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(57) Abstract: The invention deals with a method of communication in cellular networks comprising mobile user equipments (1, 2,
3, 4), base stations (5, 6, 7, 8) and core networks (9, 10), backhauls (1, 12, 13, 14, 15) between base stations (5, 6, 7, 8) and core net -
works (9, 10), including, if a request from or to a mobile user equipment (4) cannot be satisfied by a base station (6) of a first net-
work through own backhaul according to traffic load thereon, the step of trying to satisfy said request through backhaul of another
neighbour base station (8) of a second network different from first network, said another neighbour base station (8) being selected
according at least to availability and to offered quality of service thereof.
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COMMUNICATION IN A CELLULAR NETWORK TAKING INTO
ACCOUNT BACKHAUL LOADING

FIELD OF THE INVENTION

The invention relates to communication in a cellular network in which backhaul

loading is taken into account to limit the risk of traffic congestion.

BACKGROUND OF THE INVENTION

In a conventional cellular system, whatever generation is considered, a base

station has at least two interfaces, an air interface to mobile user equipment (UE) and
a backhaul interface to the core network.

In a cellular network, the backhaul portion of the network comprises the
intermediate links between the core network, or backbone, of the cellular network and
the small subnetworks at the “edge” of the entire cellular network. For example, while
mobile user equipments communicating with a single base station constitute a local
subnetwork, the connection between the base station and the rest of the world begins
with a backhaul link to the core network of cellular network.

With more and more expectations coming from mobile user equipments, with
respect to geographical coverage, available bandwidth, and quality of service level,
that is to say with a continuous increase in user demand, traditional backhaul can be
casily overloaded, thereby creating a backhaul bottleneck because of insufficient
backhaul capacities.

A solution that could strike one’s mind is to increase backhaul capacities in a
limitless way in order to meet user’s demand increase. But upgrading network
infrastructure rapidly raises capital and operational expenditures to a non acceptable
level for telecommunication operators.

In a first prior art, for example described in English application GB 2454872, a
solution to this problem is proposed. When backhaul traffic load becomes too high,
corresponding base station of the network merely refuses new entering calls and a
handover to a neighbor base station of the same network is managed. A new link is set
up between new neighbor base station and mobile user equipment. This can only be

done when there is at least one neighbor base station available in the network.

SUMMARY OF THE INVENTION

An object of some embodiments of the present invention is to alleviate at least

partly the above mentioned drawbacks.
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More particularly, embodiments of the invention aim to make processing
simpler and more mobile user equipment transparent, when own backhaul traffic load
of a base station in a network is too high to satisfy a new request from or to a mobile
user equipment.

A preferred embodiment of the invention aims at making such processing
completely transparent for mobile user equipment, that is to say with no interaction
from mobile user equipment, with no cell change for the mobile user equipment, with
no request relayed to another base station to trigger the backhaul change. To trigger
the backhaul change, there is signaling only between base station and core network
according to some embodiments of the invention.

When there are several different networks in a same geographical area, when
base stations belonging to different networks are neighbor to one another in this same
geographical area, it may happen that all different networks are not equally loaded.
For example, a first network backhaul is close to traffic overload whereas a second
network has major part of its backhaul capacities still traffic free and therefore
available. It is within the scope of invention to take advantage of these yet unused
backhaul capacities of second network to limit or to reduce the risk of backhaul traffic
overload in the first network.

In a first aspect, this object is achieved with a method of communication in a
cellular communication network comprising mobile user equipments, base stations
and a core network. The method includes the successive steps of :

a) main base station of a first cellular network receiving a request from or to a

mobile user equipment of the first network ;

b) main base station checking if request can be satisfied through own backhaul

according to traffic load ;
wherein, if request cannot be satisfied trough own backhaul, method further includes
the successive steps of :

¢) main base station or core network of first network trying to select another

neighbour base station of at least a second cellular network different from
first network, according at least to availability of a backhaul of said another
neighbour base station and/or to offered quality of service of the backhaul of
said another neighbour base station;

if successful, main base station communicating through backhaul between said
another neighbour base station of second network and core network of first network to
satisfy request.

Preferred embodiments comprise one or more of the following features:
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In step d), the main base station may communicate with said another neighbour
base station of the second network through air interface and may communicate with
the core network of the first network through backhaul between said another
neighbour base station of second network and core network of the first network via a
core network of the second network, to satisfy request.

In step d), the main base station may communicate with said another neighbour
base station of second network through air interface, acting as a user equipment of the
second network.

In step b), the main base station may check if request can be satisfied through
own backhaul by comparing effective traffic load to a predetermined maximum traffic
load threshold.

In step c), the main base station or the core network of the first network may try
to select another neighbour base station of at least a second network by choosing in a
list of available neighbour base stations of at least a second network with associated
offered qualities of service.

In step c), the main base station or the core network of the first network may try
to select another neighbour base station of at least a second network by choosing, in
the list of available neighbour base stations of at least a second network with
associated offered qualities of service, the available neighbour base station with the
best quality of service.

In step c), the main base station or the core network of the first network may try
to select another neighbour base station of at least a second network by requiring
acceptance of said mobile user equipment, if quality of service of neighbour base
station intended to be chosen is below the minimum quality of service required by the
request to be satisfied.

In a second aspect of the invention, a method is provided of communication in
cellular networks comprising mobile user equipments, base stations and core
networks, backhauls between base stations and core networks. The method includes, if
a request from or to a mobile user equipment cannot be satisfied by a base station of a
first network through own backhaul according to traffic load thereon, the step of
trying to satisfy said request through backhaul of another neighbour base station of a
second network different from first network, said another neighbour base station being
selected according at least to availability of the backhaul there of and / or to offered
quality of service of the backhaul thereof.

In a third aspect of the invention a main base station is provided of a main
cellular network comprising mobile user equipments, base stations and a core

network. The main base station comprises :

Petitioners Exibit 1005
Page 4 of 23



10

15

20

25

30

35

WO 2013/037903 PCT/EP2012/067975

a)a receiver adapted to receive a request from or to a mobile user equipment;
b)a traffic load detector adapted to check if request can be satisfied through own
backhaul according to traffic load ;

c)a selector, adapted to try and select another neighbour base station of at least
another cellular network according at least to availability and to offered quality of
service of said another neighbour base station, if request cannot be satisfied trough
own backhaul ;

d)a transmitter and the receiver, both adapted to communicate through backhaul
between said another neighbour base station of said another cellular network and core
network of main cellular network to satisfy request, if selection successful.

In some embodiments, the main base station is an eNodeB of a E-UTRAN.

In a fourth aspect a subsystem is provided of a main core network of a main
cellular network comprising mobile user equipments, base stations and the main core
network. The subsystem comprises :

a) areceiving element adapted to receive a demand from a base station;

b) a fetching element adapted to get a list of available neighbour base stations
and associated offered qualities of service of at least another cellular
network

¢) atransmitting element adapted to send said list to said base station of main
cellular network as an answer to said demand ;

d) a selector, adapted to try and select another neighbour base station in said
list.

The receiving element and the transmitting element are adapted to communicate
afterwards with said base station of main cellular network through backhaul between
main core network and one base station selected from said list.

The transmitting element and the selector are configured such that either
operation of transmitting element sending said list or operation of selector trying to
select said another neighbour base station can be performed, but both operations
cannot be performed for the same demand.

In some embodiments, the subsystem is a serving gateway of a E-UTRAN.

In some embodiments, the fetching element is configured to be able to get said
list from a OAM center.

A fifth aspect of the invention is a mobile user equipment for a main cellular
network comprising mobile user equipments, base stations and a core network. The
mobile user equipment comprises :

a) a transmitter adapted to transmit a request to a base station;
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b) areceiver adapted to receive a quality of service degradation proposal from
a base station according to excessive traffic load on backhaul of said base
station;

c) acontroller adapted to check if said degradation proposal is acceptable for
said request.

The transmitter is adapted to send an acceptance message or a refusal message
depending on checking result of controller.

A sixth aspect of the invention is a computer program product comprising a
computer readable medium, having thereon a computer program comprising program
instructions, the computer program being loadable into a data-processing unit and
adapted to cause execution of the method according to the first or second aspect when
the computer program is run by the data-processing unit.

According to an embodiment of the invention, in selection step, when a
neighbour base station of at least a second network accepts to share its backhaul with
main base station of first network, said neighbour base station of second network
gives priority to requests from or to mobile user equipments of second network over
the request to be satisfied by main base station of first network.

According to an embodiment of the invention, first network is E-UTRAN and at
least second network is chosen among one or more of following networks : GSM
network, UTRAN, WIFI network.

According to an embodiment of the invention, said request is ecither a file
download request from said mobile user equipment or a request to establish a path for
a terminating call to said mobile user equipment.

In some embodiments, the third, fourth, fifth and sixth aspects of the invention
may additionally have features identical with or corresponding to any of the various
features as explained above for the first aspect of the invention.

Further features and advantages of the invention will appear from the following
description of embodiments of the invention, given as non-limiting examples, with

reference to the accompanying drawings listed hereunder.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows an example of a couple of cellular networks implementing an

embodiment of the invention.

Fig. 2 shows the steps of an example of method implementing an embodiment
of the invention.

Fig. 3 shows an example of detailed substeps of a step of method shown on

figure 2.

Petitioners Exibit 1005
Page 6 of 23



10

15

20

25

30

35

WO 2013/037903 PCT/EP2012/067975

Fig. 4 shows an example of detailed substeps of another step of method shown
on figure 2.

Fig. 5 shows an example of main base station according to one embodiment of
the invention.

Fig. 6 shows an example of a subsystem of core network according to one
embodiment of to the invention.

Fig. 7 shows an example of a mobile user equipment according to one

embodiment of to the invention.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 shows an example of a couple of cellular networks implementing an
embodiment of the invention. There are two networks represented on figure 1, but
there could be three of them or even more of them.

First network encompasses a core network 9, base stations 5 and 6, only two of
them being represented on figure 1 but there may be more of them and mobile user
equipments 1 and 4, only two of them being represented on figure 1 but there may be
more of them. Base stations 5 and 6 communicate with core network 9, respectively
through links 11 and 12. Link 11 is the backhaul between base station 5 and core
network 9. Link 12 is the backhaul between base station 6 and core network 9. Core
network 9 communicates through link 19 with an operation, administration and
maintenance center 21. The operation, administration and maintenance center 21 will
provide base station 6 with a list of available neighbor base stations of a second
network with associated offered qualities of service for their associated backhauls. In
the list, each available neighbor base station is associated with its offered quality of
service of its dedicated backhaul. Mobile user equipments 1 and 4 can communicate
with base stations 5 and 6 through air interface. On figure 1, mobile user equipment 4
has established a communication 16 through air interface with base station 6. Mobile
user equipment 4 has sent a request to base station 6 or base station 6 has got a request
that is to be sent to mobile user equipment 4. First network can, for example, be an E-
UTRAN network. Base stations 5 and 6 can be eNodeB. An E-UTRAN (Enhanced
Universal Terrestrial Radio Access Network) is a network also called long term
evolution (LTE) UTRAN. First network could also be a GSM, a UTRAN, or a WIFI
network.

Second network encompasses a core network 10, base stations 7 and 8, only two
of them being represented on figure 1 but there may be more of them, and mobile user

equipments 2 and 3, only two of them being represented on figure 1 but there may be
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more of them. Base stations 7 and 8 communicate with core network 10, respectively
through links 13 and 14. Link 13 is the backhaul between base station 7 and core
network 10. Link 14 is the backhaul between base station 8 and core network 10. Core
network 10 communicates through link 20 with an operation, administration and
maintenance center 21. Mobile user equipments 2 and 3 can communicate with base
stations 7 and 8 through air interface. Second network can be a GSM (Global System
for Mobile communications), UTRAN, E-UTRAN, or WIFI (Wireless Fidelity)
network. Base stations 7 and § can be corresponding base stations, that is to say a 2G
base station, a nodeB, eNodeB, Home eNodeB, or a WIFI base station.

On figure 1, through link 12, base station 6 of first network has asked core
network 9 of first network for backhaul resource support. Core network 9 of first
network or base station 6 of first network managed to find base station 8 of second
network as available and as providing sufficient quality of service for its backhaul to
satisfy request of mobile user equipment 4 of first network.

On figure 1, base station 6 of first network has established a communication 17
through air interface with base station 8 of second network, base station 6 of first
network acting as a mobile user equipment of second network, that is to say acting as
would act mobile user equipments 2 or 3, or at least in a similar way. By this
communication 17, base station 6 of first network asks base station 8 of second
network for backhaul resource support. The backhaul between base station 8 of
second network and core network 9 of first network includes links 14 and 15 and goes
through core network 10 of second network.

So base station 6 of first network, instead of satisfying request coming from or
to mobile user equipment 4 of first network by communicating with core network 9 of
first network through link 12 which is the own backhaul of base station 6, will satisfy
request coming from or to mobile user equipment 4 of first network by
communicating with core network 9 of first network first through air interface
(communication 17) with base station 8 of second network, then through links 14 and
15, that is to say through backhaul between base station 8 of second network and core
network 9 of first network. So base station 6 of first network, having too much traffic
load on own backhaul, will use a new backhaul which is backhaul of base station 8 of
second network.

On figure 1, mobile user equipment 3 now tries to establish a communication 18
through air interface with base station 8, after communications 16 and 17 have been
established. If base station 8 of second network is far from being overloaded, it can
deal with mobile user equipment 3 of second network. Whereas, if, on the contrary,

base station 8 of second network is close to being overloaded, it cannot deal directly
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with mobile user equipment 3 of second network. In some embodiments, base station
8 of second network must first terminate backhaul sharing with base station 6 of first
network, before being able to deal with request of mobile user equipment 3 of second
network, which later request may have priority over former requests coming from first
network according to some embodiments of the invention .

Fig. 2 shows the steps of an example of method implementing an embodiment
of the invention. This method comprises a “request reception” step 31, a “traffic load
check” step 32, a “new backhaul selection” step 33, a “request satisfaction through
new backhaul” step 34, a “request satisfaction through old backhaul” step 35, a
“traffic load recheck™ step 36, and a “no request satisfaction” step 37. Depending on
circumstances, only part of method steps can be performed for a same request. Base
station 6 will from now on often be called main base station 6, simply because it is the
base station that is considered to receive the request to be satisfied. Later on, another
base station, like for example base station 5, could be called main base station if it
receives a request to be satisfied.

In step 31, the main base station 6 of first network receives a request from or to
the mobile user equipment 4 of the first network. For example, a request from the
mobile user equipment 4 can be a file download request, whereas a request to the
mobile user equipment 4 can be a request to establish a path for a terminating call to
said mobile user equipment 4, this request coming from another mobile user
equipment, either from first or second network, through network core 9 of first
network. Once step 31 is performed, we go to step 32.

In step 32, the main base station 6 checks if request can be satisfied through own
backhaul according to traffic load. There are two alternatives. Either it can be satisfied
though own backhaul, or it cannot. If it can, “OK” option, then the request is satisfied
through own backhaul of main base station 6 in step 35, and here ends the performing
of the method. If it cannot, “NOK” option, then we go to step 33.

In step 32, in a preferred embodiment, the main base station 6 checks if request
can be satisfied through own backhaul by comparing effective traffic load to a
predetermined maximum traffic load threshold. Use of a maximum traffic load
threshold helps anticipating overload and avoiding breakdown of main base station
traffic load.

Preferably, this predetermined maximum traffic load threshold is below 100% of
own backhaul total capacities in order to limit risk of congestion of own backhaul.
Preferably, this predetermined maximum traffic load threshold ranges from 60% to
90% of own backhaul total capacities. More preferably, this predetermined maximum
traffic load threshold ranges from 70% to 80% of own backhaul total capacities.
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In step 33, main base station 6 or core network 9 of first network try to select
another neighbour base station of second network, according at least to availability
and/or to offered quality of service of said another neighbour base station.

When the request is a file down load request from mobile user equipment 4, then
said another neighbour base station of second network, according at least to
availability and to offered quality of service of said another neighbour base station, is
preferably selected by main base station 6 of first network. More generally speaking,
this applies when the request comes from mobile user equipment 4 to main base
station 6 according to some embodiments.

When said request is a request to establish a path for a terminating call to mobile
user equipment 4, then said another neighbour base station of second network,
according at least to availability and to offered quality of service of said another
neighbour base station, is preferably selected by core network 9 of first network. More
generally speaking, this applies when the request comes to mobile user equipment 4
from main base station 6 or simply forwarded by main base station 6 according to
some embodiments.

The selection in step 33 may be done according to a strategy. An example of
such a strategy will be detailed in figure 4. Anyway, here again, there are two
alternatives. Either selection of another base station of second network is successful,
or it is not successful. If it is successful, we go to step 34. If it is not successful, we go
to step 36.

If selection is not successful, in step 36, main base station 6 of first network may
still try and use own backhaul, provided that is possible, even if effective traffic load
is above maximum traffic load threshold. That can be done, because often, the
maximum traffic load threshold is not an “absolute” maximum traffic load threshold ;
indeed, the maximum traffic load threshold includes a margin.

In an alternative embodiment, if selection is unsuccessful, the main base station
6 may still try and use own backhaul, even if effective traffic load is above maximum
traffic load threshold, provided effective traffic load is still below a very maximum
traffic load threshold, the very maximum traffic load threshold being higher than the
maximum traffic load. By way of example, the very maximum traffic load threshold
can range from 90% to 99% of own backhaul total capacities. So this very maximum
traffic load threshold still includes a margin, but a much smaller one than the
maximum traffic load threshold.

Anyway, if in the end, either own backhaul of main base station 6 of first

network can still be used (with a smaller margin than in step 32 of course) or it
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definitely cannot be used. If it still can be used, then we go to step 35, already known.
If it definitely cannot be used, then we go to step 37.

In step 37, nothing is done for satisfying the request which simply cannot be
satisfied at that time, except from waiting for own backhaul traffic load reduction. In
another embodiment, in a more classical way, then handover can be used, with its
drawbacks already discussed. In yet another embodiment, from time to time, main
base station 6 can ask core network 9 of first network for an updated list of available
neighbour base stations of at least a second network, hoping that the traffic load
situation has changed. Some of preceding embodiments can be used in combination.

If selection in step 33 is successful, in step 34, main base station 6
communicates through backhaul between said another neighbour base station 8 of
second network and core network 9 of first network to satisfy request. This
communication to satisfy request will be detailed in figure 3.

Fig. 3 shows an example of detailed substeps of a step of method shown on
figure 2. Step 34 of figure 2 may comprise two substeps, an “air interface
communication” substep 341 and a “through backhaul communication” substep 342.
Both substeps 341 and 342 are successively performed, the one or the other substep
first.

When information comes from mobile user equipment 4 of first network, for
example request of file download, information first goes from main base station 6 to
said another neighbour base station 8 of second network through air interface and then
information goes from said another neighbour base station 8 of second network to
core network 9 of first network through backhaul between said another neighbour base
station 8 of second network and core network 9 of first network.

When information comes to mobile user equipment 4 of first network, for
example effective down of requested file, information first goes from core network 9
of first network to said another neighbour base station 8 through backhaul between
said another neighbour base station 8 of second network and core network 9 of first
network, and then goes from said another neighbour base station 8 of second network
to main base station 6 through air interface.

Preferably, communicating through backhaul between said another neighbour
base station 8 of second network and core network 9 of first network includes
communicating through core network 10 of second network.

While using air interface, main base station 6 of first network, when
communicating with neighbour base station 8 of second network, avoids loading own
backhaul which is already very loaded, even sometimes more or less close to be

overloaded. Main base station 6 communicates with said another neighbour base
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station 8 of second network through air interface, acting as a user equipment of second
network.

Fig. 4 shows an example of detailed substeps of another step of method shown
on figure 2. Step 33 of figure 2 may comprise several substeps. Among them, a “list
fetching” substep 331, a “QoS backhaul estimation” substep 332, a “UE acceptance”
substep 333. Step 33 may start with substep 331.

In substep 331, the main base station 6 or the core network 9 of first network
goes and fetches a list of available neighbour base stations 7 or 8 of at least a second
network with associated offered qualities of service for their backhauls. We have
already seen in figure 1 that this list is stored, updated, and provided by an operation,
administration and maintenance center 21 sending it through core network 9 of first
network. Main base station 6 of first network asks this list to core network 9 of first
network. This list can of course contain more available base stations of second
network or even available base stations of a third network or of other networks. At end
of step 331, we go to substep 332.

Providing more than one possibility for backhaul sharing to main base station 6
of first network and implementing clever strategies to choose among possibilities
helps maintaining a steady flow in the whole networks.

In substep 332, the main base station 6 or core network 9 of first network tries to
select another neighbour base station 8 of second network by choosing, in the list of
available neighbour base stations 7 and 8 of second network with associated offered
qualities of service, preferably the available neighbour base station with the best
quality of service for its backhaul, which is in our present case neighbour base station
8 of second network. In that way, the maximum effort is done to satisfy required
quality of service of request transmitted by main base station 6 of first network despite
the inter network backhaul drift.

A neighbour base station 7 or 8 is considered available when it is available to
satisfy a new request, for example when effective traffic load of its backhaul is neither
congested nor close to become congested.

In an alternative embodiment, main base station 6 or core network 9 of first
network tries to select another neighbour base station of second network by choosing,
in the list of available neighbour base stations 7 or 8 of second network with
associated offered qualities of service for their backhauls, the available neighbour base
station with the lowest quality of service, as long as this lowest quality of service is
above the minimum quality of service required by the request to be satisfied. In this

way, if later on, this main base station or another base station of first network needs
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also to benefit from a backhaul resource sharing but this time with another request
requiring a highest quality of service, this can be done in an easier way.

In another alternative embodiment, main base station 6 or core network 9 of first
network tries to select another neighbour base station of second network by choosing,
in the list of available neighbour base stations 7 or 8 of second network with
associated offered qualities of service for their backhauls, the available neighbour base
station which has both a sufficient quality of service, that is to say a level of quality of
service which is above the minimum quality of service required by the request to be
satisfied, and the lowest effective traffic load on its backhaul. In this way, the risk that
a base station of second network, sharing its backhaul with a base station of first
network, becomes overloaded and for example needs itself to drift its backhaul traffic
load, is more efficiently reduced.

Many other strategies may be applied in the selection of alternative base station.
For example, one might apply a random selection among the available base stations
having a sufficient QoS.

Anyway, either main base station 6 of first network can find another available
neighbour base station 8 of second network with quality of service sufficient to meet
requirements of request, or it cannot. If offered quality of service of intended to be
chosen neighbour base station is above a threshold S corresponding to requirements of
request, then we go to step 34 already known. If offered quality of service of intended
to be chosen neighbour base station is below a threshold S corresponding to
requirements of request, then we go to substep 333.

In substep 333, quality of service of neighbour base station intended to be
chosen being below the minimum quality of service required by the request to be
satisfied, main base station 6 of first network or core network 9 of first network
requires acceptance of mobile user equipment 4 having issued the request. In that way,
mobile user equipment has the lead on negotiated quality of service of its request.

A similar procedure for acceptance of a lower quality of service for mobile user
equipment 4 may, in some embodiments, be applied also in step 36 and/or in step 32
in relation to the quality of service offered by the backhaul of the base station of the
first network.

Mobile user equipment 4 can accept or refuse this quality of service degradation
to satisfy its request. If mobile user equipment 4 accepts quality of service
degradation, then we go to step 34 already known, “request satisfaction through new
backhaul”. If mobile user equipment 4 refuses quality of service degradation, then we

go to step 36 already known, “traffic load recheck”.
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When a neighbour base station 8 of second network accepts to share its backhaul
with main base station 6 of first network, said neighbour base station 8 of second
network typically (but not necessarily) gives priority to requests from or to mobile
user equipments 2 or 3 of second network over the request to be satisfied by main base
station 6 of first network. In this way, sharing backhaul capacities with base stations 5
or 6 of other networks does not impede own backhaul traffic load of selected
neighbour base station 8 of second network, or in the least reduces the intrusive effect
of this sharing.

In an embodiment, this priority management may be implemented in a
processing that runs as follows: when too many requests from or to mobile user
equipments 2 or 3 of second network need backhaul use of the neighbour base station
8 of second network, this neighbour base station 8 stops sharing its backhaul with
main base station 6 of first network. This stop can be forecast in order to give enough
time to main base station 6 of first network to find another solution to continue
satisfying the request it has started to satisfy while sharing backhaul of this neighbour
base station 8 of second network.

In an alternative embodiment, this priority management may be implemented in
a processing that runs as follows : any neighbour base station 8 of second network
only accepts to share a minor part of its backhaul total capacities with main base
station 6 of first network (or indeed with any other base station 5 or 6 of any other
network). The total amount of backhaul capacities that a neighbour base station 8§ can
share with base stations 5 or 6 of other networks is a minor part of its backhaul total
capacities. This sharable, with base stations 5 or 6 of other networks, amount of
capacities could by way of example range from 10% to 30% of backhaul total
capacities of this neighbour base station 8 of second network.

For priority management to be implemented, it is useful for neighbour base
station 8 of second network to be able to make the difference between a call of a
“normal” mobile user equipment 2 or 3 of second network on the one side and a call
of a “main base station” 6 of first network, acting as a mobile user equipment of
second network.

One way to make this difference could run as follows: when main base station 6
of first network calls neighbour base station 8 of second network, while acting as a
mobile user equipment of second network, in order to ask for backhaul sharing, it
could take advantage of the “spare bit” of an “EPS attach type information” (as
described in section 9.9.3.11 of document TS 24.301 of the 3GPP specification), EPS

standing for Evolved Packet System. One value of this spare bit would mean that
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another base station 6 is calling while the other value of this spare bit would mean that
an ordinary mobile user equipment 2 or 3 is calling.

Fig. 5 shows an example of main base station according to one embodiment of
the invention. Main base station 6 of first network comprising mobile user equipments
1 and 4, base stations 5 and 6 and a core network 9, comprises a receiver 61, a traffic
load detector 64, a selector 65, a transmitter 62, and a central unit 63 making all
preceding elements working together. The main base station 6 of figure 5 may, for
example, be configured to perform appropriate method steps according to one or more
figures 2 through 4.

The receiver 61 receives a request from or to mobile user equipment 4.

The traffic load detector 64 checks if received request can be satisfied through
own backhaul according to traffic load. The traffic load detector 64 includes a
threshold comparator configured to be able to compare effective traffic load to a
predetermined maximum traffic load threshold.

The selector 65 tries and selects another neighbour base station 8 of second
network according at least to availability and to offered quality of service of said
another neighbour base station 8, if detection performed by detector 64 result is that
received request cannot be satisfied trough own backhaul. The selector 65 includes a
controller able to select a neighbour base station among other available neighbour
base stations, according to their respective qualities of service and or their respective
effective traffic loads. The selector 65 may be associated to a memory 66 in which are
stored the formulas that are used to implement the strategy with respect to the way of
choosing a neighbour base station among other available neighbour base stations.

The transmitter 62 and the receiver 61 communicate through backhaul between
selected neighbour base station 8 of second network and core network 9 of first
network to satisfy received request, if selection performed by selector 65 has been
successful.

In a preferred embodiment, main base station 6 is an eNodeB of a E-UTRAN.

Fig. 6 shows an example of a subsystem SCN of core network according to an
embodiment of the invention. The subsystem of core network 9 comprises a receiving
element 91, a transmitting element 92, , a fetching element 95, a selector 96, and a
central unit 94 making all preceding eclements working together. The subsystem of
core network 9 of figure 6 may, for example, be configured to perform appropriate
method steps according to one or more figures 2 through 4.

The receiving element 91 receives a demand from a base station 6 of first
network. The fetching element 95 gets a list of available neighbour base stations 7 and

8 of second network and associated offered qualities of service. The fetching element
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95 is configured to be able to get said list from an operation, administration and
maintenance center 21. The transmitting element 92 sends said list to said base station
6 of first network as an answer to said demand. The selector 96 tries and selects
another neighbour base station 8 in said list.

Receiving element 91 and transmitting element 92 communicate afterwards with
said base station 8 of first network through backhaul between core network 9 of first
network and base station 8 selected from said list.

The transmitting element 92 and the selector 96 are configured such that either
operation of transmitting element 92 sending said list or operation of selector 96
trying to select said another neighbour base station 8 can be performed, but both
operations cannot be performed for the same demand.

In a preferred embodiment, the subsystem or core network 9 of first network is a
serving gateway (SGW) of a E-UTRAN.

Fig. 7 shows an example of a mobile user equipment according to an
embodiment of the invention. Mobile user equipment 4 comprises : a receiver 41, a
transmitter 42, a controller 44, and a central unit 43 making all preceding elements
working together. The mobile user equipment 4 of figure 7 may, for example, be
configured to perform appropriate method steps according to one or more figures 2
through 4.

The transmitter 42 sends a request to a base station 6 of first network. The
receiver 41 receives a quality of service degradation proposal from the base station 6
of first network according to excessive traffic load on backhaul of said base station 6
of first network. The controller 44 checks if said degradation proposal is acceptable
for said request. The transmitter 42 sends an acceptance message or a refusal message
depending on checking result of controller 44.

The invention has been described with reference to preferred embodiments.

However, many variations are possible within the scope of the invention.
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CLAIMS

Method of communication in a cellular communication network comprising
mobile user equipments (1, 4), base stations (5, 6) and a core network (9),
including the successive steps of :

a) main base station (6) of a first cellular network receiving a request from
or to a mobile user equipment (4) of the first network ;

b) main base station (6) checking if request can be satisfied through own
backhaul according to traffic load ;

wherein, if request cannot be satisfied trough own backhaul, method further

includes the successive steps of :

c) main base station (6) or core network (9) of first network trying to
select another neighbour base station (8) of at least a second cellular network
different from first network, according at least to availability of a backhaul of
said another neighbour base station (8) and/or to offered quality of service of
the backhaul of said another neighbour base station (8);

d) if successful, main base station (6) communicating through backhaul
between said another neighbour base station (8) of second network and core

network (9) of first network to satisfy request.

Method of communication according to claim 1, wherein, in step d), main base
station (6) communicates with said another neighbour base station (8) of second
network through air interface and communicates with core network (9) of first
network through backhaul between said another neighbour base station (8) of
second network and core network (9) of first network via a core network (10) of

second network, to satisfy request.

Method of communication according to claim 2, wherein, in step d), main base
station (6) communicates with said another neighbour base station (8) of second

network through air interface, acting as a user equipment of second network.

Method of communication according to claim 1, wherein, in step b), main base
station (6) checks if request can be satisfied through own backhaul by comparing

effective traffic load to a predetermined maximum traffic load threshold.
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5. Method of communication according to claim 1, wherein, in step ¢), main base

station (6) or core network (9) of first network tries to select another neighbour
base station (8) of at least a second network by choosing in a list of available
neighbour base stations (7, 8) of at least a second network with associated offered

qualities of service.

. Method of communication according to claim 5, wherein, in step c), main base

station (6) or core network (9) of first network tries to select another neighbour
base station (8) of at least a second network by choosing, in the list of available
neighbour base stations (7, 8) of at least a second network with associated offered
qualities of service, the available neighbour base station (8) with the best quality

of service.

. Method of communication according to claim 5, wherein, in step c), main base

station (6) or core network (9) of first network tries to select another neighbour
base station (8) of at least a second network by requiring acceptance of said
mobile user equipment (4), if quality of service of neighbour base station (8)
intended to be chosen is below the minimum quality of service required by the

request to be satisfied.

. Method of communication in cellular networks comprising mobile user

equipments (1, 2, 3, 4), base stations (5, 6, 7, 8) and core networks (9, 10),
backhauls (1, 12, 13, 14, 15) between base stations (5, 6, 7, 8) and core networks
(9, 10), including, if a request from or to a mobile user equipment (4) cannot be
satisfied by a base station (6) of a first network through own backhaul according to
traffic load thereon, the step of trying to satisfy said request through backhaul of
another neighbour base station (8) of a second network different from first
network, said another neighbour base station (&) being selected according at least
to availability of the backhaul there of and / or to offered quality of service of the
backhaul thereof.

. Main base station (6) of a main cellular network comprising mobile user

equipments (1, 4), base stations (5, 6) and a core network (9), comprising :
a) a receiver (61) adapted to receive a request from or to a mobile user

equipment (4);
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b) a traffic load detector (64) adapted to check if request can be satisfied
through own backhaul according to traffic load ;

wherein, main base station (6) further comprises :

c) a selector (65), adapted to try and select another neighbour base station
(8) of at least another cellular network according at least to availability and to
offered quality of service of said another neighbour base station (8), if request
cannot be satisfied trough own backhaul ;

d) a transmitter (62) and the receiver (61), both adapted to communicate
through backhaul between said another neighbour base station (8) of said
another cellular network and core network (9) of main cellular network to

satisfy request, if selection successful.

10. Main base station according to claim 9, wherein main base station (6) is an
eNodeB of a E-UTRAN.

11. Subsystem of a main core network (9) of a main cellular network comprising

mobile user equipments (1, 4), base stations (5, 6) and the main core network (9),

comprising :
a) a receiving clement (91) adapted to receive a demand from a base
station (6) ;
b) a fetching element (95) adapted to get a list of available neighbour

base stations (7, 8) and associated offered qualities of service of at least
another cellular network ;
c) a transmitting element (92) adapted to send said list to said base station
(6) of main cellular network as an answer to said demand ;
d) a selector (96), adapted to try and select another neighbour base station
(8) in said list ;
receiving element (91) and transmitting element (92) being adapted to
communicate afterwards with said base station (6) of main cellular network
through backhaul between main core network (9) and one base station (&)
selected from said list ;
transmitting element (92) and selector (96) being configured such that either
operation of transmitting element (92) sending said list or operation of selector
(96) trying to select said another neighbour base station (8) can be performed,

but both operations cannot be performed for the same demand.
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Subsystem according to claim 11, wherein subsystem is a serving gateway of a E-
UTRAN.

Subsystem according to claim 12, wherein the fetching element (95) is configured
to be able to get said list from a OAM center.

Main mobile user equipment (4) for a main cellular network comprising mobile
user equipments (1, 4), base stations (5, 6) and a core network (9), comprising :

a) a transmitter (42) adapted to transmit a request to a base station (6);

b) a receiver (41) adapted to receive a quality of service degradation
proposal from a base station (6) according to excessive traffic load on
backhaul of said base station (6);

c) a controller (44) adapted to check if said degradation proposal is
acceptable for said request ;

the transmitter (42) being adapted to send an acceptance message or a refusal

message depending on checking result of controller (44).

A computer program product comprising a computer readable medium, having
thereon a computer program comprising program instructions, the computer
program being loadable into a data-processing unit and adapted to cause execution
of the method according to any of claims 1 through 8 when the computer program

is run by the data-processing unit.

Petitioners Exibit 1005
Page 20 of 23



WO 2013/037903 PCT/EP2012/067975

1/3

2

C
OAM
Fig.1

19
20

CN1
CN2

(o)}
o
T
- o~
-
o N~
©
A
N
-
o~
45 R
5 C
C ~
\r_ LLI
wl - =2
-

Petitioners Exibit 1005
Page 21 of 23



WO 2013/037903

2/3

PCT/EP2012/067975

3157 REQUEST RECEPTION Fig.2
1
OK | REQUEST SATISFACTION
325 TRAFFIC LOAD CHECK | THROUGH OLD BACK HAUL [ L35
NOK I
¥ OK
NEW BACK HAUL NOK
335 SELEGTION = TRAFFIC LOAD RECHECK [_,
OK NOK
7 \
REQUEST SATISFACTION NO REQUEST
34-5 | THROUGH NEW BACK HAUL SATISFACTION L37
AIR INTERFACE
COMMUNICATION L 341
Fig.3 ‘
THROUGH BACK HAUL
COMMUNICATION L 342
LIST FETCHING |~ 331
! Fig.4
QoS ESTIMATION 332
if QoS <8 333
' j NOK
if UE ACCEPTANCE
QoS >S
OK 36
34
' 5 I
REQUEST SATISFACTION

| THROUGH NEW BACK HAUL

TRAFFIC LOAD RECHECK

Petitioners Exibit 1005

Page 22 of 23



WO 2013/037903 PCT/EP2012/067975

3/3
| MBS RECEIVER -
os S || PETECTOR L g1
CU T L g3 +
[T SELECTOR 6
65 |
MEMORY |
s6) TRANSMITTERT)_ .,
Fig.5
FETCHING SCN RECEIVING
95f ELEMENT ELEMENT 17 o

| |TRANSMITTING
cu ELEMENT 17,

gf

SELECTOR
06 S

Fig.6

4
-

UE

RECEIVER —’141

425 |[coNTROLLER cu

S

/A

TRANSI\/IITTER-"L42

Fig.7

Petitioners Exibit 1005
Page 23 of 23



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings



