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Summary

Supplement 9 to ITU-T Y-series Recommendations describes the scenarios, use cases and benefits of
multi-connection, in which a user equipment keeps more than one network connection
simultaneously. Multi-connection brings a number of benefits compared to the single connections
currently available. This supplement provides the basis for development of requirements and
development of an architecture that supports multi-connection.
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications, information and communication technologies (ICTs). The ITU Telecommunication
Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years,
establishes the topics for study by the ITU-T study groups which, in turn, produce Recommendations on
these topics.

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with ISO and IEC.

NOTE

In this publication, the expression "Administration" is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

Compliance with this publication is voluntary. However, the publication may contain certain mandatory
provisions (to ensure e.g., interoperability or applicability) and compliance with the publication is achieved
when all of these mandatory provisions are met. The words "shall" or some other obligatory language such as
"must" and the negative equivalents are used to express requirements. The use of such words does not
suggest that compliance with the publication is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this publication may involve the
use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence, validity or
applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others outside of
the publication development process.

As of the date of approval of this publication, ITU had not received notice of intellectual property, protected
by patents, which may be required to implement this publication. However, implementers are cautioned that
this may not represent the latest information and are therefore strongly urged to consult the TSB patent
database at http://www.itu.int/ITU-T/ipr/.

© ITU 2010

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the
prior written permission of ITU.
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Supplement 9 to ITU-T Y-series Recommendations

ITU-T Y.2000-series — Supplement on multi-connection scenarios

1 Scope

This supplement describes the scenarios, use cases and benefits of multi-connection technology, in
which user equipment (UE) can maintain more than one network connection simultaneously and
dynamically distribute traffic flows over more than one network connection simultaneously, either
by real-time choice of the user or automatically, based on policies previously agreed to by the
subscriber and operator. Multi-connection capabilities permit UEs to take advantage of the
flexibility offered by bandwidth aggregation and service transfer to increase reliability and provide
robust service.

The goals of this supplement are first to describe the generic multi-connection scenarios and use
cases to illustrate the variability of roles played by the subscriber and operator, and second to
summarize the benefits realized by both users and providers of multi-connection service. The
requirements and potential solutions to technically achieve the scenarios of multi-connection are out
of scope of this supplement.

2 References

[ITU-T Q.1706] Recommendation ITU-T Q.1706/Y.2801 (2006), Mobility management
requirements for NGN.

[ITU-T Y.2011] Recommendation ITU-T Y.2011 (2004), General principles and
general reference model for Next Generation Networks.

[ITU-T Y.2012] Recommendation ITU-T Y.2012 (2006), Functional requirements and
architecture of the NGN release 1.

[ITU-T Y.2051] Recommendation ITU-T Y.2051 (2008), General overview of
IPv6-based NGN.

[ITU-T Y.2052] Recommendation ITU-T Y.2052 (2008), Framework of multi-homing in
IPv6-based NGN.

[ITU-T Y.2091] Recommendation ITU-T Y.2091 (2007), Terms and definitions for Next
Generation Networks.

[ITU-T X.200] Recommendation ITU-T X.200 (1994) | ISO/IEC 7498-1:1994,
Information technology — Open Systems Interconnection — Basic
Reference Model: The basic model.

3 Definitions

3.1 Terms defined elsewhere

This supplement uses the following terms defined elsewhere:

3.1.1 connection [ITU-T X.200]: A connection is an association established for the transfer of
data between two or more peer-(N)-entities. This association binds the peer-(N)-entities together
with the (N—1)-entities in the next lower layer.

3.1.2  service continuity [ITU-T Q.1706]: The ability for a mobile object user to maintain an
ongoing service, including current states, such as user's network environment and session for a
service.
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3.2 Terms defined in this supplement
This supplement defines the following terms:

3.2.1 multi-connection: Multi-connection is the collection of several simultaneous connections
between two or more peer-(N)-entities. At least one of the connections is required to be associated
with a physical layer connection different from the rest of the connections. All connections are
dynamically coordinated with each other by the subscriber or the network to provide service to
higher layer entities.

3.2.2 service transfer: In multi-connection, one service or more than one service belonging to a
single user equipment (UE) are moved from one connection to other connection(s).

4 Abbreviations and acronyms

This supplement uses the following abbreviations and acronyms:

2G Second Generation

3G Third Generation

ADSL Asymmetric Digital Subscriber Line
AP Access Point

BSS Base Station Subsystem
FTP File Transfer Protocol

IP Internet Protocol

IPTV Internet Protocol Television
HO Handover

LTE Long Term Evolution

NGN Next Generation Network
pP2p Peer-to-Peer

PC Personal Computer

QoS Quality of Service

UE User Equipment

VoIP Voice over Internet Protocol
VPN Virtual Private Network

WLAN Wireless Local Area Network

5 Conventions
None.
6 Generic scenarios of multi-connection

Multi-connection scenarios are shown but not limited to the ones depicted in Figure 6-1. The
general principles of all multi-connection scenarios are summarized as follows:

1) All multi-connection scenarios are based on UEs having multiple physical interfaces, which
means scenarios with single physical interfaces are not in the scope of multi-connection.
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2) The following cases are not considered as multi-connection scenarios:
a) Dual mode cell phones which must disable one radio module in order to use the second.
b) Handover (HO).

3) In multi-connection scenarios, the multiple network entities belonging to different
connections may interwork.

4) The layers in the multi-connection scenarios are the logic layers, but not the physical layers.
At I o o Applica Applica
Application Application Application Application tion tion
Service control Service control Service control Selles Service Sellee Stz
control control control control
A trol A trol Access Access Access Access Access Access
ccess contro CeesScontio control control control control control control
e il Access Access Acce: Acce Acce Acce Acce Acce
P point point point point point point point point
e e [ e e
A B C D E

Figure 6-1 — Generic multi-connection scenarios

Scenario A

In scenario A, one UE accesses one access point (e.g., base station subsystem (BSS), NodeB,
eNodeB) via multiple frequency bands simultaneously. By accessing one access point (AP) via
multiple frequencies, a higher peak data rate can be provided to the UE. This is useful to provide a
higher data rate service and optimized user experience, and also trunking efficiency can be
increased, which helps to improve resource utilization.

Scenario B

In scenario B, the UE can access multiple access points simultaneously using the same access
technology. This scenario provides performance improvements to the user, especially to the user in
the cell edge, where the interference can be eliminated based on the coordination of different APs.
This scenario will be available in the future when multiple-antenna technology is deployed broadly.

Scenario C

In scenario C, the UE connects to heterogeneous access networks which are controlled by different
access control functions but the same service control function. The access control management and
the QoS policies are enforced in each access control function and established by the service control
point. In this scenario, data flows can be transmitted over different access networks to obtain
different QoS assurance.

For example, in the video conference, the voice is transmitted by 2G, 3G or long term evolution
(LTE) to assure real-time service, and the video is transmitted by wireless local area network
(WLAN), which has higher bandwidth and may be cost efficient for a large number of network
flows; both of these two access networks use the same core network. Data flows can also be
conveyed by different access networks to increase bandwidth.

For example, the user is downloading a multimedia file with a large volume of data. To improve the
downloading rate and to balance the data downloading, the user accesses additional access networks
to increase the bit rate.
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Scenario D

Scenario D shows a UE connecting to multiple heterogeneous access networks controlled by
separate access control and service control functions. The UE can combine the different network
capabilities to serve a unified application.

For example, the UE has both 2G and WLAN connections; when the video telephone application is
launched, the voice will use the 2G connection to ensure a stable and real-time voice service, and
the video will use the WLAN connection to get larger bandwidth. However, the UE may connect to
a 2G base station and a WLAN AP simultaneously, and the video telephone application running in
the UE thus may have multiple sessions controlled by different networks.

Scenario E

In scenario E, a UE connects to multiple heterogeneous access networks through multiple access
points, which are controlled by separate access control and service control functions for different
applications. In this scenario, a specific application is bound to use a specific network connection. A
UE can be treated as a set of single-interface UEs which support different access technologies and
utilize various applications, respectively, but service transfer between different connections should
be considered in this scenario.

For example, if the UE connects to the company intranet through a virtual private network (VPN)
connection over WLAN, and the user wants to monitor the stock market as well, which is not
allowed on the intranet, it is necessary to use the 2G connection to access the stock application at
the same time.

7 Use cases of multi-connection

7.1 Use case 1: Multimedia division

This use case shows that a UE can access multimedia services through multiple connections
(i.e., multimedia services can be divided and delivered through different data paths).

Alice has to attend a video conference with business partners via her mobile phone when she is
walking to her office. On the way to her office, some WLAN hot-spots are available, so Alice
decides to initiate the video flow through the WLAN link in order to benefit from higher bandwidth
and cheaper cost, whereas she sends and receives the audio flow through the 2G/3G link in order to
guarantee the audio flow to be uninterrupted.

7.2 Use case 2: Load balance

This use case shows that a UE can separate a flow between multiple connections simultaneously.

Alice switches the video conference from her mobile phone to her personal computer (PC) after she
arrives at her office. The PC can access the Internet via asymmetric digital subscriber line (ADSL)
and via a public WLAN in the building. Alice would like to use the WLAN link because it is free,
but a colleague tells her that the WLAN link is too unstable to keep video conference continuity
today. So Alice decides to use the ADSL link in order to mitigate the load on the WLAN link, but
still keeps the WLAN link active.

7.3 Use case 3: Reliability

This use case shows that multi-connection may improve service reliability upon a network or UE
failure by using multi-connection.
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Alice holds a video conference with her business partners on the PC via ADSL link and WLAN link
simultaneously. After a while, the WLAN connection abruptly breaks down due to an unstable
situation. Fortunately, the active ADSL connection avoids the interruption of the video conference
and Alice continues to hold the conference entirely via the ADSL connection. The use case is
shown as Figure 7-1.

Conference
server

YSuppl.9(10)_F7-1
Figure 7-1 — Reliability

7.4 Use case 4: Automatic network selection

The automatic network selection encompasses two cases: the UE-initiated network selection and the
network-initiated network selection.

7.4.1 UE-initiated network selection

This use case shows that a UE automatically selects the currently best connections according to
configured policy, and activates them.

After the video conference, Alice decides to eat lunch in a nearby restaurant which provides a
WLAN link to customers (hot-spot). While waiting, Alice enjoys the MP3 from her favourite
on-line music channel through the WLAN link. Suddenly, Alice realizes that she had not checked
her corporate email box earlier that morning. Based upon the configured policy (e.g., security
class), the UE will automatically choose the 3G link to download her email through her corporate
VPN, even though the WLAN is free. The use case is shown as Figure 7-2.
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Figure 7-2 — UE-initiated network selection

7.4.2 Network-initiated network selection
This use case shows that UE is provided the best available connection selected by network.

After finishing lunch, Alice enjoys a cup of coffee and the on-line MP3 in the restaurant over the
restaurant's WLAN hot-spot link. At that time, her boss initiates a VoIP call to Alice to discuss a
business emergency. The network immediately recognizes that the VoIP call needs stricter QoS
assurance than it can provide and then chooses a 3G connection rather than the WLAN link to
establish a VoIP connection with Alice.

7.5 Use case 5: Service continuity

This use case shows that, in multi-connection, if one of the connections is lost, then the service can
use another connection to maintain the service without any interruption.

Alice has both a 3G connection and WLAN connection in her home. She uses the video call service
through 3G, and the peer-to-peer (P2P) downloading through WLAN so that the download does not
affect her voice service. After a while, she leaves home with a video call active. When the WLAN
connection is lost, the network senses the change and automatically starts delivering the P2P data
over the 3G connection without restarting the P2P downloading service, and Alice is informed by
the network of the change.

7.6 Use case 6: Bandwidth aggregation

This use case shows that the UE can use multiple connections simultaneously to serve a single
application in order to get an aggregated bandwidth.

Alice uses a WLAN connection to download a film in the airport. Then she finds there is not
enough time to finish downloading before the flight, so she must accelerate the download to save
time. So she sets up the 3G connection, and lets the downloading service use both the WLAN and
3G simultaneously to achieve a wider aggregated bandwidth in order to speed up the download.

7.7 Use case 7: Service transfer

This use case shows that the service can move among multiple connections according to policy.
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Alice launches a voice call through a WLAN connection, and browses web pages through the 3G
connection at the same time. Then she starts a file transfer protocol (FTP) session to download
software through the WLAN connection. She feels the WLAN connection becomes congested due
to the large number of file transfers, therefore, she chooses to move the voice call to the 3G
connection, and this transfer is transparent to her voice call. The use case is shown as Figure 7-3.

YSuppl.9(10)_F7-3

Figure 7-3 — Service transfer

7.8 Use case 8: Service flow duplication

This use case shows the service flow duplication to avoid disruptions created by handover. In other
words, a subscriber requires the involvement of another UE in the on-going session; i.e., the
duplication of the current session. The multi-connection network and involved UEs have the
advantage compared to the "single-connection" network to allocate the required number of
simultaneous connections in the UE, thus providing ahead of time a smooth set-up of the duplicated
session.

Alice watches a music concert with her family via her multi-connection UE, (for instance, a large
screen) connected at her home via WLAN or fixed access. Subsequently, she decides to duplicate
the on-going session to her multi-connection UE, with WLAN and 3G connections, using her UE;.
Instead of using UE,; to request a classical service transfer to UE,, she invokes the network
operator's service "service flow duplication"; she will avoid interruptions and/or glitches, for
instance, delayed video and audio frames or IP packets created by a classical service transfer or HO.
Once the multi-connection network performs the service flow duplication and the session run
simultaneously in UE,, Alice has the option to either:

1) Release the 3G connection in UE,, and only maintain the WLAN connection.

2) Preserve both connections in UE, simultaneously. When she moves out of WLAN coverage
leaving home, the network automatically shall maintain the service using the 3G
connection, without service disruption.
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Figure 7-4 — Service flow duplication

7.9 Use case 9: Data transmission rate adjustment

In this use case, when the UE uses bandwidth aggregation, the service flow can be transmitted
through different connections by adjusting their bit rate according to the access network's price,
speed, etc.

For example, Alice is enjoying Internet Protocol Television (IPTV) via her mobile phone when she
is walking to her office. As she moves, she finds that there are some WLAN hot-spots available. So
Alice decides to initiate the WLAN link in order to efficiently deliver over two interfaces. Then the
server divides and delivers a single stream through the different data paths, adjusting the bit rate for
each connection. As shown in Figure 7-5, if a UE has two connections (e.g., one has three times the
bit rate availability than the other), then the server adjusts the bit rate of one or both streams.

Server
— 7
Secde Rate/of WLAN Eﬁ

Rate of 3G

NITN [T YSuppl9(10)_F7-5

Figure 7-5 — Data transmission rate adjustment

8 Benefits of multi-connection

This clause summarizes the generic benefits of multi-connection from the various use cases
described in clause 7. These generic benefits are illustrated in Table 8-1.

In the multi-connection environment, both subscriber and network operator can benefit from
multi-connection. The subscriber takes advantage of increased flexibility and the network operator
can benefit when deploying multi-connection technologies.
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Table 8-1 — Generic benefits of multi-connection

Benefit Relevant use cases
Service continuity 1,2,3,5,7,8

Increased access options 3,4,5,7,8
Aggregated bandwidth 2,6,9
Load sharing 1,2,9
Load balancing 2,7,9

Flexibility in network selection 4,5,7,8,9
Reliability 3,5,9

8.1 Service continuity

By utilizing multi-connection, UEs and networks are able to redirect or duplicate flow(s) from one
connection to another, without interrupting the on-going service, based on the UEs' preferences or
upon changes driven by network.

8.2 Increased access options

Multi-connection permits networks to more closely achieve anywhere/anytime multimedia access
by providing more access and connection options.

8.3 Aggregated bandwidth

Multiple connections may be maintained simultaneously in order to increase the total aggregated
bandwidth available to the UE. It is often desirable to aggregate bandwidth over multiple
connections when bandwidth for the UE is limited by the underlying specific technology of a single
connection or by some policies. Multi-connection can increase the total bandwidth available to
the UE.

8.4 Load sharing

Load sharing is used to spread network traffic load among several connections. This is achieved
when the traffic load is distributed among different connections between the UE and the network. It
is often desirable that, when there is more than one equivalent connection, the UE distributes its
outgoing or incoming traffic among these connections. The load sharing among multiple
connections provides better performance for the UE's traffic handling.

8.5 Load balancing

By utilizing multi-connection, it is possible to separate an individual flow between multiple
connections related to the single UE. It is also used to mitigate the traffic load on a heavily loaded
connection by transferring some of the traffic to a less loaded one without breaking the flow.
Therefore, several connections can be used to spread the traffic loads.

8.6 Flexibility in network selection

Multi-connection provides the UE, the application or the network the ability to choose the preferred
transmission technology or access network based on cost, efficiency, policies, bandwidth
requirement, delay requirement, etc.
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8.7 Reliability

Multi-connection provides service robustness when failure occurs in one connection, i.e., the
functions of a system component (e.g., interface, access network) are assumed by a secondary
system component when the primary component becomes unavailable (e.g., failure). Connectivity is
guaranteed as long as one connection is maintained to the network.
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