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Abstract

LTE/LTE-Advanced [1][2] and IEEE 802.16
WIiMAX [3] are competing access network
technologies in 4G wireless networks. LTE is one of
3GPP standard versions while 802.16 WiMAX is
standardized by IEEE. Although WiMAX already
commercially operates in Taiwan, it is limited to the
independently new system that cannot compatible with
current 3G system. Hence, the cost of system
construction is higher and cannot be popularized fast.
On the other hand, LTE and LTE-Advanced are
developed by 3GPP which is organized by
telecommunication manufactories and operators.
Moreover, LTE and LTE-Advanced are backward
compatible with 3G/UMTS [4] cellular systems. The
LTE-Advanced adds a new entity called relay node
(RN) to enlarge service coverage and provides
flexibility of deployment. If RN can support Multiple
Radio Access Technologies (Multi-RATs) including
UMTS, TEEE 802.11 and 802.16, the LTE-advanced
system can further provide more flexible services.
However, the system architecture for Multi-RAT
support is still under development. This paper focuses
on integrated architecture design by which RN can
provide radio services for both UMTS UEs and LTE

UEs. The proposed architecture can integrate 3G -

UMTS Core Network, UTRAN and 4G
LTE-Advanced E-UTRAN. Thus, the transition
between 3G and 4G becomes more easily for
Multi-RAT UEs without core network connection for
control messages.
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1. Introduction and Method

1.1 LTE-Advanced

Each eNB has a limited serving area. But it is more
difficult to deploy a new eNB as Donor eNB (DeNB)
since residents have much healthy concern about the
electromagnetic wave. Thus, the idea of signal relaying
by a smaller entity called RN has been proposed and
becomes an LTE-Advanced specification.
1.2 Proposed Multi-RAT integrated RN structure

The LTE standard is designed to support
Multi-RATs such as GSM, UMTS, WiFi and WiMAX,
The architecture for inter-working with LTE and
different access technologies are simply connecting
their core networks, Although this architecture is
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workable, the packets are routed and exchanged via
core networks.

LTE-Advanced adds a new entity called RN to
enlarge service coverage and provides flexibility of
deployment. If RN is able to deal with different radio
signals from different access technologies, then
packets from UEs with different technologies are
routed and exchanged via RN and DeNB directly
without passing through core networks. Thus, the
system performance can be improved due to shorter
route path than core network transmission. Figure 1
shows our proposed system architecture for supporting
Multi-RAT including UMTS and GSM.

Since the radio access technologies are various in
different styles, this paper focuses on the design of the
integrated  radio  access networks  between
LTE-Advanced and UMTS. The architecture for
inter-working with UMTS and LTE is simply
connecting the core networks in both systems.
However, the functionalities of RN are still under
development in LTE-Advanced. We assume that RN is
able to deal with different radio signals from different
access technologies, i.e. RN is able to provide services
for both UMTS UEs and LTE UEs. This paper
proposes  two  different  architectures  for
inter-connecting UMTS and LTE via RN and DeNB.
The key motivation of proposed architectures is to
improve system performance without modifying
LTE-Advanced and UMTS core networks. The RN can
serve UMTS UEs by integrating UMTS functionalities
into RN. Moreover, interfaces between DeNB and
UMTS core network are also added to improve system
efficiency. The packets from UMTS UEs are
exchanged between DeNB and UMTS entities without
routing through LTE core network. Two different
approaches, namely Alternative 1 (Alt 1) and
Alternative 2 (Alt 2) are proposed in this paper.

2. Performance evaluation

In Altl, we assume that the DeNB is implemented
based on LTE release 10 specification. Therefore, the
functionalities of S-GW and P-GW are embedded in
the DeNB. DeNB connects UMTS core network with
intranet and new interface between DeNB and UMTS
is added as shown in Figure 2-Alt 1. In order to serve
UMTS UEs, the RN is embedded with functionalities
of NodeB. DeNB exchanges messages with RNC via
IP tunnel between them, In Alt 2 approach, the RN not
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only implements functionalities of NodeB, but also
implements the functionalities of RNC. Therefore, the
traffic from UMTS UE can be processing in RN and
then forwarded to UMTS core network via DeNB
interface which connects DeNB and UMTS core
network as shown in Figure 2-Alt 2. In this architecture,
if a group of UMTS UEs is moving with its serving RN,
the UE handover signaling can be removed since RNC
is located in RN, Alt 2 has the potential ability to
support group mebility of UMTS UEs. Both of two
alternatives of the protocol stack with control plane
have shown as Figure 3 and Figure 4. To compare with
two alternatives, Table 1 has shown some criteria and
results.

3. Conclusion

Both LTE and LTE-Advanced are backward
compatible with 3G/UMTS cellular systems. The
LTE-Advanced adds a new entity called RN to enlarge
service coverage. To support Multi-RATS in RN, this
paper focuses on designing an integrated architecture
by which RN is able to provide services for both
UMTS UEs and LTE UEs. Two novel and different
inter-connected architectures are proposed for UEs
transmission in this paper.

Table 1. Comparison between Alt 1 and Alt 2
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Figure 2. System architecture for inetgrated LTE-Advanced
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Figure 3. Protocol stack of control plane in Alt 1
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