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Abstract
The need for wireless multimedia communication motivates the development of the 4G cellular wireless networks. To this end, the 4G standard, Long Term Evolution (LTE), is specified by
the 3GPP. Especially, the local IP access (LIPA) function has been defined for a home base station
(HeNB) to offload traffic from the core network as otherwise packets are always routed through the
packet data network gateway which is located at the back-end side. Without the LIPA function, the
packet routing in an LTE network is in a detour way, even if in the communication between two user
equipments (UEs) attaching to the same HeNB. To implement the LIPA function, two solutions have
been proposed in the literature. However, they still suffer from a few shortcomings. In this paper, we
propose a novel solution, in which an additional bearer is responsible for local data packet detection
and, once detected, is transformed into a data bearer for local data packet delivery. Qualitative analysis distinguishes our solution from the two previous solutions in several aspects. Simulation results
show that our method outperforms the two solutions in terms of packet transmission delay and mean
opinion score (MOS). An extension is proposed to provide local IP access for UEs attaching to different serving HeNBs which are yet in the same domain. Analytical results shows that applying the
extension, the domain edge router can provide hundreds of VoIP connections with the local IP access
service, which is ten times more than the two solutions in the literature can do.

1

Introduction

Wireless multimedia communications have been set as a goal on the development of mobile communication networks, featuring high bandwidth, shorter delay and better quality of service. Accordingly,
many standardization bodies, such as the Third Generation Partnership Project Long Term Evolution
(3GPP-LTE) [1], Wireless World Initiative New Radio (WINNER) [2] and Worldwide Interoperability
for Microwave Access (WiMAX) [3], devote effort to the evolution. Especially, to improve the system
capacity in an indoor environment [4], such as at home or in office, the concept of home base station
(home eNB, HeNB) was introduced and related functions are defined in the 3GPP. An HeNB operates in
a low-power mode, typically less than 50mW [5], thus of a coverage about 30 to 50 meters in diameter.
An HeNB providing a high capacity allows for various services such as voice and broadband services.
However, voice service in an LTE network can undergo significant degradation of service quality
since all data packets, before sent to the destinations, are routed back to the packet data network gateway (P-GW) which is located at the distant core network. Consequently, voice communications between
two user equipments (UEs) attaching to the same HeNB or in the same domain suffer from unnecessary
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packet transmission delay due to the detour routing of their voice data packets. Moreover, packets destined for hosts on the Internet also introduce delays to the voice communications at the broker P-GW. To
address this problem, Local IP Access (LIPA) [6] was introduced to tackle the detour packet routing. As
shown in Figure 1, voice communications via the LIPA function in the HeNB can be conducted locally
where the distant P-GW is absent. Therefore, LIPA allows an IP-enabled device to access the local area
network as well as the broader external data network simultaneously.
To implement the LIPA function, two solutions have been proposed in the literature [6, 7, 8]. Welldefined access point name (APN) was proposed in [6, 7], through which a routing path dedicated for
LIPA is established. However, it requires a UE to support multiple APN configurations; otherwise, a
single-APN-configured UE can establish only one voice connection. The other solution implements the
LIPA function through deep packet inspection (DPI) and network address translation techniques [8]. This
scheme inspects all packets and translates IP addresses of local data packets in order for LIPA routing,
which incurs long packet inspection delay and thus poor voice quality. Due to the operational limitation
or the performance drawback of the current schemes, we propose a novel LIPA solution which features
sufficient voice quality while avoiding from the limitations. In addition, we extend the proposed scheme
so that the LIPA function can take place between two UEs in the same domain while connecting to
different HeNBs.
This paper is extended from our previous work [9] that provides background knowledge required for
LIPA and discusses the two previous solutions in the Related Work section. The proposed solution and
its extension are elaborately illustrated in the Proposed Method section. In the Performance Evaluation
section, the qualitative analysis and the simulation experiments are described. The qualitative analysis
distinguishes our scheme from the previous work in several aspects. The simulation results are extensively discussed from the viewpoints of both UEs and HeNBs. Mathematical analysis is also conducted
for the evaluation of the proposed extension in this section.
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Figure 1: (a) Normal Data Communication (b) Communications through LIPA
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RELATED WORK

Long Term Evolution (LTE) provides seamless IP connectivity between UE and the packet data network
(PDN) without disrupting communications between UEs. The LTE architecture, named “Evolved Packet
System (EPS)”, includes the radio access network part, termed “Evolved Universal Terrestrial Radio
Access Network (E-UTRAN)”, and the core network part, called “Evolved Packet Core (EPC) network”.
To implement the LIPA function, solutions modify the architecture so as to provide an optional routing
short-cut while maintaining the standard routing logic. In this section, we first introduce the EPS bearer
architecture, which is concerned about packet routing, and then discuss two LIPA schemes and their
modifications to the EPS with pros and cons.

2.1

EPS Bearer Architecture
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Figure 2: EPS Bearer Architecture in an LTE Network
EPS provides a UE with IP connectivity for Internet access. To correctly route packets in an LTE
network, EPS entails a bearer architecture. Figure 2 shows a simplified bearer architecture. At a high
level, the system is comprised of a core network (i.e., EPC) and a access network (i.e., E-UTRAN). The
core network consists of serving gateways (S-GWs) and packet data network gateways (P-GWs); the
access network includes a number of HeNBs and macro base stations (eNBs). The network elements interact with each other by means of standardized interfaces. To deal with the packet routing correctly for a
specific UE, the concept of bearer is introduced to represent the logical association between two network
elements. A bearer between a P-GW and a UE is an EPS bearer which crosses multiple interfaces: the
S5/S8 interface between the P-GW and the S-GW, the S1 interface between the S-GW and the eNB, and
the radio interface (Uu interface) between the eNB and the UE. Since the bearer architecture is hierarchical, the EPS bearer is mapped onto one E-UTRAN radio access bearer (E-RAB) and one S5/S8 bearer.
The E-RAB is further mapped to one radio bearer (RB) and one S1 bearer. Each bearer is associated
with a unique identifier. To maintain a correct hierarchy, an EPS bearer has an EPS bearer ID, an E-RAB
3
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bearer has an E-RAB ID, and a radio bearer has an RB ID. Furthermore, since S1 and S5/S8 interfaces
support the routing via GTP tunnelling, an S1 bearer is associated with an S1 TEID (tunnel endpoint ID)
and an S5/S8 bearer with S5/S8 TEID. To guarantee the correctness of packet delivery of a UE, each
network element must keep track of the binding between the bearer IDs across different interfaces. In
this way, packets destined for the UE can be correctly routed through a specific sequence of designated
network elements, i.e., from the P-GW, through the S-GW and the serving HeNB, to the UE.
An EPS bearer established between the UE and the P-GW is typically associated with QoS parameters. As shown in Figure 3, multiple EPS bearers applying different QoS configurations provide different
QoS routing policies. For example, a UE might be engaged in a voice call (i.e., a VoIP connection) while
simultaneously performing web browsing and downloading files from certain FTP sites. Accordingly, an
EPS bearer provides real-time packet transmission to the VoIP session; another EPS bearer applying the
best-effort QoS policy is set up for both the web and FTP sessions.
To achieve the QoS in an EPS bearer, i.e., between the UE and the P-GW, Traffic Flow Template
(TFT) is used at both ends to conduct packet filtering into different low-layer bearers. The TFTs use IP
header information (i.e., source and destination IP addresses) and Transmission Control Protocol (TCP)
port numbers (for both source and destination) to filter packets such as VoIP, HTTP, etc., so that each
packet can be sent to the corresponding bearers for appropriate QoS treatment. An uplink TFT (UL-TFT)
at the UE side filters IP packets to EPS bearers in the uplink direction, while a downlink TFT (DL-TFT)
at the P-GW is responsible for the downlink packet filtering.
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Figure 3: Packet Filtering in LTE Bearers

2.2

Local IP Access

Local IP Access in an LTE network is a network capability that allows a UE to simultaneously access
both the local network and the broader Internet through its serving HeNB [10]. LIPA allows for better
packet delivery performance and offloading local traffic from the core network, which benefits both
4
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mobile operators and subscribers (users). Specifically speaking, LIPA provides a way to upgrading
network service quality for mobile operators and offers faster and more secure on-the-move data transfer
for subscribers.
To provide LIPA in a 3GPP network, the following key requirements [4, 6] have been defined:
• The LIPA data flow path should traverse the private network, with no cellular network elements
being involved. The data path could terminate in other devices in the private network or on the
Internet.
• The UE could have simultaneous access to the private network (through the LIPA connection) and
public network (through the cellular core network).
• Access control is achieved using multiple options - user subscription, dedicated APN through
UE signalling, network configured enable/disable, proprietary solutions like passwords within the
private network, etc.
• The 3GPP defined security functions should not be compromised by the LIPA implementation.
Two LIPA solutions which meet the requirements above were proposed. The first solution is based
on a well-defined APN which is part of the user subscription information stored at the home subscriber
server (HSS) in the core network. The second is based on the data packet processing, where deep packet
inspection (DPI) and network address translation functions are implemented in the HeNB to support the
LIPA function. We discuss the two solutions in the following two sections.

2.3

LIPA through Well-defined APN
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Figure 4: Local IP Access Solution through Well-defined APN
Figure 4 illustrates the first solution. An additional well-defined APN is configured at the UE for
LIPA. An APN can be used to set up one PDN connection. In the beginning, the core network identifies
that the APN indicates a request for the LIPA connection establishment and handles the signalling for
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the registration and session management procedures to set up the PDN connection for LIPA. During
registration, the mobility management entity (MME) retrieves the user subscription information from
the HSS and determines whether or not a LIPA connection can established in the LTE network. When
the PDN connection is set up, the local gateway (L-GW) [7] in the HeNB takes over the control and
establishes a data path for LIPA. The L-GW acts as a local PDN-GW, allocating an IP address to the UE
for LIPA, and filtering and routing packets locally. When the LIPA connection is established, the UE can
simultaneously maintain normal data sessions with the core network using separate PDN connections. To
implement this LIPA solution, the L-GW function needs to be implemented in an HeNB. In addition, the
UE should be able to support multiple APN configurations so as to establish multiple PDN connections.

2.4

LIPA through Network Address Translation with Deep Packet Inspection

As show in Figure 5, the second solution adopts the network address translation (NAT) [6] and DPI
techniques to enable the HeNB to operate with LIPA capability, where the DPI function identifies local
data packets by inspecting the source and destination IP addresses of incoming packets and the NAT
function forwards the identified local data packets to correct destinations in the vicinity directly. Since
the UE needs not to distinguish the packets destined for local hosts from those destined for hosts on
the Internet, the UE can be configured with a single APN and thus allocated with a single core network
allocated IP address. It is the HeNB in charge of packet identification. To enable the local routing
via LIPA, the HeNB would request a local subnet IP address from the local DHCP server and map
this IP address to the core network allocated IP address. Therefore, the HeNB is able to route packets
to local hosts. In addition, the HeNB should be able to sniff and decode NAS signal messages being
exchanged between UEs and MMEs to obtain the core network allocated IP address. Thus, no S-GW
or P-GW like functionality is required. Adopting this solution, the UE can maintain multiple concurrent
LIPA connections. However, the HeNB needs to be equipped with sufficient DPI capability to inspect
incoming packets.
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Figure 5: Local IP Access Solution through Network Address Translation with Deep Packet Inspection
Although the two solutions implement the LIPA function in the LTE network, they may still suffer
from drawbacks. The first solution supports only multi-APN capable UEs. If a single-APN capable UE
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sets up more than one voice call, the second and the later LIPA connections cannot work correctly. As
for the second solution, long packet delay is expected due to the time-consuming deep packet inspection
procedure. Therefore, we propose a solution which eliminate the disadvantages of the previous solutions,
but still fulfils the 3GPP requirements of LIPA.

3

Proposed Method: LIPA through Detection Radio Bearer

We propose a LIPA solution which utilizes the LTE bearer architecture to identify local data packets.
Specifically, an additional detection radio bearer (DeRB) is established for local data packet identification. The design concept can be further extended to implement the LIPA function for UEs in a wider
domain, i.e., in the S-GW managed domain. We detail the proposed solution in the following sections.

3.1

Detection Radio Bearer

A detection radio bearer (DeRB) is a dedicated data radio bearer used to identify local data packets. A
special-designed TFT is associated with the detection ratio bearer so as to filter the local data packets
into the bearer. It is worth of noting that the original purpose of TFT is to filter packets into RBs of
appropriate QoS, while the special-designed TFT is used to identify packets destined for UEs attaching
to the same HeNB. In this way, local data packets can be correctly classified, without the need of the
deep packet inspection and the network address translation techniques. After the detection radio bearer
identifies local data packets of a session, the TFT of the bearer accepts only packets from that session.
In other words, the bearer is transformed into a dedicated local data radio bearer for the packet delivery
of that session.

3.2

Home MME Module

In order to manage detection radio bearers, a Home MME module, denoted as HMME, is introduced.
As shown in Figure 6, the HMME is transparent to the MME and the HeNB. It sniffs (intercepts) NAS
messages exchanged between the MME and the HeNB to obtain the information of the UE for the
detection radio bearer establishment. It also maintains the status of detection radio bearers and the
relationship between bearers for local routing via LIPA. Consequently, four mandatory functions are
specified in the HMME for LIPA.
• The NAS message interception function which intercepts the NAS messages exchanged between
the MME and the UE in order to collect UE’s identification information
• The NAS message generation function which generates NAS messages to trigger and complete the
detection radio bearer establishment procedure
• The LIPA radio bearer management function which maintains the status of all detection radio
bearers and local data radio bearers and manages the transformation of a detection radio bearer
into a local data radio bearer
• The LIPA routing function which maintains the DeRB ID (DeRB identification) Directing Table
and the Group Mapping Table in order to conduct correct local packet routing
Figure 7 illustrates the establishment of detection radio bearer during the UE attach procedure [11],
which helps readers to understand the cooperation of the functions in the HMME. The procedure is described in steps as follows.
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Figure 7: Detection Radio Bearer Setup during UE Attach Procedure
Step 1 The UE sets up an RRC connection with the HeNB.
Step 2 The UE requests to attach to the network by sending the NAS message to the MME through the
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HeNB.
Step 3 The MME triggers the authentication between the HSS and the UE.
Step 4 The HMME sniffs the NAS messages for the IMSI of the UE and the MME IDs during the authentication procedure. The HMME then requests the UE’s authentication and security information from
the HSS for the detection radio bearer establishment.
Step 5 The MME triggers the establishment of the default EPS bearer.
Step 6 The MME sends back the Attach Accept NAS message to the HeNB, triggering the RRC reconfiguration procedure.
Step 7 The HMME sniffs the Attach Complete NAS message to initiate the dedicated bearer setup procedure. Once perceiving the message, the HMME starts to establish a detection radio bearer by
sending the Dedicated Bearer Setup Request NAS message which includes the TFT configuration
of the detection radio bearer, where the TFT is specified to accept packets destined for all of the
UEs attaching to the same HeNB.
Step 8 During the dedicated bearer setup procedure, the HMME interacts with the UE to establish the
detection radio bearer while no interaction with the network elements in the core network (i.e., the
P-GW, the S-GW, or the MME). Therefore, only one radio bearer is established for LIPA; neither
the S1 bearer nor the S5/S8 bearer is established.

UL Packet Filter
TFT

UL Packet Filter
TFT

UE1: *.*.*.*

UE2: *.*.*.*

UE3: *.*.*.*

UE3: *.*.*.*

224.0.0.0~
239.255.255.255

224.0.0.0~
239.255.255.255

UE2

UE1

UL Packet Filter
TFT
UE1: *.*.*.*
UE2: *.*.*.*
224.0.0.0~
239.255.255.255

UE3

: Traffic to/from Internet

HeNB
HMME

: Default Radio Bearer
: Detection Radio Bearer

Figure 8: Radio Bearer Instance after UE1 Attaches to the HeNB
Figure 8 shows a radio bearer instance after the UE attach procedure. UE1 establishes not only the
default radio bearer but also a dedicated radio bearer (i.e., detection radio bearer) for local data packet
identification. The TFT of the bearer is configured to accept packets destined for UE2 and UE3 only,
which attach to the same HeNB as UE1. Once the first local data packet destined for UE2 is sent, the
HMME receives the packet from the detection radio bearer of UE1, identifying it is a local data packet.
Then, the HMME inspects the packet for the destination IP address and initiates a LIPA connection setup
with UE2. Furthermore, the HMME modifies the packet filtering behavior of the detection radio bearer to
only routing data packets destined for UE2. After the modification, the radio bearer is transformed into
a local data radio bearer.
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Local Packet Routing

To route local data packets correctly, the HMME maintains two tables: the DeRB ID Directing table and
the Group Mapping table. As shown in Table 1, the DeRB ID Directing Table is utilized for LIPA connection identification. A pair of a DeRB ID and a C-RNTI (Cell Radio Network Temporary Identifier)
in the DeRB ID Directing table represents the detection radio bearer of a UE and is mapped into a destination group in the Group Mapping table. A DeRB ID is a 5-bit DTCH (Dedicated Traffic Channel)
ID [12], where DTCH is a point-to-point channel dedicated to a UE for the transmission of user data.
A C-RNTI is a unique 16-bit UE identification representing an RRC connection at cell level. The two
pieces of information cooperatively identify the source bearer of a local data packet. The information is
also used in the Group Mapping table to represent a destination bearer in a destination group.
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Figure 9: Radio Bearer Instance after UE1 Sets up a LIPA Connection with UE2

Figure 9 shows a radio bearer instance after the detection radio bearer perceives local data packets.
The detection radio bearer is transformed into a local data radio bearer of UE1. Through the TFT filtering,
local data packets originated from UE1 and destined for UE2 are correctly sent to the HeNB through the
local data radio bearer. The HMME consults the DeRB ID Directing Table and finds the destination (UE2,
DeRB ID 1) for the packets. Finally, the packets are sent to the default radio bearer of UE2. To provide
further local IP access service, the HMME creates a new detection radio bearer for UE1 in preparation for
establishing new LIPA connections. When the LIPA session ends, the HMME deletes the bridge entries
in the DeRB ID Directing Table and the Group Mapping Table, and the local data radio bearer of this
session by using normal Dedicated Bearer Deactivate messages [7]. Noticeably, all LIPA sessions of a
UE neither affect PDN connections of the UE nor use any resources of the core network. In addition, by
leveraging the TFTs, instead of deep packet inspection, only the first local data packet of a session causes
additional delay in inserting new bridge entries into the two mapping tables. In general, it is expected
that the local data packet detection process introduces less processing load to the HeNB, and thus less
packet inspection time and shorter local data routing delay.
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DeRB ID Directing Table
Source
UE (C-RNTI)
1
2
3

Group Mapping Table
Destination
Group
[C-RNTI, DeRB ID]
A
[1, 1]
B
[2, 1]
[1, 1]
D
[3, 1]

To

DeRB ID
2
2
2

Group
B
D
A

Table 1: DeRB ID Directing Table and Group Mapping Table

3.4

An Extension to Serving Gateway Anchored LIPA

Although communications between UEs attaching to the same HeNB benefit from the LIPA function,
communications between UEs connecting to different HeNBs shall still endure the detour route due to
the standard routing rules. In this section, we describe how to extend the proposed scheme to implement
the LIPA function in an S-GW managed domain.
The extension changes the “short-cut” point of LIPA from the HeNB to the S-GW, while inheriting
the design concept from the original scheme. In other words, the ideas of detection bearers and the
transformation of a detection bearer into a local data bearer are still the main features of this extension.
To achieve the S-GW anchored LIPA, a detection bearer in the extension is an E-RAB (E-UTRAN Radio
Access Bearer) between a UE and an S-GW. Figure 10 shows the E-RAB instance after the UE attach
procedure, where an E-RAB is formed of one S1 bearer and one data radio bearer. The identification
of an E-RAB is a 32-bit S1-TEID. To detect local data packets within the S-GW managed domain, a
dedicated E-RAB is established to act as the detection bearer. To correctly detect local data packets
destined for UEs in the same domain, packet filters, 140.11.*.* and 163.13.*.*, are configured in the
TFT. The two filters cooperatively identify packets destined for the UEs. It is worth noting that it is the
S-GW triggering the dedicated E-RAB establishment during the UE attach procedure. HeNBs associated
with the S-GW need not any modifications for the S-GW anchored LIPA.

UL Packet Filter
TFT
UL Packet Filter
TFT

140.11.*.*

UL Packet Filter
TFT

163.13.*.*

140.11.*.*
163.13.*.*

140.11.*.*
163.13.*.*

UE4

UE1

UE5

HeNB(B)
UE2

HeNB(C)
HeNB(A)

UE3

: Traffic to/from Internet

S-GW
LIPA

: Default E-RAB
: Detection E-RAB

Figure 10: E-RAB Instance after UE1 Attaches to HeNB
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Once the detection E-RAB of UE1 receives local data packets bound for UE4, the TFT of the detection E-RAB is modified so that only packets bound for UE4 can filter through the TFT. As shown in
Figure 11, the TFT is configured to filter out all packets except those whose destination IP address is
140.11.1.10 (UE4’s IP address). In addition, a new detection E-RAB is established in preparation for
establishing further LIPA connections. The new detection bearer associates with the same TFT packet
filters as the previous one does. To conduct the LIPA routing, the S-GW maintains two tables: the
E-RAB ID Directing table and the Group Mapping table. The C-RNTI of a UE and the S1-TEID (ERAB ID) of the detection E-RAB of the UE in the E-RAB ID Directing table are used cooperatively to
find a specific destination group in the Group Mapping table. The identification pair is also to represent
a destination bearer in a destination group.
The extension can cooperate with the proposed scheme so as to implement the LIPA function at both
the S-GW and the HeNBs in the S-GW managed domain. However, the two implementations entail
their own pros and cons. Three observations should be taken into considerations with respect to the
cooperation. Firstly, as shown in Figure 12, the routing path in the proposed scheme is anchored at the
HeNB which is shorter than that anchored at the S-GW in the extension. Secondly, the occurrence of the
HeNB anchored LIPA is much less than that of the S-GW anchored LIPA. Thirdly, the location of the
S-GW significantly impacts the performance of the cooperative LIPA function. In case that the S-GW
is collocated with the P-GW, the cooperative LIPA function becomes worth of nothing than the normal
LIPA operating in HeNBs. In case that the S-GW is separated from the P-GW, the cooperative LIPA
function can establish an appropriate short-cut route for a session. Referring to the three observations,
the following policy is drawn to provide a effective cooperative LIPA function: the two ends of the
session, which attach to the same HeNB, conduct the HeNB anchored LIPA, while those attaching to
different serving HeNBs yet associating with the same S-GW performs the S-GW anchored LIPA. The
cooperation improves the LIPA function in the S-GW managed domain that a LIPA connection between
two UEs attaching to the same serving HeNB can be anchored at the HeNB.
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Figure 11: E-RAB Instance after UE1 Sets up a LIPA Connection with UE4
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Figure 12: Routing Paths in LIPA (a) the HeNB anchored LIPA; (b) the S-GW anchored LIPA

3.5

Packet Processing Procedure

This section describes the packet processing procedure which is applicable for both the proposed scheme
and its extension. As shown in Figure 13, when a packet received by the HeNB (or the S-GW in the
S-GW anchored LIPA), the source and destination IP addresses of the packet are checked in order to
determine whether the source and destination UEs are within the same HeNB (S-GW managed domain)
or not. If it is, the HeNB (the S-GW) consults the Directing Table and the Group Table to check whether
there is a matched bearer for the packet or not. If it is the first local data packet, two new entries will be
added to the two tables, respectively. Before that, if the destination UE is in idle mode, it will be paged in
order to obtain the local routing information. After the two tables are updated, the packet and following
packets of the session can be routed based on the cooresponding bridge entries in the two mapping tables.

4

Performance Evaluation

This section investigates the performance of our solution through qualitative analysis and simulation
experiments. Mathematical analysis is conducted for the evaluation of the proposed extension.

4.1

Qualitative Analysis

Table 2 summarizes the qualitative analysis of the proposed solution and the two previous solutions.
From the first row, we can see the proposed scheme, denoted as DeRB, and the well-defined APN solution
both use dedicated radio bearer for LIPA. Although this demands more resources, a better service quality
can be expected. Regarding the requirement of the DPI technique in the second row, the second solution
heavily relies on the DPI technique to achieve LIPA, compared with the other two solutions. It is expected
that the DPI process should introduce a significant delay to the communication through LIPA since at
least the IP header of each packet needs to be inspected. As for the third row, in order to support multiple
LIPA connections, the well-defined APN solution needs to upgrade the capability of UEs to support
multiple PDNs.
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Figure 13: Flow Chart of LIPA Operation through Detection Bearers

Dedicated Radio Bearer for LIPA
DPI Capability Required at HeNB
LIPA Support Required at UE

Well-defined APN
Y
N
Y

NAT with DPI
N
Y
N

DeRB
Y
N
N

Table 2: Comparison of LIPA Solutions
In addition, sessions with one host residing on the Internet are of better quality when the proposed
scheme or the well-defined APN solution is adopted. Packets of the sessions experience similar processing delay at the P-GW because the LIPA function offloads the traffic of local sessions from the P-GW.
However, those adopting the NAT solution experience more processing delay due to the packet inspection at the HeNB. Although this still benefits communications via the LIPA function, while degrading
the quality of Internet communications though.
We have roughly compared and contrasted the three solutions through qualitative analysis. In order
to investigate into the three schemes, we conducted several simulations and describe the results in the
following section.

4.2

Simulation Results

We used the LTE-Sim to build our simulation environment [13]. We built and ran a prototype system
to analyze the performance of the proposed LIPA solution and the two solutions discussed in the Related Work section. We configured target sessions, whose packets are routed by way of LIPA, as VoIP
applications which generate G.729 voice traffic [14]. High-quality video sessions were introduced as
background traffic in simulation. Environment and simulation parameter settings are listed in Table 3.
The packet delay and the MOS value of a VoIP session were selected as the performance evaluation
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metrics. The MOS value function is defined as follows.

1
while R < 0,

4.5
while R > 100,
MOS =

1 + 0.035R + 7 × 106 R(R − 60)(100 − R) while 0 < R < 100.
The meanings of MOS numbers are listed as follows [15]. In general, a larger value means a better
voice quality.
5. Perfect Like face-to-face conversation or radio reception.
4. Fair Imperfections can be perceived, but sound still clear. This is (supposedly) the range for cell
phones.
3. Annoying
2. Very Annoying The voice quality is nearly impossible to communicate.
1. Impossible to Communicate
Parameter
Channel Bandwidth
Number of RBs
Number of Active UEs
Voice Specification
VoIP Packet Size
Simulation Time

Setting
3 MHz
15
1-4
G.729
8 KB
100 seconds

Table 3: Simulation Parameter Settings
Figure 14 shows the MOS values of VoIP service. Here, one local VoIP session is definitely established, while we further introduced and varied the number of local video sessions. Obviously, our
scheme presents the highest MOS values among others, regardless of the number of video sessions. In
the LIPA solution through well-defined APN in which UEs only support single-PDNs, it has the worst
MOS values because the UEs are unable to handle multiple local sessions. However, if UEs support
multiple-PDNs, the MOS values become better. The solution through NAT with DPI has a decreasing
MOS value curve along with the increasing of the number of local video sessions. This is because the
additional video packet traffic prolongs the packet inspection processing time, thus degrading the voice
quality of the VoIP session.
Figure 15 shows the average VoIP packet delay. The delay of our scheme is the shortest and increases
gently with the smallest amplitude when the number of video sessions rises. The LIPA solution through
well-defined APN under the condition that UEs support multiple APNs has slightly more delay than our
scheme. This is because our scheme deals with the local packet routing at the LTE MAC layer while the
LIPA solution through well-defined APN resolves packet headers at the IP layer, which requires more
delay on the internal packet resolution processing at the HeNB. Similarly, the DPI solution has a longer
packet delivery delay due to its time-consuming packet inspection process. However, since the process
is applied to every incoming packet, the packet transmission delay thus increases dramatically as the
number of video sessions becomes large.
We conducted another simulation in which the number of local VoIP sessions varies, while introducing no local video session. Figure 16 shows the VoIP packet delay results. We observe that as the
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Figure 14: MOS Values against Number of Local Video Sessions
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Figure 15: Packet Transmission Delay against Number of Local Video Sessions
number of local VoIP sessions increases, the delays increase. Among others, our scheme is of the lowest
raising rate as each VoIP session in our scheme is served by a dedicated LIPA connection. The solution
through well-defined APN has a slightly higher raising rate. This is because multiple VoIP sessions of
the same destination share a LIPA connection, thus introducing more local packet routing delay. The first
simulation evidences this observation where the packet delay of the VoIP session is independent of the
number of local video sessions. Similar phenomena were observed in Figure 17 with respect to the MOS
value. The solution through well-defined APN has a faster dropping rate than our scheme as the number
of local VoIP session increases, which responses to the packet delay results in Figure 16.

4.3

Analytic Results for Serving Gateway Anchored LIPA

We further investigate the extension of our scheme, i.e., the serving gateway anchored LIPA, through
mathematical analysis. Figure 18 shows the analytical model. We assume there are k HeNBs and each
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Figure 16: Packet Delay against the number of local VoIP sessions
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Figure 17: MOS value against the number of local VoIP sessions
HeNB serves n VoIP active sessions, where two ends of each session are located at different HeNBs. The
packet arrival behaviour of each VoIP session perceived by the S-GW is assumed to be exponentially
distributed with rate λ , denoted as A. We further assume the routing delay between the HeNB and the
S-GW is Erlang distributed with shape m and rate r and denote it as R. We denote the unidirectional
transmission delay over the air as X and assume it is exponentially distributed with mean 1/x. The
internal packet processing time at the HeNB, denoted as S, is also an exponential distribution with mean
1/µ.
The queueing behaviour at the HeNB can be modelled as an M/M/1 queue [16]. Denote the packet
processing time at the HeNB as Th . The mean processing time of Th is described as follows.
E[Th ] = 1/(µ/n − λ )
Since the packet arrivals observed at the S-GW are from the HeNBs in its managed domain, the
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Figure 18: Analytical Model
queueing behaviour at the S-GW is also an M/M/1 queue. We assume taht the S-GW perceives packet
arrivals from k HeNBs each of which serves n VoIP sessions. Denoting its processing time as Ts , the
mean of Ts is as follows.
E[Ts ] = 1/(µ/(kn) − λ )
The end-to-end delay of a VoIP session, D, then can be expressed by the following equation.
D = X + Th + R + Ts + R + X
Since each variables are independent of each other, the average end-to-end delay can be expressed as
follows.
E[D] = E[X] + E[Th ] + E[R] + E[Ts ] + E[R] + E[X]
The parameter settings is listed in Table 4. We configured the mean transmission delay over the air,
X, to be 0.1 mini-second. The routing delay, R, was set to 5 mini-seconds. The packet inter-arrival time
of a VoIP session was 20 mini-seconds. We assume that the two schemes in the literature are able to
be implemented at the S-GW. On the basis of the simulation results in the previous section, the means
of internal packet processing delays at the S-GW in our scheme, the well-defined APN scheme, and the
scheme of NAT with DPI were set to 0.047, 0.337 and 0.998 mini-seconds, respectively. Settings of
internal packet processing delays at the HeNB are identical to those at the S-GW.
Parameters
X
A
R
S

mean
0.1 ms (x = 10)
20 ms
5 ms (r = 1, m = 5)
0.047, 0.337 or 0.998 ms (depending on the LIPA scheme in use)
Table 4: Parameter Settings in the Analytical Model

Figure 19 shows the packet transmission delay against the number of HeNBs, where each HeNB
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serves only one VoIP session. The proposed scheme and the scheme through Well-defined APNs are able
to accommodate when the number of VoIP sessions is between 1 to 20. However, the transmission delay
in the LIPA scheme through NAT with DPI increases dramatically, especially when the session number
approaches 20. As the number of sessions served per HeNB increases to three, a similar increasing
curve was found to the scheme through Well-defined APNs. As shown in Figure 20, the delay increases
extraordinarily when k approaches 20. In other words, the increasing happens when the total number
of sessions that the S-GW serves is close to 60. Such rapid increasing results from the nature packet
queueing behaviour happening at the HeNB and the S-GW. Once the packet inter-arrival time at the
S-GW is large enough and close to the service time (i.e., packet processing time), the queue length at
the S-GW is tend to become larger and, from the viewpoint of packets, the waiting time thus becomes
longer. Although packets also perceive queueing delays at the HeNB, the ratio of the packet inter-arrival
time and the service time does not approach to one before that happens at the S-GW. Therefore, the
main index that decides the capability of a LIPA implementation is the accommodative number of VoIP
sessions at the S-GW. Table 5 shows the accommodative number of VoIP sessions that the S-GW can
serve via the LIPA function. Since the proposed extension scheme processes each packet with minimal
processing time, the S-GW can provide LIPA to hundreds of VoIP sessions, while the other two schemes
does only tens of the sessions.
In brief, the proposed scheme features the shortest packet transmission delay and thus the best voice
quality (i.e., the highest MOS value). In addition, the scheme is extended for the S-GW anchored LIPA.
The extension can provide hundreds of VoIP sessions with LIPA, ten times more than the affordable
numbers of the other two schemes in the literature.
LIPA Scheme
Detection Radio Bearer
NAT with DPI
Well-defined APN

Maximal Number of VoIP Sessions
417 sessions
20 sessions
59 sessions

Table 5: S-GW’s Accommodation on the Number of VoIP Sessions

5

Conclusion

We proposed a LIPA solution which sets up a dedicated radio bearer for local data packet detection. To
achieve the detection of local data packets, the TFT, an existing packet filtering mechanism in the LTE
network, is used to differentiate local data packets from others. Once a local data packet is received,
the detection radio bearer is transformed into a local data radio bearer for local packet routing. A new
detection radio bearer is then set up in preparation for establishing further LIPA connections. Compared
to the existing solutions, the proposed scheme reduces the packet transmission delay and maintains the
voice quality to a satisfactory level. The proposed scheme allows simultaneous local VoIP connections.
An extension was also proposed to implement the S-GW anchored LIPA, in which UEs attaching to
different serving HeNBs yet in the same S-GW managed domain can communicate with each other
via LIPA. The qualitative analysis distinguishes the proposed scheme from the previous work. The
simulation results showed that our approach features the shortest pacekt transmission delay and the best
voice quality. Further analytic results showed that the proposed extension which implements the SGW anchored LIPA can afford hundreds of VoIP sessions, ten times more than the two schemes in the
literature.
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Figure 19: Packet Transmission Delay against Number of HeNBs each of which Serves Only One VoIP
Session
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Figure 20: Packet Transmission Delay against Number of HeNBs each of which Serves Three VoIP
Sessions
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