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Abstract— Next-generation heterogeneous wireless networks provide flexibility to access IP multimedia services (IMS) anywhere at any time
and with always-on connectivity in various networks. IMS service allows to include various networks to provide seamless data services and
helps to reduce the delay that occurred during the handoff process. Long term evolution (LTE) is the fastest emerging mobile communication
technology in the current networking field. We proposed an interworking architecture of LTE and Worldwide Interoperability for Microwave
Access (WiMAX). The key goal is to provide seamless services in heterogeneous networks. We proposed an algorithm to reduce this IMS
delay using Cross-layer and Context Transfer Prior —SIP (P-SIP) scheme using Media Independent Handover (MIH) services. Performance
metrics of Integrated LTE- WiMAX architecture in terms of VHO latency, signaling overhead cost, and packet loss are analyzed.
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I. INTRODUCTION

Next-generation heterogeneous wireless networks are IP-
based architectures with the integration of various wireless
technologies like WLAN, GPRS, UMTS, WiMAX, and LTE[1].
These integrated networks aim to offer users seamless
connectivity and Quality of Service (Qo0S). In the current
wireless networking scenario, many research works are going
for various wireless access technologies to offer seamless
connectivity to the user everywhere, every time, and any service
with high data rates due to increased demand.

One of the most famous wireless technologies is WLAN. But
it has limited coverage which makes it hard to accomplish the
requirements of Next-generation networks as they demand high
data rate services [2]. 3G agreements global access but it has
restricted data rate. To accomplish the requirements of next-
generation mobile networks, some technologies developed to
offer services at high data speeds and cheaper rates; WiMAX
and LTE. A natural aim is to merge these properties of LTE and
WiMAX to give a complete solution. For this solution, we want
a connection with seamless mobility and access to every service,
every time, everywhere with every device, for this we require,
IP Multimedia System (IMS), a new emerging technology that
allows establishing a peer-to-peer connection in IP-enabled
devices easily.
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Next-generation heterogeneous networks combine
3GPP and non-3GPP radio services. They are having different
architectures and so the authentication and registration
processes, therefore we needed an architecture that supports
both 3GPP and non-3GPP services [3]. The EPC is an evolution
in the GPRS with additional features in it and it provides access
to 3GPP and non-3GPP services [4]. In heterogeneous networks
delay occurring due to registration and setup processes when
the mobile station (MS) moves from one access technology to
another is the major issue in real-time IP multimedia services as
it causes the delay in ongoing activity, this delay is known as
vertical handover (VHO) delay[5]. Thus the main requirement
for integration architecture is that it should allow the
coexistence of 3GPP and non-3GPP technologies and MS
should perform VHO with minimum delay and signaling
overhead. The main advantage of IMS is reduced VHO delay.
IMS uses the Session Initiated Protocol (SIP) to control
multimedia communications and to manage  sessions. They
can easily mix various IP services in any way, anytime and
anywhere. In addition to that, they can add or drop services
whenever they choose.

Here, we proposed a new heterogeneous network that
combines WIMAX and LTE in EPC architecture with IMS
compatibility. In this architecture, Core Network (CN) and a
WiIMAX network are interconnected to LTE core by using
special functional entities and IMS is for session control. Due
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to long delays and packet losses, handoff performance is low in
the traditional SIP system. Therefore, we propose two new
schemes based on SIP, a location-aware context transfer based
pre-registration approach and a Prior SIP (P-SIP) scheme
used by cross-layer and Media independent Handover (MIH)
services to reduce the IMS re-registration and re-setup delay
which causes VHO delay. We analyzed the results of the
performance of the proposed integration scheme LTE- WiMAX
interworking architecture. We used MATLAB to simulate and
analyze our integration architecture.l1

Il. RELATED WORK

Next-generation networks combine several access networks
to offer a network everywhere and at all times, always active.
The key requirements to be considered for the interworking
architecture are mobility support for access networks and
roaming agreements between all services, subscriber
identification mechanism, and synchronization of Home
Subscriber Server (HSS) between access networks.

There are a lot of requirements for interworking of
access technologies that need to be considered and users expect
to receive same service quality in all network environments, be-
fore and after integration. Many protocols for handoff
management and integration architectures have been proposed
to achieve seamless connectivity. When communication
happens between the mobile station and the other entities in the
integration architecture, increases the signaling overhead and
latency [5]. So, for adaption the logical entities FAF and
ANDSF (Access Network Discovery and Selection Function)
are added in these architectures. In further development to this,
other integration architectures used the IMS as solution for
interworking 3GPP with non-3GPP networks to provide
services like voice, video, data [6]. IMS use session initiated
protocol (SIP) to control session and also it has the ability to
support mobility, in conventional SIP approach handoff
performance is very poor as the VHO delay and packet loss are
high. In [7], they suggested an integrating design for WiMAX
and 3GPP on IMS. Authors in [9] proposed methods in which
combined SIP and MIP schemes are used to reduce the delay,
MIP used for mobility and SIP for controlling sessions. Cross
layer shows better results than conventional SIP and MIP. A
new technique using SIP based Cross layer , MIH and FMIP
schemes is proposed in [10], MIH is used for fast handoff but
in real environment modifications are need to be done in MS.
To reduce delay due to IMS re-registration, [9,12] proposed a
context transfer scheme but not used the cross layer solution and
MIH. Authors in [10,12] presented cross layer method using
MIP and SIP REINVITE, but SIP causes long delay. Authors in
[11] used context aware solution for continuity of ongoing
session but it has no support in IMS based environment and
used conventional SIP method. [13] Author proposed Fast IMS
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Mobility (FIM), a scheme to minimize handoff delay MS to
prevent IMS deregistration, and IPsec SAs are exchanged
during handoff from old P-CSCF to new P-CSCF. In contrast
with pure SIP, this approach improved the delay. But while
NGN is concerned with high-speed communication, this delay
needs to be further reduce to prevent data loss for the
transmission of real time data during handoff so, In this paper
introduces the Context Transfer P-SIP based MIH approach for
fast and smooth handover with minimal IMS delay.

I11. BACKGROUND

IP Multimedia Subsystem (IMS)

The IMS has been standardized and developed by 3GPP to
provide IP networks with multimedia services. IMS is an
architecture of 3 layers [14]. There are numerous functional
entities within the IMS architecture. They are as follows.

A Application Server

The server is enabled using SIP, and IP services can be
implemented in the IMS network according to user requirements
[28].

B. Home Subscriber Server (HSS)

It acts as the database where the profile of a given user,
policies of QoS are stored[24]. Application Server

C. Session Initiated Protocol (SIP)

IMS network use SIP for session establishment,
management, and transformations. It helps to mix different IP
services in any way and anytime and it can add/drop services
whenever wanted. SIP has several servers that act as SIP
registrar and proxy servers and known as Call-Session Control
Function (CSCF). It starts, manages and modifies multimedia
sessions with QoS[15][19].

D. Session Initiated Protocol (SIP)

IMS network use SIP for session establishment,
management, and transformations. It helps to mix different IP
services in any way and anytime and it can add/drop services
whenever wanted. SIP has several servers that act as SIP
registrar and proxy servers and known as Call-Session Control
Function (CSCF). It starts, manages and modifies multimedia
sessions with QoS[15].

Media Independent Handover (MIH)

MIH is Media Independent Handover which developed
to support fast handovers between networks [9][14][22]. It is an
interworking IEEE 802.21 standard. It is an extra layer between
Layer 2 and Layer 3. It provides information that is related to the
network to upper layers and helps to decide for handoff. Fig. 1
shows the representation. The MIH helps in signaling in between
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the IP network and the other wireless technologies and selects
the most appropriate network.

IV. PROPOSED METHOD

In IMS based vertical handover, access technology changes
require re-registration of MN with the IMS core network, and
some parameter negotiation required before re-establishing a
new session with the CH [15]. This introduces a long handoff
delay in the ongoing session, called IMS handoff delay. The
main aim of our scheme is to reduce these delays which are
occurring due to re-registration and session re-setup processes
with IMS. For this purpose a context transfer P-SIP using MIH
scheme.

Handoff decision Upper Layers (IP, Mobile IP,
module SIP, Transport,Application....)

MIH_SAP

MIH_LINK_SAP

Lower layers
(802.3,802.11,802.15,802.16,3GPP,3GPP2...)

Figure 1 The MIH function

A Media Independent Event Service (MIES)

MIES offers event information based upon dynamic changes
in link characteristics, link quality, and link status. Events of
MIH are communicated through MIH SAP to the upper layers,
like Link UP (the layer 2 connection gets established and the link
is made available for the user), Link Detected, Link Going Down
(loss of the Layer 2 connection is starting) and Link Down (the
Layer 2 connection is lost). These events were used by mobility
management protocols, for example, Link Down or Link Going
Down performs, while handover initiates [31]. As per QoS
requirements, the quality, characteristics, and link status that are
essential for the MME to perform handover decisions are
reported by the application layer. Thus, it is useful for deciding
which network and PoA the MN must switch within available
networks and when to perform the handover.

B. Media Independent Command Service (MICS)

The MICS feature is used by MIH to transmit commands
from the upper layers to the lower layers.

C. Media Independent Information Service (MIIS)

The MIIS offers the MIHF entity a framework to search and
explore the prevailing neighboring network information which
enables the handoff process and provides the static information.
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MIIS integrated with IMS is executed in the access network as
well as in the core network. The MIIS server locates both the
networks, then in Gateway, MN, and PoA, MIH gets
implemented as represented in Fig.1. In MIH, using the pattern
of request-response, the information is exchanged between the
MIIS and the remote MIHF. In [16], the authors used the HTTP
for the exchange of information with the MIIS. Here, SIP
supports MIIS information exchange and MIIS integration into
IMS [26]. Access network details such as geographical location,
PoA MAC address, network operator’s name, operating
channel, network access routers prefix, address of DHCP, etc.
are kept by the MIIS server. Such information is utilized from
all access networks by users.

The MIH and its functionality are implemented across
both the MN and access network, where the MN registers with
the MIH Access Server (MIHAS) to use MIH services. Fig. 2
represents the registration process of MN with the MIH server.
Further, to get registered with the MIH, MN sends the Subscribe
message signal to the MIHAS that bears the information
regarding the MN. After receiving the subscriber request from
MN, MIHAS sends 200 OK messages to MN [15]. MIHAS
updates the information of MN in its server and replies to MN
with the Notification message, to convey the completion of the
registration process. MN acknowledges by sending 200 OK
messages in response and gets registered with the MIH[8].

UMUW

SUBSCR\BE

200 OK

F 9

NOTIFY

F N
F
F

200 OK

L L L

Figure 2 MIH Registration Process

Proposed context transfer P-SIP scheme

The In an IMS-based service, whenever a session is going
on, all the information about the session (context) is stored in
CSCF servers. When the MN moves into another access
network, it is necessary to get re-register with the IMS. So,
instead of re-registering, use the known information from the
previous registration process which is saved in the IMS. A
context transfer procedure is performed within IMS and among
P-CSCFs. In this procedure, all the useful data regarding the MN
like session states, call states and some parameters are shared
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with new P-CSCF by exchanging pre-register messages. The use
of this proposed location Aware based context transfer method,
reduce the overall number of message exchanges and thus
reduced the packet loss and handoff delay. P-SIP to decrease the
latency of the IMS re-setup process. In this, MN builds its
connection site in the target network before the link down and
MN can communicate with the new network while the
connection with the old network still going on. Here we used a
make-before-break approach which allows MN to receive
services from both the networks. It is possible to use the SIP pre-
invite message sent from MN to CH to allow MN to form a new
session while the old network is still attached.

The most significant goal here is to obtain the IP address of
the new network before the connection. IP address phase

acquisition induces a lengthy delay. We used the MIP method in
the previous approach to extract the IP address. Here, via the
Prior-duplicate address detection (P-DAD) technique that uses
router solicitation and advertising messages, MN can obtain the
target network IP address [20][30]. We removed the traditional
MIP registration method by using the P-DAD scheme, which in
turn decreases the number of messages exchanged via MN. Thus
in this scheme, the handoff procedure starts after the occurrence
of the MIH link going down event instead of the link goes down
as happened in previous techniques. Here cross-layer with the
MIH functionalities which laid to quick handoff. The proposed
method offers a comprehensive solution for fast and smooth
handoff to be accomplished.
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Figure 3: WiMAX, LTE Integrated IMS Architecture using MIH
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HANDOff process:

To:sip:user@homel. MANI (CH)

MN: signal strength Measurement (SRM)

LTEeNB: send response to MN

PCSCLTE- Route to S-CSCF

IF RES == XRES then

Set -status == "200"

Route “OK” to ICSCF->PCSCF
PCSCLTE — send->Response to MS.

interface)
MN&> CH: Data transfer Takes place;

From:sip:user@home.frag:tag=MAYA (MN)

(sip:user@home.frag:tag=MAYA) MN receives: advert message from LTEeNB:
MN: MIH Info. Request to ZMIIS (2405:200:311:6: 13)
(2405:200:311:6: 13): gives the details about LTEinterface to MN

IF SRM(> threshold) == "Maintain the call in same access network"
ELSEIF SRM(< threshold) == "request handoff"
MS req.NCOA: to LTEeNB through ASNGW

PCSCLTE- receives: CT PRE-REGISTER from MS

Then MS-> P-SIP message to sip:user@homel
CN Route “OK” to MN: status 2000k (means that CH ready to connect with MN via new

Pseudocode 1: Handoff process for MN from WiMAX to LTE

System Model:

Figure 3 shows the WIMAX, LTE Integrated IMS using
MIH Architecture. Author [2] discussed the cross layer-based
system model architecture. Further, improvising the system,
MIH entities are interconnected with the proposed system like
Zonal - MIIS (Z-MI1S), implementation in an access network,
and G-MIIS (Geographical-MIIS), an implementation in a core
network. MIIS incorporation to IMS is executed at both the core
network and access network.

In the beginning, MN is connected with and receives service
from the WiMAX network. In an IMS based service, as the
session proceeds, all the information about the session (context)
is stored in CSCF servers. When the MN enters into a new access
network, it necessitates re-registration with the IMS. But, instead
of re-registering, the known information from the previous
registration process which is saved in the IMS is utilized. A
context transfer procedure is performed within the IMS and
among P-CSCFs, where all the useful data regarding the MN like
call states, session states, and some parameters are shared with
the new P-CSCF by exchanging the SIP_ct_Pre-register request
and response message.
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Handoff between WiMAX and LTE networks:

Initialization of MN at 802.11 MAC layer: At the
starting, MN is connected and receiving service from the
WiMAX network. When the LTE interface of MN starts to
detect beacon frames of the LTE network, it triggers link
detected event[15]. And a gathering of information for
available neighboring networks gets started using
MIH_Get_Info_Req & MIH_Get_Info_Resp messages shown
in figure 4. Many parameters in this information such as next
router’s and P-CSCF’s IP addresses are provided IP address
configuration: After receiving parameters from MIHAS, MN
stars checking for existing assets in LTE network using
MIH_Get_Query_Req & Resp messages and then Router
solicitation (RtSol) NCoA request is sent by MN to enode B
for an IP address. After receiving a unique address through the
RtSol message, enodeB replies with a Router advertisement
(RtAdv) NCoA response message containing the IP address
obtained by the P-DAD procedure. MN got a new IP address,
after this it configures this new IP address to the LTE interface
as shown in Pseudocode 1.
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IMS pre-registration procedure

When the MIH connection going down event from the
lower layers detected by MN, then it confirms to commit
handover through MIH_HO_Commit_Req &
MIH_HO_Commit_Resp messages. The pre-registration of MN
with the P-CSCF of the LTE network starts using the SIP CT
Pre-register notification after the handover decision. Now, via
the I-CSCF and S-CSCF servers, P-CSCF with HSS changes the
context information and sends 200 OK message to MN, and MN
is still in the WiMax interface.

Use of P-SIP Message

Now MN sends the P-SIP message request to the target
network's interface. MN’s LTE interface and target network
exchange some information that required connecting to the new
network. CH now receives a response via the 200 OK post. A
new session is then created at LTE and the ongoing session is
transferred to the new network.

V. PERFORMANCE ANALYSIS

Vertical handover latency

It is the time required to transfer SIP messages from MN to
network components from the time when the target network is
discovered till the acknowledgment is sent from CN[12]. The
inclusion of delay in SIP signaling delays and the time taken by
HSS table lookup is VHO latency. For previous cross-layer
schemes, the total VHO latency is given by:
DLno) = DLp_gip) + DLs5) @

For cross layer,
DL(vhoy = DLmipy + DL(sipy + DLss) 2

SIP signaling delay for proposed scheme is expressed as below:
DLp_sipy = dlpre — regus.s.cscr) + dlpre —
resp(s.cscr-ms) dlp — inviteps.cny + dlok(CH_Ms) +

dlack gs-c 3

LTE and WiMax network characteristics can affect the
transmission delay with great effect. The transmission time of a
signaling message is depending on the message size and
bandwidth of the link. A transmission delay of a message
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exchanged from x to y is consisting of wireless link delay and
wired link delay and is given by[8,17]:

Ty(S: hee-3)) = 5o+ Lt + heyy * (5 + L) )

wl

Thus, the total VHO latency for the proposed scheme and cross-
layer scheme is given as:

DLyuoy = dlpre — regous.s.cscr) + dlpre —
resp(S.CSCF-MS) + dlp - invitE(Ms_CH) + lek(CH-MS) +
dlack(Ms_CH) + DL(HSS) (5)

Packet loss

It is the sum of all the packets lost when handoff takes place
during the ongoing session i.e. while receiving downlink data
packets. Packet loss in vertical handover is given by:

L) +D2| xG %Ny, 6)

(2XTigq)
Ti,q is the time taken to send the next message signal, G is the
rate of packet transmission for downlink, N is the average
number of handovers during the ongoing session, it is defined as
Average network resident per average call connection time [10].

packet loss = [(

VHO signaling overhead cost

The cumulative traffic load due to the sharing of message
signals during the MS contact session between network nodes is
Signaling overhead. It can be calculated as:

Cixsy) = Si * hix—y) x M, (7)
Where Ci is the cost of message | when sent from ato b. Siis the
message size and h(x-y) is for the number of hops. m;, is the
mobility rate during a session.

Call to Mobility Rate (CMR)

To obtain CMR changing the signaling cost equation given in
[10].
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Figure 4 Context transfer P-SIP signaling scheme
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signal cost = (Gd X [Z Sy(re — Invide) — I x hx_y]) X
(G x [ES, (mvide) — I x hy.y]) (8)

Where, G, is Mobility score of the average network, G, is
Average arrival rate for call (session) and S, (re — Invide) — I
is the IMS Invite Sequences for Messages and S,(re —
Invide) — I is the size of the Imessage sequences of IMS
Reinvite.

Where CMR is the rate g—’;

TABLE 1 Message size for Context transfer P-SIP scheme

SIP Message Size (bytes)
CT Pre-register request 225
CT Pre-register response 225
P-SIP 810
SIP 200 OK 100
SIP ACK 60

VI. SIMULATION RESULTS:

Table 1 illustrates the message size values used for the
simulation and the remaining message sequence values
considered from the author [2]. Simulation results reveal that,
unlike MIP and SIP as well as cross layer FIM mechanisms, the
handoff delay is smaller when the context transfer P-SIP is used.
The analysis of VHO latencies for context-transfer P-SIP, cross-
layer FIM and MIP-SIP scenarios when MN switches from
WiMAXto LTE is shown in Fig. 5. The proposed VHO solution
has less handover latency compared to previous scenarios due
to the reduced number of message signals exchange during
handoff. Therefore, the Context transfer P-SIP scheme clearly
dominates the other two strategies shown in Table 2.

O 8 T T T T T T T T
—O—MIP-SIP

Cross layer FIM
0.7 |—#— Context transfer P-SIP

o o o
B o [=2]

VHO Latency(seconds)

o
w
T

1 2 3 4 5 6 7 8 9 10
Number of hops to HN on x axis 1 unit=5 hops

Figure 5 VHO latency vs Number oh hopes to HN
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8
10 1 . : . : . T .

—&— MIP-SIP
Cross layer FIM
9.5 F | Context transfer P-SIP

85F

Packet loss in bytes

1 2 3 4 5 6 7 8 9 10
Number of hops on x axis 1 unit=5 hops

Figure 6 Packet loss vs number of hops

Scheme Number | Delay (ms) packet
Name of hops loss(Bytes)
MIP-SIP 5 221 7.34X108
Cross layer 5 169 7.30 X108
FIM
Context 5 145 7.139 X108
transfer P-
SIP

Table 2 Analysis of delay in different schemes

As the number of hops increases, packet loss also increases
but the value is less in the proposed scheme. The cross-layer
FIM and Context transfer P-SIP methods display an
improvement in the packet loss rate of 1.5% and 5.5%
respectively, relative to the number of hops, as shown in Fig.6.

9
12 210 : : : ; - -

—&— MIP-SIP
Cross layer FIM
10 F |~ Context transfer P-SIP

Packet loss in bytes

1 2 3 4 5 6 7 8 9 10
Number of handovers on x axis 1 unit = 5 Handovers

Figure 7 Packet loss vs number of handovers
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As far as the number of handover is concerned the cross-layer
FIM and Context transfer P-SIP reported a 7% and 27%
improvement in the packet loss rate. As the amount of handover
increases the number of missing packets, the delay transfer is
added at each handover to the signaling costs, resulting in more
vertical handover latency, packet loss, as shown in Fig.7.

w107

10

T
—&— MIP-SIP

9r Cross layer FIM
—F— Context lransfer P-SIP

signaling cost in bytes
(4]

0 20 40 60 80 100
Number of Handovers

Figure 8 signaling overhead cost vs no of handovers

As predicted, in all three schemes, the signaling expense
displays linear activity relative to the number of handovers, as
shown in Fig. 8. In comparison to the MIP-SIP technique, the
cross-layer FIM technique shows an improvement of 16.2 %
signaling cost and the Context transfer P-SIP shows an

improvement of over 73% signaling cost.
12 /:100 T T T T T T

—&—MIP-SIP
Cross layer FIM
10 F |~ Context transfer P-SIP

Signaling cost in bytes
[=2]

P

¢ B
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Number of hops on x axis 1 unit = 5 hops

Figure 9 signaling overhead cost vs no of hops

Context transfer P-SIP shows an improvement in signaling cost
71% and the cross-layer FIM method shows an improvement of
more than 15 percent compared to the MIP-SIP technique with
respect to the number of hops, shown in Fig. 9 the effect of
varying the distance to CH on the VHO signaling overhead cost
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is shown. Signaling overhead increases as the distance to CH
increases and the proposed solution reduces the cost compared
to other scenarios.

The association between CMR and signaling cost is shown in
figure 10. In contrast to other systems, signalling over head in
the proposed Context transfer P-SIP scheme can be shown the
minimized relative to other schemes.

x10°

12 T T T T T T T T
—&— MIP-SIP
Cross layer FIM
—p— Context transfer P-SIP

signaling cost in bytes

CMR
Figurel0 signaling overhead cost vs CMR

VII. CONCLUSION

NGMN supplies a variety of multimedia apps with massive data
from live video streaming cameras or recorded videos for
delivery to users. During these data transmissions, the mobile
UE carry out a handoff which may result in increased latency
and overheads due to that live steaming may causes delay. To
overcome such delay in the NGMN we have proposed a new
handoff scheme called a context transfer P-SIP between LTE
and WiIMAX access infrastructure integration model based on
IMS services. Proposed VHO presented to reduce the vertical
handoff delay. By analyzing various parameters and results we
can conclude that, the proposed context transfer P-SIP handover
scheme gives the less handover latency, less packet loss and less
signaling overhead compared to the MIP-SIP and Cross layer
FIM.

Energy conservation will be the biggest obstacle concerning
green connectivity in the future. The most powerful spectral
strategy is used by LTE and WiMAX, but they use more
resources. Therefore, it is important to think about lower
resources and energy use, as well as to consider aspects of
contextual adaptation.
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