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Abstract: The movement pattern of mobile producer plays an 

important role in mobility performance analysis of the wireless and 

mobile network. However, the producer mobility behavior is 

directly affecting the handoff latency and signaling overhead cost. 

Many researchers provide analytical investigation to analyze and 

solve the handoff problems and compared with the simulation 

result. To justify between simulation and analytical investigation, 

movement behavior of mobile node needs to be included in the 

analytical investigation to make it possible to compare with the 

simulation-based result. This paper incorporated Random WayPoint 

Mobility (RWPM) model, to determine the behavior of mobile 

producer, for analytical solution of producer mobility support in 

NDN. In this paper, we introduce mobility Interest packets to 

conveyed new prefix or location of mobile producer, a broadcasting 

strategy to facilitate the handoff process and the immobile anchor 

router was modified to perform a dual function that is, tagging of 

anchors and broadcasting of tagged mobility Interest packets. The 

performance analysis for mobile producer behavior and handoff 

latency shows that our proposed Producer Mobility Support Scheme 

(PMSS) reduces handoff latency compared to DNS-like and Home 

Agent routing approach. 
 

  Keywords: Network analytical model, random waypoint 
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1. Introduction 
 

The current Internet technology was engineered in the 1960s 

and 1970s for managing resource and distribution over the 

network [1], [2]. That purpose was achieved beyond its 

imagination. Currently, Due to the extensively increased in 

data, information and services distribution over the Internet, 

an efficient web technology as networking development 

emerged, efficient  and scalable network overlay Peer-to-

Peer technology (P2P) and Content Delivery Network 

(CDN) was proposed [3]–[5] to support the Internet 

architecture for efficient and smooth services execution to 

the user. The demand for Internet services is increasing 

rapidly that forces researchers to think twice about the future 

of the Internet. The yearly statistical analysis by Cisco 

inspired many researchers to focus on Internet user’s 

demand. An annual Cisco’s Visual Networking Index (VNI) 

gives a realistic forecast about the expected demand of data, 

services and connectivity over the Internet. It was forecasted 

that in 2016 nearly 429 million mobile devices were 

connected to the Internet, added-up and making the total of 

8.0 billion globally. It was estimated that by 2021 mobile 

connection will grow to 11.6 billion. The Global mobile data 

traffic was 7.2 EB (7.2 billion Terabyte) per month in 2016, 

which will considerably rise to 49.0 EB per month, almost 

seven times in 2021 [6]. However, current Internet 

architecture may not effectively address those future issues 

due to the limitations and challenges facing the Internet 

architecture.  Consequently, the Information-Centric 

Networking (ICN) prototype was proposed to overlay or 

completely replace current Internet architecture [3]. 

ICN architecture was proposed as a clean-slate redesign 

Internet architecture that replaces current IP address with a 

content name. Depending on the ICN approaches, different 

architectures can be called as content-centric, information-

centric, data-oriented, data-centric and content-aware 

networking. The ICN prominent features are content to name 

and security to support mobility and provide efficient and 

scalable content distribution. Mobility support in ICN is the 

support for the mobile content node (consumer or producer) 

to relocate from one access point to another without 

disrupting access routers, intermediary routers and 

corresponding node for content availability with minimal 

hand-off cost and latency. 

Named Data Networking (NDN) is an architecture under 

the umbrella of ICN that re-design entirely for the proposed 

future Internet [7], that uses named-base routing to the 

forwarding of packets from producer to consumer. NDN 

maintains Forwarding Information Base (FIB), Pending 

Interest Table (PIT), and Content Store (CS) as data 

structures. Also, two different formats of packets: data 

packets and Interest packets are used to accomplish named-

based routing and packets forwarding [8]. From the 

consumer or Interest perspectives, FIB decides when and 

where to transmit a received Interest packets, PIT records 

and store any incoming Interest information. The data looks-

up the PIT record, and then forward to appropriate face and 

CS cached the data for subsequent use.  

NDN approach was designed to support consumer 

mobility fundamentally. The content consumer can relocate 

freely and resent an unsatisfied Interest packet that is 

pending due to its move to the new access point or domain, 

which directly affect the hierarchy of name prefix. However, 

content mobility support of producer was not provided, and 

many challenges arise [9], [10], due to the consumer-driven 

nature of NDN architecture. Therefore, producer mobility in 

NDN network instigated some severe problems such as high 

handoff signaling cost, long handoff latency routing [11], 

[12], table size scalability problem [13], the high cost of 

bandwidth utilization [13], [14] and unnecessary Interest 

packet losses. Hence, producer mobility was unsupported 

fundamentally in NDN by [9] and [10]. Figure 1 shows the 

unsupported of the mobile content producer in NDN. In 

normal processes, when consumer sent and Interest, it 

received a data packet from content producer through 

Content Routers (CR) via CR1, CR3 and CR5 in breadcrumb 

style. Producer, on the other hand, can decide to move to 

another domain or access point without prior completion of 
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data transmission, especially for large or real-time data. Once 

content producer moved and completed handoff process, the 

transmission becomes interrupted due to the change in the 

name prefix at CR2.  

 
Figure 1. Mobility Support in NDN 

 

2. Related Work 
 

Global mobile communication and number of Internet users’ 

flourishes in daily basis as indicated by Cisco Visual 

Networking Index [6] seeking for real-time data traffic while 

moving as vehicle-to-vehicle networking, MANET, Internet 

of Things and wireless sensor network. Global mobile 

network connectivity, voice and video data demands are 

vastly increasing. The current TCP/IP Internet architecture 

turned to be inefficient to accommodate such kind of demand 

despite the mobility support in terms of handoff performance 

for Mobile IPv6 and reliability management [15]. Recently, 

some researches were conducted for the reliable mobility 

management of Internet-of-Things and wireless sensor 

networking [15], [16], due to the advantages and vast area of 

WSN application such as remote sensing and data 

monitoring [17]–[20] to support and improved the 

networking mobility performance. Other researches for the 

routing performance, scalability, stability of the network and 

reachability in OLSR [21], data security, authentication and 

availability in MANET and VANET [21], [22] addresses 

future and recent development for the solution of mobility 

problems. The future internet solution were also provided to 

support both consumer and producer mobility, reviews are 

conducted specifically for mobility support for named data 

networking [7], [9], [10].  

In the effort to provide a solution to the producer mobility 

support problems in NDN many researchers identified 

producer mobility support schemes or approaches with 

different name and grouping. Ying et al. [20, 21] identified 

mobility support as indirection point based mobility 

approach (IBMA) and home repository or rendezvous point 

based mobility approach (RBMA) [20, 21]. Saxena et al. [10] 

classified as a locator-free approach (LFMA) and mapping-

based approach (MBMA). Also, temporary separation (TS) 

and partial separation (PS) [9]. This paper classified them 

into Home Agent (HA) approach and DNS-like approach. 

Location-aware on-demand multipath protocol based on 

NDN MANETs was proposed by Asif and Kim [23] to solve 

the intermittent connectivity, low battery power, data 

redundancy, packet flooding that affect network performance 

due to the nature of broadcast nature of wireless mobile ad-

hoc network in NDN. However, the solution cannot be 

suitable for general NDN architecture as its targeted NDN 

MANET only. Azgin, Ravindran and Wang [24] anchor 

chain on-demand mobility support solution for ICN was 

proposed to manage producer mobility and handoff 

processes to avoid data loses. The architecture used 

decentralized micro-level resolution system and chained 

distributed anchors that provide forwarding functionalities to 

help for the efficient packets forwarding to the mobile 

producer after handoff [24]. However, the solution imposed 

high signaling as a result of pre-handoff, post-handoff 

messages from the mobile producer and path remove 

messages when anchor removed from the path. Joao et al. 

[25] proposed Controller-based Routing Scheme for NDN to 

solve the scalability problems caused by content mobility 

that intensifies high number of content in different locations. 

The scheme splits content identity and content location from 

name prefix to facilitate content mobility. However, the 

scheme does not ensure path optimization after handoff. Yan 

et al. [26] proposed a distributed mobility management 

scheme as a solution for both consumer and producer 

mobility in NDN architecture and all mobile IP architecture 

supported by NDN overlay [27]. The distributed mobility 

management handover scheme, supports both consumer and 

producer mobility which minimized handoff latency and 

routing update cost or signaling overhead cost. However, in 

this solution the Interest packets received by the home 

domain router must be encapsulated and forward it to the 

foreign domain router, to the mobile.  

2.1  Home Agent Approach 

The approaches uses the concept of HA router derived from 

the mobile IP solutions approach, MIPv4 and MIPv6, to 

provide producer mobility support in NDN architecture [10]. 

A home router was provided to maintain the mapping, 

binding or location information update once location ID 

prefix changed. In LBMA, when producer handover from 

CR1 to CR2, it sends the location update to CR1. Then CR1 

updates all received Interest and forward it to the CR2, as 

shown in Figure 2. The IBMA perform the same thing as 

LBMA, the only difference is IBMA perform tunnelling of 

packets, unlike LBMA that forward the Interest packets.  

Han et al. [28] and Yan et al., proposed schemes to 

support producer mobility in NDN. Han solution utilized two 

name or packets to update the home router with path 

information using dynamic FIB [28, 35]. However, the 

additional packets may increase the overhead signaling cost 

of the handoff, and the Interest packets must pass through the 

home router causing sub-optimal routing. A distributed 

mobility management scheme by Yan et al. [26], [27] 

minimized handoff signaling cost and latency as the 

proposed approach designated a branching node for the 

previous and current router. However, the Interest packets 

must be encapsulated by home domain and forward the 

mobile producer, same for data packets. Asif and Kim [23] 

proposed a location-aware on-demand multipath scheme. A 

relay node was provided to rebroadcast the Interest packets 

until the mobile producer is located [23]. However, the 

solution is limited to NDN MANET which may not be 

seemly for general NDN architecture. Azgin, Ravindran and 

Wang [24] proposed an anchor chain on-demand mobility 

support solution for general ICN to manage and support 

mobile producer. The proposed solution used chained 

distributed anchors for efficient packets forwarding after 
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handoff processes [24]. However, the solution imposed high 

signaling as a result of pre and post-handoff messages; the 

solution imposed high signaling handoff. 
 

 
 

Figure 2. Indirection and Location Based Mobility Approach 

2.2 DNS-like Approach 

The Server approach uses the concept of the DNS-like server 

for mapping separation between content identifier and 

content location, or separation of control plane nada data 

plane for name resolution to provide producer mobility 

support in NDN architecture. In DNS-like approach, after the 

handoff process, when producer handover from CR1 to CR2 

it sends the location update to the Server, notifying about the 

new location of mobile producer, as shown in Figure 3. The 

consumer queried the Server for the new location 

information of whereabouts of the mobile producer. Then the 

consumer can send Interest directly to the mobile producer 

via the optimal path. The difference with the control plane 

data plane separation is the controller or server updated the 

entire FIBs of the network. Jiang et al., [65, 67] provide a 

solution using DNS-like mapping approach to support 

mobile content producer in NDN. The mapping processes of 

content and location ID is carried out by the DNS server by 

adding the forwarding hint to the Interest packets upon 

request by the consumer [30]. However, the proposed 

solution required to have independent and distributed 

mapping servers to represent every particular domain, which 

may cause high delay and signaling overhead cost. Also, Gao 

and Zhang [32] proposed mapping based approach named 

scalable mobility management (SMM) scheme. The scheme 

uses management/routing separation access/core separation 

and locator/ID separation to addresses scalability and non-

optimal routing. However, the distributed mapping system 

provided may result in high delay and signaling overhead 

cost for a global binding update.  

Ren et al. [33] proposed a solution to the producer mobility 

support problem to minimized signaling cost and handoff 

latency. The author used the concept of Software Define 

Controller (SDC). When mobile producer relocated, the 

original content name prefixes are maintained, because data 

and Interest are forwarded by the FIBs update provided by 

SDC. The SDC server frequently updates the new prefix to 

the entire FIBs of the network. Moreover, Joao et al. [25] 

proposed Controller-based Routing Scheme for NDN. The 

proposed scheme use separation of content location and 

content identifier to simplify content mobility and to ensure 

that valid path is established between consumers to the 

mobile producer. However, after the after handoff processes, 

the scheme does not ensure data path optimization when the 

rate producers on mobile increases 
 

 
Figure 3. DNS-Like Approach 

 

3. The Concept of Proposed Scheme 

For NDN to support mobile producer some issues needs to 

be address: The network must find a way to routes pending 

or unsatisfied Interest packets to producer’s new location, 

mobile producer should receive Interest packets after the 

handoff processes, decouple and mapping between identifier 

and locator for name prefix and the means to map or resolve 

name should be provided [7]. 

3.1  Mobility Interest Packet 

We proposed a new packet Mobility Interest (MI) similar to 

the forwarding hint [11], [34], mobility management packet 

[14], [28], [35], binding update [34], [36], traced and tracing 

Interest [37], [38] etc. In our MI packet, two fields were 

added anchor tag and a mobility flag. 

3.2  Broadcast Strategy 

When a content producer is a move to a certain location, 

automatically the name prefix changed by default setup of 

NDN network. Therefore, the FIBs of the intermediate 

routers need to be updated about the new prefix name of 

producer’s new location. NDN support Interest broadcasting 

from the side of the consumer, as the Interests are relatively 

small, thus making it feasible to be broadcasted. A 

broadcasting strategy is a set-up in this solution to make 

intermediate routers aware of the new update in a restricted 

domain to track the location of the mobile producer. 

MI packets and broadcasting strategy are the basic 

components of proposed scheme that influence producer 

node to create awareness and provides mobility knowledge 

to the entire network as a support. The analytical models for 

the existing and proposed solution were formulated in 

mathematical form, then verified and validated using Python 

language as shown in Figure 4 that shows the design 

processes of PMSS. 
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Figure 4. PMSS Design Processes 

3.3  Anchor Point 

One of the access routers is designated as anchor point which 

is located in a well-known location in the domain. Once 

producer move, it sends the MI packets as an update to the 

anchor, the anchor tags the MI packets and announce it to the 

intermediate routers. The consumer can directly 

communicate with relocated producer through optimal route 

as intermediates routers FIBs were updated. 
  

 
Figure 5. Producer Mobility Support Scheme Operation 

To demonstrate the mobility support, Figure 5 shows the 

operational architecture of proposed NDN mobility support 

scheme. The execution stages are described below: 
 

Step 1-2: The consumer normally sends Interest 

package requesting data from the content 

producer. The producer automatically 

reply data with data through FIBs trace.  

Step 3: Content producer decided to move and 

facilitates the process of handoff to a new 

location.  

Step 4: Once handoff completed, the Producer sends 

MI packet towards the known location of the 

immobile anchor.  

Step 5: Upon recipient of MI packet, the immobile 

anchor broadcast it to the intermediate 

routers within the network domain. The 

routers uses the MI packet to updates their 

FIBs with the new prefix.  

Step 6: Content consumer reissues the unsatisfied 

Interest through best route toward the content 

producer.  

3.4  Model Design and Algorithms 

There are three main algorithms for the implementation of 

conceptual of mathematical formulation into computerized 

model. The first algorithm determined the movement 

behavior of mobile producer as special density function, 

followed by the handoff latency and signaling cost 

algorithm. 
 

ALGORITHM 1 

***Coceptual model verification and validation ***  

# A function that will determine the spatial density function of 

mobile producer moving in [0, x]^a according to RWPM.  

Begin    

def spatDenstFunct(Fx): 

    """ returns the spatial density function """ 

    u = 0.1 

    v = 1 

    float (u) 

    Fx = (u/(u+(0.3 * v))) + ((1 - (u/(u+0.3)))* abs(6*x*(x - 1))) 

    return Fx 

        for x in (0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1): 

         

        print(x, ": ", round(spatDenstFunct(x), 2)) 

    End 
     

ALGORITHM 2 

""" 

  *** HANDOFF LATENCY ANALYSIS *** 

  The period of time that Mobile producer required from the last 

Packets (Interest or Data) received via old PoA to the arrival of the 

first Packets via the new POA during handoff 

""" 

Begin 

Qd = 5      # Queueing delay 

Bw = 100    # wired link bandwidth 

Bwl = 11    # wireless link bandwidth 

Ldw = 2     # wired link delay 

Ldwl = 10   # wired link delay 

q = 0.1     # probability of link failure 

S_int = 40  # Size of Interest packet  

Sn_int = 56 # Size modified Interest packet 

S_up = 72   # Size of binding/query/location update 

Ipn = 100   # Time interval between producer disconnected from 

PAR to NAR 

a = 1       # Transmission latency between producer/consumer to 

AR 

b = 5       # Transmission latency between old AR to new AR 

c = 5       # Transmission latency between new AR to consumer 

AR 

e = 5       # Transmission latency between new, old & consumer 

AR to anchor router 

d = 9       # Transmission latency between Server to new AR 

 

#"""The delay between two consective hops for wired and wireless 

link""" 

 

Lw_up = (S_up/ (Bw + Ldw + Qd))                     # Wired delay 

for update btw 2 hops 

Lwl_up = ((1 + q)/(1 - q) * (S_up/Bwl + Ldwl))  # Wireless 

delay for update btw 2 hops 
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Lw_int = (S_int/ (Bw + Ldw + Qd)) # Wired delay for Interest 

btw 2 hops 

Lwl_int = ((1 + q)/(1 - q) * (S_int/Bwl + Ldwl))  # Wireles delay 

for Interest btw 2 hops 

Lw_nint = (Sn_int/ (Bw + Ldw + Qd))  # Wired delay for mdf 

Interest btw 2 hops 

Lwl_nint = ((1 + q)/(1 - q) * (Sn_int/Bwl + Ldwl))  # Wireles 

delay for mdf Interest btw 2 hops 

 

print ("The handoff latecy for existing and proposed 

schemes") 

print ("b: MBMA: LBMA: CDBMA: IBMA: PMSS") 

 

#"""The handoff latecy for existing and proposed schemes""" 

 

for b in (5, 7, 9, 11, 13, 15, 17, 19, 21, 23): 

    L_name = Ipn + a*Lwl_up + d*Lw_up + d*Lw_up + 

a*Lwl_int + c*Lw_int # Handoff latency for MBMA 

    print (b, ":", round(L_mba),":", round(L_lba), ":", 

round(L_cdba), ":", round(L_iba), ":", round(L_propose)) 

End. 

 

ALGORITHM 3 
 

  *** HANDOFF COST ANALYSIS *** 

  The number of overhead handoff related messages over the 

network during  

  handoff processes 

Begin 

scr = 0.05  # Subnet crossing rate 

iar = 0.5   # Interest arrival rate 

utc_w = 0.5   # unit transmission cost for wired 

utc_wl = 2   # unit transmission cost for wireless 

t = 1000    # Residence time 

S_qry_rep = 56 

S_up_ack = 72 

S_reg_ack = 72 

S_fibup = 72 

S_encInt = 56 

S_locInt = 56 

S_mobInt = 56  

S_int = 40 

S_data = 2000 

a = 1 

c = e = 5 

d = 9 

print ("The cost of signalling messages for existing and proposed 

schemes") 

print ("b: MBMA : LBMA : CDBMA : IBMA : PMSS") 

#"""The cost of signalling messages for existing and proposed 

schemes""" 

for b in (5, 7, 9, 11, 13, 15, 17, 19, 21, 23): 

          C_name = S_up_ack*(a + d) + S_qry_rep*(d + a) + 

S_int* (a + c) 

        print (b, C_mba,":", C_lba, ":", C_cdba, ":", C_iba, ":", 

C_propose) 

 

End. 

3.5  Model Verification and Validation 

Figure 6 shows a simple modelling process [39]–[41] that 

presents conceptual model validation processes of the 

propose producer mobility support scheme. The Figure 

highlights levels of computerized model verification during 

implementation and model operational validity. Verification 

comprises accuracy of the model and ensures the 

implementations realized the conceptual model. Therefore, 

the concept of proposed scheme were formulated into 

mathematical representation as shown in Eq (7) to Eq (14) 

and used python programming language in the Anaconda 

Spyder IDE environment for verification and validation. 
 

 

Figure 6. Simple Modelling Processes 

A static verification was used in Spyder IDE environment 

represented. Spyder IDE is a powerful tool for python 

language with advanced interactive testing, debugging and 

editing. Also provide interactive prompt IPython console 

with the ability to execute codes from the editor and visual 

warning about potential errors. The conceptual model 

programming codes was verified at the implementation 

phase for code review and inspection, to ensure the 

correctness of implementation design, used of variables, 

functions and procedures matches. A Spyder IDE provides 

code analysis windows with editor, variable explorer, 

console, object inspector of parameters for easy verification 

and validation. For validation, the model output behavior 

was measured using assigned values of the model parameter 

shown in Table 1, to observe the accuracy of model’s 

applicability in relation to the handoff latency and cost, for 

both existing and proposed scheme models. 
 

4. Random Waypoint Model 

The movement pattern of mobile node, consumer or 

producer plays an important role in mobility performance 

analysis of wireless and mobile network, The producer 

mobility behavior is directly affecting the handoff signaling 

cost [42]. Random WayPoint Mobility model frequently used 

in mobile and wireless networking simulation, the model was 

designed to mimic mobility behavior of mobile nodes in a 

simplified manner [43]–[46]. RWPM is widely accepted 

because of its simplicity and adequately captured mobility 

characteristics without geographic restriction, spatial and 

temporal dependency [43]. The model was already 

implemented in certain simulators like NS-2 GlomoSim and 

NS-3 [42]. 

In RWPM model, all mobile nodes move independently from 

others, and they have the same unpredicted pattern or 

random probability distribution (stochastic). Velocity (vs) 

and paused time (tp) are the parameters determine the 

mobility behavior of the mobile producer; i represent the 

movement period and the continuous time t [47], [48]. A 

mobile producer moves according to RWP model as shown 

in Figure 7; the variable x represents the location of the 

mobile producer. The AR0 and ARk denote the starting and 

ending point of a movement period. The producer connects 

to AR0 and moves across the AR to ARk between the time 
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arrival of the previous session time and the arrival of the new 

session.   

 
Figure 7. Producer Mobility Behavior Analysis 

The point is randomly selected with probability density 

function F(x) = 1/A where A is the coverage area for x ϵ [0, 

A]
 α

. For each period i, and ti is the duration of that period, 

and txi denotes the duration that producer spends during the 

period. The total time that producer spends during the entire 

movement      divided by the total movement of the node 
     converges to infinity [47]–[50]. In general the expected 

probability of pause time can be represented in Eq. (1) 
 

     
  

    
 

 
 
            (1) 

 

The component distribution function of producer with RWP 

movement composed of paused, static and a mobility 

component.                          [50]. Spatial 

distribution with pause time when          forr x ϵ [0, 1]
 α 

and 0 otherwise,                                  . 

[47], [50]. Where               and     
  

           
 . 

Therefore the probability density function of the movement 

behavior can be represented as Eq. (2):  
 

      
  

           
       

  

           
     (2) 

 

5. Analytical Modeling 

5.1  Network Analysis Model 

To analyze the movement behavior of producer and evaluate 

the handoff performance of propose scheme, we consider 

producer behavior analysis based on RWPM model shown in 

Figure 9 [48], [50] and network analysis model  shown in 

Figure 8 [11]. The performance evaluation of both propose 

scheme and existing schemes were conducted to evaluate the 

integration RWP model in the analytical solution of producer 

mobility support. The handoff latency and handoff signaling 

cost were mathematically formulated for home agent and 

DNS-like approaches. The model parameters and values are 

presented in Table 1. 

  

 
Figure 8. Network Analysis Model 

 

Table 1. Network Analysis Model Parameters 

Notation Parameters  Value 

Sname Size of signaling packet + 16 byte 

Sdata Size of data packets 2000 bytes 

Siint Size of Interest packet 40 bytes 

Vcp Average speed of content 

producer 

50, 200, 

350m/s 

tp Content producer pause time 100, 200, 

300ms 

Lpar Transmission latency between 

producer to AR 

a 

Lcar Transmission latency between 

consumer to AR 

a 

Lsar Transmission latency between 

Server to new AR 

d 

Lo-nar Transmission latency between old 

AR to new AR 

b 

Lars Transmission latency between 

new ARs/Anchors 

c 

Ipn Time interval btw producer 

disconnection and reconnection 

from old AR to new AR 

ipn 

5.2  Movement Behavior Analysis 

The Function f(x) for the combinations of two distinct 

RWPM components: pause and mobility component, and 

parameters such as the probability that producer move or 

pause, the velocity of moving producer, pause time and 

distance. The two components are weighted by the 

probability of pause or move, hence are described as 

probability density functions. The movement behavior of 

producer is analyzed and presented in Figure 9 (a) shows the 

probability and (b) shows the probability density function of 

the producer against the different expected probability of 

pause time. As shown in Figure 9, the movement is 

significantly affected by the variance of velocity parameter 

from 1 m/s to 25 m/s and is uniformly distributed for the 

increase in the expected probability of pause time. 
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Figure 9. Movement Behavior of the Producer 

6. Handoff Latency Analysis 

Handoff refers to the processes where a producer on mobile 

disconnects from current AR, then moves and connects to 

new neighboring AR. The period that mobile producer 

requires from the last Interest or Data packets received to the 

arrival of the first Packets after reconnection to the new AR 

is called handoff latency. To ascertain a good performance of 

the proposed scheme, the latency needs to be small. Eq. (1) 

And (2) express the delay for the wired and wireless linked 

between two consecutive hops as used in [14]. Where Bw and 

Bwl are bandwidth for wired and wireless, Ldw and Ldwl are 

link delay for wired and wireless respectively, Qd is the 

queuing delay and q is the probability of link failure, 

         
     

           
           (3) 

          
   

   
   

     

        
         (4) 

6.1  DNS-like handoff latency and signaling cost 

The handoff latency and signaling cost of DNS-like approach 

can be expressed as Eq. (5) and Eq. (6) for MBMA and Eq. 

(7) and Eq. (8) for CDBMA. When the mobile producer 

relocated from AR1 to AR2, it generates a new prefix name 

and sends an update packet to the DNS server. The server 

generates a binding update or forwarding hint through the 

mapping process. When round trip time elapsed, the content 

consumer sends a query to the server and server reply with 

the forwarding hint.  Then the AR3 routed the Interest 

packets with the forwarding hint though best and optimal 

path to the content producer 

The total handoff latency can be derived in Eq. (5) and 

handoff signaling cost in Eq. (6), together with the random 

movement behavior of the producer and integration of 

consecutive delays Eq. (1) and (2).   

 

       
  

           
       

  

           
     

  
                   

  
   

                

  
     (5) 

       
  

           
       

  

           
     

 
                                    

  
             (6) 

 

The handoff latency and handoff signaling cost of CDBMA 

is closely related to MBMA, both were explained under 

DNS-like approach. The only different was a consumer 

directly queries the control server, or the update can be done 

automatically by the control serve for the whole intermediate 

router’s FIBs. The derived equations were stated in Eq. (7) 

and Eq. (8) for handoff latency and handoff signaling cost 

respectively. Coupled with the random movement behavior 

of the producer and integration of consecutive delays Eq. (1) 

and (2), as follows:   

        
  

           
       

  

           
     

  
                   

  
   

                

  
   (7) 

        
  

           
       

  

           
     

 
                                     

  
       (8) 

 

6.2  Home router approach handoff latency and 

Signaling Cost 
 

The handoff latency and signaling cost of IBMA can be 

expressed in Eq. (9) and Eq. (10) respectively, is also similar 

to that of LBMA shown in Eq. (11) and (12). When handoff 

process is over between AR1 and AR2, the AR2 send a 

binding update to the AR1. Upon recipient of an Interest 

from the consumer access router (AR3), The AR1 

encapsulates and forwards the encapsulated Interest to the 

producer through AR2. The total handoff latency for the 

delay of messages exchange and handoff signaling cost of 

hops per packets count can be generated for IBMA, together 

with the random movement behavior of the producer and 

integration of consecutive delays Eq. (1) and (2) as:  

 

       
  

           
       

  

           
     

  
                   

  
   

                         

  
      (9) 

(a) 

(b) 
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            (10) 

The handoff latency and signaling overhead cost of 

LBMA can be expressed as Eq. (11) and Eq. (12). When 

handoff process is over between AR1 and AR2, the AR2 

send a location update to the AR1. Upon recipient of an 

Interest from the consumer access router (AR3), The AR1 

redirects or forwards the Interest to the producer through 

AR2. The total handoff latency for the delay of messages 

exchange and handoff signaling cost of hops per packets 

count can be generated for IBMA, together with the random 

movement behavior of the producer and integration of 

consecutive delays Eq. (1) and (2). As:  
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             (12) 

 

The handoff latency and signaling cost of proposed 

scheme (PMSS) can be expressed as Eq. (13) and (14). When 

content producer moved to new location and completed the 

handoff process between AR1 and AR2. The mobile 

producer sends MI packet to the AR2, then AR2 forward to 

the known location of the immobile anchor. The immobile 

anchor maintained the broadcast strategy and updates the 

intermediate routers in the domain. Therefore, a content 

consumer re-issues unsatisfied Interest toward the AR2 via 

the optimal route. The expression can be generated together 

with the random movement behavior of the producer and 

integration of consecutive delays Eq. (1) and (2) as follows: 
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7. Performance Evaluation 

For the numerical evaluation of the existing and proposed 

solution for both handoff latency analysis, we set a = 1, b = 

c = 5 and d = 9 as used in [11], [14]. 16 bytes is added for 

any packets with the additional field, especially for MI 

packets. The number of signaling message sent over the 

network during handoff processes is represented as Sname. 

The name is referring to an update to the server or query, a 

binding or location update, data and Interest packets. The 

additional field is 16 bytes [14] as shown in Table 1. 

Therefore, SmobInt = 56 bytes, Supack = 72 bytes, SencInt = 56 

bytes, Sint = 40 bytes, Sregack = 72 bytes, Sfibup = 72 bytes 
 

 

The numerical results of the handoff latency analysis with 

speed (v) variation have shown in Figure 10, 11 and 12 

respectively. The results shows the impact of RWPM model, 

after varying speed (v) and pause time (tp), to determine the 

significance of the producer movement behavior.  

 
Figure 10. The impact of d on handoff latency by varying V 

and P 

Figure 10 (a) shows the effect of varying b as transmission 

latency between AR1 and AR2 and server. The handoff 

latency results are compared between MBMA, IBMA, 

LBMA, CDBMA and PMSS. In Figure 8 (a), the handoff 

latency of IBMA and LBMA significantly increase from 

138ms to 168ms and 135ms to 153 respectively, by setting v 

(a) 

(b) 

(c) 
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= 50m/s, p = 100ms and varying b, as the entire packet has to 

go through AR1 known as home router. While the MBMA, 

CDBMA and PMSS remain uniformly unchanged, because 

there is no effect on them due to the variation of b and their 

signaling does not necessarily route via AR1.  

 
Figure 11. The impact of c on handoff latency by varying V 

and P 
 

The result in Figure 10 (b) and (c) shows similar outline as 

presented in Figure 10 (a). However, the latency of all 

approaches was linearly decreased from 135ms to 128ms to 

126ms for LBMA and 138ms to 132ms to 127, due to the 

effect of varying speed and pause time. For the increase in 

velocity and pause time, the latency becomes smaller. Hence, 

we can realize our propose scheme (PMSS) is the lowest 

when the speed and pause time goes higher. 

 
Figure 12. The impact of d on handoff latency by varying V 

and P 
 

In Figure 11 (a), the handoff latency for all approaches are 

significantly increase, from 132ms to 140ms (PMSS), 140ms 

to 148ms (MBMA) and 148ms to 154ms (CDBMA) by 

varying c and v = 50m/s, p = 100ms, v = 100m/s, p = 200ms 

and v = 300m/s, p = 350ms respectively. The variation of c, 

velocity and pause time is significantly increasing the 

handoff latency. The result in Figure 11 (b) and (c) shows 

similar outline as presented in Figure 11 (a). Therefore, the 

(a) 

(b) 

(c) 

(a) 

(b) 

(c) 
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latency of all approaches was slightly and linearly increased, 

due to the effect of varying speed and pause time. Hence, we 

can realize that our propose scheme (PMSS) is the lowest 

and closed to LBMA for all v and p. 

In Figure 12 (a), the handoff latency of MBMA and 

CDBMA significantly increase from 143ms to 163ms and 

148ms to 182ms respectively, by setting v = 50m/s, p = 

100ms and varying d, as the mobile producer has to send an 

update to the server. Similarly, the content consumer needs 

to query the update from the server. In CDBMA case, the 

server can automatically update the entire FIBs of the 

domain. While the IBMA, LBMA and PMSS remain 

uniform and smaller because there is no effect on them due 

to the variation of d. The result in Figure 12 (b) and (c) 

shows similar outline as presented in Figure 12 (a). 

However, the latency of IBMA, LBMA and PMSS remain 

uniformly constant for all the variant of speed and pause 

time. Moreover, for the increase in velocity and pause time, 

the latency becomes stable. Hence, we can realize our 

propose scheme (PMSS) is the lowest when the speed and 

pause time goes higher. 

In general, movement behavior affects the analytical 

solution of producer mobility support. In Figure 10, the 

latency of all approaches was decreased linearly by almost 

5ms, due to the effect of varying speed and pause time. In 

Figure 11, the latency of all approaches was slightly 

decreased by 7ms for PMSS at d = 27 across Figure 12 (a), 

(b) and (c) due to the impact of varying speed and pause 

time. Moreover, in Figure 10 for the increase in velocity and 

pause time, the latency becomes stable and closely related 

between LBMA, IBMA and PMSS, while the PMSS has the 

lowest latency. 
 

8. Conclusion and Future Work 
 

The movement pattern of mobile producer plays an 

important role in mobility performance analysis of wireless 

and mobile network, where the producer mobility behavior is 

directly affecting the handoff latency and signaling overhead 

cost. Many researchers provide analytical investigation to 

analyze and solve the handoff problems and compared with 

the simulation result. To justify between simulation and 

analytical investigation, movement behavior of mobile node 

needs to be included in the analytical investigation to make it 

possible to compare with the simulation-based result. This 

paper incorporated RWP model to determine the behavior of 

mobile producer for analytical solution of producer mobility 

in NDN. The RWP model is widely used for the simulation 

investigation of handoff performance in wireless 

communication networks for ad-hoc, NDN, CCN etc. 

In this paper, we introduce mobility Interest packets to 

convey new prefix or location of mobile producer, a 

broadcasting strategy to simplify the handoff problems and 

the immobile anchor router was modified to perform a dual 

function through, tagging of anchors and broadcasting of 

tagged mobility Interest packets. The performance analysis 

for mobile producer behavior and handoff latency shows that 

our proposed PMSS reduces handoff latency with averagely 

45ms compared to DNS-like and home agent routing 

approach.  Henceforth, our future work focuses on 

simulation investigation to determine the data path 

optimization and deployment of distributed anchors for the 

large network to prevent scalability issue of a broadcast 

storm. The analytical investigation result would be compared 

with the simulation investigation result. 
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