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Abstract. The rapid increase in mobile users (MUs) and various video
applications and services (VASs) poses a set of challenges to 5G net-
works. Although device-to-device (D2D) communications and resource
reuse techniques can improve the streaming performance of VASs, they
have not utilized the fact that there are many MUs with available shar-
ing downlink resources, namely cellular users (CUs), and many videos
cached in dense MUs to establish an efficient video streaming session. In
this paper, we propose a downlink resource sharing and segment alloca-
tion (RSA) optimization problem and solve it for high video streaming
performance over multi-hop multi-path (MHMP) in dense D2D 5G net-
works. Particularly, the RSA provides a maximum capacity for the CUs
that share their downlink resources with the D2D hops in each path by
finding the optimal downlink resource sharing-receiving pairs between
the CUs and the D2D hops. Then, the segments of a video cached in
different D2D helpers (DHs) are sent to the D2D requester (DR) over
the MHMP. By finding which segments are allocated to which paths
for sending, the reconstructed distortion of the received segments at the
DR is minimized for high playback quality. Simulation results are shown
to investigate the benefits of the proposed solution compared to other
schemes without RSA.
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1 Introduction

Device-to-device (D2D) communications and spectrum reuse techniques have
been defined as the emerging solutions to improve the system capacity and
resource efficiency in 5G networks [1–4]. Applying D2D communications and
spectrum reuse techniques to offloading data in close proximity can further relax
the macro base stations (MB) and the small-cell base stations, which have been
suffered from high workload due to the rapid increase in mobile users (MUs)
and various video applications and services (VASs) [5,6]. However, current stud-
ies in the literature have not utilized the fact that there are many MUs with
available sharing downlink resources, i.e., cellular users (CUs), and many videos
cached in dense MUs, i.e., D2D helpers (DHs), to establish an efficient multi-hop
multi-path (MHMP) video streaming session of VASs.

In consideration of D2D communications and resource allocation based VASs,
other additional techniques such as caching and clustering [7–10], scheduling and
mode selection [11–13], and transmission [14,15], have been proposed to enhance
the video streaming performance, i.e., high resource efficiency and high playback
quality. The problem of these techniques is that the VASs are deployed in the con-
text of single-hop D2D communications. On the one hand, this in turn requires
high D2D transmission powers causing high interference impact on the CUs that
share their downlink resources. On the other hand, the videos, which have been
cached in the DHs located more than one hop far away from the requesters, are
not exploited for VASs. In fact, MHMP D2D communications have been studied
to gain the benefits from dense D2D 5G networks [16–20]. However, the pro-
posed solutions are not efficient enough, especially for VASs, because they do
not utilize the videos cached in the HDs for multi-source streaming nor do they
consider the characteristics of the videos (e.g., rate-distortion (RD) models) and
the users’ behavior (i.e., represented by the video access rate/popularity) for
high video streaming quality.

In addition, few of the studies have focussed on VASs over multi-source and
MHMP D2D communications [21–23]. Particularly, in [21], the paths and the
video traffics are scheduled to balance the energy consumption amounts of the
D2D links to prolong the cooperative streaming duration of D2D networks. The
authors in [22] have proposed a cross-layer solution to optimally select the D2D
modes, video coding modes, and transmission paths to enhance the average qual-
ity of received video under a given energy constraint. Especially, by packetizing
the video into multiple descriptions at optimal encoding rates and allocating the
optimal numbers of descriptions to different DHs for being transmitted, the video
is received at the D2D requester (DR) with high playback quality and low quality
fluctuation while consuming low energy [23]. It can be observed that the char-
acteristics of videos and users [21,22] and the advantages of downlink resource
sharing allocation and multi-hop D2D communications [23] are not considered
for high video streaming performance.

In this paper, we take the advantages of available resources of CUs and
videos cached in the DHs in consideration of the characteristics of both videos
and users, to propose a downlink resource sharing and segment allocation (RSA)
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Fig. 1. VASs over MHMP in dense D2D 5G network.

optimization strategy for high performance of VASs over MHMP in dense D2D
5G networks. The RSA strategy consists of two optimization problems, namely
resource sharing allocation (RA) optimization problem and segment allocation
(SA) optimization problem. The RA optimization problem is solved for optimal
resource sharing-receiving pairs between the CUs and the D2D hops for MHMP
D2D communications. The objective is to maximize the capacity of the CUs
that share their downlink resources with the D2D hops in each path. Based on
the optimal results of the RA solution (all D2D hops with corresponding shared
donwlink resources in each path from the DHs to the DR are identified), the SA
optimization problem is then solved for optimally allocating which segments to
which paths for sending. This way, the reconstructed distortion of the received
video is minimized for high playback quality.

The rest of this paper is organized as follows. In Sect. 2, we introduce our
system models including the VASs over MHMP in dense D2D 5G networks,
downlink resource sharing based CUs capacity, and video segment transmission.
The RSA optimization problems and solutions are presented in Sect. 3. We show
the simulation results with detailed performance evaluation in Sect. 4. Finally,
Sect. 5 is dedicated to concluding the paper.
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2 System Models

2.1 VASs over MHMP in Dense D2D 5G Networks

In this paper, we consider the VASs over MHMP in a dense D2D 5G network
as shown in Fig. 1. Thanks to dense D2D users in 5G networks, we assume that
there are at least K DHs that have cached the requested video consisting of S
segments (S ≤ K). We also assume that there are K paths established from
the K DHs to the DR by using [19,24], here the path k has Hk D2D hops. The
D2D users are randomly located and modeled as 2-D homogeneous Poisson point
process (PPP) in a circular cell with intensity λD [25,26]. In the system, there
are N CUs (N ≥ K) that share their downlink resources with Hk D2D hops
in the path k. An arbitrary CU can share its downlink resource with only one
D2D hop in a path, but with up to K D2D hops in K paths. The transmission
over the D2D hop hk in path k is done by reusing the downlink resource shared
by the CU n optimally selected from N CUs such that the average capacity of
the CUs is maximized. Finally, S segments of the requested video are optimally
allocated to K paths for sending so as to minimize the reconstructed distortion
of received video at the DR.

2.2 Downlink Resource Sharing Based CUs Capacity

In our aforementioned downlink sharing scheme, the CU n suffers interference
from the transmitters of up to K D2D hops in K paths. Therefore, the signal to
interference plus noise ratio (SINR) at the CU n is given by

SINRn
C =

PMGn
M,C

N0 +
∑K

k=1 Phk

D Gn,hk

D,C

, (1)

where PM and Phk

D are the transmission powers of the MB and the transmitter
of the D2D hop hk in the path k; N0 is the power of additive white Gaussian
noise (AWGN); Gn

M,C and Gn,hk

D,C are the channel gains from the MB and the
transmitter of the D2D hop hk to the CU n, which are modelled as an exponential
power fading coefficient with unit mean (∼exp(1)) and a standard power law
path loss function with path loss exponent η [25,26].

The problem is that how to allocate the downlink resource of the CU n to
the D2D hop hk, hk=1, 2, ..., Hk, such that the total interference effect on the
CU n is minimized, i.e., gaining the highest SINR at the CU n. To do so, we add
a downlink resource sharing allocation (RA) index vn,hk

to (1) to indicate that
if the CU n agrees to share (vn,hk

= 1) with the D2D hop hk or not (vn,hk
= 0).

Therefore, Eq. (1) is re-written as

SINRn
C =

PMGn
M,C

N0 +
∑K

k=1

∑Hk

hk=1 vn,hk
Phk

D Gn,hk

D,C

. (2)
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Based on Shannon-like capacity, the capacity delivered to the CU n and the
average capacity per each CU are respectively given by

Cn
C = W log2(1 + SINRn

C) (3)

and

C =
1
N

N∑

n=1

Cn
C , (4)

where W is the system bandwidth.
In this paper, C in (4) is maximized by finding the optimal values of vn,hk

.
This so-called RA optimization problem and solution are introduced in the next
section.

2.3 Video Segment Transmission

In the SA optimization problem, S segments of the requested video are allocated
to K paths such that the reconstructed distortion of the received video at the DR
is minimized. To do so, we take into account the RD based video packetization
scheme at the DHs and the multi-hop lossy wireless environment analysis, which
are presented below.

RD Based Video Packetization Scheme: Aiming at providing the highest
data protection strategy and the robustness over the diverse characteristics of
the MHMP wireless environment, we exploit the benefits of scalable extensions of
high efficiency video coding (SHVC) to packetize each segment of the requested
video into M descriptions for transmission by using layered multiple description
coding with embedded forward error correction (LMDC-FEC) [23,27–34]. The
most important characteristic of SHVC based LMDC-FEC is that the recon-
structed distortion of the received segment is more reduced for higher playback
quality if more descriptions are correctly received without considering the orders
of the received descriptions.

By further applying the RD model given in [30,31] to SHVC, if the segment s
has m out of M descriptions received correctly, this segment is decoded for play-
ing back at the rate Rm

s corresponding to the reconstructed distortion Ds(Rm
s ).

The relationship between rate Rm
s (measured in Kbps) and the reconstructed

distortion Ds(Rm
s ) follows a decaying exponential function given by

Ds(Rm
s ) = γs(Rm

s )βs , (5)

where γs and βs are the independent parameters found by analysing the exper-
imental characteristic of the segment s.
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Description Multi-hop Delay: A description of the segment s is lost over
the path k if it does not arrive in time at the DR for playing back. Following
[35,36] and ignoring the total processing delay, given a delay threshold τs,k, the
loss probability of a description of the segment s is expressed as

Ls,k
D =

∫ ∞

τs,k

μk

Γ (Hk + 1)
(μkt)Hke−μktdt, (6)

where the delay threshold τs,k and the average waiting delay per hop 1/μk are
respectively given by

τs,k = κ

Hk∑

hk=1

thk
+

(s − 1)F
Sf

(7)

and

1
μk

=

∑Hk

hk=1 thk

Hk
, (8)

where κ ≥ 1 is the startup delay coefficient, thk
is the waiting delay of hop hk,

and F and f are the number of frames and the frame rate of the considered
video, respectively.

Description Multi-hop Transmission Error: In addition, a description of
a segment is lost over the path k due to transmission error. After finding which
CUs share their downlink resources with which D2D hops in all K paths, let
Phk

be the outage probability of the hop hk, if a description of a segment is sent
over the path k, the loss probability of this description is expressed as

Lk
T = 1 − pk

Hk∏

hk=1

(1 − Phk
), (9)

where pk is the probability that the video has been cached in the DH k. By
following [25,26] in which N0 is negligible, given a threshold of capacity (i.e, bit
rate) Cth for reliable communications, and assuming that the statistical model
of channel over the hop hk is Rayleigh fading, Phk

can be computed as

Phk
= P{Chk

D < Cth} = 1 − exp

{

− ξhk

[

λM

(
PM

Phk

D

) 2
η

+ λD

]}

, (10)

where ξhk
=

∑N
n=1 vn,hk

πd2hk
Γ (1+ 2

η )Γ (1− 2
η )

(
2

Cth
W − 1

)2/η, dhk
is the distance

from the transmitter to the receiver of the hop hk, and Chk

D is the capacity at the
receiver of the D2D hop hk coming from its corresponding signal-to-interference-
plus-noise ratio SINRhk

D , expressed as

SINRhk

D =

∑N
n=1 vn,hk

Phk

D Gn,hk

D,D

No + PMGn
M,R +

∑N
n=1

∑K
l=1,l �=k

∑Hl

hl=1 vn,hl
Phl

D Gn,hl

D,R

(11)
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and

Chk

D = W log2(1 + SINRhk

D ). (12)

Description Loss Probability: So far, a description of the segment s is lost
if it arrives at the DR later than the threshold or it is not received correctly at
the DR due to transmission error. The loss probability of a description of the
segment s is computed as

Ls,k = Lk
T + (1 − Lk

T )Ls,k
D . (13)

Finally, the probability that m out of M descriptions of the segment s are
correctly received over the path k is given by

P s,k
M,m =

(
m

M

)

(1 − Ls,k)m(Ls,k)M−m. (14)

Reconstructed Distortion: Based on the aforementioned analysis of the RD
based video packetization scheme and the multi-hop lossy wireless environment,
we further take into account the segment allocation index us,k to indicate that if
the segment s is selected to be sent over the path k (us,k = 1) or not (us,k = 0)
so as to minimize the average reconstructed distortion of received video at the
DR. Consequently, the average reconstructed distortion of the received video at
the DR is computed as

D =
S∑

s=1

rs

K∑

k=1

us,k

M∑

m=0

P s,k
M,mDs(Rm

s ), (15)

where rs, which is the access rate (popularity) of the segment s representing the
users’ behavior, is modelled by following Zipf-like distribution [37], given by

rs =
s−α

∑S
s=1 s−α

, (16)

here α is the skewed access rate among different segments of the considered
video. It means that if α = 0, all segments have the same access rate, while the
higher value of α yields the higher skewed access rate among different segments.

3 RSA Optimization Problems and Solutions

In the RA problem, it is to maximize the average capacity C per each CU
that shares its resource for MHMP D2D communications. The optimal values
of vn,hk

are found such that the interference effect on the CUs caused by the
transmitters of D2D hops is minimized. In addition, we further take into account
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the constraints of
∑Hk

hk=1 vn,hk
≤ 1 (each CU can share with up to one D2D hop

in each path),
∑N

n=1 vn,hk
= 1 (each D2D hop in a path can be shared by only

one CU), and
∑N

n=1

∑Hk

hk=1 vn,hk
= Hk (all CUs can share up to Hk D2D hops

in each path). The RA problem is formulated as follows:

max
vn,hk

C (17)

s.t.

⎧
⎪⎨

⎪⎩

∑Hk

hk=1 vn,hk
≤ 1, n = 1, 2, ..., N, k = 1, 2, ...,K,

∑N
n=1 vn,hk

= 1, k = 1, 2, ...,K,
∑N

n=1

∑Hk

hk=1 vn,hk
= Hk, k = 1, 2, ...,K.

(18)

After solving (17) and (18), all the D2D hops in K paths are established for
video streaming from the DHs to the DR. In the SA problem, the optimal values
of us,k are found to yield the optimal matching allocation between the access
rate rs and the RD of the segment s induced lossy characteristic of the path k
such that the average reconstructed distortion D of the received video at the DR
is minimized. In addition, because we have S segments, i.e., S ≤ K, sent over
K paths, there have some paths that are not used. We further take into account
the constraints of

∑S
s=1 us,k ≤ 1,

∑K
k=1 us,k = 1, and

∑S
s=1

∑K
k=1 us,k = S to

ensure that each path can send up to one segment, each segment is sent over only
one path, and K paths must send all S segments. The SA problem is formulated
as follows:

min
us,k

D (19)

s.t.

⎧
⎪⎨

⎪⎩

∑S
s=1 us,k ≤ 1, k = 1, 2, ...,K,

∑K
k=1 us,k = 1, s = 1, 2, ..., S,

∑S
s=1

∑K
k=1 us,k = S.

(20)

Both the RA and SA optimization problems can be solved by using exhaus-
tive binary matrix search, in which finding optimal values of vn,hk

and us,k is
actually finding the optimal matrices {V ∗

N×H1
;V ∗

N×H2
; ...;V ∗

N×HK
} and U∗

S×K by
searching the following binary matrix spaces:

V = {V 1
N×H1

, V 2
N×H1

, ..., V 2N×H1

N×H1
;V 1

N×H2
, V 2

N×H2
, ..., V 2N×H2

N×H2
; (21)

...;V 1
N×HK

, V 2
N×HK

, ..., V 2N×HK

N×HK
}

and

U = {U1
S×K , U2

S×K , ..., U2S×K

S×K }. (22)
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4 Performance Evaluation

The system parameters setting is given in Table 1. Furthermore, the distance of
D2D hops, distance from D2D transmitters to the CUs, and distance from the
MB to the CUs and the D2D receivers, are respectively in the ranges of [1, 10] m,
[1, 50] m, and [300, 1500] m. The system is covered by a circular area with radius
of 1500 m, and thus λM = 0.14147× 10−6 and λD = 1.9806× 10−6. We evaluate
the performance of the proposed RSA (i.e., RA and SA) by comparing it to
the other two benchmarks without RSA, namely Average (Ave) and Minimum
(Min). In Ave, the capacity of the CUs and the reconstructed distortion of
received video are averaged over the number of feasible solution sets of V and
the number of feasible solutions of U that satisfy (18) and (20). Meanwhile in
Min, the capacity of the CUs and the reconstructed distortion of received video
are computed by finding the worst feasible solution set of V and the worst feasible
solution of U that cause the average capacity of CUs and the playback quality
at the DR minimum.

Table 1. Parameters setting

Symbols Specifications

S 3 segments

K 4 paths

Hk {1, 2, 3, 4} D2D hop(s)

N 5 CUs

W 10 MHz

PM 10 W

pk {1, 1, 1, 1}
M 32 descriptions

Cth 1 bps

γs {10, 20, 30}
βs {−0.5, −0.75, −1}
η 4

F 300 frames

f 24 frames/s

RM
s 3000 Kbps (full rate of each segment)

κ 1

thk Randomly distributed in the range of [0.0002, 0.002] s

P
hk
D Randomly distributed in the range of [0.1, 0.5] W

N0 10−13 W

We first evaluate the capacity performance of the RA, Ave, and Min versus
the number of paths by changing K from 1 to 5. As shown in Fig. 2, if the num-
ber of paths increases, the CUs suffer from higher interference impacts caused by
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Fig. 2. Average capacity of CUs versus number of paths.
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Fig. 3. Quality of received video at DR versus skewed access rate of segments.

dense D2D hops, and thus the average capacity of CUs decreases, even approx-
imately to zero when K = 5. In comparison, the RA outperforms the Ave and
Min. It is noted that the number of paths for MHMP D2D communications is
carefully selected to guarantee the CUs high quality of service. In addition, if we
do not optimally allocate the downlink resource sharing-receiving pairs between
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Fig. 4. Quality of received video at DR versus caching probability.

the CUs and the D2D hops, the capacity of the CUs may be equal to the common
value (the Ave case) or even the worst value (the Min case).

Next, we evaluate the performance of the SA, Ave, and Min, i.e., measured
in peak signal-to-noise ratio (PSNR), versus the skewed access rate (α) among
different segments. The results in Fig. 3 show that the higher skewed access
rate the segments have, the higher performance the system gains. It means that
exploiting the skewed access rate to serve the most popular segments rather than
the less popular ones can improve the system performance. Obviously, the SA
provides higher PSNR than the Ave and Min do.

Finally, Fig. 4 plots the PSNR performance of the SA, Ave, and Min versus
the probability (pk) that the considered video has cached in the DH k. In this
case, it is meaningless if pk = 0, so we change pk from 0.001 to 1. It is easy to
observe that the system provides higher PSNR if pk increases and the proposed
SA is always better than the Ave and Min, i.e., up to 1 dB and about 2 dB
higher than Ave and Min, respectively.

5 Conclusion

In this paper, we have proposed a downlink resource sharing and segment allo-
cation (RSA) optimization solution for high performance of video streaming
applications and services over multi-hop multi-path (MHMP) in dense D2D 5G
networks. In particular, the RSA can exploit the dense characteristic of D2D
users with cached video and the available downlink resources of the CUs to
establish a MHMP video streaming session that can guarantee the CUs max-
imum average capacity. In addition, by considering the characteristics of the
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video, the users’ behavior, and the multi-hop lossy wireless environment, the
RSA can provide the D2D requester with minimum reconstructed distortion of
the received video for high playback quality.

Acknowledgement. This research is funded by Vietnam National Foundation for
Science and Technology Development (NAFOSTED) under grant number 102.04-
2018.308.

References

1. Mishra, P.K., Pandey, S., Biswash, S.K.: Efficient resource management by exploit-
ing D2D communication for 5G networks. IEEE Access 4, 9910–9922 (2016)

2. Ali, M., Qaisar, S., Naeem, M., Mumtaz, S.: Energy efficient resource allocation
in D2D-assisted heterogeneous networks with relays. IEEE Access 4, 4902–4911
(2016)

3. Nguyen, L.D.: Resource allocation for energy efficiency in 5G wireless networks.
EAI Trans. Ind. Netw. Intell. Syst. 5, 1–7 (2018)

4. Thanh, T.L., Hoang, T.M.: Cooperative spectrum-sharing with two-way AF relay-
ing in the presence of direct communications. EAI Trans. Ind. Netw. Intell. Syst.
5, 1–9 (2018)

5. Vo, N.-S., Duong, T.Q., Guizani, M., Kortun, A.: 5G optimized caching and down-
link resource sharing for smart cities. IEEE Access 6, 31457–31468 (2018)

6. Bui, M.-P., Vo, N.-S., Nguyen, T.-T., Tran, Q.-N., Tran, A.-T.: Social-aware
caching and resource sharing optimization for video delivering in 5G networks.
In: Duong, T.Q., Vo, N.-S., Phan, V.C. (eds.) Qshine 2018. LNICST, vol. 272, pp.
73–86. Springer, Cham (2019). https://doi.org/10.1007/978-3-030-14413-5 6

7. Zhu, H., Cao, Y., Hu, Q., Wang, W., Jiang, T., Zhang, Q.: Multi-bitrate video
caching for D2D-enabled cellular networks. IEEE Trans. Multimed. 26, 10–20
(2019)

8. Wu, D., Liu, Q., Wang, H., Yang, Q., Wang, R.: Cache less for more: exploit-
ing cooperative video caching and delivery in D2D communications. IEEE Trans.
Multimed. 21, 1–12 (2018)

9. Shen, Y., Jiang, C., Quek, T.Q.S., Ren, Y.: Device-to-device-assisted communica-
tions in cellular networks: an energy efficient approach in downlink video sharing
scenario. IEEE Wirel. Commun. 15, 1575–1587 (2016)

10. Zhang, X., Wang, J.: Heterogeneous statistical QoS-driven resource allocation for
D2D cluster-caching based 5G multimedia mobile wireless networks. In: Proceed-
ings of IEEE International Conference on Communications (ICC), Kansas City,
MO, pp. 1–6, May 2018

11. Liu, M., Yu, F.R., Teng, Y., Leung, V.C.M., Song, M.: Distributed resource allo-
cation in blockchain-based video streaming systems with mobile edge computing.
IEEE Wirel. Commun. 8, 695–708 (2019)

12. Li, J., Feng, R., Sun, W., Chen, L., Xu, X., Li, Q.: Joint mode selection and resource
allocation for scalable video multicast in hybrid cellular and D2D network. IEEE
Access 8, 64350–64358 (2018)

13. Ye, C., Gursoy, M.C., Velipasalar, S.: Power control and mode selection for VBR
video streaming in D2D networks. In: Proceedings of IEEE Wireless Communi-
cations and Networking Conference (WCNC), Barcelona, Spain, pp. 1–6, April
2018

https://doi.org/10.1007/978-3-030-14413-5_6


38 Q.-N. Tran et al.

14. Ren, Q., Chen, J., Chen, B., Jin, L.: A video streaming transmission scheme based
on frame priority in device-to-device multicast networks. IEEE Access 7, 20187–
20198 (2019)

15. Yun, J., Piran, M.J., Suh, D.Y.: QoE-driven resource allocation for live video
streaming over D2D-underlaid 5G cellular networks. IEEE Access 6, 72563–72580
(2018)

16. Ying, B., Nayak, A.: A power-efficient and social-aware relay selection method for
multi-hop D2D communications. IEEE Commun. Lett. 22, 1450–1453 (2018)

17. Gui, J., Deng, J.: Multi-hop relay-aided underlay D2D communications for improv-
ing cellular coverage quality. IEEE Access 8, 14318–14338 (2018)

18. Lu, X., Zheng, J., Liu, C., Xiao, J.: A mobility and activeness aware relay selection
algorithm for multi-hop D2D communication underlaying cellular networks. In:
Proceedings of IEEE International Conference on Communications (ICC), Paris,
France, pp. 1–6, May 2017

19. Yuan, H., Guo, W., Jin, Y., Wang, S., Ni, M.: Interference-aware multi-hop path
selection for device-to-device communications in a cellular interference environ-
ment. IET Commun. 11, 1741–1750 (2017)

20. Wei, L., Hu, R.Q., Qian, Y., Wu, G.: Energy efficiency and spectrum efficiency
of multihop device-to-device communications underlaying cellular networks. IEEE
Trans. Veh. Technol. 65, 367–380 (2016)

21. Liu, B., Cao, Y., Wang, W., Jiang, T.: Energy budget aware device-to-device coop-
eration for mobile videos. In: Proceedings of IEEE Global Communications Con-
ference (GLOBECOM), San Diego, CA, pp. 1–7, December 2015

22. Wang, Q., Wang, W., Jin, S., Zhu, H., Zhang, N.T.: Joint coding mode and multi-
path selection for video transmission in D2D-underlaid cellular network with shared
relays. In: Proceedings of IEEE Global Communications Conference (GLOBE-
COM), San Diego, CA, pp. 1–6, December 2015

23. Vo, N.-S., Duong, T.Q., Tuan, H.D., Kortun, A.: Optimal video streaming in dense
5G networks with D2D communications. IEEE Access 6, 209–223 (2017)

24. Hung, D.T., Duy, T.T., Trinh, D.Q.: Security-reliability analysis of multi-hop
LEACH protocol with fountain codes and cooperative jamming. EAI Trans. Ind.
Netw. Intell. Syst. 6, 1–7 (2019)

25. Bhardwaj, A., Agnihotri, S.: Channel allocation for multiple D2D-multicasts in
underlay cellular networks using outage probability minimization. In: Proceedings
of National Conference on Communications (NCC), Hyderabad, India, pp. 1–6,
February 2018

26. Bhardwaj, A., Agnihotri, S.: Energy- and spectral-efficiency trade-off for D2D-
multicasts in underlay cellular networks. IEEE Wirel. Commun. Lett. 7, 546–549
(2018)

27. Boyce, J.M., Ye, Y., Chen, J., Ramasubramonian, A.K.: Overview of SHVC: scal-
able extensions of the high efficiency video coding standard. IEEE Trans. Circ.
Syst. Video Technol. 26, 20–34 (2016)

28. Sullivan, G.J., Ohm, J.-R., Han, W.-J., Wiegand, T.: Overview of the high effi-
ciency video coding (HEVC) standard. IEEE Trans. Circ. Syst. Video Technol. 22,
1649–1668 (2012)

29. Vanne, J., Viitanen, M., Hamalainen, T.D., Hallapuro, A.: Comparative rate-
distortion-complexity analysis of HEVC and AVC video codecs. IEEE Trans. Circ.
Syst. Video Technol. 22, 1885–1898 (2012)

30. Xiang, W., Zhu, C., Siew, C.K., Xu, Y., Liu, M.: Forward error correction-based
2-D layered multiple description coding for errorresilient H.264 SVC video trans-
mission. IEEE Trans. Circ. Syst. Video Technol. 19, 1730–1738 (2009)



Resource Sharing and Segment Allocation Optimized Video Streaming 39

31. Jurca, D., Frossard, P., Jovanovic, A.: Forward error correction for multipath media
streaming. IEEE Trans. Circ. Syst. Video Technol. 19, 1315–1326 (2009)

32. Chou, P.A., Wang, H.J., Padmanabhan, V.: Layered multiple description coding.
In: Proceedings of Packet Video Workshop, Nantes, France, pp. 1–7, April 2003

33. Puri, R., Ramchandran, K.: Multiple description source coding using forward error
correction codes. In: Proceedings of Asilomar Conference on Signals, Systems and
Computers, Pacific Grove, CA, pp. 342–346, October 1999

34. Albanese, A., Blomer, J., Edmonds, J., Luby, M., Sudan, M.: Priority encoding
transmission. IEEE Trans. Inf. Theory 42, 1737–1744 (1996)

35. Vo, N.-S., Duong, T.Q., Shu, L.: Bit allocation for multi-source multi-path P2P
video streaming in VoD systems over wireless mesh networks. In: Proceedings of
IEEE International Conference on Communications (ICC), Ottawa, ON, Canada,
pp. 5360–5364, June 2012

36. Chou, P., Miao, Z.: Rate-distortion optimized streaming of packetized media. IEEE
Trans. Multimed. 8, 390–404 (2006)

37. Breslau, L., Cao, P., Fan, L., Phillips, G., Shenker, S.: Web caching and zipf-like
distributions: evidence and implications. In: Proceedings of IEEE International
Conference on Computer Communications (INFOCOM), New York, NY, pp. 126–
134, March 1999


	Resource Sharing and Segment Allocation Optimized Video Streaming over Multi-hop Multi-path in Dense D2D 5G Networks
	1 Introduction
	2 System Models
	2.1 VASs over MHMP in Dense D2D 5G Networks
	2.2 Downlink Resource Sharing Based CUs Capacity
	2.3 Video Segment Transmission

	3 RSA Optimization Problems and Solutions
	4 Performance Evaluation
	5 Conclusion
	References




