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Abstract: There is a growing interest in content-centric networkirlgicl is a new networking paradigm where the content itself
becomes the core of communications rather than the addréssabion. Content-centric networking is greatly usefuiricrease the
content availability and the efficiency of content delive@urrently, the content-centric networking architectisrat an early stage,
and it is not clearly defined yet in the wireless environmémthis paper, we propose a possible architecture, negessarponents,
and related mechanisms for multimedia content deliverpénwviireless network. The proposed architecture is basedmemt-centric
networking. We also present various simulation resulthitmsthat the proposed architecture and associated meafsmnierk well in

the wireless network.
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1 Introduction Basically, there are two types of approaches to access
multimedia content on the Internet. The first one is based
on the improvement of the current host-based

The Internet has been greatly successful since its creatioarchitecture: content delivery network (CDN) or

and has become a highway for globalization and anpeer-to-peer (P2P) network. The second one is based on

effective means for networking various devices andthe information-centric architecture: information-agnt
distributing information and services. Its size, compigxi network (ICN) or content-centric network (CCN)

and the role it plays in the modern world have far CDN is built on top of the IP-based host-to-host

exceeded the initial expectations. It is now a complicatedcommunication model where several dedicated servers

and constantly expanding architecture that has become agtore all the contents published. The content exists in
essential part of our lives, work, communications, andmultiple copies within strategically dispersed cache
entertainment. servers which are close to the user. Therefore, CDN can

The high complexity and expansion of the increase the hit ratio of the content and also minimize the
architecture imply the increased exchange of contentsservice delay in delivering the requested content.
collaboration, and interactions. To meet the needs ofHowever, CDN can be inefficient as it has the central
various multimedia applications and services includingauthority to control content dissemination in the
voice/video over IP, crowdsourcing, social network host-based communication model. On the other hand,
services, and multimedia content sharing, researchers afR2P is a distributed network model in which each node
trying to define a new Internet architecture which can(peer) acts as a client and also as a server. With the P2P
support high availability, heterogeneity, mobility, sety model, services and contents are shared among the
and so on. Due to the rapid advancement of the Interneinterconnected peers. P2P peers may contradict the traffic
and wireless mobile technologies, mobile Internet usersngineering policies of the underlying provider IP
are able to access multimedia content and sociahetworks.

information easily, and stay connected for various mobile  Typically, users are not much interested in the location

applications and services. itself from which the content is provided, but instead they
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are more interested in how soon they can access thaame resolution service. The published content objects of
desired content. To meet this objective and to overcomehe content provider use a self-certifying identifier to the
the challenges in the massive amount of contentiocators for content discovery. Netinf uses Multilevel
distribution, ICN/CCN has recently gained much interest. DHT (MDHT) [4] for name resolution and content
Nowadays a large volume of multimedia contents arelookup and also for global routing in the DHT area.
exchanged on the Internet and comprise about 60% of thélowever, NetInf reduces its scope by increasing its
total Internet traffic. Wireless networks are also becomingdependency on the name resolution system which is
overloaded with multimedia contents due to theresponsible for managing registration, updates, and
increasing number of mobile devices such as laptopsaccumulation of names. It requires a re-binding for the
tablet PCs, and smart phones and are facing variousiireless environment similarly to DONA.
communication challenges to provide efficient, reliable, PERSUIT p] proposes a publish/subscribe
infrastructure-independent, and scalable content dglive architecture that is comprised of three key components:
services. For efficient content delivery, it has beenRendezvous, Topology and Routing. A Rendezvous
emphasized to focus on the content itself and decoupl&etwork (RN) is comprised of Rendezvous components
the content from the host in various research projects suckvhich are interconnected by Rendezvous Identifier (RI)
as NDN, PERSUIT, DONA, and NetInf. However, the and Scope Identifier (SI) in a tree structure. The RN is
CCN architecture is not yet clearly defined in the wirelessresponsible for publications and defines its scope based
environment. on the Rl and SI. The RN makes a name resolution on a
In this paper, we define a possible network request for mapping an identifier to a published content.
architecture and necessary components for multimedid@hen the Topology component constructs a path to the
content delivery in the wireless environment. The content source and the Routing component transfers the
proposed architecture is based on content-centricontent using the source routing mechanisin$imilarly
networking. We also propose a routing approach thato Netinf, it also follows the name resolution based
constructs a route without the global network-wide routing structure.
information and a dependency on the central node and In [7,8,9,10], several routing policies and scalability
also drastically reduces the forwarding databaseissues regarding the content-centric approaches are
information. In addition, we propose a smart handoverdescribed. These works rarely focus on how routing will
approach to provide seamless continuity and reachabilitype performed and how the forwarding information base
for the end user. The rest of the paper is organized a¢FIB) will be generated from a huge number of
follows. Section 2 describes the recent work related todisseminated contents throughout the Internet and how
content-centric networking. Section 3 presents anthe network architecture will be more responsive to the
architecture, necessary components, and relatedireless mobile situation. In1[,12], a resource name
mechanisms for content delivery in the wireless networkbased routing algorithm was introduced, which follows
in detail. Section 4 presents our network model, andthe present Internet architecture that limits the scope of
Section 5 discusses performance issues. Finally, Section the name-based routing. The content-centric networking
concludes the paper. architecture 7,13,14,15 decouples the content from the
location and works like a virtual content distributor all
over the network. It will increase the network overhead
2 Related Wor k due to transmissions of the content request packet called
Interest packet and transmissions of related routing
DONA [1] introduces data-centric networking by packets for each content. Ant colony based routihg [
replacing the concept of DNS in the traditional host-basedl7,18] restricts the Interest packet dissemination and
Internet  architecture. DONA proposes a flat, content distribution, but the overhead and the complexity
self-certifying name based approach. Each node iof these algorithms are high due to the collection of
associated with a public-private key pair and its content isglobal information.
named using the form of node’s public key: the node’s  CCN still has more issues to be resolved for practical
signature of data. These names are applicatiorapplications, and user mobility is one of them. End user
independent and unique, and ensure content integritymobility architecture is not yet supported by the current
DONA employs the Resolution Handler (RH) server to CCN architecture. Several proxy-based approactés [
index the content provided by the content provider, and20] were proposed to provide seamless connectivity
hosts are attached to a RH and make a query to the RH faiowards the content when the end users are mobile and
requesting the content. Consequently, DONA reduces thehange its location eventually. But these approaches
applicability of name-based networking because it isincrease the complexity of handling mobility by
actually location-based and always connected to a RHincreasing its dependency on a central administration or
and also for each connection it requires sessionproxy server.
re-establishment. CCN [13] is based on the communication with the
Network of Information (Netinf) 2,3] follows the  nearby locations where the content is available instead of
similar naming approach as DONA and also relies on athe  source-destination = communication  scenario.
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Therefore, CCN can provide anytime, anywhere 3.2 The Node Model

communication with respect to content access. In CCN, . . )
contents are accessed using the hierarchically arrangdg@ch node in the network has three basic functional
name Components that are generated by the Conterﬁlements for Conten.t-CentI‘IC Commun|cat|0n: Content
providers. An Interest packet which includes the contentStore (CS), Forwarding Information Base (FIB), and
name is broadcast towards all the available contenf€nding Interest Table (PIT) as ibd.

providers’ CCN nodes. Any node that has the original or CS maintains the relation between the content name

a replicated copy of the requested content can respond t8nd stored content at the local cache of a CCN node. In
the request. our proposed architecture, we divide the CS into two

elements: CS Index (CSI) and CS Repository (CSR). CSI
holds the content name, Content Memory Pointer to the
. . . CSR, the Time-to-Live (LV), and the Number of
3AN Archlt_ecture;for Enh_anced Multimedia Accessed Times (NAT). CSR holds the corresponding
Content Delivery in the Wireless content only. We extend the traditional CS for increasing
Environment the flexibility of content management and content
replacement. The basic structure of CS is shown in Eig.

Although CCN is a promising architecture for efficient
data delivery, it is still an evolving concept. In this
section, we present a possible CCN-based architecture for

multimedia content delivery in the wireless environment. cs
csl
Name Pointer | LV
. /hufs.ac.kr /videos / o—
3.1 A Structure for Content Naming miss_imp.mpeg /V1/51
/hufs.ac.kr /videos / °
. . . . miss_imp.mpeg /V1/S2
The main principle of CCN is that a content is accessed TGl ficees) P
using the content name rather than the host address, and miss_imp.mpeg /V1/S3
thus content naming is a very important issue in CCN.

With the exponential growth of multimedia contents on
the Internet, it is difficult to find and organize relevant Fig. 2: Content Store (CS)
contents in an efficient way. Therefore, it is important to
provide a well organized naming scheme that is flexible
and provides a low delay in retrieving or identifying the

: . ; FIB contains the necessary information to forward an
content. Our proposed architecture follows a hlerarchlcalInterest packetto the appropriate next hop, which is simila
structure for content naming, e.g '

; . o @ to the routing table of the host-based network architecture
\hufs.ac.Kkvideosmissimp.mpegVv<1, 2> A5 <1, It contains all the next hop interface IDs for each reachable

2>, 4 and 5 represent version and segment, content. The basic structure of FIB is shown in Hg.
respectively, and the number of naming components is

not limited. It is fully flexible for the content provider and
takes the shape shown in Fi. The CCN content names

also implicitly contain the SHA-256 digest of the content FIB
to provide unigue and data integrity.
Name Interface
/hufs.ac.kr /videos 1
hufs.ac.kr /hufs.ac.kr /audio 2
videos | | audio
miss_imp.mpeg Fig. 3: Forwarding Information Base (FIB)

PIT is a fundamental structure to preserve the state of
the received Interest packet. It records all incoming
Fig. 1: A Naming Hierarchy interface IDs for unsatisfied Interests so that it can satisf
the Interest later as soon as the content is available. Each
PIT entry also holds the Time-to-Live (LV) to maintain its
freshness. The basic structure of PIT is shown in &ig.
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PIT 3.4 Routing
Name Interface[ LV CCN enables content name based routing without
/hufs.ac.kr /videos / 0 knowing the host address. This means that the contents
miss_imp.mpeg /V1/S1 are disseminated across the network; mobile devices

retrieve the desired content by requesting with the
appropriate content name; the content will be provided
from the most appropriate content source.

CCN uses two types of messages for communication,
Fig. 4: Pending Interest Table (PIT) namely, Interest packet and Data packet. The Interest
packet is used to request for a particular content, and the
content provider provides the requested content based on
the content name. The Interest packet contains the content

3.3 Components of the Proposed Architecture name and other identifiers, e.g., type, version, author, etc
' Data packets are used to transmit the requested content to

The proposed CCN architecture is comprised of Smarth€ requester as a response to the Interest packet. Data
Base Stations (SBS), Smart Routers (SR), ContenPackets also contain the digitally signed information for
Servers, and Mobile Devices as shown in Fig.There  Protecting the content and respecting the content
are two types of SRs Proxy Routers and AutonomoudPublisher. Interest packets may also contain a content
System (AS) Routers. Several AS Routers form a groupg'@me with a req flag, which implies the content provider
or a Content Autonomous System (CAS). CAS is needs to reply back with the exact content name, content
connected to each other using the Proxy RoutersMeta-data (e.g., size, content provider, encoding scheme,
Network Engineers or ISPs have the complete flexibility €¢-) @nd path attributes (e.g., bandwidth, hop count) etc.
to design the range of CAS. Content names are broadca&S'nd @ Data packet that contains the content name with a
inside the CAS and aggregated content names are unicagPecial flaglataReq. _

among the different CASs using the Proxy Routers. There Content Providers may allow only valid requesters to
is no centralized intelligent controller, and the mobile 2CC€SS and store data by publishing the data items with
devices are connected with SBSs using the X1 wireles& valid name. Each content is assigned a unique attribute
interface. SBSs are connected to SRs using the X2 wire@ccording to the category of data items. A CCN node that
interface, and Content Servers are connected to the SRBteNds to publish a content injects its name to its local
using the X3 wired interface. SBSs are equipped with aCS and forwards the name into the network based on the
mobility handler (e.g., MME in LTE) to deal with SCOP€.

handovers of the mobile devices. The main reason for 1he FIB prefix is learned in two ways. First, the
content provider may broadcast, multicast, or unicast the

content name or a prefix of a content name to the nearby
neighbors. The prefix will eventually reach the core

Content Servers | ‘ L?! % network routers. Second, each node may learn the FIB
)
X:

prefix by referring to the response of the pending Interest
packet. Each router has a limited amount of storage
capacity to handle FIB entries. In order to handle the
scalability problem of FIB manipulation for a huge
amount of real world contents, we set a storage threshold
to 0.85. The storage threshold 0.85 means that a node can
hold the 85% of its total storage for FIB manipulation.
The remaining 15% are used for FIB updates. When a
new FIB entry appears, the storage capacity of the node
will be checked against the threshold, and if it is below
the threshold, the entry is injected in the FIB, otherwise a
FIB aggregation is performed, e.g\hufs.ac.kkvideos
Fig. 5: The Proposed Architecture and\hufs.ac.kkaudio to\hufs.ac.kr, the storage capacity
will be checked again and the new FIB entry is inserted.
Each Proxy Router in the core network has the ability to
aggregate the FIB entries to its minimum level and to
distributing the intelligence among the base stations intransfer towards the neighboring CAS. The network
our proposed architecture is to reduce the response timengineers or the ISPs should be aware of prefix
for content delivery even during the handover. All the aggregation to provide the faster, more efficient and
components in the figure follow the basic structure of thescalable content access.
CCN node model.

CCN Core Network

ANV T

~
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Algorithm 1 : Content Request Algorithm at each node

e A Simple Approach INPUT: Interest(a request for content from a content
Content Request: Content requesters broadcast an requester)

Interest packet to the nearby SBSs or SRs with the desired; . if ¢ is not flagged with reghen

content name. An SBS or SR receives the Interest packety, if cisin CSthen

looks up its CS for the requested content. If a matching 3. Returnc to the content requester
content is found, then it will be sent out via the arrival 4. elseif cisin PITthen

interface as a response to the Interest packet. If thes. if the incoming interface is in Plihen
matching content is not found in the CS, a lookup is 6. Discard Interest

performed in the PIT. If there is an already existing PIT 7. else

entry for the corresponding Interest packet for the same 8. Update PIT by adding the interface
arrival interface, the Interest packet is discarded and the9- end if

lifetime of the PIT entry is updated. If there is an already 10-  @seif cisin FIB then .
existing PIT entry for the corresponding Interest packetll- Forward Interest to the next neighbor
but the arrival interface is different, then a new PIT entry 12. Addc to PIT

for the arrival interface is added to the PIT and the 13 dse

Interest packet is discarded. If there is no matching PIT-% Discard Interest

; ; . 15. end if
entry, then a lookup is performed in the FIB. If there is a 16. dseif ¢ is flagged with reqhen

matching entry found in the FIB for the requested : :

content, a new PIT entry is added to the PIT by assigningls' end h?XIt and Go to Algorithng
the lifetime that adjusts the time-to-live (LV) of the PIT —
entry, and the Interest packet is forwarded to the
interfaces available in the FIB. An Interest packet is

forwarded' o a single interface according o the in the CS and forwarded to the interfaces in the PIT. After
round-robin fashion or using the random probability to

reduce the response time for the same content fro successful forwarding, the PIT entry is removed. If there
different rovidersz It also makes faster retrieval of @éar "ls no match found in the PIT, the content is discarded and

P e 10T g not processed further. As shown in F&y.Steps 6-8 and
volume of multimedia contents by requesting small

chunks of the contents from different content providers. If 10 are related to the content retrieval. Pseudo code of this
there is no match found in the FIB, the Interest packet isContent request approach s presented in Algorizhm
discarded, which means that there is no way to satisfy the

content request. As shown in Fig. Steps 1-5 and 9 are  A7oorithm 2 : Content Retrieval Algorithm at each node
related to the content request. The pseudo code of this

content request approach is presented in Algorithm E\rlchLinTér) Data(content ¢ from a content

1. if cis not flagged with reqDatden

2. if cisin CS therthen
3. discard ¢
4, ese
5. if cisin PITthen
6. forwardc to the PIT interface
7. and remove from PIT
8. else
9. discarde
o] 10. end if
Requester 1 11. end if
12. elseif ¢ is flagged with reqDatéhen
Fig. 6: Routing in the Proposed Architecture ﬁ e exitand go to Algorithrd
15. discard:

Content Retrieval: Contents are delivered back to the 16. end if
content requester using the forwarding route of the
Interest packet to the content source. When a Data packet
is received by the base station or router, it looks up its CS. e A Reliable Approach
If a matching entry for the received contentis found onits  In the simple approach, the Interest packet may be
CS then it discards the content because the content idisseminated to the different content providers, and the
duplicated and received previously. If there is no same content may be replied back to the content requester
corresponding matching entry in the CS, it looks up itsusing multiple different routes. This will misuse the
PIT to find any Interest unsatisfied for the correspondingnetwork resources and badly increase the network
content. If there is a match in the PIT, the content is storedbverhead due to the unnecessary content transfer using
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Algorithm 4 : Route for Content Request, at each node
different routes. To reduce the network overhead and tQNPUT: INPUT: Data(content ¢ from a content
increase the bandwidth efficiency, we introduce theprovider)
following reliable approach for the proper route selection 1 if ¢ is flagged with reqDatthen

A Route for Content Request: Content requesters 2. if cis in CSthen
unicast an Interest packet to the nearby SBSs or SRs with3, discard:
the desired content name by adding an additional flag 4. else
(req) inside the content name. An SBS or SR receives thes. if cisin PIT with req flaghen
Interest packet, looks up its CS for the requested content.6. forwardc to the PIT interface
If an exactly matched or a larger prefix matched contentis 7. removec from PIT
found, then it will be sent out in a data packet that 8. measure the route weight using E4n.
contains the exact content name with an additional flag 9- if cis in FIB then
dataReq, other attributes (e.g., size, encoding types, etcl10. if current weight ¢ existing weight of
and the path related information (e.g., bandwidth, current FIB then _
load, etc.) via the arrival interface as a response to the-1: update FIB with the current

interface

Interest packet. If the matching content is not found in the
delete the old one

CS, a lookup is performed in the PIT. The other operation1

is similar to the content request functions described in thetS else

simple approach. The algorithmic presentation of this par 14. end ifdlscard:

is shown in Algorithm3. When the core routers receive dse

the data packetataReq, it looks up its FIB. If an exactly ;- adde to FIB
matching entry for the named content is found in its FIB g end if

then it calculates its current weight value using Egnif 19. end if

the weight value is greater than the previous weight valuepq. end if

then the FIB interface is updated, otherwise the datep1. elseif ¢ is flagged withreqgData then
packet dataReq is discarded. If there is no corresponding2. exit and go to Algorithn2
matching entry in the FIB, the incoming interface is 23. else

stored in the FIB with a LV value equal to the half of the 24. discard:

normal LV value and weight value equal to the calculated25. end if
value using the Eqrd and forwarded to the interfaces in
the PIT. After successful forwarding, the PIT entry is
removed. The algorithmic approach for receiving dataReq

is illustrated in Algorithm3. content source. When a Data packet dataReq is received
by the content requester it unicasts an Interest packet
using the previously found forwarding route using the
Algorithm 3: Route for Content Request, at each node  section Route for Content Request. The other operations
INPUT: Interest(a request for content ¢ from the content are the same as the content request functions described in

requester) the simple approach and illustrated in Algoritiinand
1. if cis flagged withreq then content retrieval functions described in the simple
2 if cisin CSthen approach and illustrated in Algorithi
3 return dataReq to the content requester
4. elseif cisin PITthen
5. if incoming interface is in PIThen 3.5 End User Mobility
6. Discard Interest
7 else q dd intert th req It has been shown that CCN works in a network with
g J .]‘fp ate PIT add interface with req flag mobile nodes, but several problems arise with real-time

' enait applications when nodes become mobile and the content
10. elseif cis in FIB then size becomes larger. The current CCN architecture is not
11. forward interest to the next neighbor ger. . .

. mature enough to support mobility for real-time

12. add c to PIT with req flag . . . . .
13, dse multimedia communication as it cannot guarantee session
14. discard Interest continuity and reachability is not given for the tolerant
15. end if time period. Fig.7 illustrates User Equipment 1 (UE1)
16. dseif ¢ is not flagged with reghen currently receiving a content via Access Network A
17. exit and go to Algorithm 1 moves towards Access Network B. If Access Network B
18. end if does not have the routing information regarding the

content, the session continuity cannot be maintained until

Contents Retrieval: Data packets with the meta-data the FIB entry of the content is updated. This paper
of the contents are delivered back to the content requestgrroposes a soft-handover approach where the routing
using the forwarding route of the Interest packet to theinformation on the new access network is updated before
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4 The Network M odel

In our network model, we consider a number of Smart
Routers, Proxy Routers, Smart Base Stations, Mobile
devices and Content Servers that are presented into a
weighted graphG(V, E). The V is the number of
CCN-enabled nodes, and’ is a set of connected
interfaces among them. Each node in the network model
follows the decision problem of computation theory
where yes or no is converted tfound’ or ‘not found'.

: Content retrieval is an NP-hard problem where the more
~ the content information will be learned by the network,
D the faster the content will be retrieved. We assume that n

different nodes are uniformly distributed in a square area.
Fig. 7: A Mobility Scenario We assume that at least one pf the routing messages
corresponding to FIB generation is eventually delivered to
all nodes. Under this assumption, the number of routing
messages due to flooding @(n) and the number of
routing messages at each noddds, * whereb is the
the original handover occurs. This is almost similar to thedepth level of the content name aggregation arid the
fo”ow_me Service that is the modern trend Of mob”e tOtal number Of content entrieS that are in the FIB. pet
communications. In our approach, the SBS has thedenote the probability of the forwarding inefficiency of a
capability that measures the traffic rate and the signanode. Then the probability of an Interest message sent
strength. the SBS can also apply the utility functions©Vers hops can be expressed as:
shown in Eqn.4 to measure the overall weight with p) — 1 (1 —p)p (1)
respect to the UE in order to decide whether the UE will
move to a new SBS access network or not. If the old SBSand the expected number of hops that the Interest message
detects a possible handover of the UE, it forwards thetraverses is as follows:

content name and the related information to the new SBS, " (1-p)ilp
and the new SBS forwards the Interest to the coreH (h) :ZW ' 2)
network to retrieve the content. If successful, the UE i=1

terminates the connection to the old SBS and attaches to ° Ut|||ty Function: We define a mathematical function

the new SBS and continues to receive the contengapable of taking into account receiver's preference in

seamlessly using the new SBS. The handover procedure i&rms of criteria while selecting a route for content

illustrated in Fig.8. transfer. Letz be the different value for a single criteria
within the varied ranger,,;n < T, < ZTmasz, @ be the
steepness and,, the midpoint of the variation range.
These variations can be defined as a single criteria utility
function as follows:

- )ifxmin<$ Sxm

oa(zm—x

— 14+e T=%min
3 B(z—om) m = Ldmax
’,o' ¥.,3: New route for Content 1+e #maz—=

......... ]-fo > Tmax

wheres = % anda > 0 are the tuned
steepness parameters. The proposed utility function
satisfies the following properties{z) = 0V & < Zin,
u(x) =1V x> Zpma, andu(zm) = 0.5. Route selection
Time out after i ing in the networking environment is based on an aggregation
interval R ST e gt of different utility functions for decision processes.
Hence, we define here a multi-criteria utility function that
is able to integrate the receiver’s different choice metric
Fig. 8: Handover Procedure to select a better route. Let's assume tRais a route on
which dataReq message is traversed, which can be
described as a one different descriptor or multiple
attributes (e.g., bandwidth, delay, and cost in terms of hop

2: Forward Interest and
Data
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count), i.e..x = x; * ... * z,,. Each alternative attribute 5.1 Scenario 1

can be described as a utility functian(z;), and the

simple weighted average of a routér is used t0  Fig. 9 shows a simulation topology with heterogeneous
maximize the probability of selecting the best route asaccess networks where the content server has a 10MB

follows: file, and remote user devices want to download the file.
n The performance of our proposed architecture has been
AR = Zwiu(xi) 4) evaluated and compared with the current Internet
i=1 architecture and the conventional CCN architecture. We

wherew; is a weight that reflects the content receiver’s
preference. Weights are assigned depending on the
receiver’s expected criteria, and thus the expected iiter
have a higher weight.

5 Simulation Results

We implemented the proposed CCN architecture and the
routing mechanisms using NS-3 and CCNx [13] on a
Linux Ubuntu environment. The primary goals of our
implementation were to show the performance
characteristics of the proposed architecture with respect
to CCN functionalities in the wireless environmentand to Fig. 9: A Simulation Topology with Heterogeneous
ensure that the proposed architecture and the routind\ccess Networks

mechanism work well with the CCN functionalities in the

various wireless networks, e.g., Wi-Fi, LTE, and

CSMA/CD-based networks. The proposed architecture

delivers the content to the requesters that are interested iassigned three different routes for each access network to
the particular content in a fast manner. We also performedhe content server. There are 10 different end user nodes
simulations to show the effectiveness and responsivenesd each access network, and they request for the same
of our proposed work towards mobility for real-time content from the content server in a random interval,
multimedia communications. We used Content Transfewhich means some end user devices start to download the
Time as a key performance indicator, and it is normallyfile at 10 sec, and some user devices to start to get the file
measured from the time at which a user requests for @t 13 sec. Scenario 1 is to show how well the proposed
certain content to the time at which the content is architecture works with the smart base stations when the
provided. Note that the network capacity and types ofmobile clients download the file. FiglO shows the
traffic flows may affect the content transfer time. average result of simulation for each node resides at the
Assigning weights for the utility function of Eqn. 1 different access network based on Scenario 1. It took
depends on the receiver’s preference. In this paper, we did

not consider the assignment of each weight for optimizing

the performance. For our simulation purposes, we used 2
three routing attributes, e.i., hop count, bandwidth, and

the number of active connections, and their weight values
are 0.6, 0.25 and 0.15, respectively to define the utility
function. The required parameters related to the ‘
simulation are specified in Tablg.
| Par ameter | Value | I I I

® tep/ip cen proposed_ccn M proposed_reliable_ccn

~
S

-
o]

=
o

Table 1: Simulation parameters

Content Transfer Time (sec)

w

Network Type LTE, Wi-Fi, CSMA/CD LAN 0 e AL
Simulation Time 400 Sec Access Network
No of Content Serverl 1 . i . .
Size of the Content | 10 Fig. 10: Content Transfer Time in Different Access
Transport Layer | UDP Networks
Bandwidth 8Mbps, 10 Mbps, 1 Gbps
Delay 2ms
Content Packet Sizel 1024 Bytes

about 21 seconds for the user devices to download the file
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using pure TCP/IP and took about 7.5 seconds when our
proposed architecture is used. However, the content
transfer time, i.e., response time, is much shorter than the
download time after the first retrieval because of caching
at smart base stations which follow the CCN approach.
When the file downloads happen simultaneously at the
first request, the channel which connects the content
server and the router suffers from traffic congestion, so
the large download time is required when simulation is 2
performed on the conventional CCN. However, with our
proposed architecture, less download time is needed s
because of a better route for content transfer. The simple No of UEs

approach forwards the Interest randomly, and therefore . .

sometimes it selects a congested route so it requires sonfadg. 12: Content Transfer Time for Different Number of
more time to retrieve the content than the reliable UES

approach. The proposed reliable approach needs less time

because of its judicious choice of the route before the

actual content transfer begins.

—®—ccn
40 «=@==proposed_ccn

proposed_reliable_ccn

35

30

25

Content Transfer Time (sec)

measured the performance of reachability and continuity
. of our proposed architecture in terms of content transfer
5.2 Scenario 2 time, which implies that how fast UEs can retrieve the
content in a mobile environment where the UE moves at a
speed of 20 m/s from one SBS to another SBS. A single
UE was moved up to 5 SBS during the time of 10MB
content transfer. Fig.13 shows that our proposed
rchitecture is much more responsive than the
onventional CCN approach because it retrieves the
content at the new SBS before the original handover to
the new SBS occurred.

Fig. 11 shows the second simulation topology with the
LTE access network where a 10 MB file is contained in
the content server and UEs download the file
simultaneously from the content server. While increasing
the number of UEs, we measured the average downloa
time for the content. Figl2 shows the simulation result

90  emm=ccn === proposed_reliable_ccn

#

Content Server

Content Transfer Time (sec)

Fig. 11: A Simulation Topology with the LTE Access
Network eNB

Fig. 13: Content Transfer Time for Different Number of

eNBs
where we present the performance of the conventional

CCN-based architecture and the proposed CCN

architecture. In this simulation, we tried to figure out the

scalability performance of our proposed architecture

when the number of end users for the same content i§ Concluding Remarks

increased. As shown in the figure, as the number of UEs

is increased, the performance of our proposed architecturln this paper, we proposed a possible architecture,
is better than the conventional CCN architecture in termsnecessary components, and related mechanisms for
of average download time because of its network-widemultimedia content delivery in the wireless environment,
balanced route construction and also the exchange oifvhich is based on content-centric networking. The key
limited number of routing information. We have also components of the architecture include smart base
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stations, smart routers, and content access mechanisnid1] Haesung Hwang, Shingo Ata, Masayuki Murata, "Resource
The proposed architecture can provide multimedia data Name-Based Routing in the Network Layer”, Journal of
delivery efficiently and therefore reduce the response time Network and Systems Manageme2®, 1-22, January 2014.
significantly. We also proposed a routing approach thaf12] Paviou, George and Wang, Ning and Chai,
constructs a route without the global network-wide WeiKoong and Psaras, loannis, "Internet-scale content
information and a dependency on the central node and mediation |n i-nformation'centric netWOka”, annals of
also drastically reduces the forwarding database _t€lecommunications8, 167-177, April 2013.

information. In addition, we proposed a smart handover{13] V- Jacobson, D. K. Smetters, J. D. Thornton, M. F. Plbss,
approach to provide seamless session continuity and -BriggsandR.L.Braynard, "Networking named content”,
reachability for the end user. We presented variou 14'"Ypr°;|_|5£|‘\féc'\4Coﬁiﬂ\iéo?' LU, Jianva CHEN
simulation results to show that the proposed architectur ] Yan , 1ao » J1ang , ran-ya ’

and mechanisms work well in the wireless network Yun-jie LIU, "Reverse-trace routing scheme in content
) centric networking”, The Journal of China Universities of

Posts and Telecommunicatiord, 22-29, October 2013.

[15] Liang Sun and Fei Song and Dong Yang and Yajuan
Qin, DHR-CCN, "Distributed Hierarchical Routing for
Content Centric Network”, Journal of Internet Services and
Information Security (JISISB, 71-82, February 2013.

k[16] Chengming Li, Kouji Okamura, Wenjing Liu, "Ant
Colony Based Forwarding Method for Content-Centric
Networking”, 2013 27th International Conference on
Advanced Information Networking and Applications
Workshops, 306-311, 2013.
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