

Notation Destination Notation Destination

N(u;) The preference set of user, Sug,uy The similarity degree between usey and u;

Ay, Cy The users set and coalition set after iteratioiimes zhE (1) The interest degree for poimpt, of userwu; at timet
D(ug,uyj) The difference of interest position betweep and u; | A The number of collaborative cluster

Mp The number of users in the cooperative clustr R s To i The highest and low link rate in cooperative cluste
Tmin The lowest link rate for all interested users To The base layer after SVC

T,T, - Ty_1 The enhancement layer, respectively ., The residual energy of usex;

Hu, The enhancement layers received by usgvia BS Ty, The enhancement layers received by usgrvia D2D
tp The user tolerance delay gr(z) Useru,; preferences for video playback quality

For a given user; and u; , let N(u;) and N(u;) denote u,; will receive “accept’” message, and then marks the user as
their preference set respectively, which can be obtain by anéft and make it join the coalition. However, if the user has
lyzing the history records. Assuming that the total number a@fvolved in other coalition or replied “reject” message, usger
videos isM in a certain period. User access to the videman will continue to invite the next user in preference sequence.
be represented by a binary random variablewhich is equal Useruf”t who accepts the invitation starts to invite the next
to 1 if the user caches the viden, otherwisea;, = 0. Thus user with highest interest similarity based on its preference
N(u;) = {ai,ab,---a%,} and N(u;) = {a,ad,---a’,;} sequence, and the invitation process is repeated, until the
define the interest vectors of user and u; for video set, original useru; is invited to join the coalition, and then the
respectively. Thereby, the interest similarity between user first iteration ends. At the second iteration= 2, the users
and u; can be derived from the Jaccard coefficient [36], asho have already belonged to the coalitioh are removed,
shown in Eq. (1) that is, A> = A;/C;. Then coalitionC5 is built from users

set As. In the iterationt, users who belong to the previous
M (1) coalition tzl C is removed, namelyd; = A,/ tzl C). This
[N (ui) UN ()] = _ =
process is repeated until the set of usdfs= (), the iteration
where(0 < Sy, ., < 1. Obviously, the lager value of,, .,, ends.
the more similar the user’s interest preference. Subsequently,
the similarity degree between userand the others is obtained )
according to the Eq. (1), and arranged in descending orderGo Cluster Cooperation
constitute the user’s; preference sequence. According to the above method, the logical relationship

In order to achieve better experience through collaboratibetween users is obtained based on the similarity of the pre-
between users, the user invites others with the highest interiested content. However, users with strong mobility, and their
similarity to join the virtual community, and users in the samdaily activities have certain regularity, thus the geographical
community can achieve higher video quality by sharing thdistribution of users should also be analyzed. In addition,
cache. In the process, since user invites the most prefertesgrs are allowed to receive the corresponding video within
one from current sequence to join the coalition, they can nibie tolerance timép to enhance the user experience.
be out of the current coalition and construct a new coalition to Users with mobility will access multiple geographic points
collect more data. Therefore, users are divided into differeot interest on their trajectories. Hence, the Point of Interest
virtual communities dynamically according to their preferenggol) tracks the location of particular users in chronological
sequences. To further exploit the stable social relationship, amder. P; = {p!*, p*,--- pl¥} is used to represent the location
improve data forwarding efficiency accordingly, the coalitioof a user in different epochs. In most cases, the daily activities
game model is employed to describe the relationship amoofusers are with strong regularity. Fig. 2 is a two-dimensional
users to minimize the virtual community difference. As can bgraph of users position-time regularity obtained by statistical
seen, dividing users into multiple virtual communities accoré@nalysis over a period of time. Obviously, there is a greater
ing to the users’ preference sequence can be transformed itttance of encountering between user 1 and 3 in the period of
a coalition game problem, and the optimal virtual community, ~ ¢4, while the probability of encountering between user 1
solution can be achieved by acquiring the core solution of tlaed 2 is larger in the period a@f, andt,.

Suivuj =

coalition game. Assuming that users in the virtual community formed by
In this paper, each user can only belong to a virtu#ihe coalition game are recorded A4 = {uy,uo, - ,un};
community, who holds the interest in a short time, so the Pol of user; is U; = {u?*, u??,--- u}"}. All users’

virtual communities formed via interest similarity betweefols are counted in the community and expressed gs=
users with strong stability, and all the coalitions are found vid; U U, U --- U Uy and || = K, respectively.

iteration manner. The procedures are as follows: For the firstThe preference of various users to different Pol can be
iterationt = 1, the number of userisi;| =N and coalition set known according to the users’ Pol for a given period. The
C1=0, useru; is selected fromA; arbitrarily. Then usewn; larger appearance times clearly indicates the higher interest
sends an invitation message to one who have highest inteidsgree for a certain interest point. Thus, the preference degree
similarity. If it has not been involved in any coalitions, useof useru; for p; is obtained by the ratio between the number
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collaborative ones according to distances between it and the
users with the highest link rate in each cluster. If there are
equal distances, a cluster with a higher number of users is
preferred. Obviously, the value of is closely related to the
user experience and BS energy consumption.iff small, the
number of transmission from BS to clusters reduces; at the
same time, the number of users increases who do not receive
desired video data in the duration &§f. These users should
obtain contents from BS directly, thus, it has little effects on
offload BS traffic. On the contrary, users obtain the full video
at a high probability in limited time and gain better QoE
rapidly, but that raises the number of transmissions of BS,
leading to a significant increase in BS energy consumption.
Therefore, the optimal value oX is critical to the overall

system.
of times user reaching the Pol and the total number of times.
S Pl P2 P3 P4
Thereforezb* is given by < | A
, i "
Mactul
D ac
Tui =77 @) P5 P6 f i P7 P8
In Eq. (2), letmgcwa denotes the number of times that A #
userwu; at pr, and 6 indicates the total number of records. BS | |
wherex?*(t) denotes the interest degree of userfor point P9 | i |
K
pr in time ¢, and0 < 2Bk < 1, ) af* = 1, respectively. P10 h PIL| & #
k=1 '
Furthermore, the interest degree for all points of usels
shown in Eq. (3):
P13 P14 P15 P16

XU'L (t) = (l'ﬁi (t)a CCZ? (t)a MR xﬁf( (t)) (3)

At time ¢, the interest of usex; andu,; for given pointF,
namelyz?* (t) andz?* (¢) are different [37]. The difference of
interest between users is smaller, the similarity of trajectorig
and behaviors is more higher. The average of the inter
difference for each location between userandw; defines as
their degree of interest difference, as shown in Eq. (4):

Fig. 3. Network coverage division

Without loss of generality, it assumes that the set of coop-
[ative cluster is?., = {p},--.p®--p*},1 <A< L. The
ber of users in the cooperative clugigis M;* (M} > 3).
n order to reduce energy consumption of BS, while ensuring
that all users can receive basic video service in real time, let
Rz . denotes the highest link rate in the cooperative cluster
py, andry;, indicates the lowest link rate for all interested
users. All users can be guaranteed to obtain low quality videos
K via receiving and decoding the base layer with the multicast
. . . _ratery;,. Meanwhile, in order to get the optimal cooperative
where D(u;, u;) denotes the difference of interest positionser numbed, BS selects the maximum transmission rate in
between user; andu;, and0 < D(u;, u;) < 1. In particular, o ¢|yster as the multicast rate, and users with “poor” channel
whenD(u;, u;) = 1 indicates that two users share no interegf i selectively receive the enhancement layers according

point. . L . . _to their capabilities. Therefore, whey satisfies the constraint
According to users location in the virtual community at time 1 dition is given by

t, Pols are divide intdk x k grid areas, namely cluster as
shown in Fig. 3. The maximum distance in the same cluster

K
O fatr —atz]
’D(ui, Uj) =

(4)

v—1 v—1
is the communication rang® between D2D users, where T v T To+ > T;
the k equals tok = (INTVL) + 1, and thek x k grid O Pes+ Y Z}; Pag < =l pys (5)
areas are denoted &= {p1,p2,---pi--- ,pr2 }. BS selects T'min iy lmax T'min

optimal matching user according to the degree of preferencqt js concluded that\ = Az, namely there are,, clusters

for each location of interest at timee The optimal matching that receive videos via BS multicast. Where the right side
user means the user with the highest degree of preferencedplne inequation represents the energy consumption which
p. LetUy,,.. ., indicates the users who satisfy the constraiids directly multicasts the video data to all interested users;
Py = {P|max{Xy,(t)}}. In other words, the cluster contain§ 7 /r,...) - Pgg represents the energy consumption which

users with the lowesD(u;, u;) at timet. BS multicasts the base layer to all interested users, and
If BS multicasts video data to all clusters, huge resources!

will be consumed. In this paper, BS selectsclusters as

T;/ Rmax indicates the shortest transmission time required
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for BS multicasting all enhancement layers to the clystein

addition, there are(y > 1) video layers, wher&), denotes the m = (2 /(

base layer and?, T, ---T,—1 represent all the enhancement deu,

layers. In addition, the enhancement layers received by usean
By simplifying the above inequation, the constraint for pe calculated by

can be denoted by

N pi = INT (; - (y = 1)) ®)

1 1 -
Z T S (6) where (y — 1) indicates the total number of enhancement
max i layers, andn; denotes the reception rate of user relative
Since BS multicasts the video data to the cooperative clust@r,use_ruw- o _
the priority order of the multicast is decided by the distance. AS illustration in Fig. 4, all users receive the base layer
Therefore, from the above inequation, it is obvious that tfeom BS, while two user receive all enhancement layers
inequationR% .. > rmin, NAamely A\, > 1, showing that at in cooperative cluster 1. user 1 with the highest link rate,
least one cooperative cluster receives all enhancement Iay%@se rate is selected as multicast rate, so user 1 receives all
enhancement layers. For user@, > 1 is calculated by Eq.

(7), so user 3 also obtains all enhancement layers. Similarly,
< 1, so user 2 obtain%} and7s.

) ()

dcauwn

x=1

IV. EDGE COLLABORATIVE SHARING

Many studies have shown that the functions associated w7i7t7F12
wireless communication will consume more energy compar--'
with any other component on the mobile device [38]. A ﬁi

Enhancement Layer Three

Enhancement Layer Two

mentioned in the introduction, the data sharing typically incu
additional energy overheads [39]- [40], which reduces devi
operation time, and ultimately results in reducing the usel
QOE [41], [42]. In order to reduce the energy consumptio
an edge collaborative sharing mechanism based on SVCiis |
posed. Users have different social attributes and social relatit
ships, which will lead to different transmission preference
and provides different service priorities for receiving use
Therefore, user attributes are used to control SVC encoding
and video data forwarding, which not only effectively reduces Fig. 4. Video distribution model
energy consumption of transmitters, but also makes the video

distribution process more flexible and easier to control [43],

[44]. It also balances the relationship between users’ Qdk Video Distribution from Base Station

with BS load by above Eq. (5). In this paper, the process os mentioned above, BS multicasts the base layer to all
of edge collaborative sharing follows a two phase cooperatiyferested users and multicasts the enhancement layers to
communication: in phase 1, BS transmits the video data éach cooperative cluster. Besides, in order to ensure that
users; in phase 2, the users who successfully received the viggQisers can receive the minimum quality video, the lowest
data in phase 1 shared the received data to other edge usggsmission rate,,;, is selected for multicast the base layer.
Meanwhile, to obtain the optimal cooperative cluster number,
A. Videos Distribution Model we choose the highest link rate as multicast enhancement
In this subsection, a video distribution scenario is Corllqyers rate. o Y . . .
T . - . __The user with “poor” channel quality selectively receives
structed. As shown in Fig. 4, to provide the basic video service . .
hancement layers according to own location and energy. In

for all users, the base layer is always multicast when is paper. assuming thate is the transmiting power of
multicasts the layered bitstream [45]. Apparently, the videy tph b h | 9 b tBS BS and n9 hp
, the channel gain between and useris h.,,, SO

quality improves as the number of received enhancem . . _
layers increases. Besides, the user with the highest link ratgﬂaet received signal of user; can be denoted byss /e, . In

the current time is denoted as,, whose rate is selected as th eneral, channels are assumed to follow Rayleigh distribution,

. . . he distance between BS and useris denoted byi. ..., and
multicast rate, meanwhile,,, receives all enhancement layer . . Ui T
. . . the channel fading factor and Gaussian channel coefficient are
from BS. Other users selectively receive video data accordi

: X e algnoted by andhg, respectively. Because the communication
to location and residual energy. If users are not satisfied "Between BS and user is under the impact of their distance and

the video quality, they would receive more enhancement Iayecrr?annel fading, the channel gain between them can be denoted
from other edge users. Assume that residual energy ofwser,
is E,,, and the distance between BS and usgis denoted
by d. .,. Specifically, the number of enhancement layers that
user u; can receive is proportional td,., but inversely
proportional tod. ,,,. In addition, Take uset,, as a reference, In addition, the noise of the received signal is composed

other users’ reception ratg is given by of the additive Gaussian white noiseyB, and the same

Base Laver

I Enhancement Layer One
]

Residual energy

FTI | E I |
*I ll Userl Base Station User7 -r<~.x
.{!\8 User? u I*
. . User9
User5

Userd
I * I * Cooperative cluster 2

Cooperative cluster 1

hc,ui = dc_gl ho (9)
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frequency interference noise by D2D usgr In this paper, the have different preferences for multimedia playback quality.
link channel of user is assumed to be shared by only a sindleme users may not satisfied with the current video quality,
pair of D2D users. Therefore, the noise of received signsb they expect to receive more enhancement layers to recover
by useru; can be denoted by, h. ., + noB. Furthermore, higher quality. In addiction, residual energy of user will have
according to the Shannon equation, the transmission rateserious impact on the edge communication process. In

between BS and user can be denoted by Eq. (10): view of the above situation, we allow the user to multicast
enhancement layers to other users, and multicast wses
R, = Blogy(1+ PBS—hC»“i) (10) selected according to residual energy of the device.
7 Pu,hew, +m0B In the D2D communication based mobile edge collaboration

It assumeFE,,, is the available energy when usey joins phase, assuming that,, is transmitting power of D2D user

‘ u,,. According to the Shannon Eq. (9), the transmission rate
=1 between D2D users can be denotedry .. Traditionally,
required time to receive the video data from BS, dfg, is if user multicasts a video stream to other users according to
the receiving power of user;, so the energy consumption ofthe “good” channel, user with a “poor” channel may fail to

useru; is (To/Tmin + i Tw/RZ,.) - P, . Therefore, the decode packets. To avoid the situation above, in this paper,

, k=1 e the multicast rate is determined by “worst” channel quality as
residual energy of user; can be calculated by Eq. (11):  ghown in Eq. (13):

i
the virtual communityZy /romin + > Tk/RE . represents the

max

o T i T
Eui:E'U«i_( 0 + .

Tmin b

x ) ’ P’U«mT (11) Trwnin = min{ruw,ux}v €T 7£ w,x C plm (13)
—1 = max . .
where the multicast rate between usgr and other users in
Hi . .
In this phaser.., = Y. T, denotes enhancement Iayeréhﬁ_ crlluﬁterj\?;;in, andp; denotes the x-th cooperative cluster,
_ =1 o which hasM? users.
received by uset;, wherey; = INT (1; - (y — 1)) indicates  yser u,, multicasts the received enhancement layers
the number of enhancement layers. Ugfrmin representthe S~ 7, to others in the cluster. The transmission delay
required time to transmit the base layer to all interested users}1,v—1]
and Ty /rmin - P... indicates the energy consumption whichs t = > Ti/ry;,. Therefore, the energy consumed by
BS directly multicasts the base layer to all interested Use[Rary, kelt,y—1]

= i : to send the data can be calculated b
Similarly, ¢ . / Ry, denotes the time at which the enhance- v y

max

ment layer is transferred to cooperative cluster. Therefore, BS's STy
energy consumption can be denoted by Ew) — ke(l,y-1] p (14)
T A MF & N . "min . . -
Ermutticast = (—% + Z Z o). p,, (12) In addition, define user’s preference for multimedia quality
Tmin = 1= Fiax asg-(z), where0 < g-(z) <1 is a generalized function that

In this section, BS multicasts all enhancement layers gn be o_btame_d by f'“”?g the ac'_[ual daga(x) denotes the
. . ; ersonalized video services provided to users. Therefore, the
clusters in order until the energy consumption of BS do€s = !

. énergy consumed for receiving data on the D2D communica-
not satisfy Eq. (5).

tion link can be given by

C. Video Sharing under Virtual Communities Collaboration M

In this section, we utilize social characteristics and mobilityg(z) — Z
. co,r rT.
of users to transfer some core network functions to the network =1 min
edge; meanwhile, make full use of temporary link establish%]1ere + denotes users except, in the cluster P*:
among users instead of BS to complete the transmissionmf v 0

: S T (9-(z) - (v — 1)) — u, indicates the enhancement layer
video. Hence, the number of transmissions through BS shoyld., \\ser.  failed to receive
- .

be minimized by the cooperation of edge users. With the above mentioned edge collaboration structure, the
1), Intra—(_:luster Data Forwardlng: In Qrder to enhance the n, \imedia distribution within the cluster is divided into the

quality _of video, users selec.t|_vely receive enhancement 'ay%ﬁowing two cases:

accordujg to thglr own po§|tlon and energy [46,]' There are Case 1: If the residual energy of usey, is sufficient to

some video coding strategies [52] [47] [48], which could bﬁmlticast some or all of enhancement layers to other users in

applied before the data forwarding. In [52], an efficient algqhe cluster, the situation satisfies Eq. (16):
rithm for reducing the computational complexity of multiple ' ' '

Ty +Thess - +TiNT(g, (2)-(7—1))

: Pum,r (15)

view coding has been proposed. [47] investigated a fast motion > Ty

estimation (ME) method to reduce the encoding complexity of B, > ke[ly—1] P, (16)
the H.265/HEVC encoder. In [48], a content similarity based " e "

fast reference frame selection algorithm has been propo

. . . ' ere T} represents the demand enhancement layers
for reducing the computational complexity of the multiple ke[l%,l] K TP y

reference frames based interframe prediction. However, usef®ther users, and’;  indicates the lowest link rate between
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useru,, and other users in the cluster. In this case, the multicasicounter interval between usgrandu;. The complementary

is performed by uset,,. cumulative distribution function of’,, .., can be calculated by
Case 2: If the residual energy of usey does not satisfy the

constraint in Eqg. (16). In this cass, > 1 indicates that user min uisu

u; iS superior to uset,, in the residual energy and location at Pri_%f {Tuu; >t} = <M> > TJE%E]_ a7)

this current time, so usar; receives all enhancement layers. ¢

The condition SatisfiesEui > Euw- Thus the multicast is where the parameteyui’uj > (0 determines the shape of the

performed by usem;, so users in the cluster are able t@umulative distribution function of encounter interval, .,

receive the desired video data. If the residual energy of usgidr™» denotes the minimum possible valuelof ... Then

u; still does not satisfy the condition (15), user performs  the probability that user; andu,; meet each other at least once
the multicasting according to the value of the enhancemefiiring time periodtp, is given by

layer in order, which is determined by users requirements, so

it can not meet the needs of all users. Similarlyy;i< 1, user Prﬁﬁi (tp) =1 — Prfﬁlj {Tuiu, >tp} (18)
u,, multicasts enhancement layers to meet the requirements of )
most users. At the same time, the number of enhancement layers that

As depicted in Fig. 4, the residual energy of user 1 [4S€'uz _has cached is\,;. The content to be transmitted by
insufficient to multicast the required enhancement layer B> IS difference between the number of enhancement layers
other users. In this case, the conclusign > 1 can be desired by uset,; and actually obtained,, in time ¢p, which
drawn from Eg. (7), thus the multicast is performed by usét 9iven by
3. Based on the different preferences for video quality, users

can selectively receive the enhancement layer multicasted by MP | g eet Fru

user 3 according to their own preference. As shown in Fig. 4, ¢BS = > _ >, Tp = P (tp) X2 T, (19)
user 2, 5 and 6 will continue receive the enhancement layers, p=het [t =t

while user 4 is no longer receives any video data. Through above analysis, BS needs to directly transmit

To summarize, there exists at least one user in collaboratites(u;) t0 useru;, the transmission time i8gs(u:)/Re,u -
cluster receiving all enhancement layers. In particular, if tHéence, the energy consumption of BS at this phase is shown
residual energy of user,, does not satisfy the constraint of Eqin Ed. (20):

(16), it multicasts in order by counting the enhancement layers ‘
of all users’ requests. User,, finishes the multicasting until Eeellular= Z M - P, s (20)
the residual energy is insufficient to complete the transmission wEM Rep,

of a certain enhancement layer, where the enhancement layers e total energy consumption of BS Bow = Feellular +

that useru; desires to obtain i, +1,- -+, Ty_(i)(y-1)- Since . With the above mentioned edge collaboration struc-
the decoding of the enhancement laygelies on the former yre, the multimedia distribution among clusters is further
Ty.—1 layer, some users can not decode immediately afiglided into the following two cases:

receiving it, that is, the enhancement layers have potential =1 o
value. Subsequently, the adjacent user transmits the remainin§as€ 1: fEotal < (To+ >° T5)/rmin- Pas, it indicates that

enhancement layers according to their similarity, thus thie total energy consump%ln of BS still satisfies constraint of
enhancement layers with potential value transformed ingy. (5), In this case, BS sends the required enhancement layer
valuable ones, to provide the higher quality video servicgs each user individually.
after decoding. gt i

2) Inter-Cluster Data Forwarding: To make full use of the Case 2: fBotal > (To + 121 T3)/ruin - Pes, by counting
temporary link established between edge users. In this subske- enhancement layer of users’ content and requests, BS
tion, a SVC sharing mechanism based on social attributesmfilticasts them to meet the requirements of majority users.
users is proposed. Users decide what to share in the local cachgy the above process, the highest link rate in the cluster

according to the similarity of proximity ones. Herg,, = is selected as the multicast rate based on energy consumption
INT ((v — 1) - g-(u;)) indicates the number of enhancemennodel to obtain the optimal cooperative cluster number. Then,
layers that usem; prefers; whilefi,. = INT (Sy, ., - #.) BS multicasts the encoded video data to cooperative clusters,

denotes the number of enhancement layers actually receiadidwing users to selectively receive enhancement layers. In
via D2D communications. So the transmission can be dividéuk intra-cluster communication phase, the multicast users are

into three cases: selected according to location and residual energy of devices
Case 1: Ifu,, > 11,,, useru; has finished receiving; at the current time, which cooperates with BS to distribute the
Case 2: Ifu,, <m,, andt < tp, useru; will continue to video in the network edge. In the inter-cluster communication

receive enhancement layers via other users wntil= 7, ; phase, some core network functions are transferred to network
Case 3: Ifu,, < m,, andt > tp, useru; will continue to edge by utilizing user’s social characteristics and mobility, and

receive enhancement layers via BS. the burden on BS is minimized by the cooperation of edge

According to user mobility analysis results given by Refusers. The pseudo code of algorithm 1, namely the edge col-
[49], the encounter interval between users can be descridaldorative sharing mechanism based on energy consumption
by the Pareto distribution. It assumes tfiat ., denotes the is shown below.
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Algorithm 1 Edge collaboration sharing mechanism standard scene based on SVC is utilized in this paper [51].
Initialization: Select cooperative cluster’; The video sequence is encoded using a Group of Picture
User tolerance delayp; (GOP) structure, each GOP is formed by a number of encoded

1: Intra-cluster sharing phase video frames, which include | frame, P frame and B frame

2: The maximum link rate in the cluster is used as theespectively. We assume that maximum transmission range
multicast rate, user,,, receives all enhancement layersof D2D is 50m, and the coverage radius of the base station
Other users in the cluster receives part or all enhancem&nt00m. The bandwidth for wireless transmission is 1MHz.

layers according to Eq.(7) The power density of the Gaussian noise is -174 dB/Hz.
3 if g > INT (g () - (v — 1)) ,u, € PP then The multicast distance between BS and user with the highest
4:  Intra-cluster communication phase ends link rate in the cluster is denote bYg_. . In addition,
5 else to measuring the quality of received video and transmission
6: if By, >( > Tk/rin) - Pu, Orm <1then strategy, we consider the following three parameters:
ke[l,y—1 . . . . .

7 user u,, m[ulvticalsts the desired enhancement Iayer%PSNR' Peak S_|gnal tp Noise Rat|o .(PSNR) IS an standard

to other users objective evaluation of video quality. It is a fun<_:t|0n related to
& else the mean square error between the original video frames and
9: Useru,; multicasts the desired enhancement layers P(gocessed video f.rames. . ) .

others VDR: Video Delivery Rate (VDR) is defined as the ratio be-
1o end if tween the number of users receiving the desired enhancement
11 end if layers and the total number of video requesting users.

12: END MOS: Mean Option Score (MOS) is a subjective evaluation

13: Inter-cluster sharing phase of the video quality by users.

14: if INT ((v — 1) - gr(u;)) > INT (Sy, u; - ptr) then

15:  Useru; has finished receiving A. Quantitative Analysis

16: else

17:  if ¢t <tp then In this paper, we analyze network performance from two

18: User u; continues to receive enhancement layergspects: the computational complexity and the overhead of

until INT ((v — 1) - g-(ui)) > INT (Su, u; - o) energy.
19: else - 1) Computational Complexity: In this paper, the analysis
20: it Fiotal < (To+ 3. T3)/Tmin - Pos then of the computational complexity is mainly focused on the
i=1 establishment of the virtual community, and the complexity of

2L BS sends the required enhancement layer t0 €agfher processes is approximately linear. The establishment of
user individually virtual community is to explore the paths beginning from each

22: else _ _ user. Since each user will be visited once, the computational

23 BS muItlcast_s according to the value of enhanc%’omplexity of the process i®(|C:|). Therefore, the overall
ment layers in order computational complexity of all users@(ZfZl |Ct]), where

24 en_d if T is the number of iterations. More specifically, if a path

25: en_d if forms a self-cycle with a path length of 1 and it is required to

23 ErI]\IdDIf visit the remaining users who do not belong to any virtual

community, the upper bound of computational overhead is
O, |G| = 8 i = YEDy i all the users form
a virtual community, that is, the path lengthh§ in this case,
the lower bound of computational overheadigV). Thus, the

In this paper we evaluate the performance of the propos@§chanism overall has a computational complexitPon?).
mechanism by using MATLAB. By exploiting user attributes 2) Energy Overhead: In this section, we analyze the upper
and SVC, the intra-cluster and inter-cluster video data forwar@d lower limits of energy consumption at both the user’s
ing can be reasonably achieved to reduce redundant transriide and BS side. As mentioned above, the total energy
sions of BS. In this section, we provide various simulatiofonsumption of BS isEiqcal, if the user has received the
results to show the performance of the proposed algorithfiggiuired video during time periodp, then no additional
in terms of energy consumption, video transmission rate, aftgnsmission is required. In this scenario, the lower bound of

V. PERFORMANCE ANALYSIS

video quality. energy consumption is obtained, which is given by Eq. (21):
Without loss of generality, we use human mobility trace

datasets Infocom 06, which is real mobility trace and en- \ Vil T

counter of users [50]. The datasets records 98 iMotes’ contact Ty  Prs + i: = P < E 1)

during the conference IEEE Infocom 2006 among which there Tmin Bs = Riax B8 = Fotal

are 20 static iMotes and 78 mobile iMotes. In our simulation,
we use the 20 static iMotes as user’ interest points and 780n the contrary, as in the above case 2, the upper limit of
mobile iMotes as mobile users; Moreover, a measured videnergy consumption can be calculated by Eq. (22):
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100,
To + Z T;
Eiotal < ———— . - Pps + Z - Pps (22)
min u CN mln ;\5
whereu’ denotes users who have not received the enhancemen §
layer T/, and the number of these users is less than or equal 2
to N — \; r’ denotes the lowest rate of these users. ‘_'é
When the equality holds in Eq. (21), namely, the left side 5
of the inequation represents the total energy consumption of
BS. Therefore, the total energy consumption of the edge user
can be denoted by
1100 1150 1200 1250 1300 1350 1400 1450
. [12’% ) Tkp )y Tolerant delay(s)
“ e u F u;N Tu. Puo (23) Fig. 5. The offloading rate under various tolerant delays

In particular, when the number of usersis equal toN — A
andT,, = T, are satisfied, at which point the total energgnd SVC sharing mechanism based on the social charac-
consumption of the edge user is minimized, and the valuet&istics of users, so the energy efficiency is higher than
0, because in this scenario, there is no communication betw@sher two cases. For no user attribute mechanism, since the
the edge users. data sharing typically incurs additional energy overheads, thus
some users are reluctant to provide their caches via D2D
communication. But compared with the third mechanism, the
application of SVC effectively reduces the energy consumption
To evaluate whether the proposed algorithms can help dbtransmitters, so the transmitters are more willing to share
reduce the energy consumption of BS, we conduct seriesthé cache with other users. According to numerical results,
simulations, and two distribution mechanisms without considur proposed mechanism can achieve 20.3% and 49.6% higher
erations of user attribute and SVC method are compared. Téreergy efficiency respectively, when compared with the other
offloading rate under various tolerant delay is shown in Fig. fwo cases.
The offloading rate increases along with the growing tolerant
delay. When the multicast distance between BS and user with

B. Energy Consumption Analysis

the highest link rate in the cluster is small, the offloading %

rate for BS is high, and the offloading rate tends to be flat sol

with the increase in the tolerant delay. This is because that

the probability of users encounter increases when the tolerant g 70 » 3
delay increases. It can be seen from Eq. (10), when other ? //MM
conditions keep the same, the transmission rate decreases ¢ é %0 —+—The Propsed Mechanism

the distance from BS to user increases. Under the constraini 4 .| —%— NO User attribute Mechanism
condition Eg. (5), the number of cooperating clusters is g‘f 4~ NO SVC and User attribute Mechanism
determined by the maximum transmission rate in the cluster, " 4d 1
that means the number of cooperative clusters increases a

the distance between BS and the user decreases. Obviousl o

when the tolerant delay is small, the maximum offloading 5 S S S R S S
ratio achieves up to 72.34%, and with the increase of tolerant 203 s mberofsers. 0112

delay, the offloading rate achieves up to 92.04% eventually.
The varying tendencies of the curve of tii&s_. = 100m  Fig. 6. The energy efficiency under various numbers of users
consistent withDg_. = 200m, this is because that the number
of cooperative clusters is the same in both cases.

The energy efficiency under various numbers of users is o )
shown in Fig. 6. Where the multicast distance between BS Video Transmission Srategy Analysis
and user with the highest link rate is about 200m, and theThe video delivery ratio under various distances from BS
tolerant delay is 1500s. Obviously, the energy efficiency ¢b userw,, is shown in Fig. 7. Apparently, the decrease of
all three mechanisms will increase as the number of use¢he video delivery ratio along with the growing distance from
in the virtual community increases. This is because there &8 to useru,,. This is due to the fact that the number of
more opportunities for collaboration among edge users wheooperative clusters decreases as the distance from BS to
the number of users increases. For our proposed mechanisserw,, increases, and hence the number of users receiving
which employs the reasonable virtual community detectidhe video data from the BS decreases dramatically. As can
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77.42% whent = 0, and 96.77% when = 2000. The reason 109
is that there are more cooperation opportunities among users

when the tolerant delay increases, so users can improve videc ook
delivery ratio through shared caching.
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Fig. 7. The video delivery ratio under various distances from
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The number of users

35

BS to useru,,

The video delivery rate under various numbers of users is
shown in Fig. 8. As can be seen, as the number of users in
the virtual community increases, the video delivery rate of our
proposed mechanism presents the trend declines at the begir
ning and then promotes. This is because as the number of user
increases, more cooperation opportunities raised among users
and more benefits of utilizing user attribute becomes. On the
contrary, the video delivery rate of other two mechanisms have
been decreasing because of the data sharing typically incurs
additional energy overheads, and users are always resourc 4

PSNR(dB)

25

—*— The Proposed Mechanism
—#— No User attribute Mechanism
—A— No SVC and User attribute Mechanism

limited, so most users are reluctant to provide their caches
via D2D communication. Furthermore, the application of SVC
effectively reduces energy consumption of transmitters, th
transmitters are more willing to share the cache with Othﬁ&er
users. Results show that the proposed mechanism can make
up to around 21% performance gain over the solution that no

user attribute mechanism.
90

Average Bit Rate(kbps)

400 450 500 550 600 650 700 750 800 850 900

D. Video Quality Analysis
Fig. 9 illustrates the relationship between the video quality

PSNR and the average bit rate. Apparently, the video quality 70p

of the proposed mechanism is higher than those of the video
distribution mechanism without using user attribute and SVC
method. This is because that the data sharing incurs additiona 50
energy overheads, some users are reluctant to share thei

MOS

caches via D2D communication; moreover, as the average bit 4Op A R D

rate increases, the compressing and decoding rate increase

60f

* -~ The Proposed Mechanism
No User attribute Mechanism

<+~ No SVC and User attribute Mechanisr

rapidly, and higher quality videos can be transmitted to users.
Fig. 10 shows the MOS of all three mechanisms. The different 20
color segments represent different experience qualities. When 2

the PSNR range is abo ~ 25, user’s subjective experience
quality is “poor”; 25 ~ 31, 31 ~ 37, 37 ~ 40 indicate “Fair”,
“Good” and “Excellent”, respectively. As can be seen from the

Fig. 10, the subjective evaluation of the video quality by usersFig. 11 reflects the video recovery performance of three

25 30 35 40

PSNR(dB)

Fig. 8. The video delivery rate under various number of users

grows as the PSNR increases. Results show that the proposed
- mechanism improves the user experience.

|’—l§g. 9. The relationship between the video quality and the
age bit rate

Fig. 10. The relationship between the PSNR and MOS
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