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ABSTRACT One of the important ultimatums in enhancing the fifth generation (5G) network’s capacity is
the performance limit due to spectrum occupancy. The mmWave technology overlay on 5G heterogeneous
network (HetNet) and caching the contents are proposed as the solutions to this problem. By reducing
the backhaul links occupancy, increasing the access link utilization and caching, the impact of spectrum
occupancy problem can be minimized. In our earlier work, differential Quality of Service (QoS) was
provisioned by managing the cache and backhaul resources using machine learning techniques. In this work,
an integrated solution combining content, cache and user management is proposed to maximize network
utilization and QoS. The problem of effective utilization of the network at the same time ensuring the QoS
for users are solved as a multi objective optimization problem with the aid of hybrid meta heuristics with
complementary exploration and exploitation capability. The user association to base station is made adaptive
to load and cache hit ratio at the base station. By increasing the content proximity to the users, the load of
backhaul links is minimized. Through these integrated management strategies, the proposed solution is able
to provide higher QoS compared to existing works in terms of reduction in packet drop by 6%, reduction in
delay by 39%, increase in network throughput by 8% and a consistent cache hit ratio more than 85%.

INDEX TERMS MmWave backhaul, hetnet, caching, multi criteria optimization, hybrid meta-heuristics.

I. INTRODUCTION
Smartphone revolution and Internet of Things (IoT) have

networks (Hetnets) to intensify the network capacity [3].
But these techniques are based on co-existence of back-

created unprecedented demand for mobile data traffic. The
data traffic is increasing exponentially [1] and traditional cel-
lular networks are no longer able to solve the unprecedented
demand and service quality disruptions due to outbreak of
mobile data services. Fifth generation (5G) mobile commu-
nication systems are designed to address these challenges
in rapid outbreak of mobile data services [2]. 5G networks
amalgamate various solutions like mmWave, massive Mul-
tiple input Multiple output (MIMO) and Heterogeneous
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haul between base station (BS) and core network. The
effectiveness of these techniques depends on how well
the traffic on backhaul links are managed. The traffic on
backhaul links must be reduced and congestion bottle-
neck must be avoided without degrading the quality of
service for users [4]. The effectiveness of techniques to
improve the utilization of 5G networks is measured in
terms of average potential throughput (APT) [5]. The spec-
trum resources shared between access and backhauling
influences the APT. Various studies have pointed out the
influence of backhaul links utilization over APT ([6], [7]).
Reducing the backhaul link congestion increases the

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License.

103394

For more information, see https://creativecommons.org/licenses/by-nc-nd/4.0/

VOLUME 11, 2023


https://orcid.org/0000-0002-7421-1527
https://orcid.org/0000-0002-0511-3085
https://orcid.org/0000-0001-7362-6993
https://orcid.org/0000-0003-0040-9271
https://orcid.org/0000-0002-7407-4796
https://orcid.org/0000-0001-8153-3607
https://orcid.org/0000-0002-6752-5667

L. Manjunath et al.: QoS Aware Integrated Management Technique for 5G mmWave-Based Hetnets

IEEE Access

APT [8]. Various solutions like Caching ([9], [10], [11]),
MIMO cooperation [12], content coding [13], user associ-
ation [14] etc. have been proposed to reduce the congestion
on the backhaul links. The existing works can be categorized
to user management, content management and cache man-
agement approaches.

Most of these approaches do not consider multiple fac-
tors like ensuring QoS for users, adaptation to network
characteristics & application traffic dynamics and over all
utilization of network resources etc in their management
decisions. Due to these factors their performance gains are
limited. Based on this observation, this work proposes a
integrated solution combining user, content and cache man-
agement with consideration for multi factor optimization.
The decision on association of user to the secondary base
station (SBS), caching of content, proactive downloading of
content etc. are made in way to optimize the multi criteria
factors like delay, cache utilization, ensuring user QoS, reduc-
ing load on backhaul links etc. The decisions in integrated
user, content and cache management with consideration for
multi factor optimization is solved as multi criteria opti-
mization problem. Novel contribution of this work is listed
below:

(1) Firstly, an integrated user, content and cache manage-
ment technique to maximize the backhaul link utilization
with consideration for multi criteria factor optimization is
framed. The user association to SBS is based on tempo-
ral access patterns and load of the base SBS. Contents to
be cached are selected based on popularity and similarity
to popular contents learnt through Latent Dirichlet Alloca-
tion. By this way, popular items are globally placed and
load on backhaul links is shifted to SBS, avoiding con-
gestion on backhaul links in the proposed solution. Due to
this, the QoS of the network in terms of packet delivery
ratio, latency etc. are improved. Secondly, the problem of
deciding the items to be cached is solved as optimization
problem. Solution to this problem is found using hybrid meta
heuristics combining particle swarm optimization with Bat
algorithm. Use of hybrid meta heuristics with complement
exploration and exploitation capability solves the local min-
ima problem is using single optimization algorithm. Due
to optimal placement of items in cache, the cache hit ratio
increases in the proposed solution and this reduces the load
on backhaul links. As the result, throughput of the network is
increased.

Organization of sections is as follows. The survey on
existing works to maximize the backhaul link utilization is
discussed in Section II. The proposed integrated user, content
and cache management solution is presented in Section III.
Section IV presents the results of the proposed solution and
comparison to most recent works. Section V concludes the
work and presents the future work scope.

Il. SURVEY
The survey in conducted in three categories of user manage-
ment, content management and cache management.
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A. USER MANAGEMENT

Mesodiakaki et al. [15] proposed heuristic solution to asso-
ciate user and calculate backhaul route with minimal energy
consumption. At every time period the solution finds the
optimal configuration based on current demands from the
user and user locations. A tradeoff between energy consump-
tion and satisfying flow demand requirements were made
through heuristics algorithms. Mesodiakaki et al. [16] used
reinforcement learning for user association. Based on the
network congestion, bandwidth is split to Secondary Base
Station. Users are associated to SBS in such a way to fairly
balance the load across SBS. Feng and Mao [17] managed
the allocation of backhaul link resources to users using deep
reinforcement learning (DRL). The backhaul resources are
split to blocks and allocation of blocks is done using DRL
to minimize the congestion on backhaul. Authors did not
consider the QoS guarantee for users in resource allocation.
Klaine et al. [18] allocates user to cell using reinforcement
learning. The users are allocated to determine best cell based
on their requirements. The solution is designed to minimize
user dissatisfaction as much as possible. Ma et al. [19] solved
the problem of associating user requirements to resources by
using optimization techniques. The objective was to maxi-
mize the fairness utility of the backhaul links. Formulating
the optimization problem as mixed integer non linear pro-
gramming, author used Lagrangian dual method to solve
it. Author considered network utility fairness as the only
criteria in user association decision. Lee et al. [20] proposed
a user association scheme, by loading balancing the back-
haul resources. The problem of load balancing is solved
using branch-bound technique. Maximizing call blocking
probability was the factor considered for user association in
this work.

B. CONTENT MANAGEMENT

Fadlallah and Tulino [21] proposed caching-aided coded
multicasting with the aim of improving bandwidth effi-
ciency. The content is split to chunks and different parts
of chunks are at different nodes. On request, the miss-
ing chunks are collected from other nodes and assembled.
This scheme maximizes the storage utilization of cache
and reduces the backhaul traffic. The fractional coding
considered in this work is random and does not give impor-
tance to portions of content which needs to get prioritized
for storage. Mao et al. [22] reduced latency and increased
reliability using linear network coding. Authors proposed
two schemes: rate proportional traffic splitting scheme and
adaptive coded forwarded scheme. Both these schemes
performed well in multi hop scenario, but the computa-
tional complexity of the scheme is higher at user end.
Carreira et al. [23] proposed a scalable video coding archi-
tecture with high bit saving rate over backhaul links. The
scheme is applicable for only video frames and does not
consider audio contents. Though the scheme has provi-
sions for adapting to network conditions, it did not consider
quality degradation during higher congestion in network.
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TABLE 1. Comparison of literature survey.

Author

Work Summary

Proposed Solution in Our Research

Mesodiakaki et al [15]

Addressed the joint problem of user association and backhaul routing
with two objectives of providing high spectrum efficiency and
minimizing routing power consumption

Improvising QoS and cache management is not
considered when compared to proposed solution

Sande et al [16]

Reinforcement learning was used to associate user to base station
based on load

The proposed solution associated not only based on
load but also based on history of cache hit ratio

Feng et al [17]

Reinforcement learning was used to manage the backhaul resources
and minimize the congestion on backhaul links.

Compared to proposed solution, this approach
lacked QoS improvement and Cache management.

Somesula et al [26]

Caching decision was based on deadline and cost benefit using fuzzy
logic

The proposed solution considered five factors as
caching decision as compared to only two
considered in the existing work

Atiqur et al [27]

Caching decision was based only on user satisfaction rate

The proposed solution considered network factors
too in addition to user satisfaction rate

Chiang et al [24]

Caching decision was based only on reducing energy consumption

The proposed solution considered user factors and
network factors too in addition to energy
consumption in the caching decision

Tao et al [29]

Optimization based caching solution was proposed to reduce the
transmission power and backhaul cost

The proposed solution reduced the backhaul usage
and indirectly reduced the backhaul cost. In
addition, it also improved the network utilization
and user QoS.

Wang et al [30]

Authors considered joint design and optimization of the caching and
user association policy to minimize the average download delay.

The proposed solution also considered reducing
packet loss, increasing throughput in addition to
reducing the delay. Caching decision is made on
five different network and user factors in proposed
solution compared to one factor in existing work

Chatzieleftheriou et al
[31]

Authors considered joint user association and content caching. The
caching decision was optimized to maximize the total cache hit ratio

The proposed solution considered five different
factors in caching decision in addition to
maximizing the total cache hit ratio.

Li etal [32]

Authors optimized content caching and user association to minimize
the content download latency. Content caching is based only on

popularity.

The proposed solution considered five different
user, network factors in caching decision. Content
caching considered both content similarity and

popularity.
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Torre et al. [25] proposed a novel content distribution frame-
work for 5G network with objective of reducing energy
consumption and latency. The contents are coded using Ran-
dom Linear Network Coding (RLNC) before distribution.
The scheme was not tested for the realistic scenario of
contents with different popularity in access requests from
different nodes.

C. CACHE MANAGEMENT

A fuzzy logic based caching strategy was proposed by Some-
sula et al. [26]. Caching decision was based on deadline and
cost benefit. Integer linear programming was used to decide
the best place to cache the content with delay as optimization
criteria. Authors also predicted the content request using echo
state network and use the prediction information to cache
the contents. User differentiation based on priority was not
considered in this work. Caching was proposed as a solution
to improve the Quality of experience in wireless network
in Atiqur et al. [27]. User satisfaction rate improvement is
used as deciding factor in cache management. Satisfaction
rate is calculated based on waiting time for user requests.
Caching is proposed as a solution to reduce the energy con-
sumption of backhaul links by Chiang and Liao [24]. Energy
consumption is reduced by placing contents close to request
location. Placement of content is controlled using a greedy
strategy. Authors also reduced the energy consumption due
to inter cell interferences using cooperative download. QoS
improvement and user prioritization were not considered in
this work. Pantisano et al. [28] used the content availability
information in cache to decide the bandwidth allocation for
user. Estimated time to deliver the content is calculated based
on content availability and user preference. Bandwidth is
allocated proportional to estimated time to deliver the content.
User starvation is a problem in this approach. Optimization
based caching solution was proposed by Tao et al. [29].
Mixed integer nonlinear programming was used to reduce
the transmission power and backhaul cost. User requests are
processed by grouping the users based on requested con-
tent. The solution cannot be applied in scenarios of diverse
request frequency. Optimization algorithm was used to decide
cache placement in this work. Backhaul rate and energy
consumption rate minimization were the optimization cri-
teria considered in this work. The authors also encoded
the contents using Maximum Distance Separable (MDS)
code, so that the content can be reconstructed with min-
imal packets at receiver end. By effectively reducing the
number of packets transmitted, energy consumption was
lessened at backhaul links, but this approach is not scal-
able. The comparison summary of the survey is presented
in Table 1.

From the survey, most approaches do not consider multiple
factors for optimization. Integration of content, cache, and
user management approaches with consideration for multi
factor optimization is not existent in literature. This integra-
tion can bring higher performance gains, and this motivates
our research work.
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IIl. PROPOSED CROSS LAYER OPTIMIZATION

The proposed integrated solution involves joint management
of user, content, and cache at SBS. The proposed system is
for the network model given in Figure 1.

The User Equipment (UE) are served by the SBS in their
coverage area. SBS are connected to Base station (BS) via
the mmWave backhaul links. Content requests from UE are
directed to SBS which first checks the availability of the
content in its local cache. If the content is found in the local
cache, it is served to UE by SBS using the wireless link
between UE and SBS, thereby avoiding load on backhaul
links. If the content is not available in the SBS cache, request
is directed to BS which downloads the content from internet
and provides to SBS from where it is sent to the UE. The
architecture of the proposed integrated management solu-
tion is given in Figure 2. The core of the work is content
selection and content placement to cache. This process is
done considering multiple QoS factors and user preferences.
Content to be placed in cache is selected by BS using the
content selection module. The content selection is based on
popularity of the content and its similarity to other popu-
lar content. In addition, BS can receive predicted popular
contents from the recommendation servers and proactively
upload to cache during the idle times of backhaul links.
This improves the backhaul link utilization. The Content
selection happens periodically. From the contents selected,
the placement of contents to cache of SBS is solved as multi
factor optimization problem using hybrid-meta heuristics in
the content placement decision module.

This decision facilitates the probability for user to get
the requested content from cache and delay in download-
ing the content from SBS to be minimized. The contents
decided to be placed in the cache are split to blocks by
content coding module and distributed across the SBS.
Each of the modules are detailed below in the following
subsections.

The notations used in the equations are presented
in Table 2.

A. CONTENT SELECTION
The contents with higher popularity are selected for placing
in the cache. The content popularity (f) is calculated as:

)
pc (=L ()
Zf:] pe(f)
pc(f) is calculated as:
Py(f), iffecC
. = : 2
pe(f) [ 0, otherwise @
where, C is the type to which content f belongs and
1 U
Po(f) =5 2., p @ p(Clu) 3)

The probability of user placing the request for content
f (Py(f)) is given as p (u) and p(c|u) is the probability of con-
tent belonging to content type C. Content popularity for a new
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FIGURE 1. Network model with SBS connecting to BS via mmWave backhaul at top level and far off SBS are connected to SBS
close to BS.

Proactive Content
download
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decision using Hybrid- > Content Coding
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FIGURE 2. Proposed integrated management architecture combining content, user and cache management.
content is predicted based on its relation to contents already in used in this work to get the topic model of the contents. Say,

cache. Meta data of content is used in modelling the relation there are two contents A and B, the similarity between the
between the contents. Latent Dirichlet Allocation is used for content is found by first finding their corresponding topic
topic modelling from the meta data. The same concept is model (TP (A) and TP(B)) and finding the similarity between
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their topic model as:
N
1 TP(A); * TP(B);
Sim(X,Y) = %f ! ! - J
2 2
VI TP S TP,
The popularity of the maximum similarity item is decided as

the popularity of the new content. The output of the content
selection is K popular contents.

“

B. CONTENT PLACEMENT

The K contents selected must be placed in M SBS based on
multi factor optimization subject to constraints on cache size.
The cache size at SBS is limited and it must be populated
with contents in such a way that the load on backhaul link
is minimized as much as possible. UE must be associated to
SBS based on following requirements:

(i) The Content fetching probability from the cache of SBS
is maximized.
(i) The Delay in downloading the content through the
backhaul link is minimal.
(iii) The User QoS must be maximized.

The contents to be delivered from BS to SBS can be coded
to maximize the utilization of cache. Instead of storing the
entire content at cache of one SBS, it can be split to blocks and
stored in nearby SBS with minimal path loss. In summary, the
placement of contents in the cache at SBS is based on multiple
factors as listed below:
(i) Minimization of delay (D) at backhaul links
(i1) Maximization of cache utilization (Cu)
(iii) Maximization of user QoS (Q)
(iv) Minimization of load on backhaul links (L)
(v) Maximize the cache hit ratio (R)
(vi) Minimization of path loss between SBS (PL)
The delay at backhaul links for transmitting the files is given
as:

1
D= ———
Wlog,(SNR)

where W is the bandwidth and signal to noise ratio (SNR) is
calculated as:

&)

Pt
> ©6)
Y

SNR =

where Pt is the transmission power of BS, « is the path loss
component, ‘7131 is the Gaussian white noise power.

Cache utilization is measured as the ratio of number of
unique items over all the SBS (Ny) to the total items that can
be cached (Ncr). It is given as:

Ny

Ner
User QoS is measured in terms of projection of average delay
that will be experienced by users in downloading the content.
The delay varies from the maximum value (dpax ) to minimum

value (dpin) for the unit of content. The value is dy,x, When
the content is directly downloaded from BS and it is dp;p,

Cu N
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TABLE 2. Basic notations used in equations.

PC (f) Popularity of content
p(w) Probability of user requesting for content
p(cJu) Probability of conent u belonging to type C.
TP(X) Topic vector score of content X
w Bandwidth
Pt Transmission power of BS
[oi Path loss component
o} Gaussian white noise power
fmins fmax | Minimum and maximum frequency of Bat
vt Velocity of ith bat at time t.
x! Position of ith bat at time t
X;(t) Position of ith particle at time t
Vi(t) Velocity of ith particle at time t
Shest Locally best solution found by a particle
Shest Globally best solution found by a particle
Cy loss intercept
Cu Cache utilization
d average distance between SBS and its blockage

when the content is downloaded from cache. Based on this,
QoS is formulated as:

n Si
0= et ®

ax s dmin)
where n is the total number of contents and S; is size of the
content 1.

dmax, conent is not in cache
f (dma)n dmin) = e .. (9)
dnin, content is in cache
The Load on the backhaul link is measured as the ratio of
the bandwidth needed to download contents (W¢) to the
bandwidth available at backhaul links (W), given as:
=W
Cache hit ratio is formulated as ratio of number of contents
found in cache (NF) to total requests made (NT), given as:

L (10)

N
R=-L (11
Nr
The path loss can be formulated as:
PL = Crd™® (12)

where Cy, is loss intercept, d is average distance between SBS
and its blockage, « is path loss exponent. The value of oy
ranges from 1.9 to 2.5 for mm-Wave links.

The caching decision must be evaluated against multi fac-
tors. The fitness function on multiple factors is formulated as:

1 1 1
F = wis +W2C+W3Q+W4Z +W5R+Wsﬁ (13)
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w1 to wg are the weights allocated to each of the factors and
the value is allocated in such a way that:

6

> wi=1 (14)

The Modeling of the placement of the contents in SBS cache
as a multi objective optimization problem, is commonly used
technique. But this work proposes to use hybrid-meta heuris-
tics to solve the problem. Compared to single optimization,
hybrid meta heuristics better solves the local minima prob-
lem. Among the multiple combinations, this work adopts
Particle Swarm Optimization (PSO) with Bat algorithm.

PSO is a bio inspired algorithm simulating the social
behavior of swarms. Individual organism in the swarm shares
its discovery with others, so that collectively everyone gets
close the best hunt. This principle is emulated in the PSO
algorithm to search for the optimal solution in the solution
space. Compared to other optimization algorithms, PSO is
simple, flexible, and versatile. Each organism moves ran-
domly with different velocities and updates their positions.
In PSO, each candidate solution is referred as particle. The
particle updates its position((X;) with a velocity(V;) based on
both local best (ppest) and global best (gpest) particle posi-
tions. Each particle updates it positions at time t + 1 based
position at time t and velocity calculated at time t+ 1 as
in equation 15.

X; (l + 1) =X; (t) + Vi(t + 1)
Vit +1) =wV; (@) + c1r1 (Spesri (1) — Xi (1))
+ 212 (8pesri (1) — X; (1)) (15)

In equation 15, the configuration values ¢ and c; control
the acceleration (number of position changes in the solution),
r; and rp are the random values controlling the degree of
acceleration. Number of particles (configurable) starts with
random solution in the solution space. At each iteration,
fitness value is calculated for each of the particle or solution
they represent. The particle with maximum value of fitness
function is selected as globally best. Other particle updates
their position based on globally best and locally best solution
among its closest neighbors. This process is repeated till the
maximum iteration is reached or when there is no further
change in the solution. The problem in this optimization
method is that sometimes the result can converge to locally
minimal solution. The proposed work solves this problem
by using a hybrid optimization method, where the PSO is
combined with Bat algorithm, so that hybrid method has
better exploration and exploitation capability.

Bat algorithm is based on the natural behavior of bats in
hunting for their foods. Bat hunt for their food using sonar.
They start in their search for prey with a random velocity v;
from position x; at sonar frequency of f and loudness A,.
They adjust the frequency of emitted pulses based on their
proximity to the pray. Bat algorithms use this principle to
move to the best solution in solution space in iterations.
In each iteration, the position, velocity, and frequency are
updated based on maximization of fitness function value.

103400

The fitness function is designed to model the proximity to
the best solution. In bat algorithm, multiple bats are started
with each at different positions. Position is a random solution
in solution space. Each bat updates its position at time t based
on its past position and velocity calculated at time t as

X =x"t v (16)

1

The velocity at time t is calculated as
N (xg—l - x*) f; (17)
The frequency for updating the velocity is calculated as

— fmin) B (18)

B is the random variable and frequency ranges from mini-
mum (fipip) to maximum (fiax) value. Exploration of pray in
search space is facilitated with frequency adaptation.

The goal of hybrid optimization is to solve the local minima
problem by combining optimization algorithms with better
exploration and exploitation capability. In this work PSO with
good exploration capability is combined with Bat algorithm
having good exploitation capability to solve the local minimal
problem. Bat algorithm starts with initial random solution and
results in optimal solutions. PSO starts with the best solution
found by Bat and results in final optimal solution.

The solution in our case is the content to be cached in each
of the SBS. A M list (SBS) with K array items (K contents) is
the solution space. K array is filled with 1 when particular
content is cached at the SBS and it is 0 when the content
is not cached at SBS. Say the cache size is L then only
L items in K sized array can be 1. Initial solution is found
using Bat algorithm which is M list of K binary array. Bat’s
final solution is given to PSO as the initial solution. The
result of PSO is the optimal solution space having M list with
K binary vector. The contents are placed to M SBS based on
K binary vector decision Both PSO and Bat algorithm tries to
maximize the fitness function F defined in Equation 13.

fi = fmin + (fmax

C. USER ASSOCIATION

Users are assigned with a preference score for all the SBS
within its communication range. The preference score (Score)
is based on content preference (CP) and load of the SBS
(Load). The weighted sum of content preference and load is
calculated as preference score.

Score (SBS) = my x CP(SBS) + my x Load(SBS) (19)

my and my are the weights assigned to CP and Load. The
value can be assigned from O to 1 in such a way that,

my+m =1 (20)

Content preference is the average cache hit ratio on a par-
ticular SBS. It is calculated periodically at each SBS and
averaged. The load is calculated in terms of number of current
users associated with the SBS. The SBS in communication
range of user with highest preference score is selected for
association of user.

VOLUME 11, 2023



L. Manjunath et al.: QoS Aware Integrated Management Technique for 5G mmWave-Based Hetnets

IEEE Access

D. CONTENT CODING

Keeping the entire content in SBS, reduces the cache utiliza-
tion. To solve this problem, the contents are split to blocks
and some of the blocks are distributed to neighboring SBS
cache. When the user requests for the contents, the blocks are
downloaded from neighboring SBS through SBS-SBS com-
munication links. This avoids the need for keeping redundant
contents in neighboring SBS.

IV. RESULTS

The proposed solution was simulated in MATLAB with con-
figuration as given in Table 3. The topology given in Figure 1
is simulated using discrete event simulation model.

The content requests from UE are directed to SBS and
satisfied at SBS if content is at SBS cache. Otherwise the
requests are redirected to BS for content download. The
requests and responses from each entity of UE, SBS and BS is
realized as events. At the end of simulation time, performance
parameters are calculated.

TABLE 3. Setup for simulation.

Parameter Value
Users 50,100,150,200,250
Number of SBS 10

Area of simulation

3000 m x 3000 m

Simulation time

20 minutes

Content request rate
from UE

1 request per 10 sec

Average Content size

500 KB

Cache size at SBS

5000 to 10,000 KB

Energy consumption per
bit transmitted at

0.5 x 1078 joules/bit

UE,SBS,BS
Coverage radius of SBS 200 m
Coverage radius of BS 1500 m

Location of BS in
simuation area

Center of area

UE priority level

1 to 3, 1 being highest

Performance comparison
parmaeters

Packet drop rate (PLR), Delay,
Cache hit ratio (CHR) ,
Throughput

Average value of packet drop rate, delivery ratio, delay and
cache hit ratio are found through simulation and compared
to most recent existing works. Packets drop rate (P) is mea-
sured as:

PLR — Number of packets dropped 21
Number of packets from UE to BS
Delay is measured as time taken for packet to transit from UE
to BS. Cache hit ratio (CHR) is measured as:

Number of times content placed in cache
CHR = ; (22)
Number of times content requested
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The effectiveness of proposed work is compared against
fuzzy logic-based cache management solution proposed by
Somesula et al. [26], content management-based solution
proposed by Torre et al. [25] and user management based
solution proposed by Zhang et al. [14].

The average packet loss rate is measured at the backhaul
links as ratio of packet dropped to total packet scheduled for
delivery over the backhaul links. The average packet loss rate
over the backhaul links is an indicator of congestion of the
links and lower the value, better the backhaul link is utilized.
Table 4 provides the measurement of average value of packet
drop rate across the solutions for varied number of UE’s.

TABLE 4. Comparison of average packet loss.

No. of Proposed Zhang Torre Somesula et
UE’s et al et al al [26]
[14] [25]

50 6 13 18 19

100 ! 14 19 21

150 8 15 21 2

200 i 16 2 23

250 10 17 23 24

Average | 8 15 20.6 21.8

Compared to the proposed work, Zhang et al. [14],
Torre et al. [25], Somesula et al. [26] has 7%, 11.4%,12.2%
higher packet drop rate. The packet drop rate at backhaul links
has reduced due to integrated management of user, content
and cache management in proposed solution compared to
separate management of user, content, and cache. Figure 3
presents the results for packet delivery ratio (PDR) (100-P)
over the simulation time. Compared to existing works, pro-
posed solution has atleast 6% higher packet delivery ratio.
The increase in packet delivery ratio in proposed work is due
to selection of more stable path and control of congestion
in those stable paths in the proposed solution The packet
delivery ratio is measured for varying content request rate and
the result is given in Table 5.

The average packet delivery ratio drops with increase in the
content request rate but even at higher content request rate,
the PDR is higher in proposed solution compared to existing
works. On average, the PDR is atleast 9% higher compared
to existing works with increase in content request rate. The
PDR has increased in proposed solution due to availability of
contents at close proximity.

The average delay for delivery of packet with content pay-
load is measured at the backhaul links for different number
of UE’ and results are presented in Table 6.

Compared to Zhang et al, Torre et al and Somesula et al the
proposed solution has 39%, 55% and 87.5% lower delay.

The delay has reduced in the proposed solution by large
factor due to three reasons (i) association of UE to optimal
SBC where load is minimal (ii) perfecting of content, so that
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TABLE 5. Comparison of PDR.

Content Proposed Zhang Torre | Somesula et
request et al et al al [26]
rate [14] [25]
1 4 87 82 80
5 89 80 77 76
10 86 75 73 72
Average 89.6 80.6 77.3 76

content can be found with maximal probability at SBC and
(iii) reducing the transferable bit size due to content coding.

TABLE 6. Comparison of average delay.

No. of Proposed Zhang et | Torre et Somesula
UE’s al [14] al [25] et al [26]
50 13 18.1 20.9 24.1
100 12 16.2 18.1 22.2
150 i 15.1 17.2 21.1
200 10 15.2 16.1 20.2
250 10 14.2 15.2 18.1
Average 12 15.76 17.5 21.14

The average throughput is measured at backhaul links
varying the different number of UE’s and the result is given
in Table 7.

TABLE 7. Throughput measurements.

No. of Proposed Zhang Torre Somesula
UE’s et al et al et al [26]
[14] [25]
50 95 84.1 82.9 80.9
100 147 136.2 129.1 123.8
189
150 173.1 166.4 159.6
228
200 208.2 200.9 194.8
272
250 251.1 242.2 237.6
186.2
Average 170.54 164.3 159.34

Compared to Zhang et al, Torre et al and Somesula et al,
the proposed work has 8%,11% and 14% higher throughput.
Higher throughput in proposed solution is due to significant
reduction in delay over backhaul links and scheduling of
predictive downloads in the idle times of backhaul. In all
three existing works, predictive download of contents during
idle time of backhaul has not been considered. For various
number of UE, energy consumed in measured and the result
is presented in Table 8.

Compared to Zhang et al, Torret et al, Somesula et al,
the proposed solution has 9%, 12%,18% lower energy con-
sumption. The energy consumption has reduced in proposed

VOLUME 11, 2023

TABLE 8. Comparison on energy consumed.

No. of Proposed Zhang Torre Somesula
UE’s et al et al et al [26]
[14] [25]

50 75 79.8 82.4 85.2

100 86 91.6 92.6 97.1

150 ol 96.8 100.2 105.6

200 % 103.5 107.8 115.6

250 %9 116.1 117.4 126.4

Average 89.4 97.56 100.08 105.98

solution dueto reduction in congestion and higher probability
of locating the contents in the cache.

By varying SBC cache size, Cache Hit Ratio (CHR) is
measured, and the results are presented in Figure4. Compared
to existing works, the CHR is higher in proposed solution at
all cache size. On average, CHR is at least 10% higher in the
proposed work.

The cache hit ratio has increased due to optimal selection
of items to cache based on multi criteria optimization factors
in the proposed solution.

By varying the popularity ratio, the cache hit ratio is
measured and the results are given in Figure5. As the pop-
ularity ratio, increases, the choice of content to be cached
becomes difficult. This can reduce the cache hit ratio if the
items to cache are not distributed in such way without much
redundancy.In the proposed solution, the items to cache are
distributed minimizing the redundancy. Due to this cache
hit ratio was higher and consistent in the proposed solution
compared to existing works.

The proposed solution integrated cache management, con-
tent management and user management with joint consider-
ation multi object QoS optimization. The aim in comparison
was to demonstrate that the proposed integration performed
better than individual strategies. In accordance with this
aim, three recent solutions in three strategies of cache man-
agement, content management and user management were
selected for comparison. For cache management strategy,
Somesula et al. [26] was selected, for content management
strategy Torre et al. [25] was selected, for user management
strategy Zhang et al. [14] was selected. Somesula et al con-
sidered delay as only optimization parameter, Torre et al
considered energy and latency as the optimization parameters
and Zhang et al. considered delay as the only parameter for
optimization. In comparison to these solutions, the proposed
solution considered multiple parameters of delay, cache uti-
lization, user QoS, load on backhaul links, cache hit ratio,
path loss in optimization. Integration of all the three man-
agement strategy along with multi parameter optimization
has improved the performance gain in the proposed solution.
In addition to delay and packet drop reduction, throughput
and cache hit has increased in the proposed solution. Though
optimization strategies and integer linear programming are
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used in existing works, they did not consider the prob-
lem of local minima during optimization Use of hybrid
meta-heuristics combining two optimization techniques with
exploration and exploitation has solved the local minima
problem in proposed solution.

The computational complexity of hybrid metaheuristics
algorithm for deciding the optimal content to cache is mea-
sured varying the cache size and the result is given in Table 9.

TABLE 9. Execution time of hybrid meta heuristics.

Cache size Execution time (s)
5000 40
6000 32
7000 67
8000 o4
9000 108

The execution time increases linearly with the increase in
cache size. Though the execution time is higher, it is justified
as the hybrid meta heuristics algorithm execution to decide
items to be cached is not executed frequently and done once
in a longer interval of time. One way to time it is to check if
the cache hit ratio drops below a threshold or if the number
of new arrival items is greater than a threshold. The method
to time the execution of hybrid metaheuristics algorithm is
considered for future research.

V. CONCLUSION

An integrated solution combining user, content and cache
management was proposed in this work. The decision on
items to be cached is made using hybrid meta-heuristics
solution involving multiple optimization factors. Once the
items are found to be cached in each SBS, the decision of
user association is done to reduce the delay and congestion.
Proactive downloading of content is done to increase the
backhaul link utilization. The overall impact of the integrated
solution is that it has 7% lower packet drop, 39% lower delay,
8% higher throughput and consistent cache hit above 85%.
Testing the solution using different hybrid metaheuristics
algorithms is in the scope of future work.
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