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Abstract
The sharp increase in wireless devices yields 

a huge amount of mobile data traffic, which has 
made either the radio access network or the core 
network of current mobile communication systems 
seriously overloaded. In-network caching arises as 
a promising solution to this burning issue. By intro-
ducing content centric networking infrastructure, 
popular content files can be intelligently stored in 
the radio access network so that redundant trans-
missions through the core network can be signifi-
cantly reduced, which can substantially alleviate 
the load of both the core network and the back-
hauls between the radio access network and the 
core network. In this article, we discuss what to 
cache, how to cache and how to evaluate the per-
formance of a cache-enabled mobile network. We 
first discuss the instructive caching policies, then 
propose reasonable performance evaluation met-
rics for these caching policies. We present detailed 
numerical results demonstrating remarkable gains 
by the in-network caching technique. Finally, we 
discuss related research directions, opportunities 
and challenges.

Introduction
With the fast development of the Internet and 
the growing popularity of smart mobile terminals, 
data business has been increasing explosively in 
mobile communication networks. Global mobile 
data traffic has broken through 24.3 Exabytes 
per month [1], which is straining the network 
resource of mobile communication systems from 
two perspectives, the radio access network and 
the core network, and is also putting service pro-
viders under enormous pressure in the areas of 
operation and maintenance. As a response to the 
rising challenges facing mobile networks, great 
effort has been made to enhance system capacity 
including developing advanced signal processing 
techniques such as massive MIMO [2, 3], design-
ing more efficient radio access schemes such as 
heterogeneous networks [4, 5] and cloud radio 
access networks [6], exploiting the novel spec-
trum utilization paradigm such as cognitive radio 
[7], and exploring promising network architec-
ture such as locator/identifier split networking 
[8]. As new applications emerge in an endless 
stream, such as video communications [9], online 
games, electronic commerce and autonomous 
vehicles, the mobile network is also faced with 
other urgent issues including system latency, net-

work safety and mass data processing [10].
To address the problems mentioned above, the 

fifth generation (5G) mobile communication sys-
tem appears with original designs for both novel 
network architectures and data transmission tech-
niques to provide users with guaranteed quality 
of service (QoS) or quality of experience (QoE). 
5G is expected to achieve 1000 times higher sys-
tem capacity, 10 times spectrum efficiency and 
energy efficiency and peak data rate, and 25 times 
average cell throughput than those of 4G. Specifi-
cally, 5G mobile network designs are interested in 
exploring application-aware approaches to achieve 
ubiquitous communications between not only 
people to people but also machine to machine 
wherever they are or whenever they are needed, 
by whatever intermediate they adopt. In brief, a 
desired vision for 5G is to implement seamless and 
pervasive connectivity between anybody, anything, 
and anytime all over the world.

In the past decade, the growing demand in 
mobile networks has transferred from tradition-
al text messages and voice services to video 
streaming and popular content sharing. There-
fore, the information-centric networking paradigm 
is deemed as a promising solution to making 5G 
mobile networks more affordable for content dis-
tribution and information sharing, of which the 
content distribution network (CDN) is a concrete 
realization where content files are intelligently 
cached at the base stations (BSs) to reduce dupli-
cated downloads and thus to optimize the user 
perceived latency in the mobile communication 
system. Figure 1 is the illustration of a cache-en-
abled mobile communication system, where the 
system is abstracted into a three-tier network 
architecture: upper Internet layer, middle evolved 
packet core (EPC) layer and lower radio access 
network (RAN) layer. The Internet CDN servers 
generally provide content that would be requested 
by the users who get access to mobile networks. 
The EPC consists of the serving gateway (S-GW), 
packet data network gateway (P-GW) and mobility 
management entity (MME), while the RAN usually 
includes the BSs for radio access.

As can be seen from Fig. 1, caching content 
files at the BSs has great potential to improve the 
system performance of mobile networks. First, 
latency perceived by users could be reduced 
if the target files are fetched from the caches at 
BSs directly since the BSs are always much closer 
to the users than either the EPC gateways or the 
Internet CDN servers, which not only improves the 
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QoE of users, but also makes the mobile network 
capable of supporting delay-sensitive and high data 
rate services such as virtual reality (VR) and aug-
mented reality (AR); second, the load of backhauls 
which connect RAN and EPC can be alleviated 
since users do not need the help of backhauls to 
get the requested files that are cached at BSs. As 
a result, the operation and maintenance cost of 
mobile networks can be reduced, as well as the 
system energy consumption.

While caching at BSs can significantly enhance 
the system performance of mobile networks, what 
to cache and how to cache are the thought-provok-
ing problems that should be carefully investigated 
so as to exploit the potential of the caching tech-
nique at the mobile network edge. Statistical anal-
ysis indicates that only a few popular content files 
are repeatedly requested by users among all avail-
able content files, resulting in duplicate transmis-
sions from the remote Internet and a considerable 
expense for mobile service providers. Obviously, 
the popularity of content files should be exploited 
to enhance network performance, based on which 
classic caching policies including the least recently 
used scheme, the least frequently used scheme 
and the first-in first-out scheme could be feasible 
ones for applications. By storing content files in the 
RAN side of the mobile network, massive demands 
from end users can be directly satisfied at the BSs 
equipped with caches, instead of accessing the 
EPC and the Internet CDN servers. However, the 
performance of the cache-enabled mobile network 
is worthy of attention from a variety of sides, such 
as the variations of content popularity in different 
times and locations, the heterogeneity of multime-
dia content, the affordable cache capacity of BSs, 
the density of users and the network states such as 
instantaneous radio access capability of BSs.

In this article, we discuss diverse cache tech-
niques that could be employed in mobile networks, 
and uncover potential weaknesses and challeng-
es for future research. We focus on the following 
issues: 
•	 What and how to cache: a detailed consider-

ation on what and how to cache the requested 
files in mobile networks, especially in the RAN 
side, is given, including feasible and efficient 
caching policies and their individual advantages 
and weaknesses.

•	 How to evaluate the caching performance: fea-
sible evaluation metrics for the cache-enabled 
mobile network are discussed from different 
perspectives such as delay and access cost. 

•Open questions and solutions: software-defined 
networking is proposed as a possible scheme 
to integrate cache techniques with practical 
mobile networks; on the other side, achieving 
trade-offs among radio resource, storage capaci-
ty and computing capability should be explored 
in depth so as to further exploit the potential of 
caching techniques in mobile networks.

Instructive Cache Placement Policies
As a promising technique to cope with the heavy 
backhaul overload issue in mobile networks, cach-
ing in the RAN attracts a lot of attention. In-net-
work caching is the most important component  
for the emerging information-centric networking 
facing mobile networks, where replication-based 
multiparty communication and interaction models 

decouple senders and receivers, providing diverse 
design choices and features. Possible technical 
research directions for wireless content caching in 
5G mobile networks can be found in [11], where 
the involved stakeholders including end users, net-
work operators and device vendors are analyzed. 
In [12], the related caching techniques in the 
forthcoming 5G networks including both the EPC 
and the RAN have been investigated, as well as 
the various advantages and relevant opportunities 
and challenges, and a novel edge caching scheme 
for content-centric networking architecture is pro-
posed. In [13], the fundamental limits of caching 
are introduced from the perspective of the glob-
al caching gain that depends on the aggregate 
global cache size. The performance gain heav-
ily depends on the cache deployment strategy 
decided by mobile service providers. The state-
of-the-art studies show that cache placement pol-
icies need to be designed elaborately in practical 
mobile communication systems. We summarize 
the main caching methods that could be instruc-
tive for deploying cache in mobile networks.

Random Caching Policy (RCP): The content 
files are randomly cached at each BS equipped 
with limited cache capacity. Since the RCP requires 
no statistical information about content files, it is 
easy to implement and is widely used in the Inter-
net CDN. Another advantage of the RCP is that 
the diversity of content files can be guaranteed 
since these files are stored at each BS with the 
same probability. Thus, RCP is suitable for the fol-
lowing scenarios. The requests of users are diverse, 
random, and have little relationship with personal 
preferences; the number of files that can be shared 
is relatively small; the cache capacity of BSs is rel-
atively large so that a large proportion of content 
files are available for the users in the RAN side. 
Except for these scenarios, the RCP generally does 
not work well since it takes no prior information 
about content files into consideration.

Popularity-Driven Caching Policy (PCP): Inves-
tigations show that only a fraction of content files 
are download duplicately and contribute most of 
the traffic load in mobile networks. Thus, if popular 

FIGURE 1. Illustration of cache-enabled mobile networks.
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content files, for example, music videos and excit-
ing sports videos, are stored at the BSs in the RAN, 
redundant downloads can be reduced significantly 
and consequently the backhaul overload can be 
alleviated. Network traffic analysis shows that the 
relative frequency of content files follows Zipf’s 
law [14] which illustrates the relationship between 
the relative probability of a request from users for 
those content files and their ranking in populari-
ty. Specifically, the relative probability of content 
requests generally follows Zipf-like distribution, that 
is, the probability of the jth most popular content 
file is j–γ, where γ is the Zipf component indicating 
the skew of the popularity distribution of content 
files.

Consider a cache-enabled mobile network, 
where the cache capacity of each BS is limited and 
the requests for content files are sent to BSs con-
tinuously. The popularity of these files follows a 
distribution {zj} with z1 ≥ z2 ≥  … ≥ zJ. Obviously, z1 
is the most popular file while zJ is the least popular 
one. According to Zipf’s law, we have 

z j =
j−γ

j−γ
j=1
J∑

and S J
j=1zj = 1. In reality, most users are usually 

interested in the popular content files and only a 
portion of the content files are frequently request-
ed by the users. It reveals that placing the content 
files according to their popularity is a promis-
ing strategy for mobile service providers, which 
means that the most popular files are always 
stored as many as possible at the BSs. However, 
such a popularity-driven caching policy may seri-
ously deteriorate the QoE of the users requesting 
the files that cannot be found at the BSs.

Hit-Probability Based Optimal Caching Policy 
(HCP): The hit probability is defined as the proba-
bility that the requests from users are directly pro-
cessed at the local BSs in the RAN, not fetched 
from the EPC via backhauls. Higher hit probability 
leads to lower access cost, as well as better QoE 
for users. Developing an efficient caching strategy 
from the perspective of maximizing the total hit 
probability of all users is reasonable for practical 
mobile networks where users are randomly located 
around BSs equipped with capacity-limited cache. 
From the viewpoint of radio coverage, a given user 
can be served by one or more BSs, or none of the 
BSs can serve this user. Denote the number of BSs 
that can provide radio coverage for the user by 
q, which is a random variable related to various 
network parameters, the radio coverage models 
that can be utilized to characterize the distribution 
of q include signal-to-interference-plus-noise-ratio 
(SINR) model, Boolean model and overlaid 2-net-
work model [15]. The SINR model describes the 
coverage quality at the origin in terms of SINR, 
while the Boolean model is suitable for noise-limit-
ed cases, that is, the interference is relatively small 
compared to noise. As for the overlaid 2-network 
model, it assumes that two or more networks run 
in parallel with different infrastructure and orthog-
onal resources by the same provider to serve the 
users in a given area. The coverage probability q 
of the ith network can be described as Pi:= P(q = i).

We define the caching probability of content 
file j as fj:= P(j  Wn), where Wn denotes the set of 
the cached files at BS n. If a user can download 

the requested file from one of the BSs that can 
provide radio cover for him/her, we regard it as a 
hit. Thus, if a user requests file j, the hit probability 
can be calculated mathematically as 1 – S∞

i=0Pi(1 – 
fj)i, where S∞

i=0Pi(1 – fj)i indicates the probability that 
none of the BSs covering the user stores the file 
he/she requests. However, we cannot know which 
content files the users would request in advance. 
Generally, popular files are more probable to be 
requested while other files are requested with a 
lower probability. We can model the distribution of 
the request probability by Zipf-like distribution [14], 
which means that each file has a probability zj to 
be requested by users. Then, the total hit probabil-
ity for a typical user can be defined as H(f1, f2, … , 
fJ):=1 – SJ

j=1 zj Si=0Pi(1 – fj)i.
Apparently, the total hit probability of a typi-

cal user depends on the request probability zj, the 
coverage probability Pi and the caching probabil-
ity fj. With given Zipf component γ and chosen 
coverage model, there exists an optimal caching 
probability for all the content files to maximize the 
total hit probability of the typical user. Denote the 
cache capacity of each BS by Ln, mathematically, 
the optimal caching probability of each file fj can 
be obtained by solving the following optimization 
problem:

max
f j
H ( f1, f2,…, fJ )

s.t. C1 : f j ≤ Ln ,∀n∈N ,j=1
J∑

C2 :0 ≤ f j ≤1,∀j ∈J . 		  (1)
When we get the optimal caching probability 

of each file fj, we can decide the cache placement 
with joint considering fj and cache capacity. This 
strategy is also described as probabilistic place-
ment policy in [15].

Metrics for Cache Placement Performance
Employing caching techniques in mobile networks 
can yield quite a few benefits, such as saving 
operation expense, relieving backhaul burden and 
improving system energy efficiency. To measure 
the gains for a cache-enabled mobile network, we 
need a general metric that can precisely evaluate 
the performance improvement from different per-
spectives. The reason is as follows. Different types 
of performance indexes may require very different 
system configuration parameters even network 
architecture with big difference; however, it is 
impossible to design cache policies with different 
system parameters for a given mobile network, 
not to mention network architecture. We need to 
achieve a trade-off among different performance 
indicators so as to design a feasible cache config-
uration scheme for the practical mobile network.

Consider a cache-enabled mobile network with 
N BSs and K users. The set of BSs and users are 
denoted as N = {1, 2, … , N} and K = {1, 2, … , K}, 
respectively. The requests from users can be satis-
fied in two ways: 
•	 If the requested files are just stored at the BSs 

that can also provide radio coverage to the 
users, the users can directly fetch the content 
files from these local BSs.

•	 If the requested files are not found in the cach-
es at the BSs which provide radio coverage to 
the users, the BSs forward the requests to the 
EPC via backhaul links. The latter is usually cost-

Placing the content 
files according to their 
popularity is a promis-
ing strategy for mobile 
service providers, 
which means that the 
most popular files are 
always stored as many 
as possible at the BSs. 
However, such a pop-
ularity-driven caching 
policy may seriously 
deteriorate the QoE 
of the users requesting 
the files that cannot be 
found at the BSs.
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ly, as discussed above. 
Figure 2 is an illustration of cutting down trans-

mission redundancy by employing caching tech-
niques. Figure 2a is a hierarchical topology of a 
mobile network without deploying caches while 
Fig. 2b is the cache-enabled mobile network where 
caches are deployed at both the EPC side and the 
RAN side, and the BSs are connected to the EPC 
via wired or wireless backhaul with limited capac-
ity. The colorized rectangles represent the caches 
that are filled with content files. The dotted lines 
represent the content requests, where different col-
ors indicate different requested files. As shown in 
Fig. 2a, without any in-network content caching, 
if a user sends a file request, it will require a back-
haul link from the EPC to the BS, leading to a lot 
of traffic demands with duplications. In contrast, as 
illustrated in Fig. 2b, the vast majority of requests 
from users can be satisfied locally by the BSs 
equipped with caches in the RAN. The backhaul 
burden is significantly alleviated with the reduc-
tion of duplicate transmissions, as well as the core 
network. Moreover, most users are spared from 
suffering long delay of content delivery. In other 
words, both users and mobile service providers can 
benefit from the caching scheme shown in Fig. 2b. 
We elaborate this point taking the following two 
aspects for example and conclude that different 
metrics can be merged in a universal framework so 
that we can focus on a simple but efficient one to 
enhance system performance for mobile networks.

User-Perceived Latency: Latency is the key for 
the delay-sensitive services provided by 5G and 
beyond mobile networks, where utra-reliable and 
low latency communications business, such as 
360-degree video and AR/VR, self-driving cars and 
smart grid, should be supported. As is illustrated in 
Fig. 2, two kinds of user perceived latency exists 
in mobile networks: wireless transmission delay, 
denoted as DT

k,n, indicating the transmission delay 
between user k and its associated BS n; and back-
haul delay, denoted as DB

k,n, indicating the delay 
generated by the BSs in the RAN to visit the EPC 
for file downloading. Generally, wireless transmis-
sion delay DT

k,n is related to the size of file j (denot-
ed by Sj) that user k requests, and the achievable 
transmission rate rk,n between user k and its asso-
ciated BS n. The mathematical formulation of 
DT

k,n can be defined as DT
k,n = Sj/rk,n. The backhaul 

delay DB
k,n is affected by various factors including 

the average link distance between the BSs and the 
EPC, the density of BSs and the average traffic load 
of the mobile network. Backhaul delay usually can 
be described as a random variable following expo-
nential distribution. As aforementioned, the down-
load of files for users is operated as the following 
procedure. For a given user k requesting file j, if its 
associated BS n just caches file j, user k can obtain 
the requested file directly in the RAN, and their 
perceived latency is DT

k,n. However, if its associat-
ed BS n does not cache file j, the request sent to 
BS n from user k will be further transferred to the 
EPC. File j would be downloaded from the EPC 
through the backhaul to BS n, then user k can get 
it from BS n. Obviously, this roundtrip generates 
extra backhaul delay, and the total delay for user 
k will be changed to DT

k,n + DB
k,n. For simplicity, we 

use a binary variable rk,n to indicate whether extra 
backhaul delay is involved, with rk,n = 1 implying 
the existence of backhaul delay and rk,n = 0, oth-

erwise. Thus, the delay for user k requesting file j 
if the user is associated with BS n can be denot-
ed by Dk,n = DT

k,n + rk,nDB
k,n. The latency metric is 

straightforward; however, delay jitter of wired/wire-
less backhauls cannot be completely avoided since 
diverse and complex factors in practical mobile 
networks make latency hard to model accurately.

Network Access Cost: From the viewpoint 
of service providers, caching at the BSs can alle-
viate the burden of backhauls, as well as the 
core network. We can simply call it access cost 
for the mobile network to serve a user, which is 
also deemed as a significative evaluation metric 
for caching performance. Again, there exists two 
kinds of access cost: the cost for transferring con-
tent files from the EPC to the BSs, denoted by c0, 
and the cost for transferring content from the BSs 
to the users, denoted as ck,n. ck,n is generally much 

FIGURE 2. Comparison of a) no caching; b) EPC and RAN caching.
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less than c0 in practical networks since it is always 
much cheaper for the users to get the target files 
from the BSs caching the files than fetching the 
files from the original server in the EPC if consid-
ering the additional consumption of the backhaul 
resource and the core network resource. Conse-
quently, the access cost for user k who requests 
file j, and is associated with BS n, can be defined 
as ck,n = ck,n + rk,nc0, where binary variable rk,n 
indicates whether the extra backhaul access cost 
exists or not, that is, rk,n = 1 if the backhaul access 
cost exists, rk,n = 0 otherwise. Notice that the 
access cost involves but is not limited to mone-
tary expense, such as the total electric charge 
and broadband cost paid by users, the operation 
expense of service providers, and other incalcula-
ble expenses. The network access cost can also be 
the congestion levels on various network links, or 
just the system energy consumption.

We can observe that the metrics from different 
perspectives for cache performance measurement 
share the same starting point. Essentially, it is to 
make the requests from users be satisfied in the 
RAN side as many as possible so that the user-per-
ceived latency and the network access cost can be 
reduced. Thus, although there exist various caching 
performance metrics, the starting point remains 
consistent among them, which may simplify sys-
tem design for the cache deployment in practical 
mobile networks.

Performance Evaluation
Consider a cache-enabled mobile network where 
BSs are homogeneously deployed and users are 
randomly located around BSs uniformly. The 
Zipf-like distribution is exploited to characterize 
the content popularity. A user is considered to 
be covered by a BS as long as the SINR provid-
ed by the BS exceeds a given threshold. The list 
of parameters is given in Table 1. For the perfor-
mance curves, these different parameters of inter-
est are considered: SINR threshold, number of files, 
cache size of BSs, number of BSs, and number of 
users. The performance of the total hit probability, 
the average delay of the users and the network 
access cost are shown in Fig. 3.

The SINR Threshold: As the SINR threshold 
increases, the total hit probability decreases due to 
the difficulty brought by the high SINR required to 
provide radio coverage the users for BSs. On the 
other hand, the total hit probability increases as the 
increasing of Zipf parameter g which determines 
the diversity of content files. Specifically, the larger 
g is, the fewer popular files account for most of the 
content files.

The Number of Users: The average delay and 
the total network cost of all users are proportional 
to the number of users for all three caching poli-
cies. It can be explained as follows. The number 
of users that can be served by a given set of BSs is 
limited due to the bandwidth and the power bud-
gets of the BSs, so the growth of users makes more 
users not be served by these BSs, even though the 
requested files have been stored in the caches at 
these BSs. These users have to wait in line or down-
load the files from the core network via backhauls, 
increasing delay and access cost.

The number of BSs: The average delay of users 
is inversely proportional to the number of BSs for 
the HCP and the RCP, because more files can 
be stored in the caches at the BSs so that more 
requests of the users can be afforded by these BSs 
in this condition. More requests are directly sat-
isfied in the RAN side so the total delay can be 
reduced. For the PCP, the files stored at the BSs 
are fixed and thus the continuous growth of BSs 
does not have significant affect on its performance. 
We can also see that the average delay varies only 
slightly for the PCP.

The Number of Files: The growth of files 
increases the average delay of users, as well as the 
total network access cost. Since the number of BSs 
and the cache size are fixed, the total number of 
files is also fixed. It decreases the diversity of the 
cached files, which correspondingly increases the 
difficulty of hitting user requests.

The Size of Caches: When the cache size 
becomes larger, the total access cost is reduced 
significantly. Larger cache size means that more 
files can be stored at the BSs so that the stored files 
can be much more diverse, which increases the hit 
probability of users and leads to the reduction of 
access cost.

In all scenarios, the HCP outperforms the other 
two policies since it not only takes into consider-
ation the popularity of content files, but also focus-
es on the hit probability explicitly, making more 
requests be satisfied in the RAN side, which can 
decrease the user perceived latency and the net-
work access cost jointly.

Research Directions
Integration with Software-Defined Networking

Software-defined networking (SDN) could be 
a promising architecture for deploying the 
cache-enabled mobile network. SDN is described 
as a novel network paradigm for which the con-
trol plane is separated from the underlaying data 
plane to be responsible for the overall network 
behavior. SDN has many advantages over lega-
cy methods. First, it is much more convenient to 
implement new ideas for the network via a soft-
ware program since it is easier to manipulate than 
the traditional fixed commands in specific devic-
es. Second, compared to the distributed man-

TABLE 1. Simulation parameters.

Parameter Value

Radius of area 2 km

Total Bandwidth 10 MHz

Transmission power budget 40 W

Thermal noise PSD 184 dBm/Hz

Path loss 140.7 + 36.7log10(Distance)

Zipf parameter [0.5 1 1.5 2]

SINR threshold [–10 0 10 20 40 100]

Number of users [50 100 150 200 250]

Number of BSs [20 25 30 35 40]

Number of files [50 100 150 200 250]

Size of cache [2 4 6 8 10]

In all scenarios, the 
HCP outperforms the 
other two policies 
since it not only takes 
into consideration the 
popularity of content 
files, but also focuses 
on the hit probability 
explicitly, making more 
requests be satisfied in 
the RAN side, which 
can decrease the user 
perceived latency and 
the network access 
cost jointly.
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agement paradigm, the SDN owns a centralized 
control layer for network configuration, which 
frees the operator from configuring all demand-
ing network devices individually. Moreover, it is 
possible to learn the global knowledge of net-
work and deals with the forwarding traffic in a 
logically single location. In this regard, it is quite 
promising to make a blueprint for a cache based 
software-defined networking architecture by com-
bining cache management and SDN together to 
improve system performance.

Figure 4 illustrates a cache-based SDN architec-
ture for mobile networks. Since cache performance 
is affected by various factors, comprehensive anal-
ysis of them should be conducted to generate a 
global and efficient cache deployment policy. A 
real-time decision making module is necessary 
since the popularity of content files, the density of 
users and the network state are generally time-vary-
ing. As can be seen from Fig. 4, information col-
lection and analysis including proactive learning 
and prediction of popularity of content files, the 
statistics and analysis for user density, and the 
management of the load balance of BSs can be 
conducted at the forwarding/switching plane. The 
network operators can perform resource alloca-
tion and decision making from the global view of 
the network in the control plane. Finally, efficient 
caching-and-delivery schemes are established to 
provide users with better QoS.

Trade-Off Among Radio Resource,  
Storage Capacity and Computing Capability

As discussed above, in-network caching attempts 
to reduce redundant transmissions in order 
to relieve the burden of the core network and 
provide a better user experience. Actually, this 
improvement is at the cost of deploying cache 
memories in both the RAN side and the EPC side. 
In one respect, many BSs that caches popular files 
need to be active for a long time so as to support 

caching effectively, which generates significant 
energy expense. On the other side, deciding what 
to cache and how to cache, including analyzing 
the popularity of files, traffic prediction and cache 
scheduling, needs a large amount of computing 
resources, which could be another bottleneck for 
mobile networks. Thus, there should be a trade-
off among radio resources including the band-
width and power budgets of BSs, storage capacity 
and computing capability of both the core net-
work and the BSs. Figure 5 illustrates the trade-off 
among these requirements.

On the other hand, the discussed caching 
policies are only designed from the perspective 
of users and the BSs are assumed to be homo-
geneous in a mobile network. However, it is not 
always the case in practical scenarios since the cost 
of connecting different BSs is not the same for a 

FIGURE 3. Hit probability, average delay and total cost of network with respect to SINR threshold, cache size of BSs, number of files, 
BSs and users.
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FIGURE 4. SDN-based cache scheme for mobile 
networks.
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typical user. A remote BS may lead to much high-
er access costs compared to a near one since it 
generally needs more bandwidth and power to 
serve the user. Moreover, the priorities of users 
may be different from the viewpoint of service pro-
viders. For a given user, the priority depends on 
the location of the user and the density of traffic 
distribution, the load of BSs and the core network. 
In particular, mobile networks are becoming highly 
dynamic. Access nodes and backhauls in mobile 
networks may be spontaneously created and be 
randomly switched off, affecting the life span of 
the cached files significantly. We should not 
blindly pursue saving the transmission bandwidth 
cost while ignoring the storage capacity and the 
computing capability. It is extremely important to 
decide which content should be cached in which 
BS, which BS should be associated with which 
user, and which BS should be turned off at which 
time period. Applying a cache policy independent 
of those factors is not an intelligent approach, and 
a joint caching deployment, user association and 
BS operation scheme should be carefully designed 
to overcome these challenges.

Conclusions
The caching technique shows its potential in 
improving the network performance of 5G and 
beyond mobile communication systems. In this 
article, we have made investigations on the 
promising caching techniques for mobile net-
works, including feasible caching policies and 
their individual advantages and weaknesses, and 
have introduced suitable metrics for performance 
evaluation of caching techniques from different 
perspectives such as the QoS of users and the 
operating expense of mobile networks. Numeri-
cal simulations demonstrate that applying in-net-
work caching strategy in mobile networks can 
reduce latency and access cost significantly. We 
have also discussed future research directions 
such as designing a software-defined networking 
based cache framework for mobile networks and 
obtaining a trade-off among radio resource, stor-
age capacity and computing capability to further 
improve system performance.
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