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Abstract. In this paper, we propose a downlink resource sharing and
multi-tier caching selection (DRS-MCS) solution for video streaming
applications and services (VASs) in 5G ultra-dense networks (UDNs). The
DRS-MCS allows mobile users (MUs) to experience the VASs by multicas-
ting from three-tier caching placements, i.e., macro base station (MBS),
femtocell base stations (FBSs), and mobile devices. To do so, the MUs
are categorized into three types including 1) sharing users (SUs) that own
downlink resources being shared for device-to-device (D2D) communica-
tions, 2) caching helpers (CHs) that cache the requested videos for mul-
ticasting over D2D communications, and 3) requesting users (RUs) that
request the videos. The CHs and the RUs are grouped into different clus-
ters, each cluster has a number of CHs and RUs in close vicinity for D2D
multicast communications. We then formulate the DRS-MCS optimiza-
tion problem. By solving the problem, the DRS-MCS solution can select
not only the best pairs of SUs and CHs for D2D multicast communications
but also the best caching placements for multicasting in each cluster, so
as to maximize the total video capacity delivered to the RUs. Simulation
results are shown to demonstrate the benefits of the proposed DRS-MCS
solution compared to other conventional multicasting schemes.
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1 Introduction

By 2022, it anticipates that together with the rapid increase of mobile users
(MUs), the video applications and services (VASs) will bloom and use up about
79% of the mobile data traffic [1]. It is certain in VASs that there are a number of
MUs in close vicinity of each other that have the same interest of video contents.
In this context, by exploiting the benefits of common interest-sharing nature of
dense MUs and broadcast nature of wireless medium, multicasting techniques
play an important role in emerging 5G networks since they can provide the
system with a high energy- and spectrum-efficiency solution and a high video
delivery capacity [2,3].

Most of the multicasting techniques have been studied to apply to device-
to-device (D2D) communications [4,5] with the assistance of the MUs that have
cached the videos for streaming, namely caching helpers (CHs), and have avail-
able downlink resources for sharing, namely sharing users (SUs) [6–12]. The
results achieved include tractable model for analysis and optimization design of
coverage probability and system capacity [6], reduction in streaming cost at bet-
ter fairness [7], minimum video delivery delay [8–10], and maximum energy effi-
ciency [11] and sum effective throughput [12]. Other multicasting techniques have
further exploited both physical communications features and social attributes of
MUs to gain higher system performance [13–20]. However, these studies can-
not provide a flexible multicasting strategy to serve the requesting users (RUs)
that request the videos by fully utilizing the three-tier caching placements, i.e.,
macro base station (MBS), femtocell base stations (FBSs), and CHs over D2D
communications, in 5G ultra-dense networks (UDNs).

Few of multicasting techniques have been proposed to serve the RUs flexibly
by the MBS over conventional cellular transmission and by the CHs over D2D
communications with downlink resources shared by the SUs [21,22]. In particu-
lar, the authors in [21] have designed a downlink resource sharing and caching
helper selection solution to maximize the multicast video delivery in dense D2D
5G networks. The proposed solution has been insightfully studied by considering
the social attributes between the CHs and the RUs as well as the constraint on
the skewed fairness of RUs, so as to further satisfy the RUs [22]. The existing
problem of the works in [21,22] is that they do not exploit the caching placement
at the FBSs to fully provide the RUs with three-tier caching selection for the
highest system capacity.

In this paper, we utilize the three-tier caching placements at the MBS, the
FBSs, and the CHs as well as the downlink resources available at the SUs to pro-
pose a downlink resource sharing and multi-tier caching selection (DRS-MCS)
solution for VASs in 5G UDNs. To do so, we formulate the DRS-MCS opti-
mization problem for finding the best pairs of the CHs and the SUs in order to
multicast the requested videos from the CHs to the RUs over D2D communica-
tions that reuse the downlink resources of the SUs. In addition, the DRS-MCS
is able to select the best caching placements, i.e., the MBS, the FBSs, or the
CHs, to serve the RUs in different clusters at maximum system capacity. The
DRS-MCS optimization problem also considers a constraint on the target signal
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Fig. 1. Multicast Video Streaming in 5G UDNs with DRS-MCS.

to interference plus noise ratio (SINR) of the SUs to guarantee their quality
of service (QoS) which is certainly degraded due to the transmissions of the
CHs when reusing the downlink resources of the SUs. Simulation results are
shown with insightful analysis and discussion to demonstrate the benefits of the
proposed DRS-MCS solution compared to other schemes such as convention-
ally multicasted by the MBS and by both the MBS and the FBSs but without
downlink resource sharing.

The rest of this paper is organized as follows. We introduce the system model
of multicast video streaming in 5G UDNs with DRS-MCS and describe how it
works in Sect. 2. In Sect. 3, we derive the system formulations that enable us
to propose the DRS-MCS optimization problem and solution in Sect. 4. The
performance evaluation is presented in Sect. 5. Finally, we conclude the paper in
Sect. 6.

2 System Model

In this paper, we consider a system of multicast video streaming in 5G UDNs
with DRS-MCS as shown in Fig. 1. The system consists of one MBS, I FBSs, K
SUs, and J clusters. The cluster j, j = 1, 2, ..., J , has Mj CHs that have cached
the requested videos and Nj RUs that request the videos. The system provides
three ways to flexibly multicast the videos to the RUs that are 1) multicast from
the MBS over conventional cellular transmissions, 2) multicast from the FBSs by
applying the channel splitting and F-ALOHA schemes that are able to guarantee
no interference [23], and 3) multicast over D2D communications by reusing the
downlink resources shared by the SUs. At the appropriate time, if there are a
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number of RUs requesting a particular video, the MBS deploys the DRS-MCS
strategy including three steps presented as follows:

– Step 1 - Clustering: To deploy the DRS-MCS strategy, it is necessary to group
the CHs and the RUs that are in close vicinity for D2D communications into
J clusters. We apply the D2D clustering technique proposed in [24], in order
to expand the coverage area of each cluster so that there are Mj CHs and Nj

RUs in the cluster j.
– Step 2 - Formulating and solving the DRS-MCS optimization problem: The

MBS further collects the system parameters such as the number of SUs and
channel information from the MBS, FBSs, and CHs to the RUs and from the
MBS and CHs to the SUs. These parameters enable the MBS to formulate
the DRS-MCS optimization problem and solve it for the optimal downlink
resource sharing index vm,k

j . If vm,k
j evaluates to 1 (or 0), the SU k does

(or does not) share its downlink resource for D2D multicast communications
from the CH m to Nj RUs in the cluster j, m = 1, 2, ...Mj . For the purpose
of limiting the interference impact caused by the transmissions of CHs on
the SUs, i.e., guaranteeing the QoS of the SUs, the DRS-MCS optimization
problem considers the constraints such that an SU can share its downlink
resource with up to only one CH in the whole system and the target SINR of
the SUs is greater than or equal to a given threshold.

– Step 3 - Multicasting: After solving the DRS-MCS optimization problem, the
MBS decides which one, i.e., itself, an FBS, or a CH, multicasts the video
to all the RUs in the cluster j. In other words, the RUs in the cluster j
are served by the MBS, the FBS, or the CH, depending on from which the
channel quality is better so that the total multicast video capacity delivered
to all RUs in the system is maximized.

3 System Formulations

3.1 Wireless Channel

In this paper, the wireless channel gains are modeled as Gx,y
j = hx,y

j gx,yj [25,26],
here x ∈ {0, i,m}, y ∈ {n, k}, i = 1, 2, ..., I, hx,y

j is the exponential power fading
coefficient with unit mean, i.e., ∼exp(1), and gx,yj = ‖dx,yj ‖−η is the standard
power law path loss function with path loss exponent η, dx,yj is the distances
from the MBS (x=0), the FBS i (x=i), and the CH m (x=m) to the RU n (y=n)
and the SU k (y=k).

3.2 Capacity at RUs

To obtain the video capacity delivered to the RUs, it is required to compute the
SINR from the CHs to the RUs and the signal to noise ratio (SNR) from the
MBS and the FBSs to the RUs which are respectively presented in the sequel.

In the cluster j, if the CH m is selected to multicast the video to the RU n by
reusing the downlink resource shared by the SU k, the SINR from the CH m to
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the RU n, which is affected by the interference generated from the conventional
cellular transmission of the MBS to the SU k, is given by

γm,k,n
j =

vm,k
j Pm

j Gm,n
j

N0 + P k
0 G0,n

j

, (1)

where Pm
j and P k

0 are the transmission powers of the CH m in the cluster j and
of the MBS (indicated by 0) to the SU k; Gm,n

j and G0,n
j are the channel gains

from the CH m and the MBS to the RU n in the cluster j; and N0 is the power
of additive white Gaussian noise.

In case there is not any SUs sharing the downlink resources with the CHs,
the FBSs are considered multicasting the video to the RUs. The SNR from the
FBS i to the RU n in the cluster j is given by

γi,n
j =

P i,n
j Gi,n

j

N0
, (2)

where P i,n
j is the transmission power of the FBS i to the RU n and Gi,n

j is the
channel gain from the FBS i to the RU n in the cluster j.

In addition, we further compute the SNR from the MBS to the RU n in the
cluster j which is expressed as

γ0,n
j =

P j
0G0,n

j

N0
, (3)

where P j
0 is the transmission power of the MBS to the RUs in the cluster j.

So far, the capacity at the RU n in the cluster j delivered from the CH m,
the FBS i, and the MBS is respectively given as below

Cm,k,n
j = W log2(1 + γm,k,n

j ), (4)

Ci,n
j = W log2(1 + γi,n

j ), (5)

and

C0,n
j = W log2(1 + γ0,n

j ), (6)

where W is the system bandwidth.
Finally, the total system capacity delivered from the MBS, FBSs, and CHs

to the RUs in all clusters is expressed as

C =
J∑

j=1

max
{ Nj∑

n=1

C0,n
j ,max

{ Nj∑

n=1

Ci,n
j , i = 1, 2, ..., I

}
, (7)

K∑

k=1

Mj∑

m=1

Nj∑

n=1

Cm,k,n
j

}
,

In Eq. (7), C is so-called the objective function in the DRS-MCS optimization
problem.
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Algorithm 1. EBSA for DRS-MCS optimization problem
Input: Initial system parameters given in Table 1
Output: V∗, C∗

1: Generating J search space matrices

V1 = {V 1
M1×K , V 2

M1×K , ..., V 2M1×K

M1×K }
V2 = {V 1

M2×K , V 2
M2×K , ..., V 2M2×K

M2×K }
...
VJ = {V 1

MJ×K , V 2
MJ×K , ..., V 2MJ×K

MJ×K }
2: C∗ ← 0
3: for each matrix v1 in V1, v1 = 1, 2, ..., 2M1×K do
4: for each matrix v2 in V2, v2 = 1, 2, ..., 2M2×K do
5: . . .
6: for each matrix vJ in VJ , vJ = 1, 2, ..., 2MJ×K do
7: if J matrices satisfy (9b), (9c), and (9d) then
8: Computing C in (7)
9: if C > C∗ then

10: C∗ ← C
11: V∗ ← {V v1

M1×K , V v2
M2×K , ..., V vJ

MJ×K}
12: end if
13: end if
14: end for
15: . . .
16: end for
17: end for

3.3 SINR at SUs

In the DRS-MCS strategy, the SUs have to share the downlink resources with
the CHs for D2D multicast communications. This in turn makes the QoS of the
SUs degraded due to the interference from the transmissions of the CHs when
reusing the downlink resources. To limit the interference impact on the SUs for
a high QoS guarantee, it is necessary to compute the SINR at the SU k which
is given by

γk =
P k
0 Gk

0

N0 + vm,k
j Pm

j Gm,k
j

, (8)

where Gk
0 and Gm,k

j are the channel gains from the MBS and the CH m in the
cluster j to the SU k.

4 DRS-MCS Optimization Problem and Solution

The DRS-MCS optimization problem aims at maximizing the objective function
C (7). We further take into account the constraints on vm,k

j so that an SU can
share its downlink resource with up to only one CH in the whole system (9b)
and there is up to only one SU sharing its downlink resource with one CH in a
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cluster (9c). In addition, the target SINR γ0 is considered to guarantee the QoS
of the SUs (9d). The DRS-MCS optimization problem is formulated as below

max
vm,k
j

C (9a)

s.t.
∑K

k=1

∑Mj

m=1 vm,k
j ≤ 1, j = 1, 2, ..., J, (9b)

∑J
j=1

∑Mj

m=1 vm,k
j ≤ 1, k = 1, 2, ...,K, (9c)

vm,k
j Pm

j Gm,k
j ≤ Pk

0 Gk
0

γ0
− N0, k = 1, 2, ...,K, (9d)

j = 1, 2, ..., J,m = 1, 2, ...,Mj .

where the constraint (9d) is derived from Eq. (8) by letting γk ≥ γ0.
The DRS-MCS optimization problem is solved by using exhaustive binary

searching algorithm (EBSA) [27] presented in Algorithm 1. To solve the DRS-
MCS optimization problem, we separate vm,k

j into J variables associated with
J clusters, the variable j, i.e., Vj = VMj×K , is an Mj × K matrix. So, finding
vm,k

j = 1 (or 0) is equivalent to finding the element at the row m and the column
k of the matrix Vj evaluates to 1 (or 0). The variable Vj has its own search space
of Vj = {V 1

Mj×K , V 2
Mj×K , ..., V

vj

Mj×K , ..., V 2Mj×K

Mj×K }, vj = 1, 2, ..., 2Mj×K .
In Algorithm 1, line 1 generates J search spaces of J variables. The search

space j has 2Mj×K matrices. Then, the output maximum value C∗ is initially set
at 0 in line 2. In lines 3–6, each permutation of J matrices created by selecting
a matrix in each search space is considered checking if it satisfies the constraints
(9b), (9c), and (9d) or not (line 7). If satisfied, the objective function C is com-
puted (line 8) to obtain a higher value C∗ and find the corresponding result
V∗ (lines 9–11). The EBSA terminates when it completes the computation of
all permutations for finding the maximum value C∗ and the optimal result V∗.
It is noted that the EBSA introduces a high memory and time complexity of
O(2K×∑J

j=1 Mj ). However, we apply the EBSA to solving the DRS-MCS opti-
mization problem thanks to its simple implementation for the exact optimal
results. Finding other proper algorithms that achieve exact or approximated
optimal results at lower memory and time complexity is beyond the scope of the
paper.

5 Performance Evaluation

In this paper, the system parameters used to deploy the DRS-MCS strategy
for multicast video streaming in 5G UDNs are listed in Table 1. The distances
between the MBS and the SUs/RUs, the FBSs and the RUs, the CHs and the
SUs, and the CHs and the RUs are randomly uniform distributed in the ranges
of [100, 1,000] m, [50, 200] m, [50, 100] m, and [1, 50] m, respectively. To evaluate
the performance of the proposed DRS-MCS solution, we compare it to other
schemes including average capacity (AVE), minimum capacity (MIN), without
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Table 1. Parameters Setting

Symbols Specifications

I 5 FBSs

J 5 Clusters

K 5 SUs

{Mj} {2, 4, 6, 8, 10} CHs

{Nj} {5, 10, 15, 20, 25} RUs

W 5 MHz

P j
0 , P k

0 Fixed to 5W

P i,n
j Fixed to 0.1W

Pm
j Randomly uniform distributed in the range of [0.001, 0.01]W

N0 10−13W

η 4 (path loss exponent)

γ0 5 dB

1 2 3 4 5

J

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

C
 (

M
bp

s)

DRS-MCS
AVE
MIN
Non-DRS
OMBS

Fig. 2. System performance versus the number of clusters J .

downlink resource sharing (Non-DRS), and only MBS (OMBS). In AVE and
MIN, we compute the average capacity and the minimum capacity of all the
permutations in J search spaces that satisfy the constraints (9b), (9c), and (9d),
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Fig. 3. System performance versus the number of SUs K.

instead of computing the maximum capacity as given in Algorithm 1. In Non-
DRS, we do not consider sharing the downlink resources of the SUs. And in
OMBS, the RUs are traditionally served by the MBS.

We evaluate the system performance of DRS-MCS, AVE, MIN, Non-DRS,
and OMBS versus the number of clusters (J) as shown in Fig. 2. If J = 1, the
performance of all schemes are the same since the best caching placement selected
to serve the RUs is the MBS. Increasing J yields the higher number of RUs
served by MBS, FBSs, and D2D multicast communications, and thus providing
the RUs with higher system capacity. In comparison, the DRS-MCS outperforms
the others thanks to more caching placement selection opportunities. The AVE,
MIN and Non-DRS gain higher performance than the OMBS since they can
further exploit the FBSs to serve the RUs. It is noted that the MIN and Non-
DRS provide the RUs with the same performance since the minimum capacity
of DRS-MCS is equivalent to the context of Non-DRS. The OMBS serves the
RUs the worst system capacity due to no FBSs nor DRS assisted.

The system performance of DRS-MCS, AVE, MIN, Non-DRS, and OMBS
versus the number of SUs (K) is illustrated in Fig. 3. We can observe that if
there is no SU (K = 0) to share the downlink resources, the performance of
DRS-MCS, AVE, MIN, Non-DRS are the same, but it is higher than that of
the OMBS thanks to the assistance of FBSs. Increasing K provides more down-
link resource sharing opportunities to increase the performance of DRS-MCS
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Fig. 4. System performance versus the number of FBSs I.

and AVE. Meanwhile, the performance of MIN and Non-DRS is the same and
keeps unchanged with respect to K. Interestingly, the system performance gets
saturated when K is high enough, i.e., K = 3. This finding helps the system
designers consider selecting a proper number of SUs for high system capacity at
reasonable computation cost of EBSA.

Figure 4 plots the system performance versus the number of FBSs (I). The
results show that if there is no FBS (I = 0), the MIN and Non-DRS obviously
become the OMBS due to no FBSs nor DRS assisted. The performance of DRS-
MCS, AVE, MIN, and Non-DRS increases in accordance with the increase of
I, but getting saturated if I is high enough (I = 4) or the new FBSs added
are not better in terms of providing higher system capacity than the existing
ones. In comparison, the DRS-MCS always outperforms the other AVE, MIN,
Non-DRS, and OMBS schemes. In addition, similar to selecting the number of
SUs, implementing DRS-MCS strategy must carefully consider selecting a proper
number of FBSs to gain high system capacity at reasonable cost of computational
resource and system architecture modification.

In Fig. 5, we further investigate the effect of the target SINR (γ0) of SUs on
the performance of DRS-MCS, AVE, MIN, Non-DRS, and OMBS. It is certain
that increasing γ0 to guarantee the QoS of SUs reduces the downlink resource
sharing opportunities. As a result, the performance of DRS-MCS and AVE is
reduced to that of MIN and Non-DRS when γ0 = 25 dB. It is important to
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Fig. 5. System performance versus the number of FBSs γ0.

observe that the proper value of γ0 should be carefully selected so that the system
capacity is high enough while guaranteeing the SUs a high QoS, γ0 = 5 dB for
example. Depending on the QoS demands of SUs, different values of γ0 can
be selected to make the DRS-MCS gain different system performances that are
always higher than the system performances of other schemes.

6 Conclusion

In this paper, we have proposed the DRS-MCS solution for video streaming
applications and services in 5G UDNs. The proposed DRS-MCS not only allows
the RUs to receive the videos flexibly multicasted from the three-tier caching
placements, i.e., MBS, FBSs, and CHs, but also enables to pair the SUs that
have available downlink resources with the CHs that cache the videos, for D2D
multicast communications by reusing the shared downlink resources. The objec-
tive of the DRS-MCS solution is to serve the RUs the highest system capacity
while guaranteeing the QoS of the SUs by limiting the interference transmitted
by the CHs that reuse the downlink resources of the SUs. Simulation results
are insightfully analyzed to demonstrate the benefits of the proposed DRS-MCS
solution compared to the other schemes. In addition, useful suggestions for sys-
tem design and modification are provided to achieve the most effective DRS-MCS
solution.
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