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ABSTRACT
This paper provides a high-level overview of E-UTRAN interworking and interoperability with existing Third Generation
Partnership Project (3GPP) and non-3GPP wireless networks. E-UTRAN access networks (LTE and LTE-A) are currently
the latest technologies for 3GPP evolution specified in Release 8, 9 and beyond. These technologies promise higher
throughputs and lower latency while also reducing the cost of delivering the services to fit with subscriber demands. 3GPP
offers a direct transition path from the current 3GPP UTRAN/GERAN networks to LTE including seamless handover. E-
UTRAN and other wireless networks interworking is an option that allows operators to maximize the life of their existing
network components before a complete transition to truly 4G networks. Network convergence, backward compatibility
and interpretability are regarded as the next major challenge in the evolution and the integration of mobile wireless
communications. In this paper, interworking and interoperability between the E-UTRAN Evolved Packet Core (EPC)
architecture and 3GPP, 3GPP2 and IEEE based networks are clearly explained. How the EPC is designed to deliver
multimedia and facilitate interworking is also explained. Moreover, the seamless handover needed to perform this
interworking efficiently is described briefly. This study showed that interoperability and interworking between existing
networks and E-UTRAN are highly recommended as an interim solution before the transition to full 4G. Furthermore,
wireless operators have to consider a clear interoperability and interworking plan for their existing networks before making
a decision to migrate completely to LTE. Interworking provides not only communication between different wireless

networks; in many scenarios it contributes to add technical enhancements to one or both environments.

Keywords: LTE, LTE-A, Interworking architecture, GERAN, UTRAN, Diameter

1. INTRODUCTION

Long Term Evolution (LTE) [1] technology has
become the target for most of the wireless operators
moving towards Fourth Generation (4G) deployments. As
user demand for mobile broadband services continues to
rise, LTE and its ability to cost effectively provide very
fast, highly responsive mobile data services will become
ever more important. According to the Global mobile
Suppliers Association (GSA) statistics [2], there are 371
LTE network deployments planned or in progress in 116
countries around the world. By the end of May 2013,
GSA anticipates there will be 248 LTE networks. For
many operators, LTE represents a significant shift from
legacy mobile systems as it is the first all-Internet
Protocol (IP) network technology and will impact the way
networks are designed, deployed, and managed. LTE uses
Orthogonal ~ Frequency Division Multiple Access
(OFDMA) and advanced antenna techniques to maximize
the efficient use of radio frequency spectrum with a
purely Packet Switch (PS) EPC core network. In addition,
the transition to IP has enabled LTE to support Quality of
Service (QoS) for real time packet data services like VolP
and video conversation. The overall goal of 4G systems is
to provide a converged network compatible with the Next
Generation Network (NGN). Though the Release 8
version of LTE does not strictly meet the ITU
requirements of a 4G system [3,4], its architecture and
underlying technologies provide a solid foundation for the
Release 10 LTE-Advanced system (LTE-A) [5]. LTE-A
meets the full IMT-Advanced requirements and
sometimes exceed them, including for example, 8x8
Multiple Input and Multiple Output (MIMO) technology,

Channel Aggregation (CA) up to 100 MHz, and Relay
Repeaters (RR). Moreover, it supports a range of self-
optimizing, self-healing capabilities that enable the
network to execute tasks that in earlier technologies have
been carried out manually. On the other hand, there are
some cons for LTE and LTE-architecture. For example,
Full upgrade is high expensive; new equipments will be
needed to be installed which are also suppose to be
expensive, any security concerns regarding the network
architecture and the user equipments. The high mobility
supported by these technologies includes real risks during
transfer from home network and servers to someone
else's. 3GPP has well established evolutionary networks
schemes from 3GPP Release 99 to 3GPP Release 10 LTE-
Advanced and in 3GPP Release 8 by introducing LTE as a
separate overlay network, wireless operators become able
to deploy and test an LTE network separately while
minimizing impact to their existing UTRAN/GERAN
packet networks and provide service to their subscribers.
Nowadays, mobile operators will need to deal with
specific challenges associated with LTE, such as
interworking and interoperability with legacy 3GPP and
non-3GPP wireless networks, ensuring end-to-end high
QoS delivery to satisfy the desired end user experience
(QoE), Furthermore, an interaction with the IP
Multimedia Subsystem (IMS) for the delivery of
multimedia services and voice will make sure that LTE
will remain competitive for at least the next ten years. The
goal of this work is to analyse the interworking and
interoperable capabilities and requirements between the
E-UTRAN EPC architecture and legacy GERAN (radio
access network of GSM/GPRS) / UTRAN (radio access
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network of UMTS-based technologies W-CDMA and
HSPA) and provide seamless mobility through non-3GPP
wireless accesses such as WiMAX, cdma2000® EV-DO.
Taking into consideration many heterogeneous networks
constraints with regard to different data rates, handover
procedures, billing strategies and authentication which are
fundamentally different between these wireless networks.
The rest of this paper is organized as follows. Section Il
gives a description of the LTE-EPC core network with the
role of IMS and evolved Packet Data Gateway (ePDG) in
the interworking architecture briefly. Section 111 describes
the LTE interworking requirements and explains and
analyses the LTE interworking with different wireless
networks. Section 1V introduces the LTE interoperability
with 3GPP and non-3GPP wireless networks and Section
V concludes the work.

2. THELTE-EPC ARCHITECTURE

The LTE consists of two networks: the E-
UTRAN and the EPC [6]. The result is a flat system
characterized by its simplicity, a non-hierarchical
structure for increased scalability and efficiency, and a
design optimized to support real time IP-based services,
higher data rates, and lower latency. Moreover, support
for interworking with several wireless access technologies
is provided. The EPC is a flat all-IP system consisting of
six nodes: The Mobility Management Entity (MME) , the
Serving Gateway (S-GW), the Packet Data Network
Gateway (P-GW), the Home Subscriber Server (HSS), the
Policy and Charging Control Function (PCRF) and the
evolved Packet Data Gateway (ePDG). It allows for
interconnections to legacy 3GPP technologies via the S-
GW and to non-3GPP technologies via the PDN-GW to
ensure Inter-technology handover and roaming. The
migration from GSM/UMTS to LTE is great step because
these networks are fundamentally different, and this
includes a migration from Circuit Switch (CS) based
networks to all-1P purely PS networks.

2.1 The Role of Diameter
Interworking Process

The design of the Diameter protocol was
initiated by the 3GPP to be used for their IMS [7].
Diameter is a type of Authentication, Authorization and
Accounting  (AAA) protocol. LTE uses the
Diameter protocol as a signalling protocol; operators
usually use it to provide a seamless handover, which
results in better user experience across different networks.
Diameter helps in LTE interworking with a legacy
networks, signalling conversion from Diameter to
SS7/MAP includes scenarios such as roaming between
LTE and UTRAN/GERAN networks, security handover
and HLR subscriber authentication. However, the
interworking of LTE and legacy elements, protocols and
interfaces require the right kind of connectivity to
guarantee a smooth transition and to deliver the promised
cost reductions. Standard bodies such as 3GPP and
GSMA have defined the InterWorking Function (IWF)
(Fig. 1) [8] that specifies Diameter to SS7/MAP and vice
versa for interworking. The IWF of Diameter/SS7-MAP
solution enables seamless connection of LTE elements,

Protocol in the

interfaces and protocols to legacy SS7, thereby delivering
cost savings on the reuse of legacy elements by
converting the Diameter (S6a, S6d, S13, Gy) to SS7 (Gr,
Gf, Ge) during the handover and roaming scenarios. The
IWF serves as a translator between Diameter messages
and Mobile Application Part (MAP) messages and maps
these messages to their final destination according to a
session mapping table between Diameter and MAP.
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Fig 1: Architecture for IWF Scenario three network
deployment: visited EPS with E-UTRAN only, home EPS
with E-UTRAN and UTRAN/GERAN and Pre Rel8
UMTS/GPRS- Source 3GPP

2.2 The Role of IMS in the Interworking Process
3GPP developed a complete service network
system for mobile networks, called IP Multimedia
Subsystem (IMS) in Release 5 [9]. After that, many
development and enhancement have been made to the
IMS in term of interworking with other wireless networks
in 3GPP Release 6 and beyond. IMS is a full Session
Initiation Protocol (SIP) based control architecture that
includes charging, billing and bandwidth management. As
such, it defines its own formal interfaces with the IETF
for any protocol extensions. Mobile operators will count
on LTE to implement cost-effective network changes as
preparation for [IMS. The interworking between
UTRAN/GERAN and LTE can enhance the system
capacity for voice calls by utilizing IMS network
capabilities. However, IMS was designed to support the
IP6 address space but most of the 3GPP and non-3GPP
networks only support the 1P4 address space. In this case,
IMS requires additional functions to deal with IP4 such as
an IMS Translation Gateway (IMS-TrGW), an IMS
Application Level Gateway (IMS-ALG) - IMS Access
Gateway (IMS-AGW) [22]. These functions helps IMS to
interwork with other non-IMS, different protocol stacks
and IP address space wireless networks by providing
transcending, 1P4-IP6 media flow interworking and
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security, bandwidth control etc,. However, these
functionalities may be not available in early IMS
deployments.

2.3 The Role of ePDG in the Interworking Process

ePDG [10] is important node in the EPC
architecture which is responsible for interworking
between the EPC and untrusted non-3GPP networks (Fig.
2) that require secure access, such as Wi-Fi and
femtocells. It will authenticate the UE with the 3GPP
AAA server during tunnel establishment using the
Extensible Authentication Protocol (EAP)/ AKA. The
ePDG provides the local IP address.

HPLMN

Oparator’s IP Sarvicas
(a.g. IMS, PS5 atc)

VPLMN

3GPP | Serving
\/
i IGPP
” AAA
| 3GPP networks: GERAN,
UTRAN, E-UTRAN S2a

Non-3GPP
Networks

Trusted
Non-3GPP
Aeccass

Untrusted
Non-3GPP Accass
Wa®
Tat=r=

| 3GPP2 networks (Trusted and
k Untrusted): WiMAX, EVDO, WLAN

Fig 2: Architecture for E-UTRAN (LTE/LTE-A)
Interworking with 3GPP and non-3GPP (Trusted and
untrusted networks) (Roaming Scenario) - Source 3GPP

2.4 Backward Compatibility

Backward compatibility is an important
characteristic of 3GPP standards, allowing phased
upgrades and a choice of evolution paths for operators, for
example, HSPA is backward compatible with W-CDMA
systems, allowing operators to maximize returns from
their W-CDMA investments. LTE and LTE-A are
backward compatible with non-3GPP as well as 3GPP
technologies [11], also there are backward and forward
(for LTE) between themselves. Their ability to interwork
with legacy and new networks, and the seamless
integration of Internet applications will drive the
convergence between fixed and mobile systems and
facilitate new types of services. LTE has opened a new
era with the transition from circuit switched approaches
for voice traffic to a fully PS model. A key attraction of
LTE for mobile operators is its inherent spectral flexibility
through its variable carrier bandwidth. It can be deployed
in many different frequency bands with minimal changes
to the radio interface. The EPC has a network architecture

which simplifies connectivity with 3GPP and 3GPP2
technologies as well as IEEE based and fixed line
broadband networks. This raises the possibility of
migration from cdma2000® to LTE.

3. LTEINTERWORKING

REQUIREMENTS

There are many requirements for interworking
that need to be taken into consideration, driven by the
constraints which have been mentioned before. The user
expects to receive the same service level in both network
environments, before and after interworking. The main
requirements for LTE are firstly mobility support between
two different networks, and the user needs to notify of
service derogation during handover [13] [14]. Secondly,
partnership or roaming agreements between an LTE
network operator and any other network operator should
give the user the same benefits (e.g. data rate, QoS) as if
the interworking was handled within one network
operator. Furthermore, a billing system between roaming
partners must be handled. Finally, the subscriber database
is also important and could either be shared or be separate
for the two networks but sharing the subscribers’ security
association. The subscriber database could be a HLR/HSS
(3GPP terminology) or an AAA server (IETF
terminology).

3.1 The LTE-IEEE Based Networks Interworking

3.1.1 LTE-Wi MAX Interworking

Mobile Wi MAX using IEEE802.16e has
excellent capabilities in regard to supporting high data
rates, the essential QoS and mobility ability, in addition to
offering a wide area of coverage. Interworking between
this technology and LTE (Fig. 3) is considered as
significant towards developing the 4G networks. 3GPP
and mobile WiMAX access are integrated through the
EPC; the 3GPP side uses S-GW for supporting this
interworking while WiMAX uses P-GW for the same
reason. The SGSN in the legacy network connects to the
S-GW. A new entity in EPC called the Access Network
Discovery Support Function (ANDSF) is used to help E-
UTRAN discover the target access [12]. Since the mobile
WIMAX and the LTE networks have different protocol
architectures and QoS support mechanisms [15], protocol
adaptation is required for their interworking. For example,
with a Layer 2 approach, adaptation would be required in
the Medium Access Control (MAC) layer for the WiMAX
Base Station (BS) and LTE eNodeB. With a Layer 3
approach, the adaptation would be performed at the IP
layer, and an LTE user would interact only with the
corresponding LTE S-GW. This Layer 3 approach is
preferred for WiMAX/LTE interworking, since LTE S-
GW can fully control bandwidth allocation among the
LTE users. The S-GW in LTE is responsible for the
protocol adaptation up to the IP layer; modifications of
LTE User Equipment (UE) and the WiIMAX BS are not
required. A new architecture deployed between these two
new technologies will result in benefits to both mobile
operators and subscribers. The interworking will provide
high data rates, better performance and additional features
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and services to the subscribers in both wireless networks.
The required LTE access network may be owned either by
the WiMAX operator or by any other party, which then
requires proper rules and Service Level Agreements
(SLASs) set up for smooth interworking on the basis of
business and roaming agreements between the LTE and
mobile WiMAX operators. The interworking architecture
is required to support automatic selection of the
appropriate network, based on Mobile Terminal (MT)
preferences. The main requirements for interworking that
need to be taken into consideration are the requirements
which are given Section Il. The Mobility Management
(MM) procedure should provide a mechanism to

minimize the service interruption time and support service
continuity in addition to minimizing the impact on the
legacy systems (GERAN, UTRAN) and the UE using the
S14 interface. There are important interfaces to complete
the interworking between the two wireless networks. For
example S2a and S2c which are used to control and
provide mobility with WiMAX because WIiMAX is
considered from the 3GPP point of view as a trusted non-
3GPP wireless network. The S101 interface also plays an
important role by connecting the LTE-MME with the
WIMAX Access Service Network (ASN).

HSS

S1-MME

PCRF

Operator's [P

WilAX ASN

Mobile WilAX Network

Services (e.g. IMS,
P55 etc)

IGPP AAA

Fig 3: Architecture for E-UTRAN Interworking and Handover with Mobile WiMAX- Source 3GPP

3.1.2 LTE-WLAN Interworking

3GPP firstly developed an IMS-based network
interworking mechanism with WLAN in 3GPP Release 6.
The interworking of LTE and WLAN is very important to
make wireless multimedia and other high data rate
services a reality for mobile subscribers. A multimedia
LTE/WLAN terminal can access high-bandwidth data
services where WLAN coverage is offered, while
accessing wide area networks using LTE in other places.
To make multi-access solutions effective, we need an
integrated solution to provide seamless mobility between
these access technologies, allowing continuity of existing
sessions. LTE/WLAN integration promises to offer these
capabilities seamlessly. The 3GPP has defined an
interworking architecture between LTE and non-3GPP,
classifying the non-3GPP as trusted and untrusted
networks. In the context of LTE/WLAN interworking, the
3GPP considers the WLAN as an untrusted network since
it is using unlicensed radio spectrum. This is why when
integrating these two technologies, more functional
entities have to be added in order to enforce the security
mechanism between them. The network elements added to

the WLAN network are a WLAN Access Gateway
(WAG) and a Packet Data Gateway (PDG) [17]. WAG
allows a visited LTE network to generate charging
information for users accessing via the WLAN access
network, in the roaming case. The WAG filters out
packets based on unencrypted information in the packets.
PDG accepts or rejects the requested WLAN access point
name (W-APN) according to the decision made by the
3GPP AAA Server. The PDG basically behaves as a
Gateway GPRS Support Node (GGSN) for WLAN users.
It can use Wi-Fi hotspots to help the interworking
between LTE and WLAN [16]. In this case, the
interworking can provide better security and mobility but
the mobile operators have to invest in a large number of
Wi-Fi hotspots, to ensure a good user experience. The UE
accesses the P-GW directly through the operator owned
Wi-Fi hotspot using the S2a interface. The UE accesses
the P-GW through the ePDG using the SWn (toward non-
3GPP network) and S2b interfaces. The UE has to setup a
secure tunnel with the ePDG through the untrusted
WLAN network over the SWu interface (toward the UE).
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Note that in the roaming scenario the ePDG resides in the
VPLMN.

4. LTE-3GPP BASED NETWORKS
INTERWORKING

Most existing cellular operators are likely to
phase-in LTE over a period of time with initial
deployments being made in areas of high demand, such as
urban cores. Service continuity, mobility, handover and
roaming between LTE and existing pre-Release 8 3GPP
networks are critical to obtain a seamless user experience.

4.1 LTE-UTRAN/GERAN Interworking

Many of the wireless operators have existing
UTRAN/GERAN networks and they want to keep them
prior to fully upgrading to LTE. They prefer to interwork
their networks with LTE network so LTE will be an
overlay in their current architecture. So MMEs and the
EPC gateways need to develop the pre-Release 8
signalling and bearer interfaces, acting like the existing
SGSNs and GGSNs, to support handover between the
networks. In the case of using Direct Tunnelling, then an
additional interface is required from the P-GW to the
RNC without connecting to the SGSN. The bearer path
connecting the E-UTRAN and UTRAN networks (Fig. 4)
is between the P-GW and the SGSN.

HSS
G | mr
nPSG
; Gu
WG3G | JGAGGGESN
SGSN 7
& ; 562 Gi
p— i Gu(P1w-PS
EURAN Ny | MME G
™ SIMME Sl
$.GW P.GWGGSN FDN
S1.U 5

5Gi

Fig 4: Architecture for E-UTRAN Interworking with
GERAN/UTRAN (Pre-Release 8)-Source 3GPP

There is no change required for WCDMA in this
interworking, the LTE-EPC starts a handover with the
existing network and looks like Inter-SGSN relocation.
The key interfaces involved in this Inter-RAT handover
are: the Gn signalling interface between the source MME
and the target SGSN, the enhanced Gr authentication
interface between the target SGSN and the HSS/HLR, the
S6a interface from the HSS/HLR to the MME, the
signalling interface between the target SGSN and the
source P-GW (Gn/Gp) [18], and the Direct Tunnel User

Plane interface between the target RNC and the source P-
GW (Gn/Gp). All of the Gn/GP interfaces utilize GTP.
Separate EPS bearers for IPv4 and IPv6 addressing are
recommended for the pre-Release 8 W-CDMA network
so that both can be maintained when handover occurs.
The handover mechanisms between an LTE network and
a pre-Release 8, GERAN A/Gb network are very similar
to the above Inter-RAT E-UTRAN to UTRAN
procedures, since the Gn/Gp SGSN is used to facilitate the
handover in both packet networks. From the GERAN
network perspective; the I-RAT handover appears as
Inter-SGSN relocation with the source eNodeB assuming
the role of the source RNC, the MME assuming the role
of the “old” SGSN, and the P-GW acting as the GGSN.
As before in the preparation phase, the source eNodeB
determines that a handover to the GERAN A/Gb mode
network is required. As with the previous option, this
interworking requires no changes to the existing
UTRAN/GERAN networks and the preparation phase and
execution phases of the handover procedures are very
similar. Finally, the option of adding a LTE overlay
network onto a Release 8 network provides the best user
experience with seamless mobility across all three radio
technologies.

5. LTE-3GPP2 BASED NETWORKS
INTERWORKING

5.1 LTE -HRPD/ EV-DO Interworking

Seamless transition between 3GPP2 based
cdma2000® and LTE is required to provide interworking
between them. This interworking provides current
subscribers in 3GPP2 based cdma2000® more new
features. Here, in order to make the interworking between
cdma2000® High Rate Packet Data (HRPD) and LTE,
many interfaces are introduced such as S101, S103, and
S2a [12] to realize the interworking between them (Fig.
5). The Packet Data Serving Node (PDSN) is split into
HRPD Serving Gate Way (HS-GW) and PDN-GW.
Following is a brief description of the new required
interfaces [13]:

e S103: A bearer interface between EPC S-GW
and HS-GW, which is used to forward the
downlink data, minimizing the packet loss during
the transfer from LTE to HRPD.

e S101: A signaling interface between MME and
HPRD AN, which allows a UE to tunnel HRPD
air interface signaling over the LTE system to
make preregistration and exchange handover
signaling messages with the target system before
the actual handover.

e S2a: An interface between PDN-GW and HS-
GW, which provides control and mobility
support for the user plane. HRPD enables Inter-
technology handover between LTE and EV-DO
networks based on HRPD. It also enables
roaming for LTE subscribers on EV-DO
networks and enables common applications to be
used across EV-DO and LTE Access.
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Fig 5: Architecture for E-UTRAN-HRPD Interworking
and Mobility- Source 3GPP

6. LTEINTEROPERABILITY

Interoperability provides end to end solutions,
enhanced features and cost effectiveness, by
interconnecting components of different networks
together. Networks operators and subscribers both benefit
from interoperability. Moreover, interoperability can offer
network providers with the possibility to switch between
alternative wireless accesses networks [21]. This feature
provides the capability to automatically roam onto a
visited network, have access, and share appropriate
information or services as authorized. The early mobile
generations such as 1G, 2G do not provide this feature.
The E-UTRAN provides high interoperability with other
wireless networks such as 3GPP UTRAN/GERAN and
non-3GPP wireless networks. These networks can
integrate with LTE network through some standardized
interfaces for example, S1-MME, S1-U and SGi. These
interfaces allow E-UTRAN to connect with Serving
GPRS Support Node (SGSN) in case of 3GPP and PSDN
in case of 3GPP2. The P-GW serves as a mobile anchor
for interworking with non-3GPP technology such as
cdma2000® and WiMAX. It uses the Mobile Internet
Protocol (MIP) to support Inter-technology mobility
between LTE and Wi-Fi and also between EV-DO and
WIMAX. As a result, subscribers from one network
should be able to seamlessly roam for voice, SMS and
data to another network. This utilizes IP in its most
completed form with converged voice and data
capabilities as a way of providing interoperability
between different generations of wireless communication
and Inter-technology mobility using LTE.

6.1 LTE Handover and Inter-technology Mobility

Inter-technology Mobility is important in LTE to
provide high interoperability with other wireless
networks. It supports seamless connection and handover
between LTE and 3GPP legacy as well as non-3GPP
wireless networks. There are two main types of Inter-
technology Mobility [13]: Inter-Rat mobility which is the
mobility between LTE and different Radio Access
Technology (RAT) 3GPP technologies. The other one is
Inter-technology Mobility between LTE and non-3GPP
networks. LTE provide three handover possibilities, The
Intra-LTE handover which happens inside the current
LTE nodes using X2 or S1 interfaces such as intra-MME
and Intra-SGW handover; the Inter-LTE handover which
happens between one of the LTE nodes towards other
LTE nodes using S1 interface such as Inter-MME and
Inter-SGW; And the Inter-RAT handover between
different Radio Access Technology networks (RATS), for
example UTRAN/GERAN and LTE [13].

6.2 E-UTRAN-UTRAN/GERAN Interoperability, the
role of Idle state Signaling Reduction (ISR)

E-UTRAN interoperability — with  legacy
UTRAN/GERAN results in extending their life. It is
provided through supporting the signalling and
connection between SIP in the E-UTRAN side with SS7
in the UTRAN/GERAN side. PS-domain handover
between E-UTRAN and UTRAN/GERAN should be
supported also. Here the new mandatory mechanism
called Idle state Signalling Reduction (ISR) which allows
the UE to remain simultaneous by registered in
an UTRAN/GERAN Routing Area (RA) and anE-
UTRAN Tracking Area (TA) list [19]. This case usually
happens when the ISR feature is activated in the UE and
the UE attaches and registers in one of the networks and
then moves to another (e.g. E-UTRAN to
UTRAN/GERAN or vice versa). Consequently, there is
no need to perform the TAU or RAU procedure
frequently. In the LTE-legacy Inter-RAT handover, the
source e-NodeB connects to the MME and SGW while
the target RNC connects to the SGSN and SGW; both the
source and target S-GW connect to the same P-GW. This
procedure is divided into Preparation and Execution. In
the Preparation phase, resources are reserved in the target
network. While in the Execution phase, the UE is handed
over to the target network from the source network.

6.3 Interoperability between WiMAX and E-UTRAN

Interoperability between E-UTRAN (LTE and
LTE-A) and WIMAX is very important. They
complement each other; both of them are Fourth
Generation (4G) candidates. Moreover, the WiMAX core
network is IP based and that helps to interconnect easily
with other IP based core networks like LTE and LTE-A.
Furthermore, WIMAX supports IMS and this gives it
more flexibility to interconnect with E-UTRAN and its
core network EPC easily. These similarities in
characteristics give the whole interconnecting between
these two wireless networks many benefits. This is in
terms of roaming and other services provided to the end
user. WiMAX can interconnect with LTE-TDD and LTE-
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FDD as well, although the TDD in both cases is not same.
This is the reason why frame synchronisation is required
during deployment of the overall process [21]. There are
two methods for WiMAX networks to interwork (Fig. 6)
and provide interoperability with other wireless networks
such as LTE [20]:

e Loose Coupling Architecture: WIMAX-GW
and LTE- MME are connected indirectly using
an external IP network. This type of architecture
allows for WiMAX deployment gradually with
little impact and modification to the LTE
network. It also provides flexibility and
independence for each network. However, this
architecture increases handover latency between
the two wireless networks.

e Tight Coupling Architecture: WIMAX and
LTE are connected as one LTE radio access
network. The major benefit from this architecture
is to reduce the handover latency between the
two wireless networks.

It is highly recommended for the seamless
interoperability between any heterogeneous networks to
use an efficient network selection mechanism. This can
helps user to choose a suitable network which support
their required QoS.

({( ]))..-—-" RNC {OSGEN N
UE )
— 4 & eNodB
= ()
— &. WiMAX BS A
,l'l_jll UE
o (((‘;]))
i:_J' ,'I ; % eNodB
)
.'I_n'l WiMAX BS
UE

Fig 6: Architecture for Loose coupling Vs Tight coupling
in Mobile WiMAX [23]

7. CONCLUSIONS

This paper has presented a study on the
interworking and interoperability between LTE/LTE-A,
3GPP and non-3GPP wireless mobile networks. The study
has been focused on the role of LTE-EPC architecture and
its interfaces to provide seamless interworking and
handover. As wireless operators begin the process of
evolving their existing 2G, 3G and other networks to
LTE, a new all-IP EPC will be required to support the

network and to deliver the performance and QoE and
provide required connection flexibility. With this
transition to LTE, interoperability and interworking with
the existing wireless mobile networks will be required so
that seamless handover occur can across the wireless
operators own networks as well as when LTE services
roam across both trusted and untrusted networks.
Deploying IMS with LTE in addition to ePDG and SIP
based control architectures on broadband wireless IP-
based LTE is a natural fit for the EPC to support
interoperability and interworking with the legacy wireless
accesses. Interworking mechanisms are of prime
importance to achieve ubiquitous access and seamless
mobility in heterogeneous wireless networks and help
them shorten the time needed to bring new applications to
profitability. The study showed that interoperability and
interworking between existing networks and LTE/LTE-A
is indispensible while wireless operators plan to move
their existing networks completely to 4G.

REFERENCES

[1] 3GPP TS 36.201, “Technical Specification Group
Radio Access Network; Evolved Universal
Terrestrial Radio Access (E-UTRA); LTE Physical
Layer - General Description (Release 8),” v8.3.0,
March 20009.

[2]  http://lwww.gsacom.com/

[3] ITU-R M.2134, Requirements related to technical
performance for IMT-Advanced radio interface(s),
2008.

[4] ETSI TR 136.913, “LTE; Requirements for further
advancements for Evolved Universal Terrestrial
Radio Access (E-UTRA) (LTE-Advanced),”
v9.0.0, February 2010.

[5] 3GPP TR 36.806, “Technical Specification Group
Radio Access Network; Evolved Universal
Terrestrial Radio Access (E-UTRA); Relay
architectures for E-UTRA (LTE-Advanced)
(Release 9),” v9.0.0, March 2010.

[6] 3GPP TS 23.002, “Technical Specification Group
Services and System Aspects; Network architecture
(Release 10),” v10.2.0, March 2011.

[7] GSMA PRD, IR. 88, “LTE Roaming Guidelines”,
3.0, December 2010.

[8] ETSI TS 129.305, “Universal  Mobile
Telecommunications  System (UMTS); LTE;
InterWorking Function (IWF) between MAP based
and Diameter based interfaces,” v8.3.0, September
2009.

[91 3GPP TS 23.228, “Technical specification Group
Services and System Aspects; IP Multimedia
Subsystem (IMS); Stage 2, (Release 10) v10.6.0,
September 2011.

655


http://www.gsacom.com/�

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Vol. 4, No. 8 Aug 2013

ISSN 2079-8407

Journal of Emerging Trends in Computing and Information Sciences L'iS

©2009-2013 CIS Journal. All rights reserved.

http://www.cisjournal.org

3GPP TS 23.882, “Technical Specification Group
Services and System Aspects; 3GPP System
Architecture Evolution: Report on Technical
Options and Conclusions (Release 8),” v8.0.0,
September 2008.

http://www.gsma.com/

T. Ali-Yahiya, Understanding LTE and its
Performance: Springer Science+ Business Media,
2011.

3GPP TS 23.402, “Technical Specification Group
Services and System Aspects; Architecture
enhancements for non-3GPP accesses (Release 9),”
v9.5.0, June 2010.

R. Ferrus, O. Sallent, and R. Agusti, "Interworking
in heterogeneous wireless networks:
comprehensive framework and future trends,"
Wireless Communications, IEEE, vol. 17, pp. 22-
31, 2010.

T. A. Yahiya and H. Chaouchi, "On the integration
of LTE and mobile WIMAX networks,” in
Computer  Communications and  Networks
(ICCCN), 2010 Proceedings of 19th International
Conference on, IEEE, 2010, pp. 1-5.

G. I. Naik, "LTE WLAN interworking for Wi-Fi
hotspots,” in  Communication Systems and
Networks (COMSNETYS), 2010 Second
International Conference on, IEEE, 2010, pp. 1-2.

ETSI TS  123.234, “Universal  Mobile
Telecommunications  System UMTS); 3GPP
system to Wireless Local Area Network (WLAN)
interworking;  System  description,”  v6.10.0,
September 2006.

[18]

[19]

[20]

[21]

[22]

[23]

"

ETSI TS 123.216, “Digital cellular
telecommunications system (Phase 2+); Universal
Mobile Telecommunications System (UMTS);
LTE; Single Radio Voice Call Continuity
(SRVCC),” s2, v9.6.0, January 2011.

3GPP TS 23.401, “Technical Specification Group
Services and System Aspects; General Packet
Radio Service (GPRS) enhancements for Evolved
Universal Terrestrial Radio Access Network (E-
UTRAN) access (Release 10),” v10.4.0, April
2011.

A. Mousa, "Interoperability mechanisms and
criteria  for LTE and mobile-WIMAX,"
International  Journal of Information and

Communication Technology, vol. 5, pp. 1-21,
2013.

D. Mahjabeen, A. Ahmed, and S. Rafique, "Use of
Ilte for the interoperability between different
generations  of  wireless  communication,"
International Journal of Computer Network and
Security. v4 i7, pp. 424-429, 2011.

ETSI TS 129.334, “Universal  Mobile
Telecommunications System (UMTS); LTE; IMS
Application Level Gateway (IMS-ALG) — IMS
Access Gateway (IMS-AGW); Iq Interface;” s3,
v9.3.0, October 2010.

F. Xu, L. Zhang, and Z. Zhou, "Interworking of
Wimax and 3GPP networks based on IMS [IP
Multimedia Systems (IMS) Infrastructure and
Services]," Communications Magazine, IEEE, vol.
45, pp. 144-150, 2007.

656



	P1 PChris G. Guy,P 2 PMyasar R. Tabany
	The Role of Diameter Protocol in the Interworking Process
	The Role of IMS in the Interworking Process
	3GPP developed a complete service network system for mobile networks, called IP Multimedia Subsystem (IMS) in Release 5 [9]. After that, many development and enhancement have been made to the IMS in term of interworking with other wireles...

