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Abstract: Driven by the advantages of Mobile Edge Computing (MEC) and Information-Centric Networking (ICN) in next-

generation networks we propose an architecture for MEC using Named Data Networking (NDN). NDN is one of the 

prominent architectures of ICN having features like unique-naming, in-network caching, inherit support for multicasting, 

and support for mobility. Placing MEC in NDN provides the additional facilities of edge computing like pushing of 

resource-hungry and time-critical applications of the mobile devices to the edge-computing server. Therefore, one of the 

research challenges is the decision regarding the task offloading process by the end-users to the edge-computing server. We 

propose a mathematical model that enables the end-user to take decisions in Yes/No regarding the binary task offloading 

process. 
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I. INTRODUCTION  

     In the area of communications, fifth-generation wireless 

networks (5G) is a significant milestone. Hence, in the 5G 

era, communication technologies like millimeter-wave 

communications, device-to-device (D2D) communications, 

and hyper-dense networks are quite prominent [1] [2] [3]. 

Recently, a state-of-the-art internet design called 

Information-centric networking (ICN) came into 

prominence. ICN prioritizes content (i.e. data or 

information), and proposes to remove some of the 

drawbacks that current internet architecture is facing like 

efficiency, security, and network congestion. In addition to 

that, unique naming, multi-cast communication, and in-

network caching are those primary features of ICN that 

minimize the response time and the load on the server [4]. 

In-network caching facilities optimize the content 

distribution process and relieve the transmission stress on 

the network due to the growing internet traffic.  

 

     While framing the caching policies the researchers 

consider the system-wide internet topology or vast internet 

area. Thus, these caching policies fail to give good results 

for small size or medium size networks having a single 

routing policy and finite set of network devices [5]. 

Furthermore, with the advent of wireless communication, 

there are additional issues like user mobility, changing 

topology, limited processing power, and battery life of 

mobile devices [6]. Edge computing is a promising area that 

can resolve some of these challenges. Edge computing 

proposes to place the computing facility at the network 

edge. Thus, the energy-constrained mobile devices can save 

their energy and computation power by offloading their 

resource-hungry tasks to the edge node [7].  Edge caching in 

ICN improves the QoE in wireless networks [8]. Placing 

Mobile Edge Computing (MEC) and cloud computing 

facilities at the network edge in ICN eliminates the 

disadvantages like back-haul bandwidth interference and 

larger latency in mobile cloud computing. Researchers are 

also using MEC for data delivery in cellular networks. This 

provides considerable improvement in cellular networks [9]. 

Recent advancement in MEC especially in the area of 

mobile wireless technology provides efficient and high-

speed real-time communication services. In addition to that, 

it also provides better efficiency and better data rates. 

However, management of cloud servers and connected 

devices are some of the additional issues that need to be 

taken care of in MEC. With the increase in the number of 

devices the volume of information that the MEC server 

needs to process is also increasing. The amount of 

multimedia services in the networks is continuously 

growing. Thus, improvement in the 5G cellular network data 

rate is mandatory. To accomplish this goal, it is preferable to 

deploy more computational resources at the network edge 

[10]. 

 

     The rest of the paper is organized as follows, in section-

II, we discuss the State-of-the-Art research work. In section-

III, we provide a brief overview of NDN. In section IV, we 

discuss the edge computing mechanism over NDN 

architecture. In section V, we discuss the system model and 

the binary task offloading model. Followed by conclusion 

and future work in section-VI. 
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II. LITERATURE REVIEW 

     Edge caching is playing a pivotal role for MEC to 

improve the overall performance of the wireless network. 

The MEC edge caching reduces the distance of 

transmission, reduce the transmission delay, minimizes 

energy consumption, and provides caching facility for 

mobile users. Thus, edge caching enhances the overall 

performance of the network [11]. In [12] the researchers 

presented the survey in the domain of Edge computing in 

ICN. The use of a naming mechanism instead of IP 

addresses and an efficient content delivery system for 

information dissemination paves the way for optimization of 

performance for future networks. Edge computing in ICN 

reduces the response time. Hence, it resolves issues relevant 

to big data management, user mobility, bandwidth, node 

identification, and privacy. Hence, edge computing is 

playing an important role in future networks [12]. In [13] 

researchers observed that network performance can be 

significantly improved by reducing the round trip time and 

transmission length. Edge computing achieves both these 

goals as it reduces the proximity to end-users. Apart from 

that edge computing also provide a better mechanism for 

network-wide content dissemination, improves the Quality 

of Service (QoS) of the network.  

 

     Strategic cache placement is very important to receive 

optimal benefits of the caching facility. Thus, a lot of 

researchers focused on the fundamental questions related to 

caching like, where to cache? What should be the caching 

policy? How to design optimal cache space assignment 

problems? Optimized cache allocation policies are 

formulated to optimize cache utilization and service quality 

[14] [15] [16]. This is quite important as an in-network 

caching facility in ICN improves the overall quality of 

experience (QoE) of the end-user [17]. In [18] the 

researchers proposed that Information-centric mobile edge 

computing is a promising technology for next-generation 

connected vehicles. In ICN content is the central point. This 

content is decoupled from the location using content 

identifiers. Thus, ICN architecture inherently supports user 

mobility, in-network caching, in-network processing, and 

multicast communication. However, there are open 

challenges that need to be addressed for connected vehicles 

using an Information-centric mobile edge computing 

facility. Context-based selection, naming strategies for 

service discovery, dynamic orchestration of automotive 

services, handling the high degree of mobility, and efficient 

data dissemination process through the core network to 

reduce the computation time [18]. In [19] researchers 

proposed architecture for edge computing using ICN in 5G 

networks. This architecture supported local D2D 

communication. The base stations and 5G Radio Access 

Network (RAN) are supported by ICN. In addition to that, 

the researchers also proposed a content pre-fetching strategy 

based on content popularity. Using adequate results 

researchers have shown that this architecture provides a 

considerable reduction in response latency [19]. 

 

     Using ICN visualization with MEC, the computing and 

caching facilities are easily accessible to the end-users. Most 

of the researchers have worked on ICN and MEC separately. 

In this paper, we have presented these two approaches under 

one roof to optimize the caching, communication, and 

computing facilities. 

 

     The main contribution in this paper is as follows: 

 To enable efficient content caching and computing 

we propose an ICN architecture having the MEC 

facility. This architecture has all the inherent 

features of ICN like caching, communication, and 

computing thereby improving the overall Quality 

of Service (QoS). 

 We propose a model for binary task offloading for 

mobile devices to the MEC server. This model 

empowers the mobile nodes to take task offloading 

decisions. 

III. OVERVIEW OF NAMED DATA NETWORKING (NDN) 

     The propounded model is implemented on the Named 

Data Networking (NDN) architecture. NDN is one of the 

prominent ICN architectures. In NDN the receiver initiates 

the communication i.e. the data consumers, by the 

interchange of Interest packet and data packet [20]. The data 

packet information is identified by a unique name. 

Therefore, the consumer needs to assign a name to the 

Interest packet. Thereafter, this packet is sent towards the 

data source. This unique name identifies the data source in 

the network. Forwarding mechanism drives the Interest 

packet towards the data source. Once this Interest packet 

reaches the data source, the Data packet containing the 

required information is reverted back to the consumer. This 

data packet consists of the content name, data and the 

signature of producer’s key for authentication. Three data 

structures namely, the Pending Interest Table (PIT), the 

Forwarding Information Base (FIB), and a Content Store 

(CS) are maintained by the NDN node. These data structures 

facilitate the forwarding of Interest and Data packets. Figure 

1 depicts the same. Interest packets are forwarded using a 

forwarding strategy. All the unsatisfied Interests forwarded 

by a node is recorded in the PIT table. The PIT records the 

incoming and outgoing interface of these Interest packets. 

 

When an Interest packet arrives an NDN node, NDN 

initially checks for the matching content in the content store 

of the node. If matching data exists, data packet is sent back 

to the requester. Otherwise, the node checks its PIT entry for 

a match, and if a match exists, it adds the record of the 

incoming face of the Interest packet in PIT. On the other 

hand, if no entry is there in the PIT, the router forwards the 

Interest towards the data producer using the FIB and 

forwarding policy of the node. The node only forwards the 

earliest received Interest packet towards the data producer, 

for the rest of the Interests an entry is added in the PIT table. 
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A routing protocol fills up the FIB entries based on name 

prefix. However, in exceptional circumstances, the 

forwarding strategy drops an Interest packet if congestion 

exists in all upstream nodes or the Interest is suspected to be 

malicious. To fulfill the forwarding mechanism of the 

Interest packet, the longest prefix matched entry is checked 

in the FIB and accordingly, it takes the forwarding decision 

for the Interest packet. Each node has a temporary cache 

called the content store for storing the data packets. As the 

data packet arrives at the NDN router, the NDN router looks 

for the matching PIT entry, and thereafter the data is sent to 

all downstream faces recorded in that PIT entry. In the last 

step, the PIT entry is eliminated, and data is stored in the 

content store. 

IV. EDGE COMPUTING OVER NDN ARCHITECTURE 

      Figure 2 shows an ICN network using named data 

networking (NDN) architecture. For implementation and 

validation, we use the NDN architecture. The edge 

computing facility is available at some of the nodes. Mobile 

devices can offload expensive tasks to the MEC servers for 

remote processing. User 1 requests the service /LM/s1. 

There are five MEC servers out of which the two MEC 

servers i.e MEC1 and MEC2 provide the service requested 

by the user1. The MEC servers located at the network edges 

need to disperse their status information. Named-data link-

state routing (NLSR) is used to exchange these messages 

[21]. 

 

     The researchers propose three approaches to address the 

issue of resource discovery, namely, the proactive, reactive, 

and the passive technique [21]. In the first approach i.e., the 

proactive approach edge nodes perform periodic resource 

advertisement. To accomplish this task the edge nodes, use a 

routing protocol. The time period of the advertisement must 

be set cautiously as a larger time period leads to sharing of 

stale content and a shorter time period increases the 

overhead on the network. In the second approach i.e., the 

reactive one, the edge nodes reply back their status 

information to the nodes requesting services from the edge 

node. Thus, in this approach, the edge nodes share the status 

information with only the nodes that send a service request. 

However, this approach is only suitable for tasks that are 

requested less frequently as this approach generates more 

overhead on the network. In the third approach i.e., the 

passive approach, the edge node waits for the task. 

Whenever it receives a request to perform the task, the edge 

node checks whether it is feasible for the edge node to 

accomplish the task. If the 

answer is yes, the edge node accepts the task, otherwise, it 

sends a negative acknowledgment (NACK) to the sender in 

the reverse direction. Thus, all the on-path routers stop 

sending additional requests to this node. Hence, these tasks 

are routed to the different edge nodes.  In wireless networks 

having a MEC facility, mobility management is another 

challenging issue. In [22] researchers propose a solution for 

the mobility management problem.   

 
Fig. 1. The Named data networking architecture (adapted from [20]) 

Figure 2: Mobile edge computing over Information-

Centric Networking  

Fig. 2 Mobile edge computing over Information- Centric 

Networking 
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     In this paper, we use NDN to deploy ICN. We focus on 

efficient resource allocation strategies for edge caching. 

Thus, caching servers are in place to cache the information 

nearer to the end-devices. The MEC servers take care of the 

caching and at the network edges. Thus, the MEC servers 

also take care of the processing overhead of the concerned 

cache(s). Task resource allocation to MEC servers in a 

dynamic environment is a challenging problem. Hence, to 

address this problem, we have done a comprehensive study 

on the challenges faced by the MEC server. 

 

     The energy-constrained mobile device has limited 

computational capability. Thus, it is a wise decision to 

offload the computationally intensive tasks to the MEC 

server. This can save the power of the end-user device. 

Additionally, the computationally intensive tasks can be 

completed within a deadline by the powerful MEC server. 

This motivated us to carry forward our task in this direction, 

and come up with a mathematical model that allows the 

mobile device to take task offloading decisions. 

V.  SYSTEM MODEL 

     In our model, there are α base stations. We represent this 

as set BS = {b1, b2, b3, …, bα}. We further assume that 

there are β wireless devices. We represent this as set W = 

{w1, w2, w3, …, wβ}. As shown in figure 4, the wireless 

devices connect to the base stations for communication. 

These base stations are present at the network edge. Each 

base station has caching facility. A MEC is shared by one or 

more base stations. The wireless devices offload their task to 

the MEC server associated with the base station. For 

modeling, we consider the binary task offloading process to 

the MEC server. We consider that the user location status of 

the wireless devices is maintained by the network controller, 

and it also keeps track of the user movements. Whenever, a 

wireless device makes a content request, the caching facility 

at the base station caches the content as per the caching 

policy. However, duplicate contents are not cached. 

Whenever, the user device changes location, its connectivity 

with one base station ends and it reconnects to a new base 

station. In this scenario, the last base station may fail to 

cache the content, so the adjacent base station with which 

the user reconnects performs the content caching. For our 

system model, we consider the scenario shown in figure 4. 

As shown in figure 4 the wireless devices are connected to 

the ICN network via base stations. These base stations are 

connected to both the wireless devices and the core network. 

A MEC server and a cache is associated with each base 

station. This infrastructure provides low latency multimedia 

services.  

 

 

Fig. 4. The wireless devices are connected to the ICN network via 

base stations. These base stations are located at the edge of the 
network. A MEC server is associated with one or more base 

stations 

Fig. 3. The caching mechanism 
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     The wireless devices offload the tasks having high 

computational overload to the MEC server of the nearest 

base station. The MEC server computes the task and 

responds to the wireless device. However, if the application 

needs support that is not available at the MEC server, the 

request is forwarded to the core network [10]. The resource 

blocks that the base station cache is shared among the other 

bases stations connected to the MEC server. The caching 

process is shown in figure 3A. 

A. The Binary offloading process:   

     The system executes the integrated tasks as a single unit 

as their partition is not possible. Thus, offloading these tasks 

to the MEC server is called binary offloading. A three-field 

notation T(Ts, Cd, Cw) is used to represent these tasks. 

Where Ts represents task input-data size in bits, Cd 

represents the completion deadline of the task in seconds 

and Cw represents computation workload required for the 

task in bits per second. These three parameters are co-

related to the type of application. Hence, they are estimated 

from the task profiles [23] [24]. These three parameters 

capture the important properties like computation and 

communication demands of the mobile application. 

Additionally, these parameters also facilitate the evaluation 

of execution latency and energy consumption of the task. 

B. Computation performance of mobile devices: 

     In this section, we discuss the techniques to evaluate the 

computation performance of mobile devices. For local 

computation CPU available with the mobile device is the 

primary tool. The performance of the CPU is controlled by 

the CPU clock speed Ω. In some of the literature, CPU clock 

speed is also referred to as CPU-cycle frequency. The 

mobile CPU architecture allows stepping up or stepping 

down the CPU clock speed using the dynamic frequency 

and voltage scaling (DVFS) technique [25]. Stepping-up the 

CPU clock speed leads to more energy consumption and on 

the flip side-stepping down the CPU clock speed leads to 

less energy consumption. However, the maximum clock 

speed of the CPU is bounded by the threshold value Ωmax. 

Thus we calculate the latency to execute the task T(Ts, Cd, 

Cw) as, 

 

£ = (Ts * Cw)/Ω                                                                (1) 

 

Equation (1) indicates that CPU clock speed directly effects 

the task execution latency. Hence for faster task execution 

higher clock speed and more energy are required. As the 

mobile devices have limited energy, the mobile device may 

offload some of these tasks to the MEC server. The energy 

utilization of one CPU clock cycle is given by KΩ
2
, where 

K is the constant for the hardware architecture [25]. 

Therefore, for the task T(Ts, Cd, Cw) with CPU clock speed 

Ω the energy utilization is given by equation (2), 

 

 Energymob= K  *Ω
2
 * Ts * Cw                                            (2) 

 

From equations (1) and (2) the mobile device can decide 

whether it is feasible for the device to complete the task 

within the deadline or it should offload the task to the 

nearest MEC server. 

VI. RESULTS AND DISCUSSIONS 

A. Task offloading decision 

We consider a computationally intensive task of X264 VBR 

encoding. This task requires 1300 cycles/second on ARM 

Cortex A8 CPU [23]. The ARM Cortex A8 CPU have a 

clock speed of  600 MHz-1GHz. The file size is 200 MB. 

And the task completion deadline is 15 seconds. So, for this 

task T, Ts = 200 *10
6
 bytes, Cd = 100 seconds, Cw = 1300 

cycles/byte. Considering the current clock speed of CPU as 

800 * 10
6 

Hz. From equation (1) the latency to execute the 

task is (200 *10
6
 * 1300)/(800 * 10

6
) = 325 seconds. This 

task consumes more time than the allocated deadline, thus 

this task can be offloaded. The maximum achievable clock 

speed is 1 GHz. However, higher clock speed increases 

energy consumption of mobile device. In this scenario, even 

the maximum clock speed cannot complete the task within 

the deadline.  

 

B. Impact of zipf distribution parameter on in-network 

caching 

TABLE I 

 

I Cache 

hit % 

a=1.3 

Cache 

hit % 

a=1.4 

Cache 

hit % 

a=1.5 

Cache 

hit % 

a=1.6 

Cache 

hit % 

a=1.7 

Cache 

hit % 

a=1.8 

500 56.2 67.4 74.6 82 87.2 89 

1000 65.49 68.9 76.8 83.39 87.9 91.7 

1500 53.4 68.26 74.93 85.66 91.06 92.4 

2000 59.5 70.7 78.9 84.45 89.25 91.25 

2500 56.59 73.56 77.32 83.39 88.6 91.3 

3000 60.13 68.72 77.16 85.92 87.96 92.47 

 
Table showing the in-network cache hit percent with change in value of 
zipf distribution parameter a. I show the number of interests. The in-

network cache capacity is 20 contents. And there is total 100 contents 
available in the network. All these contents have fixed size. 

 

TABLE I shows the relationship between zipf distribution 

parameter a and the cache hit percentage. Least frequently 

used (LFU) is the cache eviction policy. We have written a 

python code for implementation. The zipf distribution 

parameter controls the content popularity skewness. Thus, 

higher values of parameter a increases the hit rate as most of 

the popular contents can be accommodated in the cache. 

Zipf distribution is often used to represent the content 

popularity of Internet contents. The value of  parameter a 

should be greater than 1. We have not taken value of a more 

than 1.8 as it is not applicable for practical applications. 

More hit-ratio means less utilization of backhaul for 

transmission. This decreases the response latency and 

energy requirement for transmission as the content is 

available mostly at the cache available at the network edge. 
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C. Transmission delay for communication via base station 

 

TABLE II 

 

No of chunks Transmission delay 

(seconds) 

60 6.815 

120 12.801 

180 18.880 

240 24.854 

300 30.881 

360 36.893 

420 42.855 

 
Table showing transmission delay between two end devices via base station 

with change in content size. Each chunk is of 1024 bytes.  

 

TABLE II shows the transmission delay between end 

devices via base station. These devices are in the range of 

same base station. We simulated our results in ns-3 and 

ndnSIM 2.0. 

VII. CONCLUSION AND FUTURE WORK 

     In this paper, we proposed the architecture for NDN 

using MEC. This architecture provides inherent support for 

mobility and task offloading facility for energy-constrained 

mobile devices. Furthermore, we proposed a mathematical 

model for binary task offloading by these mobile devices. 

This model focus on energy consumption and CPU 

utilization for the task. This enables the mobile device to 

decide whether the task can be executed locally or the task 

needs to be offloaded to the MEC server for execution. In 

the future, combined optimization of energy, CPU 

utilization, and the in-network caching facility can be done. 

Additionally, researchers can work on the revenue 

generation model for this scheme.  
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