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available at least two independent access
pahs (Al, A2) to the telecommunication's
network, wherein initialy ~ from a first, initi-
ating network element (A) a first connection
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(P1PR1) to a second (B), responding net-
work element is set up that is directed via a
first access path (Al) of the at least two in~
dependent access paths (Al, A2), where the
first  connection (P 1PR1) is controlled by a
first  protocol (PR1) apt for controlling sinm

gle communication paths, where  subsequent
g to the set-up of the first connection (P1PR1)
o- either of the involved network  elements  tries
to set up at lesst one further connection
V (P2PR2) to the other involved network elen
dudbl 0 L S MPR T IIIIIIIIIIIHHIHII ment (B), axl where on first skup of a furs
ther connection the first connection
(P1PR1) i's supplemented or replaced by an
other  further  connection (P1PR2), and the
mode of communication is changed such
that all further  connections together are controlled by a common second  protocol (PR2), to a network  element, a computer pro-

gram, and a computer program  product.
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METHOD FOR PERFORMING MULTI - CONNECTION COMMUNICATION

Field of the invention

The invention relates to a nethod for carrying a conmunica-
tion between two network elenments of a telecommunication's net-
work, especially telecommunication's termnals for the Internet
or an intranet, with at |east one of which having avail able at
| east two independent access paths to the tel ecommunication's
net work .

The invention further relates to a network elenent of a tele-
communi cation's network, especially teleconmunication's termi -

nal for the Internet or an intranet .

The invention further relates to a conmputer program for car-
rying a conmuni cation between two network elenents of a tele-
communi cation's network, especially teleconunication's term -

nals for the Internet or an intranet .

The invention further relates to a conputer program product
for carrying a conmunication between two network elements of a
tel ecomuni cation's network, especially telecomunication's
termnals for the Internet or an intranet, conprising a com-

puter readable nedium having a conputer readable program

The invention further relates to transferring a conputer pro-

gram.
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Backgr ound

The Internet Engineering Task Force (IETF) currently devel ops
a Transmission Control Protocol (TCP) extension that shall re-

alize multipath transport over potentially different paths.

A TCP-based data transport over nultiple paths and the corre-

sponding signaling must fulfill the follow ng requirements:

- It must be backwards -conpatible as far as possible to a nor-
mal TCP connection, and mninmze the changes required in TCP,

in order to be deployable in the Internet.

- It must be robust and take into account that m ddl eboxes

(proxies, firewalls, etc.) may affect the data transm ssion.
- It nmust be sinple and extensible.

There are existing solutions for realizing Miltipath TCP
(MPTCP) , but they are suboptimal wth respect to these crite-

ria.

At the nonment the nost relevant contribution is to be found

in http: //ww. ietf .org/internet-draf ts/draf t-ietf -nptcp-nultiaddressed-

00. txt .

The problem to be solved is to find an inproved solution.

Sunmmary

This problem according to the invention is solved by a nethod
for carrying a comunication between two network elenents of a
tel ecomuni cation's network, especially teleconmunication's
termnals for the Internet or an intranet, wth at |east one of
whi ch having available at |east two independent access paths to
t he tel ecommunication's network, wherein initially from a
first, initiating network elenent a first connection to a sec-

ond, responding network element is set up that is directed via
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a first access path of the at |east two independent access
paths, where the first connection is controlled by a first pro-
tocol apt for controlling single comrunication paths, where
subsequent to the set-up of the first connection either of the
i nvol ved network elenents tries to set up at |east one further
connection to the other involved network elenment, and where on
first set-up of a further connection the first connection is
suppl enented or replaced by an other further connection, and

t he node of communication is changed such that all further con-
nections together are controlled by a commobn second protocol

The problem according to the invention further is solved by a
network element of a telecommunication's network, especially
tel ecormuni cation's termnal for the Internet or an intranet,
that is built such that it can operate as initiating or as re-
spondi ng network elenment according to a nethod for carrying a
conmuni cati on between two network elenents of a telecommunica-
tion's network, with at |east one of which having available at
| east two independent access paths to the tel econmunication's
network, wherein initially froma first, initiating network
elenment a first connection to a second, responding netwrk ele-
ment is set up that is directed via a first access path of the
at |least two independent access paths, where the first connec-
tion is controlled by a first protocol apt for controlling sin-
gl e comuni cati on paths, where subsequent to the set-up of the
first connection either of the involved network elenents tries
to set up at |least one further connection to the other involved
network elenment, and where on first set-up of a further connec-
tion the first connection is supplenented or replaced by an
other further connection, and the node of comunication is
changed such that all further connections together are con-
trolled by a conmon second protocol

The problem according to the invention further is solved by a
conmputer program for carrying a communication between two net -
work elenments of a telecomunication's network, especially
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tel ecommunication's termnals for the Internet or an intranet,

wherein said conmputer program when executed on a network ele-
ment of a telecomunication's network, that is built such that
it can operate as initiating or as responding network elenent
according to a nethod for carrying a comrunication between two
network elenents of a telecomunication's network, wth at

| east one of which having available at |east two independent
access paths to the telecomunication's network, wherein ini-
tially froma first, initiating network elenent a first connec-
tion to a second, responding network elenment is set up, that is
directed via a first access path of the at |east two independ-
ent access paths, where the first connection is controlled by a
first protocol apt for controlling single comrunication paths,
where subsequent to the set-up of the first connection either
of the involved network elenments tries to set up at |east one
further connection to the other involved network elenent, and
where on first set-up of a further connection the first connec-
tion is supplenented or replaced by an other further connec-
tion, and the node of conmunication is changed such that all
further connections together are controlled by a commbn second
protocol, causes said network elenent to operate accordingly as

initiating or as responding network elenent.

The problem according to the invention further is solved by a
conmput er program product for carrying a communication between
two network elements of a telecommunication's network, espe-
cially telecomunication's termnals for the Internet or an
intranet, conprising a conputer readable nedium having a com-
puter readable program wherein said conputer program when
executed on a network element of a teleconmunication's network,
that is built such that it can operate as initiating or as re-
spondi ng network elenent according to a nethod for carrying a
communi cation between two network elenents of a tel econmunica-
tion's network, with at |east one of which having available at
| east two independent access paths to the tel ecommunication's
network, wherein initially froma first, initiating network
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element a first connection to a second, responding network ele-
ment is set up that is directed via a first access path of the
at least two independent access paths, where the first communi -
cation path is controlled by a first protocol apt for control-
ling single conmunication paths, where subsequent to the set-up
of the first communication path either of the involved network
el enments tries to set up at |least one further conmmunication
path to the other involved network elenent, and where on first
set-up of a further access path the first connection is supple-
mented or replaced by an other further connection, and the node
of conmuni cation is changed such that all comunication paths
together are controlled by a commbn second protocol, causes
said network elenent to operate accordingly as initiating or as
respondi ng network el enent.

The problem according to the invention further is solved by
transferring a conputer program for carrying a conmunication
between two network elenents of a tel ecommunication's network,
especially telecommunication's termnals for the Internet or an
intranet, wherein said conputer program when executed on a
network elenent of a teleconmunication's network, that is built
such that it can operate as initiating or as responding network
el ement according to a nethod for carrying a conmunication be-
tween two network elenents of a telecommunication's network,
with at |east one of which having available at |east two inde-
pendent access paths to the tel ecommunication's network,
wherein initially froma first, initiating network elenent a
first connection to a second, responding network element is set
up that is directed via a first access path of the at l|least two
i ndependent access paths, where the first connection is con-
trolled by a first protocol apt for controlling single communi-
cation paths, where subsequent to the set-up of the first con-
nection either of the involved network elenents tries to set up
at |l east one further connection to the other involved network
element, and where on first set-up of a further connection the
first connection is supplenented or replaced by an other fur-



10

15

20

25

30

WO 2012/000724 PCT/EP2011/058520
6

ther connection, and the node of comrunication is changed such
that all connections together are controlled by a common second
protocol, causes said network elenent to operate accordingly as

initiating or as responding network elenent .

The basic idea is to start with a normal single path connec-
tion using a first protocol foreseen for such connections. Then
fromeither of the both sides a trial is nade to set up a fur-
ther single path connection. Such trial and set-up is con-
trolled by the first protocol. Once such trial is successful
the original first connection is supplenmented or replaced by an
ot her further connection. Then the first protocol is ceased and
all connections over potentially different communication paths
together are controlled by a commbn second protocol

It should be nentioned that the nere replacing of the first
protocol with the second protocol within the original first
connection in contrast to normal use of the term connection is

consi dered here as replacing the connection.

The first protocol preferably is the normal TCP protocol. In
contrast to using an enhanced version of the normal protocol
as recommended in the prior published recomendations, this
alone is a major step in fulfilling the requirenents nentioned

above .

Dependent on the network elenents on the path between the two
endpoi nts, the so-called m ddl eboxes, it nmay be necessary to
set up all subsequent connections from the sanme side as the
initial single path connection. Then it mght be also necessary
to beforehand negotiate such subsequent set-up. This then is
performed using the first protocol

Further such trials can be made to add still further connec-

tions.

Further enbodinents of the invention are to be found in the
subclains and in the follow ng description
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Brief Description of the Figures

In the following the invention will be described wth the aid
of the acconpanyi ng draw ngs .

Figure 1 shows the course of a comunication between two net -
work elenents according to an exanple of a nethod ac-

cording to the invention.

Figure 2 shows a |ayered nodel of a network elenent according
to the invention.

Description of the Enbodi nents

Based on the exanple shown in figure 1 the invention now wll
be described in detail.

Figure 1 shows top down the course of a conmmunication between
10 two network elenents A and B. Network elenment A is considered
to have two independent accesses to the tel econmunication's
network, e.g. an optical access via a passive optical network
PON using a first address A, and a wireless access via a UMIS
link using a second address A2. Network elenent B is considered
15 to have only one access to the telecomunication's network us-
ing address B.

What here is called an address in practice is an |P address.

Network elenment A starts setting up an initial conmunication
bet ween address Al and address B of network elenment B. The sig-
20 naling is shown in three drawn-through nessages not | abel ed;
t he consequent comunication PIPR uses a first path Pl and a
first protocol PR1L and is shown in a vertical pattern

It is to be pointed out that the protocol PRl is the protocol
normal ly used in such network, nowadays the well-known TCP/IP
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protocol. It is recommended that this protocol is slightly

nodified to test whether both network elenents support the
nmet hod according to the invention. This can be achieved by an
addi tional option in the packet header of TCP.

Based on the information exchanged using communication P1PRL
network elenments A and B can decide to set up a new communi ca-
tion using two paths PI and P2 and a second protocol PR2.

The changeover between this first phase with only one connec-
tion over one path using the first protocol and the second
phase with comrunication over two paths is initiated using a
signaling between address Al of network elenent A and address B
of network elenment B, shown in three dot -dashed lines and a
signaling between address A2 of network elenent A and address B
of network element B, shown in three dot -dot -dashed I|ines.

The setup procedure of the additional connections is realized
in a manner ensuring that both network elenents can distinguish
connections controlled by the second protocol PR2 from those
controlled by the first protocol PR1l.

As a result we have two connections, Pl1PR2, shown in a hori-
zontal pattern, and P2PR2, shown in a diagonal pattern, using
two separate paths Pl and P2 controlled by the second protocol
PR2 .

Now in a simlar way further paths could be added.

In contrast to using the TCP protocol in a single path con-
nection the second protocol advantageously may use a type-
| engt h-value format, known as TLV format, building a Milti-
Connection TCP protocol (Milti-Connection Transfer Control Pro-
tocol = MCTCP) . Such Multi- Connection TCP protocol is sone kind
of enhanced version of the normal protocol |ike the above nen-
tioned or simlar Milti-Paths Transfer Control Protocols
(MPTCP) . Preferably the way of enhancing the normal protocol is
slightly different from such known protocols.
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The connection Pl1PRL nay remain established as a fall -back

position, but it may be unused as long as at |east one connec-

tion using the second protocol PR2 is readily working.

The above exanple supposed to have the two or nore independ-
ent paths at the side of the access networks. Likewi se a server
as one of the involved network elenents could have two access
paths via two independent provider networks . Then in principle
the use of multi- connection conmmunication could work just the
same. As end-users often use firewalls it should be the und
user' network elenents that open the paths. In such situation
the server could announce to the user's termnal as the other
i nvol ved network elenment that it could be reached via a stil
further address then the one already used.

Mul ti -connection conmunication of this kind of course also is
possi bl e between any two network elenments within the tel ecommu-

nication's network.

The | ayered nodel of a network element NE according to the
invention as shown in figure 2 on top includes at the user side
US an application Appl and at the bottom at the kernel side KS
two TSP/ IP connections illustrated by two boxes each for the
usual two layers. The multi -Connection Transfer Control Proto-
col MCTCP represents the second protocol PR2 and aggregates the
two TCP/IP connections transparently towards the application as
if it was a single connection only. The Milti -Connection Trans-
fer Control Protocol MCTCP in this exanple is realized in the
user side US, but can be realized in the kernel side KS or with
a conbination of both (double arrow)



10

15

20

25

30

WO 2012/000724 PCT/EP2011/058520

10

d ai ns

1. Method for carrying a comrunication between two
network elenents of a telecomunication's network,
especially teleconmunication's termnals for the
Internet or an intranet, with at |east one of which
having available at |east two independent access
paths (A, A2) to the tel ecommunication's net wor kK,
wherein initially froma first, initiating network
element (A a first connection of a first kind
(P1PR1) to a second (B , responding network element
is set up that is directed via a first access path
(Al) of the at least two independent access paths
(A, A2) , where the first connection (P1PRl) is con-
trolled by a first protocol (PR1) apt for control -
ling single comunication paths, where subsequent to
the set-up of the first connection of the first kind
(P1PR1) either of the involved network elenents (A
tries to set up at least one connection of the sec-
ond kind (P2PR2) to the other involved network ele-
ment (B) , and where on first set-up of a connection
of the second kind the first connection of the first
kind (P1PR1) is supplenmented or replaced by an other
connection of the second kind (P1PR2) , and the com-
muni cation is changed such that all connections of
the second kind (P1PR2, P2PR2) together are con-

trolled by a common second protocol (PR2).

2. Method according to claim 1, wherein prior to

setting up a connection of the second kind the data
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necessary for setting up and conbining with the
first connection of the first kind are exchanged via
the first connection of the first kind using the

first protocol ( P1PR1)

3. Method according to claim 1, wherein the network
element trying to set up at |east one connection of

the second kind is the initiating network elenent.

4., Method according to claim 3, wherein the initiat-
ing network elenent is infornmed by the responding
network elenment, when setting up at |east one con-

nection of the second kind should be considered.

5. Network elenent (NS) of a telecomunication's
network, especially telecomunication's termnal for
the Internet or an intranet, that is built such that
it can operate as initiating or as responding net-
work elenent in a nethod for carrying a communica-
tion between two network elements of a telecommuni -
cation's network, especially telecommunication's
termnals for the Internet or an intranet, wth at

| east one of which having available at least two in-
dependent access paths (A, A2) to the telecommuni -
cation's network, wherein the network elenent fur-
ther is built such that initially from a first, ini-
tiating network elenment (A a first connection of a
first kind (P1PRl) to a second (B , responding net-
work element is set up that is directed via a first
access path (A) of the at least two independent ac-
cess paths (A, A2) , where the network elenent fur-
ther is built such that the first connection (P1PR1)
is controlled by a first protocol (PRL) apt for con-

trolling single communication paths, where the net-
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work element further is built such that subsequent

to the set-up of the first connection of the first
kind (P1PRl1) either of the involved network elenents
(A tries to set up at least one connection of the
second kind (P2PR2) to the other involved network

el ement (B) , and where the network elenment further
is built such that on first set-up of a connection

of the second kind the first connection of the first
kind (P1PR1) is supplenented or replaced by an other
connection of the second kind (P1PR2) , and the com
muni cati on is changed such that all connections of
the second kind (P1PR2, P2PR2) together are con-

trolled by a common second protocol (PR2)

6. Conmputer program for carrying a conmunication be-
tween two network elenents (NE) of a teleconmunica-
lion's network ; especially teleCommunicatioxn's ter-
mnals for the Internet or an intranet, wherein said
conmputer program when executed on a network el ement
according to claim 5, causes said network element to

operate according to the nmethod of claim 1.

7. Conmputer program product for carrying a communi -
cation between two network elenments of a telecommu-
nication's network, especially teleconmunication's
terminals for the Internet or an intranet, conpri s—
ing a conputer readable nedium having a conputer
readable program wherein said conputer readable
program when executed on a network elenent accord-
ing to claim 5, causes said network elenment to oper-

ate according to the method of claim 1.

8. Transferring a conputer program according to

claim 6.
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