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Abstract
Bandwidth hungry video streaming has been a challenge in wireless networks. The proliferation of high-end user
equipment (UE) have enabled the user to demand high quality of videos through wireless communication. The fifth
generation of the cellular system (5G) has already been deployed and researchers are working on the sixth
generation of the wireless system (6G). However, bandwidth improvement in the network system alone may not be
able to cope with the users' demand-base for the higher quality of the video. Therefore, application-specific
adaptation is also important. In this paper, we proposed proactively caching H.264/SVC encoded layered video in
the aerial vehicle and delivering it to the requesting users. In the proposed mechanism, layers of the video,
potentially to be requested by the users, are proactively cache in Unmanned Air Vehicle Small-cell Base Station
(UAV-SBS). UAV-SBS delivers a layer of the segment to the user on request. The proposed optimization problem is
combinatorial in nature and is NP-hard. We propose a heuristic algorithm to solve the problem. Our performance
evaluation reveals the significance of the proposed mechanism.

1. Introduction
The proliferation of high specification User Equipment (UE),
demand for high quality video has become a basic commodity of
life [1]. 5G cellular system has already appeared on the horizon of

MBS

cellular communication and the research community is actively

UAV-BS

UAV-BS

working on 6G wireless system. However, development on the
network capacity domain alone may not be enough without taking

UEs

the application-specific properties in account.
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Figure 1: System Architecture

contents have been studied well for future networks [2]-[6].
However, to the best of our knowledge, caching and delivery of

heuristic algorithm. Our performance evaluation reveals the

H.264/SVC encoded layered video, also termed as Scalable Video

significance of the proposed mechanism.

Coding (SVC), has not been studied in ultra-dense wireless
systems with mobile base stations such as Unmanned Air Vehicle

2. System Architecture

Small-cell Base Station (UAV-SBS). In this paper, we propose

Our proposed network architecture is a future cellular system

proactively caching SVC video content in UAV-SBS and delivering

consisted of an MBS and M {1, 2,3,

it to the requesting UE. In our proposed mechanism, the Macro

There are total N {1, 2,3,

Base Station (MBS) proactively cache layers of the video content

system.

that are potentially to be requested by the UE in the UAV-SBS

consisted

cache and position them closer to the requesting UE so that the

equipped with cache and deployed nearer to the video requesting

requesting UE get higher rate in getting the contents. The

UE as shown in figure 1. The UAV-SBSs can cache the videos

proposed optimization problem is combinatorial in nature and is

and provide it to UE if they request those videos. The video

NP hard. In order to solve the formulated problem,

contents are H.264/SVC encoded contents consisted of the

we propose a
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, N} User Equipment (UE) in the

There are V {1, 2,3,
of

L {1,2,3,

, M } mobile UAV-SBSs.

,V } videos each of which

, L} layers. The UAV-SBSs are
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mandatory base-layer and multiple enhancement layers. The

Start

base-layer is independently decodable unit with the lowest quality

Needs Video
data

of the video. Enhancement layers are used to improve the video
MBS found
the requested
No content in Cache of
an SBS

quality in special, temporal, and SNR domains. The addition of
each enhancement layer improves the video quality and hence the
user Quality-of-Experience (QoE).

Yes

In our system, UE follow [2] for quality adaptation. In the
No

beginning, when UE needs a video segment, It sends a request
for the base layer of the first segment of the content to the MBS.

 m,n  

Yes

Assign RBs from
the UAV-SBS

Assign RBs from
Cellular system

The MBS searches the requested content in the cache of all the
UAV-SBSs, if found in the cache of any UAV-SBSs, MBS

Deliver the
content

estimates the achievable data-rate between the UE and the UAV-

End

SBSs with the help of the distance between them. The

Figure 2: Communication Scenario

communication scenario is given in figure 2. For the quality

4.

adaption, UE follow the mechanism presented in [2].

Problem Formulation

Our utility function is as follow:

3. Communication Model

U m ( x, y ) 

x
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m,n

Rm,n 

y
vV
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.

(3)

We assume that any two UAV-SBSs are apart from each other

In this paper, our focus is on the proactive caching of video

such that they do not interfere with each other’s transmission and

contents in UAV-SBSs and delivery of it to the UEs. Therefore, we

maintain a line-on-sight with the MBS. The communication

consider, UE get a constant rate from the cellular transmission.

between MBS and UAV-SBS on millimeter waves with very high

In such a scenario, the users’ QoE is improved by improving the

data-rate.

UAV-SBSs transmissions.

All the UE connected with the same UAV-SBS are assigned

The optimization problem is designed as follow:

max   U

orthogonal frequencies, therefore, their transmissions do not
interfere with each other.

Signal-to-Interference-Noise-Ratio

y

(  m , n ), is calculated as follow:

 m,n 



where

2

2
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(4)
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(6)

x
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m

subject to:

(SINR), of the UEn connected with UAV-SBSm represented by

Pm hm ,n d m,n

sS mM

x, y

nN

(1)

m,n

xm,n , yv ,m {0,1}, m, n, v.

(7)

is the Gaussian noise. The transmission rate

Shannon capacity) of the UE, represented by

rm ,n ,

is calculated

can not be more than the cache capacity. The constraint in eq (6)

as follow:

rm,n  W log2 (1   m,n ),

is to ensure that UE is associated with only one UAV-SBS.

(2)

The maximization problem in eq (4) is a maxed-integer

where, W is the channel bandwidth.
The binary variable

xm ,n

represents the caching status of the

requested content which can be defined as follow:

1,
xm,n  
0,

Where constraint in eq (5) represents that content in UAV-SBS

optimization problem and combinatorial [8]. Obtaining an optimal
solution via exhaustive search may not be computationally
possible for the large-scale network. We present a heuristic

if content requested by n is cached at m
otherwise.

solution for the problem in the next section.

5. Proposed Solution
Another binary variable
user with the UAV-SBS.

ymn represents the association of the

At the start, MBS fixes location for the UAV-SBS. Then we
perform the user association with UAV-SBS through distance-
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based K-mean clustering [7]. The UE is associated with UAV-SBS
only if the achievable data-rate is more than the threshold  . The
proposed mechanism is present in detail in algorithm 1. The UE
that remain unassociated with any UAV-SBS are served directly
by MBS.
For the caching, we assume that the user requests the segments
of the video in sequential order. When the UE requests the base
layer of the segment of the video, MBS starts proactively caching

Figure 3: Scenario-based evaluation

all the layers of the entire video in the cache of the UAV-SBS.

dense cellular network. The MBS proactively caches the contents

Algorithm 1: Proposed Solution

that are highly likely to be requested by the UE in the cache of

FOR m=1 to M
FOR n=1 to M

UAV-SBS. The UE is associated with the UAV-SBS that provides

) THEN
m,n  

the highest data-rate to the UE. In the future, we aim to make a

IF (UE already associated to another UAV-SBS) THEN

mathematical model for our proposed mechanism and simulate it

- IF ( r

IF ( r

m, n

with realistic parameters and a large scale network.

 rm ',n ) THEN
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