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Abstract: Heterogeneous handover always had been a challenge for seamless roaming. Security aspects like
authentication and re-authentication is a key factor in providing seamless connectivity. Self Organizing Network
(SON), an innovative intelligent network management system proposed by 3G Partnership Project (3GPP)
enhances the best possibility of Inter-Rat handover and security re-authentication by using advanced mobility
management procedures. A novel SON based simple light-weight seamless handover Rapid Re-authentication
Protocol (3SH_RRP) 1s proposed m this study. This protocol provides fast seamless handover using Cloud
RAN architecture based deployment. It provides a rapid re-authentication within Cloud RAN with the help of
Virtual Homing (VH) concept in SON. 3SH RRP 1s implemented in SON which gives better results as it
eliminates imvolvement of too many network elements causing severe processing overhead and multilevel
communications. This protocol uses log likelihood weighted factor (Bandwidth, Security level, Power Level and
Received Signal Strength Indicator) function to maximize the probability of successfully selecting the most
appropriate BBU well in advance to perform super-fast or rapid re_authentication during inter RAT HO. This
Work helps service provider to offer spectrum efficient distribution of services. Tt aims at supporting future
bandwidth and delay sensitive applications like high definition digital TV broadcast, telepresence and other
multimedia applications by with-holding fairer usage to other services like voice and low bandwidth internet
data. Simulation was implemented using OMNET+ with Simu-LTE network simulation package. Experimental
results have shown that multi-media serviced user was able to seamlessly connect to networks with low latency
and improved quality of service. The proposed algorithm has shown better results with higher transition rate,
lower delay upto 300km/™" h fast mobility of user equipment.

Key words:Cloud RAN, self organizing network, seamless handover, log likelihood rapid re-authentication,
welght factored distribution, heterogeneous network

INTRODUCTION connected with mobile broadband connections by then
(Sthapit and Pyun, 2014). The industry foresees a future
of wireless in an increasingly interconnected world where
volce, video, medical, other

applications and services will be served by a lghly

Wireless has evolved since, its inception and seen
several generational changes to the service offerings. entertainment  and

Future wireless access should be seen as the overall

solution to providing wireless access to people and
devices. Taking into consideration the requirements such
as support of large number of commected devices, “always
online,” energy efficiency and support of flexible air
interfaces can be achieved by evolution of new protocols
and access technologies. Tt is predicted that mobile data
traffic will grow >1000 times compared with the end of
2010 beyond 2020 and billions of devices will be

integrated and automatically configurable network. Users
will simply request the mformation they need and the
information will be delivered to their desired location and
device. Additionally, a number of other changes m the
end-to-end system will be a part of future wireless
evolution both in the Cloud Radio Access Network
(CRAN) (Wang et al., 2014) and core network. Future
wireless networks must provide a robust, highly reliable,
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resilient and low-latency communication infrastructure.
Issues that need to be addressed are the ways mn which
the user community will need to mteract with information
mn an environment where on-demand and high-speed
mobile data have become a reality. That means there will
be some sigmficant changes m the way that user
mterfaces are designed and higher-layer features are
developed. In summary, Future wireless is all about
enabling new services and devices, and empowering new
user experiences (Sarddar et al., 2010; Yen et al., 2013).
This will entail connecting people and things across a
diverse set of scenarios. Interruption times of the order of
a few milliseconds for both mter-RAT and mtra-RAT
handovers (Shooshtari, 2011, Chow ef al, 2014
Yan et al., 2010, Hussein et al., 2011) can be expected in
this sense. Services such as ultra-high definition video or
tactile Internet will require end-to-end latencies m the
order of 1 millisecond Interruption times well beyond that
could destroy the attractiveness of these services.

The aim of this study is to address these challenges
and requirements using the combination of key new
technology components and solutions for future seamless
wireless communication (Andrews et al., 2012). Novel
approach proposed in this study aims to support:

*  Higher transition rate (10-40 times more) than today

*  Lower delay ( millisecond level)

*  More device commectivity(10 to 40 times more) than
today

* 1000 times traffic density;

¢ Upto 500km h™" fast mebility of User Equipment (UE)

At the same, it 18 desirable to have 99.999% coverage,
while energy consumption and cost for the mfrastructure
should not increase. Secondly, operators expect to reduce
networks  operational improve spectral
efficiency within an area, to maintain optimal performance

costs and

mn future cellular systems (Ghosh et af, 2012) by more
flexible resource usage and more advanced self-
organization functions. As we are handling multiple radio
techmque, techniques has its own
authentication and security features. All of these m the
proposed approach are mtegrated into one single CRAN;
the core network integrated with SON. Although SON
makes it possible to reduce overall delay and improve
throughput, when the criticality of the networlk is very
high i.e., down time or increased latency of the networlk
may not be acceptable in such areas (tactical a battlefield
area). To handle such scenarios we need a superficial or

each radio

an intelligent method withun SON to perform rapid
re-authentication, so that we have a seamless Handover

within this inter RAT. So, we propose a algorithm called
35H RRP that performs the task of evaluating by using
the weighted factors to maximize the log hkely hood
probability of successfully selecting the most appropriate
BBU or the best suitable BBU well in advance to perform
super-fast or rapid re_authentication during inter RAT
HO. The proposed algorithm 1s a combination of
probabilistic (log likely hood ratio) and weighted
parameters (WFDA) used by SON for decision making
process. 35H RRP protocol is implemented in SON which
gives better results as it eliminates involvement of too
many network elements causing severe processing
overhead and multilevel commumications compared to
other known works. This research helps service provider
to offer spectrum efficient distribution of services.
Simulation was unplemented using the test bed setup
evaluated using OMNET++ simulation engine. Moreover,
the simulation-based investigation has shown that the
use of 3SH_RRP has the potential to perform inter RAT
seamless handover to networks with low latency and
improved quality of service for user accessing multi-media
services.

MATERIALS AND METHODS

Network architecture-simple licht-weight seamless
handover rapid re-authentication protocol: Handover 1s
needed when a User Equipment moves out of range of the
current network. Handover 1s one of the key procedures
for ensurmg that the wusers move freely
(Balasubramaman et af., 2010) through the network while
still being connected and being offered quality services.
Depending on the required QoS, a seamless handover or
a lossless handover 1s performed as appropriate for each
radio bearer. The objective of seamless handover is to
provide a given QoS when the UE moves from the
coverage of one network to the coverage of another
network. One of the main goal of the SON based
35H RRP network 1s to provide fast and seamless
handover while
simultaneously keeping network management simple. Our
proposed 3SH RRP architecture exploits significant
features using the combination of key new teclmology
components and solutions enabling UE to securely
and seamlessly perform fast handover through rapid
re-authentication during inter RAT. Tt makes use of a
superficial (3SH RRP) procedure executed within SON to
maximize the probability for successful selection of the
most suitable Base Band Unit (BBU) well in advance to
perform super-fast or rapid re authentication during
inter RAT HO.

from one mnetwork to another
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The most promising enabling technologies are
adopted in 3SH RRP network. The 3SH RRP network
architecture comprise a collection of layers, technologies,
namely Cloud RAN (C-RAN), Network Function
Virtualization (NFV) and Self Organizing Network (SON)
to cater the requirements, especially to:

*  Seamlessly interwork when moving across networks,
layers and/or frequencies

*  Serve multiple users based on their requirement and
demand through dynamic self-organizing user service
management

+  Interruption times of the order of a few milliseconds
for both inter-RAT and intra-RAT handovers

¢+ Reduce the operation cost from the perspective of
operators

¢+ The implementation of futuristic wireless network
techmques such as C-RAN, NFV and SON
comprising the proposed 3SH RRP network
architecture 1s summarized

Cloud-RAN (C-RAN): C-RAN 1is a centralized, cloud
computing based new cellular network architecture that
has the ability to support current and future wireless
communication standards. By separating the Baseband
Units (BBUs) from the radio access units and migrating
BBUs to the cloud forming a BBU pool for centralized
processing. C-RAN provides several advantages
compared to the conventional RANs such as scalability
and flexibility of further deployment of plenty of Remote
Radio Heads (RRHs). The C-RAN architecture virtualizes
the BBU functionality and services in a centralized HSS
pool that effectively manage on-demand resource
allocation, mobility and interference control for a large
number of mterfaces using programmable software layers

Network Function Virtualization (NFV): Tt is new way to
design, deploy and manage network services. It 1s
designed to consolidate and deliver the networking
components needed to support a fully virtualized
infrastructure including virtual servers, storage and even
other networks. Tt utilizes standard IT virtualization
technologies that run on high-volume service, switch and
storage hardware to virtualize network functions. It is
applicable to any data plane processing or control plane
function 1 both wired and wireless network
infrastructures. This approach allows the deployment of
network functions in data centers to leverage the traffic
load through virtualization techniques.

Self  Organizing Network (SON): Self-organizing
network is an emerging architecture where the networlk
intelligence is centralized in software-based controller that

maintains a global view of the network. SON governs a
network meluding the planmng, set up and maintenance
activities. SON solution comprises three building blocks:
self-configuration, self-optimization and self-healing. Self-
configuration automates the integration of a new radio
access point into the network by auto commection and
auto configuration. After installation, self-optimization
tunes the networl with the help of end-user device and
base station measurements. This is different from self-
planning, which is a dynamic re-computation of the
network plan following changes in capacity, traffic
monitoring or optimization. Tt enables network managers
to configure, manage, secure and optimize network
resources very quickly via dynamic, automated Software
Defined Network (SDN) programs, by which they can
rewrite themselves due to the mndependence of the
programs on the proprietary software. SDN smnplifies
network design and operations because instructions are
provided by SDN controllers mstead of multiple,
vendor-specific devices and protocols.

User Equipment (UE): Multi-radio, multicarrier Software
Defined Radio(SDR)Device comprising all software
needed for communication with a mobile network.

Radio Heads/Remote Radio Heads (RH/RRH): The RRH
incorporates a large number of digital interfacing and
processing functions t also includes high-performance,
efficient, and frequency-agile analog functions, all
packaged mto a low-weight (9.7 Kg) device with a small
mechanical footprint. The RRHs transmit the RF signals to
UEs in the downlink or forward the baseband signals from
UEs to the BBU pool for further processing in the uplink.

The BBU pool: Is composed of BBUs which operate as
virtual base stations to process baseband signals and
optimize the network resource allocation. Considering
different demands on network performance and system
implement complexity, the BBU assignment for each RRH
could be mplemented in a centralized or distributed
manner depending on different resource management in
BBU pool. It provides the means to selectively turn RRHs
on/off in line with the traffic fluctuations in different
SCenarios.

Home Subscriber Server (HSS): The HSS or User Profile
Server Function (UPSF) is a master user database that
supports the IMS network entities that actually handle
calls. Tt contains the subscription-related information
(subscriber profiles), performs authentication and
authorization of the user and can provide information
about the subscriber’s location and IP information.
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TImplementation of 3SH_RRP using LILLR_WFD: In this
proposed research, UE specific Log Likelihood Ratio
Weight Factor Distribution (LLR_WFD) algorithm 1s
loaded in SON. 35H_RRP uses the LLR WFD algorithm
to select the best wireless access network for secured and
inter-RAT  handover
environment. For a smooth handover and fast re-

seamless in a heterogeneous
authentication, a prior mformation (threshold values)
about new network (to be handed over) is required. We

define the threshold limait as:

A =B~ Putinunaslewtere,
Where:
Ponuwsate = 1he minimum usable signal level.
P The threshold received signal at which

handover will be initiated. We define our
handover situations by optimizing the A 1.e.,
A =too large it leads to too many handovers
and A = to small 1t leads to too many lost
calls. The value of A depends on the
environment, expected mobile speeds and
time required to perform the handoff.

SON using the pre-lustorical statistics (threshold
value), fine tunes the networl and resolves the problem
by reconfiguring by itself without user interventions or
equipments. SON maintains all pre-requisites and
provides best configuration, service provisioning for
users. Cloud RAN 1s supported by SON for controlling
the BBU(Base Band Unit), Spectrum allocation, Frequency
management, etc. LLR WFD algorithm computes and
decides whether the handover process is necessary for
the UE to achieve the required QoS (Quality of Service).
Thus, the decision to trigger a handover 1s a crucial
component in the design process of handover, since the
success and the efficiency of the handover, to a large
extent, depends on the accuracy and timeliness of the
decision.

Let us assume the UE decides to imitiate a handover.
UE senses the broadcasts from its neighboring/adjacent
RH/RRH. It generates the Measurement Report of its
nearest RH/RRH. UE initiate handover request and
forwards  Measurement Report based on its
neighboring/adjacent B3 list. MR constitutes the input
parameters such Bandwidth (B,) Power level (S,), Security
(P,) and R3SI value (Rg) ete., Using these input parameters
procured from the UE, the weight factors are calculated
using the weight factor distribution process. The weight
factor distribution algorithm takes the parameters of UE as

inputs and generates weight factors according to an
application specified demands. The weight factors are
calculated in order to find the levels of the parameters
needed to achieve better Quality of Service.

Consider that the battery power level of the UE 1s Pw,
where, 0 < Py<_ 1, (P, = 0 means the battery power runs out
and =1 means the battery has the maximum power). Let
the weight factors of the four network parameters such as
available bandwidth, security, power consumption and
RSSI wvalue be Wi W, W; and Wy respectively
(where = W, 1 and W +W W AW, = 1). Let the
importance levels (high, medium, low and none) be
indicated using I, , I, I, and O, respectively (their values
are decided by the mobile system designer and 0
<Tu<Ty<,] < 1). Let the numbers for different importance
levels specified by the user be indicated as Ny, Ny, N and
where Ny+N,+N,+ Ny, =3 (since the total number of the
network parameters that a user could specify is three). Let
the weight factors of the four importance levels, after
adjustment to user preferences and battery power level be
W1, W, Wl andW1,, , respectively. 1.e..

(N WL )+ (N X W )+ 1)
(N WI )+ (N, x Wl )=F,
WI,, :WIHxi (2)
IH
WI, :WIHXI—L (3)
H
WI, =0 (4)

I I
P, (N, x WL, ) -{NMX WIHXI—M]-{NLXWIHXI—L} (5)
H H

The weights of four importance levels are calculated
by using the following equations:

I /P
WI, = i 6
TN L) (N < )+ (N %) ©

I, /P
Wl = ol 7
T (N R L )+ (N Ly b+ (N <) @
Wi, = I./Py ®

(NI )+ (N L )+ (N <)
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From these equations the weight factor levels of each
parameter 1s calculated. These weight factors are given as
the mput to the Log Likelihood Ratio algorithm loaded in
SON. An essential tool for parametric change detection
methods 1s the logarithm of the likelthood ratio:

pI(y)
po(x) (10)

L, =log

Obviously, Lx 1s positive if the observation pd(y)
more likely conforms to the distribution after change, than
to the distribution before change pd(x) and negative in the
opposite case. The distribution for the pd(x) is taken here
18 the normal distribution in order to find the mean and
variance for the distribution of the values. The values of
X here are taken from the weight factors and W, ,\W,, W,
and Wy here are considered as the X, X, , X, and X, such
that the mean (u) and variance (0) are calculated:

o2 an
n
R C D (12)

n

Here, the value of n 1s 4 as we have considered four
parameters. The value of u and o are calculated and it is
given to the normal distribution function to find the
pA(x).The value of pd(x) 1s given as:

pa(x) = — GZ{XIM} (13)

=1 O\ 21 G

After finding the pd(x), the value is substituted in the
denominator of the Tog Likelihood ratio function Lx. As
the UE moves away from the current RH/RRH towards a
target RH/RRH, the parameters at the various instants are
taken into consideration. Let the new instant parameters
are assumed to be y, .y, ,v.and y,. Now, the pd(Y) is
calculated by the above process and the value has been
substituted at the numerator of Lx. If the numerator value
15 high, then the log likelihoed ratio function gives the
negative value. Thus the LLR process proves that there
15 degradation in the Quality of Service and decides that
there is a need for the handover process in the UE.

Tnitially, the UE which needs to perform handover is
connected with a cuwrrent RH/RRH. UE receives the

Measurement Report (M) from the nearby RH/RRH. The
UE audits the MR that belongs to each RH/RRH for data
relevance. List of parameters that are part of the MR are
(B,.3;, P.. Ry), 1e., parameters for choosing RH/RRH
includes Bandwidth, Security level , Power Level and
RSSI{ Received Signal Strength Indicator). MR 1s the
value reported from the UE that contain information about
channel quality. Measurement report is forwarded to the
core network. MR assist the core network in making
handover and power control decisions. In the core
network, LLR WFD loaded in SON is triggered, the Log
Likelihood process using the MR received decides to
which RH/RRH the UE has to be switched to. Thus, the
LLR process selects the best network m the direction
towards which the UE 1s travelling through. The weight
parameters are taken into consideration and cost for the
weight factors are to be calculated. The cost for the
weight factors are calculated by the formula:

e e (Wo B )+ (W, x8°) 14
+{W, xP*)+ (W, xR°)

Where B® 5°, p®and R °stands for the available
bandwidth, security level, power level, RSSI value. The
normalized cost factor is calculated from the obtained
value:

) :WBX(UB )+ W, (1/5°)
max(1/B°)

max(l/s”) max(l/p )

From this value, the cost factor of the persisting
network can be found. The cost and the weight factors of
the other networks are calculated by the LLR WFD
process loaded in SON. The network with the minimum
cost is selected as the handover target BBU. After
selecting optimal BBU, SON updates the selected BBU in
BBU pool regerading its decision. The same is forwarded
from SON to the UE. Upon receiving the request on target
RH/RRH, UE mutates handover process mn advance and
performs rapid re-authentication successfully as per the
steps referred under “Handover and
Authentication/Re-Authentication Procedure” section.
Neverthless, Inter-RAT handover 1s achieved from UE
to target RH/RRH successfully. In C-RAN,
provisioning as per the user requirement network assisted
Hendover and re-authentication mechamsm enables UE to
perform seamless HO for higher QoS and higher QoE

authentication/re-authentication
procedure: Handover and Authentication procedure in
SON based 3SH RRP network mvolves the following
steps:

Handover and
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Step 1: User Equipment (UE) decides to initiate a
handover. UE senses the broadcasts
neighboring/adjacent RH/RRH. It generates the
Measurement Report (MR) of its nearest RH/RRH. UE
mitiate handover request and forwards Measurement
Report based on its neighboring/adjacent BS list. MR
constitutes the weight parameters such as (B3, P1.Ry)
ie., weight factors includes bandwidth (in terms of
frequency), security level, power Level and RSSI(
Received Signal Strength Indicator). These factors are
considered for evaluating and choosing the appropriate
Base Station to which the UE can perform handover. UE
mitiate handover request. 1e., UE sends a probe request
with MR to the core network (C_RAN consisting virtual
BBU pool).

from 1its

Step 2: UE gets registered to SON. SON triggers
35H-RRP. SON imtiates 3SH-RRP protocol considering
MR factors evolved for each BBU from multiple RH/RRH.

Step 3 : SON auto-configures and tunes the network with
respect to UE’s MR. SON using the pre-historical data or
statistical data along with maximum likelihood estimation
(33H_RRP process) maximizes the capability of deciding
the most optimal Base band unit (BBU) to which the UE
can perform HO. 35H RRP process mitiates a simple light-
welght computational process to identify using the
welght factors (we,wp, Wy, W) estimates and computes the
maximum log likelihood ratio of choosing the best BBU as
per the UEs requirement for HO.

Step4: Using 3SH RRP computation, the best BBU is
chosen as per the UEs requirement for HO. SON finds the
best BBU for UE’s HO using the 3SH RRP process.
Optimal Base band unit (BBU) selected.

Step 5: SON notifies through response indicating the
BBU to which UE needs to handover. Response 1s sent on
best BBU found by SON to the UE.

Step 6: UE notifies the selected RH/RRH to make the HO
readiness:

¢ Step 6.1: Additionally, UE sends a response to SON
on its HO acceptance regarding the selected BBU

Step 7: SON upon receiving the response of UE’s
readiness for HO, sends a request to at Home Subscriber
Server (HSS) server to verify if the selected BBU has all
the services approved for resource allocation for the UE.
HSS verifies resource allocation for UE.

Step 8: Upon successful verification, HSS updates SON
with authentication protocol (appropriate to BBU) for HO.
After verification approval, HSS finds the appropriate
authentication protocol of the selected BBU from the
Authentication center. Authentication Protocol of each
service providers are mamtained in their Authentication
center. All these are hosted and maintained in HSS server.
HSS updates SON on the Authentication protocol for the
selected BBU.

Step 9: SON forwards the response to UE to make
readiness for authentication for the selected BBU.

Step 10: Right now, UE has physically handed over to the
new BBU, but vet to perform the authentication. UE
performs Inter-RAT handover from the current RH/RRH to
the selected RH/RRH and gets completely detached from
the current RH/RRH. Thus, the Inter-RAT handover 1s
achieved from the UE to the selected RH/RRH
successfully. Once the Inter-RAT handover from the UE
to the target RH/RRH i3 successfully completed,
authentication process 1s imitiated at the serving RE/RRH.

Step 11: UE receives the response on authentication
protocol to be triggered from SON. UE initiates the
selected BBUs Authentication protocol and UE sends a
authentication approval request to SON. UE initiates
selected BBUs Authentication protocol .

approval

Step 12: UE forwards authentication

request to SON.

Step 13: SON receives the authentication approval
request from UE. Using the existing secured tunnel
established between SON and HSS for communication,
SON forwards the request to HSS. HSS receives the
authentication or re-approval request from SON. HSS
performs authentication or re-authentication verification
for the UE.

Step 14: The HSS sends the authentication or
re-authentication approval response directly to the UE.
Re-authentication successfully complete .

Step 15: UE indicates new RH/RRH on successful
authentication or re_authentication approval.

Step 16: Resource requested by UE i1s then allocated via
the new RH/RRH. UE is services with requested resources
via new RH/RRH.

The flow model that illustrates various stages
wwvolved in 3SH _RRP scheme 1s referred in Fig.1.
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Core Network C-RAN

SON HSS

UnEesanes (U] Base band unit (BBU) -
e 4G

Multiple RHRRH

| pled G 4G 3I5H-RRP
UE senses the broadeasts from multiple Anth Center
RHRFH and generates the MR of its
nearest RHRRH. UE imitiate handover
request and forwards Measurement Report
based on its neichbourme/adiacent BS list.
Stepl: UE sends aprobe request with ME to core network J

TE gets registered to SON, SON
trigzers 35H_RRP
Step2: SON mitiates 35H-RRP protocol considermg ME.
factors evolved for each BEU from multiple RERRH
Stepd: SON auto-configures and nmes the network with
respective to UE's MR

Execution of 35H-RRP

Step4: Using 35H_FRP computation, the best BBU is chosen
a5 per the UEs requirement for HO

Optimal Base band unit (BBU) selected

Step5: SON notifies the response mdicating the BEU to which UE needs to handover

- —— - — L L T L e D T T T I T T I
Step6: UE notifies the seleeted . I - 1
PRH i : StepT: SON recetves selegted BBU
_R_}E_ i Eﬂil‘_e g:li I_{E) Ee:’ad_%-ss. acceptance response from UE. SON
ds a request to at HSS|server t

Step6.1: UE sends a responseto SON on s HO accstace egarding thelseleced BBU_________ | vty & e slcted BBU fos ol e

services approved for | resource
allocation for the UE.

HSS verifies resource
allocation for UE

Stepd: Upon successful verification,
HSS updates SON with authentication

Step®: SON forwards the respgnse to ME to make readiness for authenfication as per the selected BEU

_________________ >
Btepld: ME performs Inter-BAT
hand over from CRH/FERH to selgcted
FHFFH and pgetz completely
detached from CEHERH

Inter-RAT HO
Smccessfully
Completed

Stepll: ME receive response
from SON for triggering
authentication protocol
|
ME initiates selected BBUs
Authentication protocol

Stepl2: ME forwards authentication approval request to S3OMN Authentication
,,,,,,,,,,,, - approval request

from ME
‘Etepl&: SON forwards raquast to HSS
Stepl4: HSS sends the mithentication or re-authentication zpprovel response direcily to the ME. Authentication or
e = — e oL L A _____1 Re-anthentication
werification for the
ME

L

Re-aunthentication
Success

Stepl5: Resource requestad by ME is then
allocated wiz the selected RELRRH

Seamless Resource allocation
throush new RE/RRH
T

Fig. 1: Handover procedure for basic handover scenario m 3SH-RRP

1453



Asian J. Inform. Technol.,

Variation of Packet loss ratio with varying UEs

10

=& Existing C-RAN
8| | —@— 35H-RRP C-RAN

Packet Loss Rate %

15(9): 1447-1456, 2016

Variation of Call Interruption ratio with varying UE
5.5, . v

—&— Existing C-RAN
—@— 3SH-RRP C-RAN

Interrupt %

100 200 300 400

User Equipment(UE)

500 600

100 200 300 400 500 600
User Equipment{UE)
Variation of Resource Utilization ratio with varying UE
50
" —8— Existing C-RAN

—@— 35H-RRP C-RAN

Utilization %

200 300

400

500 600

User Equipment(UE)

Fig: 2a: Variation of packet loss ratio with varying UEs; b) Varation of call interruption ratio with varying UEs ;)
Variation of resource utilization ratio with varying UEs

RESULTS AND DISCUSSION

Simulation and experimental analysis: In this study, we
present a simulation-based investigation of the proposed
3SH RRP approach in Heterogeneous Network scenarios
by relying on the OMNET++ with Simu-LTE network
simulation package. We have modeled a Cloud RAN with
SON setup in OMNET+ network model simulator. To
simulate the test bed, we constructed an access network
of LTE and L.TE advanced. Then, a special UE device is
constructed i a simulation model in which the SDR stack
such that the UE understands the
multi-radio concept 1.e., the UE can listen to the control

is customized
chammels of all radios in the presence of a current network
(existing UE doesn’t have this support and this
consideration 1s assumed as a concept that would be
incorporated for future wireless network using CRAN
architecture supporting Inter RAT). Model considered
for the test bed assumes user with a mobile UE device is
currently connected to a GPRS/EDGE real time low
bandwidth audio/video session (typically a Skype
application) and is moving across the network in a vehicle

at a speed of 40-120 Km/h. Now, the UE during its
movement 1s able to sense its nearby 3G, 4G LTE signal
strength and has the capability to listen and measure the
signal strength through control channels. Tn OMNET++,
this functionality is implemented n the user equipment
stack by customizing its SDR stack using CH+ code, to
monitor all the broadeasts of multiple networks under a
single service provider environment (within single service
provider, the HO happens between 2G, 3G and LTE)
(Fig. 2). Other functionalities that belong to the simulation
test bed setup constitute the SON which 1s customized in
Simu LTE. The proposed 35H RRP module developed
using C++ 18 mtegrated by loading and configuring into
SON module. We conducted sunulation experiments to
evaluate the performance of the proposed architecture.
The simulation results were then compared against similar

results produced by the  existing C-RAN
(Wang et al, 2014) supporting mult-RATs
systems. We assume these systems running with

varying levels of UE density. The input rate of
new calls and handover calls i1s proportional to the
expected number of UE in the range between 100
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and 550. For every simulation run a number of
performance metrics were measured for the 21500 sec of
simulation.

Packet loss Figure 2(a) shows that the
packet loss rate in existing C-RAN is slightly
greater than 3SH-RRP We assume this
effect results mainly from a higher it rate n

rate:
scheme.
those cases where the existing C-RAN system is used,

when the of UE attempts
simultaneously, the mechanism to manage the contention

number to transmit
was lagging. Where as in the proposed 3SH-RRP
scheme where SON based LLR_WFD is used, the time the
signaling protocols spend traveling to and from UR
and C-RAN core network 1s decreased through intelligent
decision making on selecting the most appropriate BBU
for HO and re-authentication during inter RAT | which in
turns decreases collisions between packets in the MAC
layer. 3SH-RRP 15 capable of reserving bandwidth which
further reduces collisions and packet loss.

Call interruption ratio: Figure 2b shows that even at
high UE, the proposed 3SH-RRP system can achieve
lower call interruption ratio. This 1s because 1n proposed
scheme manages bandwidth utilization during multiple TR
call inter-RATs through effective re-authentication (by
mcreasing the likelithood ratio for best BBU selection
during inter-RAT) preventing system from large call
mterruption (to and fro commurication is overall reduced).
Whereas in the existing C-RAN system, the call
mterruption rate increases as the number of UE
increases. In all of our stmulations, for
performance metrics, an 80% hit rate was used with UE
density varying between 100 to 500 mn the considered
network scenario. As far as the accuracy is concerned, the
hit rate should be evaluated based on its real-time
performance.

Utilization ratio: The utilization ratio
demonstrated in Fig. 2¢. shows that the cost of achieving
higher handoff ratio in 3SH-RRP system 1s quite low. For
the existing C-RAN
utilization rate is ascending prior to descending with 250

resource

system, the slope of resource

nodes and resumes its uptrend again with 300 nodes. The
reason for this is because the increased number of
admitted calls may result n unacceptably high handoff
call dropping rates due to insufficient resources for
handoff calls. However, effective resource handling
through LLR-WFD overshadows the overall improvement
in 3SH-RRP.

CONCLUSION

In this study, we have proposed a SON based siunple
light-weight seamless handover rapid re-authentication
protocol for end-to-end seamless handover across
heterogeneous wireless access networks. The proposed
handover approach gives a simple but effective solution
using C-RAN architecture. It solves the problem of the
higher delay in the current handover design. Aim of the
proposed 3SH-RRP 1s to umprove traffic steering and
mobility management based on user perception and
mobility prediction during handover with limited
unnecessary consumption of network resources.
Although the benefits of 35H-RRP are clear and
reasonable through simulation results, analysis and
implementing in practical networks still need in-depth
of the

research, comsidering practical constramns

heterogeneous links.
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