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Method in a wireless network for increasing a subscribed-to bit rate to an
aggregated bit rate.

TECHNICAL FIELD:

The exemplary and non-limiting embodiments of this invention relate generally to
wireless communication systems, methods, devices and computer programs and, more

specifically, relate to cognitive connectivity, efficient use of spectrum, wireless

broadband and user interfaces.

BACKGROUND:

This section is intended to provide a background or context to the invention that is recited
in the claims. The description herein may include concepts that could be pursued, but are
not necessarily ones that have been previously conceived, implemented or described.
Therefore, unless otherwise indicated herein, what is described in this section is not prior

art to the description and claims in this application and is not admitted to be prior art by

inclusion in this section.

The following abbreviations that may be found in the specification and/or the drawing

figures are defined as follows:

AMBR aggregated maximum bit rate

ANDSF access network detection and selection function
EPS evolved packet system

GBR guaranteed bit rate

HSS home subscriber server

MBR maximum bit rate, an EPS bearer parameter
MME mobility management entity

PDN packet data network

PDP packet data protocol

PLMN public land mobile network

1
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P-GW packet gateway (PDN-GW)
S-GW serving gateway

UE user equipment

VSS visitor subscriber server

Mobile commuﬁication operators, and fixed wireless/wired communication operators or
Internet Service Providers (ISPs), typically offer wireless broadband connections with a
capped maximum speed, e.g., with a flat-rate limit. At times there can be a capacity to
offer higher data rates, and in some cases a user of a mobile device or mobile node may
wish to temporarily exceed the user's subscribed flat-rate limit. This type of situation is
often referred to as an offload scenario. For example, a small high capacity cell locally
offers complementary access for a wide area network. As another example, a small local

cell offers higher capacity with lower cost compared to a wide area larger cell.

Saunalahti (Saunalahti Group Oyj, Finland) has previously offered the following service
in their fixed ADSL network: on the Saunalahti homepage there was presented a "turbo
button". By pressing this button the user agreed to pay some additional fee (e.g. 2 €) and
the ASDL connection speed was increased for the next 24 hours from the normal

subscription speed (e.g., | Mbit/s) to some higher speed, e. g to a maximum speed (e.g.,
8 Mbit/s).

SUMMARY

The foregoing and other problems are overcome, and other advantages are realized, by

the use of the exemplary embodiments of this invention.

In a first aspect thereof the exemplary embodiments of this invention provide a method
that comprises detecting in a wireless communication network an excess capacity
condition and increasing from a currently subscribed-to value, to a higher value, an

aggregated bit rate for a mobile node operating in the wireless communication network.

In another aspect thereof the exemplary embodiments of this invention provide an

2
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apparatus that comprises at least one data processor and at least one memory including
computer program code. The at least one memory and computer program code are
configured, with the at least one processor, to cause the apparatus at least to detect in a
wireless communication network an excess capacity condition and to increase from a
currently subscribed-to value, to a higher value, an aggregated bit rate for a mobile node

operating in the wireless communication network.

In another aspect thereof the exemplary embodiments of this invention provide a method
that comprises operating a mobile node in a wireless communication network in
accordance with a currently subscribed-to value of an aggregated maximum bit rate. The
method further comprises, in response to an occurrence of availability of additional
capacity in the wireless communication network, sending information from the mobile
node to the wireless communication network for requesting an increase from the currently

subscribed-to value of the aggregated maximum bit rate to a higher value.

In a still further aspecf thereof the exemplary embodiments of this invention provide an
apparatus tha;t comprises at least one data processor and at least one memory including
computer program code. The at least one memory and computer program code are
configured, with the at least one processor, to cause the apparatus at least to operate a
mobile node in a wireless communication network in accordance with a currently
subscribed-to value of an aggregated maximum bit rate. In response to an occurrence of
availability of additional capacity in the wireless communication network, the apparatus
is further configured to send information from the mobile node to the wireless
communication network for requesting an increase from the currently subscribed-to value

of the aggregated maximum bit rate to a higher value.

In another aspect thereof the exemplary embodiments of this invention provide an
apparatus that comprises means for detecting in a wireless communication network an
excess capacity condition, and means for increasing, from a currently subscribed-to value,

to a higher value an aggregated bit rate for a mobile node operating in the wireless

communication network.
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In yet another aspect thereof the exemplary embodiments of this invention provide an
apparatus that comprises means for operating a mobile node in a wireless communication
network in accordance with a currently subscribed-to value of an aggregated maximum
bit rate and means, responsive to an occurrence of availability of additional capacity in
the wireless communication network, for sending information from the mobile node to
the wireless communication network for requesting an increase from the currently

subscribed-to value of the aggregated maximum bit rate to a higher value.
BRIEF DESCRIPTION OF THE DRAWINGS

In the attached Drawing Figures:

Figure 1 shows a simplified block diagram of various electronic devices that are suitable

for use in practicing the exemplary embodiments of this invention.

Figure 2A reproduces Figure 4.1 of 3GPP TS 36.300 and shows the overall architecture
of the EUTRAN system, and illustrates an exemplary embodiment where the base station

of Figure 1 is embodied as an eNB in an LTE or an LTE-A type of wireless

communication system.

Figure 2B reproduces Figure 4.2.1-1 of 3GPP TS 23.401 and shows a PDN GW in the

exemplary context of a non-roaming architecture for 3GPP accesses.

Figure 3 shows a procedure for an exemplary Modify PDP context which is requested of
a PDN gateway by the UE and which can result in the relaxation of the AMBR for

conditions defined in the parameters of the Modify PDP context request.

Figure 4 shows a procedure for a Modify PDP context, which is requested of a PDN
gateway by a UE and which can lead to modification of AMBR parameters.

Figure 5 shows a procedure for AMBR relaxation or for a secondary AMBR activation
respectively with the involvement of the UE and the MME.
4
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Figure 6 shows a portion of a UE context in a PDN gateway with the addition of the
novel AMBR definitions in accordance with the exemplary embodiments. Similar UE
context definitions may appear in the MME, in the serving gateway (S-GW) and in the
UE respectively. These definitions also appear in the HSS, and may appear in the VSS.

Figure 7 is a logic flow diagram that illustrates the operation of a method, and a result of
execution of computer program instructions embodied on a computer readable medium,

in accordance with the exemplary embodiments of this invention.

Figure 8 is a logic flow diagram that illustrates the operation of a method, and a result of
execution of computer program instructions embodied on a computer readable medium,

further in accordance with the exemplary embodiments of this invention.

DETAILED DESCRIPTION

As used herein a wireless communication network can be considered to be, as non-
limiting examples and without a loss of generality, any mobile broadband network, any
mobile network with data transfer capabilities, any local area wireless network, any fixed

wireless or wired broadband connection and any wireless connection between two or

more devices.

Figure 1 shows a simplified block diagram of various electronic devices and apparatus
that are suitable for use in practicing the exemplary embodiments of this invention. In
Figure 1 a cellular wireless communication network 1 having a radio access network
(RAN) is adapted for communication over a wireless link 11A with an apparatus, such as
a mobile communication device which may be referred to as a UE 10, via a network
access node, such as a base station (BS) 12. In one non-limiting embodiment the BS 12
can be embodied as an eNB if the cellular network 1 is a long term evolution (LTE) or an
LTE-Advanced (LTE-A) E-UTRAN type of network. Figure 2A shows the overall
architecture of the E-UTRAN system. In another non-limiting embodiment the BS 12 can
be embodied as a Node-B if the cellular network 1 is a general packet radio service

5
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(GPRS) type of network. The network 1 includes a core network that includes at least one
serving gateway (S-GW) and can include at least one a mobility management entity
(MME), here collectively shown as the MME/S-GW 14, and which together with the
PDN gateway (PDN-GW) can provide connectivity with a further network, such as a
telephone network and/or a data communications network (e.g., the Internet 18 or an
Intranet). In the E-UTRAN network the core network can be referred to as an evolved
packet core (EPC) or as an evolved packet system (EPS). Various servers can be reached
through the Internet 18. These servers typically offer services and applications for the
user of the device. In the network, either in the operator's core network or in the Internet,
there may appear servers for a special purpose, e.g., for the purposes of device
management of the operator's subscribed fleet. Other servers may exist for the purposes
of guiding device connectivity, radio access selection policies or routing policies such as
an access network discovery and selection function (ANDSF) 20. At least one packet data
network gateway (PDN GW) 22 will be present in the core network, which provides UE's

connectivity to a packet network such as the Internet 18.

Figure 2B reproduces Figure 4.2.1-1 of 3GPP TS 23.401 and shows a PDN GW in the
exemplary context of a non-roaming architecture for 3GPP accesses. Note that in some

embodiments the MME and S-GW can be co-located.

For the purposes of describing the embodiments of this invention there can also be
assumed to be at least one type of wireless local area network (WLAN) 2, such as a WiFi
network, having at least one access point or access node (AN) 16 for conducting
communications with the UE 10 via a wireless link 11B. The AN 16 may be embodied as
a WiFi hotspot or as a local (e.g., home) base station, as a pico base station or as a femto
base station. The AN 16 has an interface 19 to the Internet 18. The interface 19 may be,
for example, a high speed interface such as an Ethernet link. These kinds of accesses may
provide additional opportunities for the connectivity of a device, in addition to the
multiple radio access technologies available in multiple frequency layers and multiple

cell hierarchies provided by a mobile network operator, a virtual network operator, or a

visited (roamed) network operator.
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The UE 10 includes a controller, such as at least one computer or a data processor (DP)
10A, at least one non-transitory computer-readable memory medium embodied as a
memory (MEM) 10B that stores a program of computer instructions (PROG) 10C, at
least one suitable radio frequency (RF) transmitter and receiver pair (transceiver) 10D for
bidirectional wireless communications with the eNB 12 via one or more antennas, at least
one suitable RF transmitter and receiver pair (transceiver) 10E for bidirectional wireless
communications with the AN 16 via one or more antennas, and some type of user
interface (UD) 10F, such as a touch sensitive display screen and/or a physical keypad or
keyboard with a display screen. The eNB 12 also includes a controller, such as at least
one computer or a data processor (DP) 12A, at least one computer-readable memory
medium embodied as a memory (MEM) 12B that stores a program of computer
instructions (PROG) 12C, and at least one suitable RF transceiver 12D for
communication with the UE 10 via one or more antennas (typically several when muitiple
input/multiple output (MIMO) operation is in use). The eNB 12 is coupled via a
data/control path 13 to the MME/GW 14. The path 13 may be implemented as the S1
interface shown in Figure 2. The eNB 12 may also be coupled to another eNB (not
shown) via a data/control path 17, which may be implemented as the X2 interface shown
in Figure 2. The AN 16 also includes a controller, such as at least one computer or a data
processor (DP) 16A, at least one computer-readable memory medium embodied as a
memory (MEM) 16B that stores a program of computer instructions (PROG) 16C, and at
least one suitable RF transceiver 16D for communication with the UE 10 via one or more
antennas and the wireless link 11B. The PDN GW 22 will also includes a controller, such
as at least one computer or a data processor 22A, at least one computer-readable memory
medium embodied as a memory 22B that stores a program of computer instructions 22C.
The memory 22B can also be assumed to store the UE's PDN contexts 22D, an example
of which is shown in Figure 6. Similarly, there can be assumed to be stored the UE's PDP
contexts. Figure 6 reproduces a portion of Table 5.7.4-1: that is the UE's context in the P-
GW, found in section 5.7.4 of 3GPP TS 23.401, V10.0.0 (2010-06). The PDN context is

modified to include information elements in accordance with the exemplary

- embodiments. The PDN GW 22 provides, as shown in Figure 2B, connectivity with an

operator's IP services and thus provides a path to the Internet 18. As was noted above,
similar UE context definitions may appear in the MME, in the S-GW, and also in the
7
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HSS or VSS.

At least one of the programs 10C, 12C, 14C,16C, 22C is assumed to include program
instructions that, when executed by the associated DP, enable the device to operate in
accordance with the exemplary embodiments of this invention, as will be discussed
below in greater detail. That is, the exemplary embodiments of this invention may be
implemented at least in part by computer software executable by one of the data

processors, or by hardware, or by a combination of software and hardware (and

firmware).

In general, the various embodiments of the UE 10 can include, but are not limited to,
cellular phones, smartphones, personal digital assistants (PDAs) having wireless
communication capabilities, portable computers having wireless communication
capabilities, image capture devices such as digital cameras having wireless
communication capabilities, gaming devices having wireless communication capabilities,
music storage and playback appliances having wireless communication capabilities,
Internet appliances permitting wireless Internet access and browsing, tablet-based and
notebook-based computing or communicator devices, as well as portable units or

terminals that incorporate combinations of such functions.

The computer-readable memories 10B, 12B, 14B, 16B, 22B may be of any type suitable
to the local technical environment and may be implemented using any suitable data
storage technology, such as semiconductor based memory devices, random access
memory, read only memory, programmable read only memory, flash memory, magnetic
memory devices and systems, optical memory devices and systems, fixed memory and
removable memory. The data processors 10A, 12A, 14A, 16A, 22A may be of any type
suitable to the local technical environment, and may include one or more of general
purpose computers, special purpose computers, microprocessors, digital signal processors

(DSPs) and processors based on multi-core processor architectures, as non-limiting

examples.

Exemplary publications that are descriptive of the various forms that the network 1

8
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shown in Figure 1 can assume include, but are not limited to: 3GPP TS 36.300, V8.11.0
(2009-12), 3rd Generation Partnership Project; Technical Specification Group Radio
Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved
Universal Terrestrial Access Network (EUTRAN); Overall description; Stage 2 (Release
8); 3GPP TR 36.912 V9.3.0 (2010-06) Technical Report 3rd Generation Partnership
Project; Technical Specification Group Radio Access Network; Feasibility study for
Further Advancements for E-UTRA (LTE-Advanced) (Release 9); 3GPP TS 23.060
V10.0.0 (2010-06) Technical Specification 3rd Generation Partnership Project; Technical
Specification Group Services and System Aspects; General Packet Radio Service
(GPRS); Service description; Stage 2 (Release 10); and 3GPP TS 23.401 V10.0.0 (2010-
06) Technical Specification 3rd Generation Partnership Project; Technical Specification
Group Services and System Aspects; General Packet Radio Service (GPRS)

enhancements for Evolved Universal Terrestrial Radio Access Network (E-UTRAN)
access (Release 10).

Of particular interest herein is section 5.7, Information storage, of 3GPP TS 23.401
V10.0.0 (2010-06). For example, Table 5.7.2-1: MME MM and EPS bearer Contexts, of
section 5.7.2, MME, describes (in part) two fields:

Subscribed APN-AMBR The Maximum Aggregated uplink and downlink MBR

values to be shared across all Non-GBR bearers, which
are established for this APN, according to the subscription
of the user.
APN-AMBR The Maximum Aggregated uplink and downlink MBR

values to be shared across all Non-GBR bearers, which

are established for this APN, as decided by the PDN-GW.

Also of interest is Table 5.7.4-1: P-GW, found in section 5.7.4 of 3GPP TS 23.401,
V10.0.0 (2010-06). A portion of this table is shown in Figure 6, with modifications in

accordance with the exemplary embodiments described below.
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Also of interest herein is section 9.2, PDP Context Activation, Modification,
Deactivation and Preservation functions, of 3GPP TS 23.060 V10.0.0 (2010-06), in
particular section 9.2.2, Activation procedures, section 9.2.3, Modification procedures,

and section 9.2.4, Deactivation procedures.

The exemplary embodiments of this invention inform a user of the UE 10 when and
where, and by what type of connectivity (e.g., WiFi, femto or cellular), and at what cost,
additional data transfer capacity can be made available, thereby enabling the user in

exchange for a fee (or by agreeing to receive advertisements) to obtain the additional data

transfer capability.

In addition, a service (such as Ovi™, Nokia Corporation) accessed by a user with
connection capacity that is limited by a contract (e.g., monthly data package with a

limited maximum speed), could be offered a higher speed (if available) at the initiative of

the service.

As anon-limiting example of a scenario in which the embodiments of this invention can
be useful, assume that a certain user has a limited data rate subscription but wishes to
show a video to a friend without subscribing continuously to a better and notably more
expensive connection. In this case the user can decide to temporarily exceed the data rate
subscription limit and temporarily obtain a higher data rate at some additional cost.
Alternatively, exceeding the data rate subscription limit may be offered free of charge, or
free of charge but in exchange for the user agreeing to view advertisements that are
included in the service. The service may include in general video, data, audio, streaming,
media, gaming or any combination thereof. The advertisement may be any add on
material to the actual service flow offered, or it may be a flow itself, say a trailer, an icon,

a video clip, a sidebar, a preview picture, an attachment, a banner, or similar type of

audio-visual media presentation.

To accomplish this type of operation on the UI 10F of the UE 10 a button 10G can be
provided. The button 10G can be, for example, a dedicated physical push button, or a soft
button associated with a software re—configurable push button, or a virtual button that

10
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occupies a portion of the touch sensitive display screen area. The button 10G can be
labeled, e.g., "Higher Speed". When no additional network capacity is available this
button 10G is de-emphasized (e.g., is displayed as grey), but then when capacity becomes
available the button 10G is emphasized (e.g., displayed in a color such as green). By
pressing the button 10G the user agrees to pay an additional fee and the wireless
broadband connection speed is increased for some predefined time period (e.g., for the
next 2 hours) from the normal subscription speed (e.g., one that uses only the normal

cellular spectrum) to the higher, possibly maximum, speed (bit rate) that is (currently)

available.

The exemplary embodiments thus provide for temporarily increasing the data transfer
capability of the mobile device (UE 10), and in addition provide an indication (via button
10G) of the actual current availability of the increased data transfer capability depending
on, for example, the current location of the UE 10 in the network 1 and the current time
of day. Thus, the ability to achieve the higher data transfer speed can vary from location-

to-location and from moment-to-moment at a given location.

As the availability of additional capacity is uncertain (e.g., other heavy data users appear
or user may move to an area where additional capacity is not available), additional
limitations may exist, e.g.: the higher speed offer is valid only at the current location of
the UE 10. The offer may also be limited to be accepted only for some period of time,
e.g., an hour, a day, a week, a month, or it may be exclusive of normal business hours and

valid at other times (e.g., valid only during off-peak times of the day (or week).

Another alternative to a purely timer-based solution is that the charging is based on
usage. For example, the charged amount is determined based on how much benefit the
user has obtained from activating the button 10G as determined from a measurement of

the traffic that is send through the secondary spectrum (to the AN 16).

Business and other users that wish to always maximize their data speed can make a

permanent "subscription" for a higher data rate. In this case the operator knows that these

users would by default press the button 10G to obtain the greater data transfer capacity
11
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when it is available (and when there is data to transmit). In this case the network can
automatically give these users the higher data transfer rate when it becomes available, and

thus react as if the user had pressed the button 10G as soon as it indicated that there was

excess capacity in the network.

According to an exemplary embodiment of the invention, by activating the higher
subscribed-to value online, the user when needing the higher speed for the first time may
request a validity period that is infinite, active for the time being, or active for some
mutually agreed period (modus vivendi). This subscription upgrade can then later be

confirmed by a contract and can become the only (thereby upgraded) limit for the

subscription thereafter.

In general, the increase in the data transfer speed for the UE 10 can be temporary in
accordance with at least one of a temporal and a spatial constraint, or the increase can be
permanent and can be achieved by modifying the currently subscribed-to value of the

aggregated maximum bit rate (AMBR) to a new subscribed-to value for the UE 10.

The higher speed button 10G can be a physical push-button or preferably a software
function that is coded as, for example, a radio (soft) button. This function may be
available for direct user action or it may be present in a user's preferences or settings that
allow the network 1 to automatically apply the data rate increase when feasible. The
triggering of this function can thus be based on a) the user's immediate action, b) the
user's preferred setting, or ¢) it may be conditioned on presence services. Such presence
services can change the actions of the UE 10 automatically depending on the current
presence of the user, e.g., if the user is at home, in the office, in a private car, in a public
vehicle, in a city hotspot, at an airport, etc. For example, the user may always wish to
default to the highest available data transfer rate when in the office but not otherwise. The
current presence state of the user terminal (UE 10) can be assumed to be communicated
to the network 1 in signaling. This signaling may be, for example, a UE initiated presence
update or a presence update by a protocol executed between the UE 10 and the network

based on, for example, UE 10 location or measurement reports.

12
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The following discussion will explain in greater detail how the system becomes aware of
the available capacity, how to inform suitable devices or services of the available
capacity, how to inform the user of the opportunity of offloading capacity, how to allow
the user or a service to trigger the opportunity to offload, and how to allow the network

operator to make the appropriate changes to the traffic control functions (traffic shaping,

traffic management) and to the charging.

According to the exemplary embodiments the increase in data transfer rate (data
boosting) can be offered by the network 1 without user action other than enabling the
offload of capacity. The network 1 can offer a temporary benefit for the user to fully
exploit the user's device capability when the network settings so allow. For example, the
network 1 can have advanced wireless cellular technology (e.g., high speed packet access
(HSPA) and/or LTE) to offer 10 Mbps or higher throughput, and the UE 10 has the
capability to support these higher data rates. However, the flat-rate agreement of the
subscribed user may limit the user throughput to 2 Mbps (or 384 kbps) and, as a result,
the user is not able to fully exploit the capabilities of the UE 10. The use of the exemplary
embodiments allows the network 1 to temporarily relax the flat-rate limit and deviate
from the set flat-rate limits. Alternatively, if exceeding the flat rate limit will incur a cost
to the user, the network 1 can solicit the user for approval. In this case the charging
mechanism is such that if the user experiences the deviation to the higher bitrates having
a minor or no cost impact to him, the user experiences true gains of such boosting and the
user can be confident that the measure of such an additional cost is technically properly

calculated. These costs will then later appear properly in the communication bill of the

subscriber.

One way to motivate this kind of operation, possibly with no or negligible cost impact to
the user, can be to make an assumption that the higher data rate services are such that will
cause the user to use services that the user would not normally use otherwise, or the
higher data rates enable the user to better enjoy the offered quality of the service, or to
enable the user to receive additional media components with the service that motivates
the user. Another example is that an advertiser connected with the service absorbs the
(increased) transport expenses for the sake of providing an enhanced experience for the

13
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user, making the advertisements more impressive and yet not letting the service suffer
from the presence of (even heavy) advertisement flows. The advertisements, if well

designed, can possibly enhance the service experience of the user.

It should be noted that carrier aggregation is one technique to provide excess capacity and

to trigger the relaxation of subscribed-to bit-rate values or the activation of the secondary

AMBR according to the invention.

For example, the network 1 may increase its offered capacity by carrier aggregation. In
carrier aggregation, the radio access network, particularly the base station (eNB 12) or
remote radio heads (RRH) connected to the base station, will set-up more carriers for
transceiving. The carrier aggregation configuration is signaled from the network to the
UE 10. This signaling will activate secondary cell measurements in the UE 10. Based on
the measurement reports by the UE 10 the network may then activate and deactivate
secondary cells (or secondary carriers, respectively). According to an embodiment of this
invention, configuring or activating secondary cells for carrier aggregation can be
interpreted as a trigger that excess capacity has become available in the network, and
causes relaxation of the subscribed-to value, or an activation of the secondary AMBR.
Similarly, removing secondary cells from the carrier aggregation configuration, or at least
deactivating them, may trigger the removal of the previous relaxation of the subscribed-to
value, and the actual subscribed-to value becomes the limiting bit transfer rate once
again. Similarly this type of reconfiguration or secondary cell deactivation may trigger the

secondary AMBR to become non-active, and causes a return to the primary AMBR value.

The selection for increasing the bit rate limit of the UE 10 connection to the network 1 or

the UE 10 connection to a server may include one or more of the following.

Assume that the network 1 has determined to offload traffic to another access network.
For example, the network 1 may determine to offload to another network (e.g., the
WLAN 2 of Figure 1) which can offer higher user throughput than the currently serving
access network, or that exhibits a lower cost per bit which therefore allows consumption
of higher user throughput. One reason for this is that a single user throughput does not
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become a capacity bottleneck for the other users to be served, because the network may
consist of small cells having only a single or a few active users simultaneously, and the
network has the high throughput interface 19 to the Internet 18, such as the Ethernet. The
cost-per-bit advantage is realized in the network, meaning that the same amount of bits
delivered in different parts of the network have different cost. Therefore, the capacity
offering in large macro-cells with a large number of users, long transport distances and
expensive transfer links to the backbone can be much more costly as compared to small
cells, short distances and close connections to the local backbone network. Therefore, it is

well motivated that the subscribed-to value is rather relaxed in the case when the cost-

per-bit is low.

The selection may also be based on a decision by the network 1 to aggregate
transmissions on the used spectrum to other, further portions of available spectrum. This
other available spectrum may be, for example, a) the operator's locally licensed additional
spectrum, b) locally available "white space" spectrum, which is made viable by licensing,
by spectrum sharing or by regulatory rules, or ¢) unlicensed spectrum that locally is not
crowded by interference so that it becomes usable by the operator. The above-described

carrier aggregation embodiments can be considered as a variant of this selection

approach.

The selection could also be similar to the one based on the network decision to offload,
but instead it is the UE 10 that detects or discovers the presence of another network (e.g.,
the WLAN 2) that is available for offload. In this case, the UE may switch its traffic or
some of its traffic flows to the offloading network. Or according to an alternative
embodiment, the UE 10 can spontaneously arrange a secondary packet data network
(PDN) connection via the discovered offload network, or the UE 10 can request the
serving network 1 to arrange a secondary PDN connection via the discovered other access
network. In this way, the UE may concurrently use the two network connections. The
exact procedure used to divide the flows between these different access networks can take
a number of forms. However, in general, this approach supports relaxation of the
subscribed-to value, either in both the networks or separately in either one of the

networks.
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Information on available offload networks or additional capacity in the cellular network
can be obtained by either the UE 10 (or several UEs) carrying out radio sensing, or the
information can be obtained from the infrastructure of network 1. One embodiment of the

detection of such an offload network is one that obtains assistance from the ANDSF

server 20.

Reference can be made, for example, to Request for Comments (RFC) 6153, February
2011, S. Das and G. Bajko, "DHCPv4 and DHCPv6 Options for Access Network
Discovery and Selection Function (ANDSF) Discovery". This RFC defines Dynamic
Host Configuration Protocol (DHCPv4 and DHCPv6) options to enable a mobile node to
discover ANDSF entities in an IP network. ANDSF is being developed in the 3GPP to
provide inter-system mobility policies and access network-specific information to mobile

nodes. ANDSF also supports selected Open Mobile Alliance (OMA) device management

object functions.

In general the offload decision for the network 1 can be based on some (historical) low
data rate usage (for some particular location and/or time of day) over a sufficiently long
period of time, such as a time parameter expressed as T_threshold. Another methodology
can measure the actual use of capacity or predict the future status of the used capacity,
and thus can predict the future potential for excess capacity conditions. This can be
achieved by using a model, such as a Markov model, in conjunction with machine

learning. Other prediction models and mechanisms exist in the literature.

The network 1 infrastructure has knowledge of the serving status of the connected
devices (UEs 10). If the available capacity exceeds the capacity that the connected
devices are served with the connected devices can be informed and thus their respective
"Higher Speed" button 10G can be highlighted or otherwise alert the users of the

opportunity to make themselves available of the excess capacity.

If a particular user selects to use the "Higher Speed” option, additional parameters for
aggregated maximum bit rate (AMBR) information in, for example, the MME 14 is
16
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updated to reflect the new value to be used and the time validity of this information (see
Figure 6 described below). The information in the MME 14 is updated to necessary
locations such as a PDN gateway 22 (see Figures 3, 4 and 5) and the UE 10.

In an alternative embodiment of the invention the MME 14 has in its subscriber
information an allowance flag for a particular UE 10 to exceed the AMBR by requesting
this from the PDN gateway 22. The allowance flag can be separate per access point name
(APN) and/or per PDN connection. Additionally, a flag can be provided separately for a
local IP access (LIPA) allowed case. Local IP access means in this context that a UE 10,
in certain deployments, and in certain locations, is able to make anetwork connection via
the local access node and its local gateway (a so-called breakout gateway) without using
the actual PDN gateway for the offload traffic. The local gateway, in this case, may be
configured to include the UE context information, similar as that present in the PDN
gateway 22. The UE 10 may alternatively execute a procedure with the network to
transfer (copy) part of the UE's context in the PDN gateway 22 to the local gateway. It is
also within the scope of the exemplary embodiments of this invention to execute a local
connection setup procedure to setup the local context into the local gateway separately
from the PDN gateway 22. According to these exemplary embodiments of the invention,
the relaxation of the subscribed-to value, or the use of the secondary AMBR, can take

place when LIPA is in use, or at least for those flow(s) that use LIPA.

After the MME 14 has allowed the UE 10 to exceed the AMBR, the UE 10 can request
the increase directly from the PDN gateway 22 by a PDP context update procedure and

the UE 10 then receives in response the granted increased AMBR from the PDN gateway
22.

In general, it should be appreciated that increasing the data transfer speed of the UE 10,
whether temporarily or permanently, can be based on a request initiated by user input via
the button 10G, or by some other user interface means, or it can be based on arequest that

is autonomously generated by the UE 10 based on one or more trigger conditions being
fulfilled.

17



WO 2012/127280

10

15

20

25

30

PCT/IB2011/051178

Figure 3 shows an exemplary a Modify PDP context procedure which is requested by the
UE 10 and which can result in the relaxation of the AMBR for those conditions (e.g.,
validity time) defined in the parameters of the Modify PDP context request.

In the cases presented above the evolved packet system (EPS) bearer parameter AMBR is
relaxed and resultant traffic shaping and management (which can be considered to
include, for example, traffic management, scheduling, buffering, smoothing, bearer
management) are not based on the subscribed-to AMBR value(s). Instead the UE 10, the
eNB 12 and the related network elements manage the UE 10 (data) traffic based on the

granted relaxation parameters. Traffic can in this context, for example, mean flows of IP

traffic.

In accordance with a further embodiment to define AMBR exceptions, a definition of a
secondary AMBR is made to the subscribed context information. The primary AMBR
can be as currently defined, and the secondary AMBR is a parameterized AMBR that can
be activated and put into use in response to a request from the UE 10. In this case the
traffic shaping functions and bearer management functions apply the secondary AMBR

values as opposed to, or as a substitute for, the primary AMBR values.

Figure 4 shows a procedure for a Modify PDP context, which is requested by the UE 10,

and which can lead to the modification of the AMBR parameters according to this

embodiment of the invention.

Preferably the two foregoing AMBR exceptions (temporary relaxation as in Figure 3 and
applying the secondary AMBR as in Figure 4) can be applied without EPS bearer
reconfiguration. The EPS bearer reconfiguration is likely avoidable as the AMBR value is
basically a limit constraining the sum of all aggregated bearers, which is handled by
traffic shaping and not by bearer reconfiguration control per se. In general, however, the

exemplary embodiments of this invention may be used with or without the execution of a

bearer reconfiguration procedure.

Figure 5 shows a procedure for accomplishing the AMBR relaxation or the activation of
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the secondary AMBR via the MME 14. This procedure is an alternative to the PDP
context modification procedures shown in Figures 3 and 4. In this technique the UE 10
makes an AMBR request (AMBR relaxation or the activation of the secondary AMBR) to
the MME 14 via the eNB 12. The MME 14 sends the new AMBR to PDN GW 22 for
confirmation of the validity of the AMBR request, and in response to the PDN GW 22
confirming the validity of the request the MME 14 then confirms the validity of the
AMBR with the serving eNB 12. In response to receiving the new AMBR confirmation
from the eNB 12 the MME 14 sends the (new) AMBR update to the UE 10 via the
serving eNB 12, The validity checks and confirmations ensure that both the PDN GW 22

and the eNB 12 can accommodate the requested increase in the bit rate.

It should be noted again with respect to at least Figures 3 and 4 that increasing the
aggregated bit rate from the subscribed-to value can be performed in response to
receiving from the UE 10 arequest at a gateway of the wireless communication network,
where the request is one of to increase the aggregated bit rate from the currently
subscribed-to value or to apply a secondary aggregated higher bit rate. In this case the
request can be handled by the packet data network gateway alone, or the request can be
handled by the packet data network gateway in cooperation with a serving gateway, or the

request can be handled by the serving gateway alone, as three non-limiting examples.

With respect now to charging, in conventional practice charging is defined per PDN
connection. The charging mechanisms include, e.g., normal, prepaid, flat-rate and/or hot
billing. As the definition is per PDN connection, the charging principles may differ for
different PDN connections. If the charging principle is common to several PDN
connections still the costs or cost thresholds (e.g., regarding flat rate) may differ per PDN
connection. A Charging Identifier (Charging Id) is used for identifying the charging
records generated by the PDN gateway 22 for the home network and by a serving gateway

for the visited network. The charging records are created for each EPS bearer within the

PDN connection.

In conventional practice the access point name aggregated maximum bit rate (APN-
AMBR) defines the aggregated uplink and downlink maximum bit rates to be shared
19
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across all non-guaranteed bit rate bearers that are established for the UE 10 in that APN.
Hence, the AMBR limit can be set differently per APN. An example of an APN is, e.g.,
Elisa Internet, where the Internet connection does not depend on the actual radio access
technology in use at the time but instead it defines the operator identifier (for example

PLMN identity) and the network identifier for making the access to the Internet.

According to the exemplary embodiments of this invention, charging can be
accomplished per APN or per PDN connectivity, as is presently known, but in addition
can be based on the connection time used, or per advertisements received, or it can be
free of charge. These various complementary charging mechanisms could be particularly
useful for a PDN connection (or APN) that is only occasionally established in certain
local spots that are used for offloading in order to increase the actual wide area

heterogeneous network connections.

A non-limiting example of a UE 10 context in the PDN gateway 22D is shown in Figure
6 with the AMBR parameter and charging mechanisms. As was note above, similar UE
context definitions may appear in the MME, in the serving gateway and in the UE
respectively. These definitions also appear in the HSS, and may appear in the VSS. In
accordance with the exemplary embodiments newly added data elements of the PDN
context include at least one of: AMBR exception allowed [ON/OFF}, AMBR relaxation
[validity] and/or Secondary AMBR [parameters]. The exemplary embodiments thus
provide novel definitions of whether the AMBR relaxation is allowed, the AMBR

relaxation with validity definitions, or definitions of the secondary AMBR.

As was noted above, the initiative as to whether to initiate the offload process can be
taken by a service as opposed to by the UE 10. At least the initiation of the procedure

may come from the UE 10 or from the service respectively.

In the exemplary embodiments of this invention there can be a detection of the excess
capacity condition, and the increase of the aggregated bit rate to the higher value is
performed in response to a request received from the UE 10. In this manner the network

1, after detecting the excess capacity condition, can offer the excess capacity to the UE 10
20
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in some way, such as by activating a secondary cell using a carrier aggregation technique.

In response the UE 10 would then request increasing its subscribed-to bit rate to a higher
value, and this can occur without informing the user of the UE 10 at that moment. This
approach is viable because it can be assumed that the user has already given permission

5 in some way to obtain the increased bit rate if it becomes available. In fact, the user may
not become aware of having used higher bit rates than the subscribed-to value until the
user receives his bill for the communication services. The use of the higher bit rate does

not need to have a negative impact on the subscriber's bill. For example, it may be
presented as an advertisement-like notification that the subscriber actually experienced

10 higher data transfer rates than his subscription would normally allow. If this occurs
frequently the subscriber may be motivated to subscribe permanently to a higher data

transfer rate. This clearly can add value both to the user and to the operator.

Further, and as was noted above, it should be appreciated that the exemplary
15 embodiments of this invention can be implemented and used without executing a bearer

reconfiguration procedure, or they can be implemented and used in conjunction with the

execution of a bearer reconfiguration procedure.

It should be appreciated that the use of the exemplary embodiments of this invention
20 provides a number of advantages and technical effects. For example, the use of the
exemplary embodiments provides the possibility for users to obtain faster response, faster
interaction, faster information transfer and possibly higher quality of the service (e.g.,
resolution of the service can be enhanced, such as by the use of layered codecs) or the
service can be provided with additional media components. The user may also activate
25 more services without experiencing their mutual quality degradations. The use of the
exemplary embodiments also provides the possibility for services to offer an enhanced
user experience. The use of the exemplary embodiments also provides the possibility for
operators to differentiate the charging of capacity as the cost-per-bit and capacity
offerings can differ between users. The use of the exemplary embodiments also provides
30 a simple and intuitive user interface to initiate the offloading. In addition, network
operators can have diversified charging models and can reduce costs by using less
expensive local data delivery mechanisms. The users can also benefit in locations where

21



WO 2012/127280

10

15

20

25

30

PCT/IB2011/051178

additional capacity would be of high value for a specific use case. One example is using

capacity in a media shop or media development facility.

Another user interface, according to the exemplary embodiments of this invention, can
appear in the network operator's management center, where the subscription values and
their limitations are configured. The new definitions for subscribed-to value exceptions,

relaxations or secondary AMBR values and their validity parameters can be established,

modified and viewed there.

Based on the foregoing it should be apparent that the exemplary embodiments of this
invention provide a method, apparatus and computer program(s) to provide enhanced

offload capacity for a telecommunications network and system.

Figure 7 is a logic flow diagram that illustrates the operation of a method, and a result of
execution of computer program instructions, in accordance with the exemplary
embodiments of this invention. In accordance with these exemplary embodiments a
method performs, at Block 7A, a step of detecting in a wireless communication network
an excess capacity condition. At Block 7B there is a step of increasing, from a currently

subscribed-to value, to a higher value an aggregated bit rate for a mobile node operating

in the wireless communication network.

In the method depicted in Figure 7 the step of detecting comprises informing a user of the
mobile node of the detected excess capacity condition, and where increasing is performed

in response to a request received from the user of the mobile node.

In the method depicted in Figure 7 the step of increasing is performed in response to a

request received from the mobile node.

In the method depicted in Figure 7 the step of increasing is performed automatically in

response to a predetermined subscription of the mobile node.

In the method depicted in Figure 7 the step of increasing is performed automatically in
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response to a current presence state of the mobile node.

In the method depicted in Figure 7 the excess capacity condition is detected in the

wireless communication network.

In the method depicted in Figure 7 the excess capacity condition is detected by detecting

an existence of a wireless communication network for offload.

In the method depicted in Figure 7 and described in the preceding paragraph, where the
existence of the wireless communication network for offload is detected by the mobile
node, and further comprising receiving in the wireless communication network from the

mobile node an indication of the existence of the wireless communication network for
offload.

In the method depicted in Figure 7 the step of increasing is performed in response to one

of receiving a request at a network gateway or at a network mobility management entity.

In the method depicted in Figure 7 the step of increasing is performed in response to
receiving from the mobile node a modify packet data protocol context request at a packet
data network gateway, where the modify packet data protocol context request is one of to

increase the aggregated bit rate from the currently subscribed-to value or to apply a

secondary aggregated higher bit rate.

In the method depicted in Figure 7 the step of increasing is performed in response to
receiving from the mobile node a request at a mobility management entity of the wireless
communication network, where the request is one of to increase the aggregated bit rate
from the currently subscribed-to value or to apply a secondary aggregated higher bit rate,
and where the request is handled by the mobility management entity in cooperation with

at least a packet data network gateway.

In the method depicted in Figure 7 the step of increasing is performed in response to
receiving from the mobile node a request at a gateway of the wireless communication
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network, where the request is one of to increase the aggregated bit rate from the currently

subscribed-to value or to apply a secondary aggregated higher bit rate, and where the

request is handled by a packet data network gateway.

In the method depicted in Figure 7, and further comprising charging the mobile node for a
connection that uses the increased aggregated bit rate based on at least one of the

connection time and a presence of advertisements delivered to the mobile node through

the connection.

In the method depicted in Figure 7 the increase is temporary in accordance with at least

one of a temporal and a spatial constraint.

In the method depicted in Figure 7 the increase is permanent and is achieved by

modifying the currently subscribed-to value of an aggregated maximum bit rate to a new

subscribed-to value.

In the method depicted in Figure 7 the step of increasing comprises using another
wireless communication network for offload in place of or in combination with a

currently used wireless communication network.

In the method depicted in Figure 7 the step of increasing comprises using carrier

aggregation to increase data transfer capacity of the wireless communication network.

In the method depicted in Figure 7 the step of detecting is accomplished by the mobile

node in response to the wireless communication network configuring at least one

secondary cell.

In the method depicted in Figure 7 the presence of the excess capacity condition is
determined by the wireless communication network based on at least one of an actual

amount of current capacity and a predicted amount of future capacity.

The exemplary embodiments also encompass a non-transitory computer-readable medium
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that contains software program instructions, where execution of the software program
instructions by at least one data processor results in performance of operations that
comprise execution of the method depicted in Figure 7 and any one of the preceding

paragraphs descriptive of Figure 7.

Figure 8 is a logic flow diagram that illustrates the operation of a method, and a result of
execution of computer program instructions embodied on a computer readable medium,
further in accordance with the exemplary embodiments of this invention. In accordance
with these exemplary embodiments a method performs, at Block 8A, a step of operating a
mobile node in a wireless communication network in accordance with a currently
subscribed-to value of an aggregated maximum bit rate. At Block 8B there is a step
performed, in response to an occurrence of availability of additional capacity in the
wireless communication network, of sending information from the mobile node to the
wireless communication network for requesting an increase from the currently

subscribed-to value of the aggregated maximum bit rate to a higher value.

In the method depicted in Figure 8 the step of operating the mobile node comprises
receiving an indication of the occurrence of the availability of the additional capacity
from the wireless communication network, and further comprising informing a user of the
receipt of the indication and receiving an input from the user, and where the information

that is sent comprises an indication of receipt of the user input.

In the method depicted in Figure 8, and described in the preceding paragraph, the steps of

informing the user and receiving the input from the user are performed via a user

interface of the mobile node.

In the method depicted in Figure 8, and described in the preceding paragraph, the step of
informing is performed by emphasizing a displayed button, and where the input from the

user is received in response to the user activating the displayed button.

In the method depicted in Figure 8 where the occurrence of the availability of the
additional capacity in the wireless communication network is detected by the mobile node
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and is communicated to the wireless communication network.

In the method depicted in Figure 8, and described in the preceding paragraph, where the
mobile node communicates an indication of the existence of the detection by the mobile

node of a wireless communication network for offload.

In the method depicted in Figure 8 where the step of sending sends a modify packet data
protocol context request to the wireless communication network, where the modify
packet data protocol context request is one of to increase the aggregated bit rate from the

currently subscribed-to value or to apply a secondary aggregated higher bit rate.

In the method depicted in Figure 8 where the increase is temporary in accordance with at

least one of a temporal and a spatial constraint.

In the method depicted in Figure 8 where the increase is permanent and is achieved by

modifying the currently subscribed-to value of an aggregated maximum bit rate to a new

subscribed-to value.

In the method depicted in Figure 8, where in response to being granted the increase the
mobile node uses another wireless communication network for offload in place of or in

combination with a currently used wireless communication network.

In the method depicted in Figure 8, where the occurrence of the availability of the
additional capacity in the wireless communication network is detected by the mobile node

in response to the wireless communication network configuring carrier aggregation.

In the method depicted in Figure 8, where the occurrence of the availability of the
additional capacity in the wireless communication network is detected by the mobile node

in response to the wireless communication network configuring at least one secondary

cell.

The exemplary embodiments also encompass a non-transitory computer-readable medium
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that contains software program instructions, where execution of the software program
instructions by at least one data processor results in performance of operations that
comprise execution of the method depicted in Figure 8 and any one of the preceding

paragraphs descriptive of Figure 8.

The various blocks shown in Figures 7 and 8 may be viewed as method steps, and/or as
operations that result from operation of computer program code, and/or as a plurality of

coupled logic circuit elements constructed to carry out the associated function(s).

In general, the various exemplary embodiments may be implemented in hardware or
special purpose circuits, software, logic or any combination thereof. For example, some
aspects may be implemented in hardware, while other aspects may be implemented in
firmware or software which may be executed by a controller, microprocessor or other
computing device, although the invention is not limited thereto. While various aspects of
the exemplary embodiments of this invention may be illustrated and described as block
diagrams, flow charts, or using some other pictorial representation, it is well understood
that these blocks, apparatus, systems, techniques or methods described herein may be
implemented in, as non-limiting examples, hardware, software, firmware, special purpose

circuits or logic, general purpose hardware or controller or other computing devices, or

some combination thereof.

Thus, it should also be appreciated that the exemplary embodiments of this invention also
pertain to an apparatus that comprises at least one data processor and at least one memory
including computer program code. The at least one memory and computer program code
are configured, with the at least one processor, to cause the apparatus at least to respond
to a detection in a wireless communication network of an excess capacity condition and
to increase, from a currently subscribed-to value, to a higher value an aggregated bit rate

for a mobile node operating in the wireless communication network.

The exemplary embodiments of this invention also pertain to an apparatus that comprises
at least one data processor and at least one memory including computer program code.

The at least one memory and computer program code are configured, with the atleast one

27



WO 2012/127280

10

15

20

25

30

PCT/IB2011/051178

processor, to cause the apparatus at least to operate a mobile node in a wireless
communication network in accordance with a currently subscribed-to value of an
aggregated maximum bit rate. The apparatus is further configured, in response to an
occurrence of availability of additional capacity in the wireless communication network,
to send information from the mobile node to the wireless communication network for

requesting an increase from the currently subscribed-to value of the aggregated maximum

bit rate to a higher value.

The exemplary embodiments of this invention also pertain to an apparatus that comprises
means for detecting in a wireless communication network an excess capacity condition
and means for increasing, from a currently subscribed-to value, to a higher value an

aggregated bit rate for a mobile node operating in the wireless communication network.

The exemplary embodiments of this invention further encompass an apparatus that
comprises means for operating a mobile node in a wireless communication network in
accordance with a currently subscribed-to value of an aggregated maximum bit rate and
means, responsive to an occurrence of availability of additional capacity in the wireless
communication network, for sending information from the mobile node to the wireless
communication network for requesting an increase from the currently subscribed-to value

of the aggregated maximum bit rate to a higher value.

These various means include at least the elements shown in Figure 1, including the data

processors, memories, program code, transceivers and interfaces.

It should be appreciated that at least some aspects of the exemplary embodiments of the
inventions may be practiced in various components such as integrated circuit chips and
modules, and that the exemplary embodiments of this invention may be realized in an
apparatus that is embodied as an integrated circuit. The integrated circuit, or circuits, may
comprise circuitry (as well as possibly firmware) for embodying at least one or more of a
data processor or data processors, a digital signal processor or processors, baseband

circuitry and radio frequency circuitry that are configurable so as to operate in accordance

with the exemplary embodiments of this invention.
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Various modifications and adaptations to the foregoing exemplary embodiments of this
invention may become apparent to those skilled in the relevant arts in view of the
foregoing description, when read in conjunction with the accompanying drawings.
However, any and all modifications will still fall within the scope of the non-limiting and

exemplary embodiments of this invention.

For example, while the exemplary embodiments have been described above in the context
of the E-UTRAN and LTE-A types of systems, it should be appreciated that the
exemplary embodiments of this invention are not limited for use with any one particular

type of system and network, and that they may be used to advantage in other types of

wireless communication systems.

Tt should be noted that the terms "connected," "coupled,” or any variant thereof, mean any
connection or coupling, either direct or indirect, between two or more elements, and may
encompass the presence of one or more intermediate elements between two elements that
are "connected” or "coupled" together. The coupling or connection between the elements
can be physical, logical, or a combination thereof. As employed herein two elements may
be considered to be "connected" or "coupled" together by the use of one or more wires,
cables and/or printed electrical connections, as well as by the use of electromagnetic
energy, such as electromagnetic energy having wavelengths in the radio frequency region,
the microwave region and the optical (both visible and invisible) region, as several non-

limiting and non-exhaustive examples.

Further, the various names used for the described parameters (e.g., AMBR, etc.) are not
intended to be limiting in any respect, as these parameters may be identified by any
suitable names. Further, the various names assigned to different network elements and
entities (e.g. ANDSF, MME, PDN GW, etc.) are not intended to be limiting in any
respect, as these various network elements and entities may be identified by any suitable

names, as may the interfaces that exist between these network elements and entities.

Furthermore, some of the features of the various non-limiting and exemplary
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embodiments of this invention may be used to advantage without the corresponding use
of other features. As such, the foregoing description should be considered as merely

illustrative of the principles, teachings and exemplary embodiments of this invention, and

not in limitation thereof.
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CLAIMS

What is claimed is:
1. A method, comprising:
detecting in a wireless communication network an excess capacity condition; and

increasing, from a currently subscribed-to value, to a higher value an aggregated bit rate

for a mobile node operating in the wireless communication network.

2. The method of claim 1, where detecting comprises informing a user of the mobile node
of the detected excess capacity condition, and where increasing is performed in response

to a request received from the user of the mobile node.

3. The method of claim 1, where increasing is performed in response to arequest received

from the mobile node.

4. The method of claim 1, where increasing is performed automatically in response to a

predetermined subscription of the mobile node.

5. The method of claim 1, where increasing is performed automatically in response to a

current presence state of the mobile node.

6. The method of claim 1, where the excess capacity condition is detected in the wireless

communication network.

7. The method of claim 1, where the excess capacity condition is detected by detecting an

existence of a wireless communication network for offload.

8. The method of claim 7, where the existence of the wireless communication network for
offload is detected by the mobile node, and further comprising receiving in the wireless
communication network from the mobile node an indication of the existence of the
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wireless communication network for offload.

9. The method of claim 1, where increasing is performed in response to one of receiving a

request at a network gateway or at a network mobility management entity.

10. The method of claim 1, where increasing is performed in response to receiving from
the mobile node a modify packet data protocol context request at a packet data network
gateway, where the modify packet data protocol context request is one of to increase the
aggregated bit rate from the currently subscribed-to value or to apply a secondary
aggregated higher bit rate.

11. The method of claim 1, where increasing is performed in response to receiving from
the mobile node a request at a mobility management entity of the wireless communication
network, where the request is one of to increase the aggregated bit rate from the currently
subscribed-to value or to apply a secondary aggregated higher bit rate, and where the

request is handled by the mobility management entity in cooperation with at least a

packet data network gateway.

12. The method of claim 1, where increasing is performed in response to receiving from
the mobile node a request at a gateway of the wireless communication network, where the
request is one of to increase the aggregated bit rate from the currently subscribed-to value

or to apply a secondary aggregated higher bit rate, and where the request is handled by a

packet data network gateway.

13. The method of claim 1, further comprising charging the mobile node for a connection
that uses the increased aggregated bit rate based on at least one of the connection time

and a presence of advertisements delivered to the mobile node through the connection.

14. The method of claim 1, where the increase is temporary in accordance with at least

one of a temporal and a spatial constraint.

15. The method of claim 1, where the increase is permanent and is achieved by modifying
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the currently subscribed-to value of an aggregated maximum bit rate to a new subscribed-

to value.

16. The method of claim 1, where increasing comprises using another wireless

communication network for offload in place of or in combination with a currently used

wireless communication network.

17. The method of claim 1, where increasing comprises using carrier aggregation to

increase data transfer capacity of the wireless communication network.

18. The method of claim 1, where detecting is accomplished by the mobile node in

response to the wireless communication network configuring at least one secondary cell.

19. The method of claim 1, where a presence of the excess capacity condition is
determined by the wireless communication network based on at least one of an actual

amount of current capacity and a predicted amount of future capacity.

20. A non-transitory computer-readable medium that contains software program
instructions, where execution of the software program instructions by at least one data

processor results in performance of operations that comprise execution of the method of

any one of claims 1-19.
21. An apparatus, comprising:

at least one data processor; and

at least one memory including computer program code, where the at least one memory
and computer program code are configured, with the at least one processor, to cause the
apparatus at least to respond to a detection in a wireless communication network of an
excess capacity condition and to increase, from a currently subscribed-to value, to a
higher value an aggregated bit rate for a mobile node operating in the wireless

communication network.
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22. The apparatus of claim 21, where the at least one data processor increases the

aggregated bit rate in response to a request received from the user of the mobile node.

23. The apparatus of claim 21, where the at least one data processor informs a user of the
mobile node of the detected excess capacity condition, and where increasing is performed

in response to a request received from the mobile node.

24, The apparatus of claim 21, where increasing is performed automatically in response

to a predetermined subscription of the mobile node.

25. The apparatus of claim 21, where increasing is performed automatically in response

to a current presence state of the mobile node.

26. The apparatus of claim 21, where the excess capacity condition is detected by the

apparatus in the wireless communication network.

27. The apparatus of claim 21, where the excess capacity condition is detected by

detecting an existence of a wireless communication network for offload.

28. The apparatus of claim 27, where the existence of the wireless communication
network for offload is detected by the mobile node, and where said at least one data
processor receives from the mobile node an indication of the existence of the wireless

communication network for offload and responds to the receipt of the indication.

29. The apparatus of claim 21, where increasing is performed in response to receiving
from the mobile node a modify packet data protocol context request at a packet data
network gateway, where the modify packet data protocol context request is one of to

increase the aggregated bit rate from the currently subscribed-to value or to apply a

secondary aggregated higher bit rate.

30. The apparatus of claim 21, where increasing is performed in response to receiving
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from the mobile node a request at a mobility management entity of the wireless
communication network, where the request is one of to increase the aggregated bit rate
from the currently subscribed-to value or to apply a secondary aggregated higher bitrate,

and where the request is handled by the mobility management entity in cooperation with

at least a packet data network gateway.

31. The apparatus of claim 21, where increasing is performed in response to receiving
from the mobile node a request at a gateway of the wireless communication network,
where the request is one of to increase the aggregated bit rate from the currently

subscribed-to value or to apply a secondary aggregated higher bit rate, and where the

request is handled by a packet data network gateway.

32. The apparatus of claim 21, further comprising charging the mobile node for a
connection that uses the increased aggregated bit rate based on at least one of the

connection time and a presence of advertisements delivered to the mobile node through

the connection.

33. The apparatus of claim 21, where the increase is temporary in accordance with at least

one of a temporal and a spatial constraint.

34. The apparatus of claim 21, where the increase is permanent and is achieved by

modifying the currently subscribed-to value of an aggregated maximum bit rate to a new

subscribed-to value.

35. The apparatus of claim 21, where increasing comprises using another wireless

communication network for offload in place of or in combination with a currently used

wireless communication network.

36. The apparatus of claim 21, where increasing comprises using carrier aggregation to

increase data transfer capacity of the wireless communication network.

37. The apparatus of claim 21, where detecting is accomplished by the mobile node in
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response to the wireless communication network configuring at least one secondary cell.

38. The apparatus of claim 21, where a presence of the excess capacity condition is
determined by the at least one data processor of the wireless communication network

based on at least one of an actual amount of current capacity and a predicted amount of

future capacity.
39. The apparatus of claim 21, embodied in a network gateway.

40. A method, comprising:

operating a mobile node in a wireless communication network in accordance with a

currently subscribed-to value of an aggregated maximum bit rate; and

in response to an occurrence of availability of additional capacity in the wireless
communication network, sending information from the mobile node to the wireless
communication network for requesting an increase from the currently subscribed-to value

of the aggregated maximum bit rate to a higher value.

41. The method of claim 40, where operating the mobile node comprises receiving an
indication of the occurrence of the availability of the additional capacity from the wireless
communication network, and further comprising informing a user of the receipt of the
indication and receiving an input from the user, and where the information that is‘sent

comprises an indication of receipt of the user input.

42. The method of claim 41, where informing the user and receiving the input from the

user are performed via a user interface of the mobile node.

43, The method of claim 42, where informing is performed by emphasizing a displayed

button, and where the input from the user is received in response to the user activating the

displayed button.
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44. The method of claim 40, where the occurrence of the availability of the additional
capacity in the wireless communication network is detected by the mobile node and is

communicated to the wireless communication network.

45. The method of claim 44, where the mobile node communicates an indication of the

existence of the detection by the mobile node of a wireless communication network for
offload.

46. The method of claim 40, where sending sends a modify packet data protocol context
request to the wireless communication network, where the modify packet data protocol
context request is one of to increase the aggregated bit rate from the currently subscribed-

to value or to apply a secondary aggregated higher bit rate.

47. The method of claim 40, where the increase is temporary in accordance with at least

one of a temporal and a spatial constraint.

48. The method of claim 40, where the increase is permanent and is achieved by

modifying the currently subscribed-to value of an aggregated maximum bit rate to a new

subscribed-to value.

49, The method of claim 40, where in response to being granted the increase the mobile
node uses another wireless communication network for offload in place of or in

combination with a currently used wireless communication network.

50. The method of claim 40, where the occurrence of the availability of the additional
capacity in the wireless communication network is detected by the mobile node in

response to the wireless communication network configuring carrier aggregation.

51. The method of claim 40, where the occurrence of the availability of the additional
capacity in the wireless communication network is detected by the mobile node in

response to the wireless communication network configuring at least one secondary cell.
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52. A non-transitory computer-readable medium that contains software program
instructions, where execution of the software program instructions by at least one data

processor results in performance of operations that comprise execution of the method of

any one of claims 40-51.
53. An apparatus, comprising:

at least one data processor; and

at least one memory including computer program code, where the at least one memory
and computer program code are configured, with the at least one processor, to cause the
apparatus at least to operate a mobile node in a wireless communication network in
accordance with a currently subscribed-to value of an aggregated maximum bit rate, and
in response to an occurrence of availability of additional capacity in the wireless
communication network, send information from the mobile node to the wireless
communication network for requesting an increase from the currently subscribed-to value

of the aggregated maximum bit rate to a higher value.

54. The apparatus of claim 53, where operating the mobile node comprises receiving an
indication of the occurrence of the availability of the additional capacity from the wireless
communication network, and further comprising informing a user of the receipt of the
indication and receiving an input from the user, and where the information that is sent

comprises an indication of receipt of the user input.

55. The apparatus of claim 54, where informing the user and receiving the input from the

user are performed via a user interface of the mobile node.

56. The apparatus of claim 55, where informing is performed by emphasizing a displayed

button, and where the input from the user is received in response to the user activating the

displayed button.

57. The apparatus of claim 53, where the occurrence of the availability of the additional
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capacity in the wireless communication network is detected by the mobile node and is

communicated to the wireless communication network.

58. The apparatus of claim 57, where the mobile node communicates an indication of the

existence of the detection by the mobile node of a wireless communication network for
offload.

59. The apparatus of claim 53, where the at least one data processor sends a modify
packet data protocol context request to the wireless communication network, where the
modify packet data protocol context request is one of to increase the aggregated bit rate

from the currently subscribed-to value or to apply a secondary aggregated higher bit rate.

60. The apparatus of claim 53, where the increase is temporary in accordance with at least

one of a temporal and a spatial constraint.

61. The apparatus of claim 53, where the increase is permanent and is achieved by

modifying the currently subscribed-to value of an aggregated maximum bit rate to a new

subscribed-to value.

62. The apparatus of claim 53, where in response to being granted the increase the at least
one data processor uses another wireless communication network for offload in place of

or in combination with a currently used wireless communication network.

63. The apparatus of claim 53, where the occurrence of the availability of the additional
capacity in the wireless communication network is detected by the at least one data

processor in response to the wireless communication network configuring carrier

aggregation.

64. The apparatus of claim 53, where the occurrence of the availability of the additional
capacity in the wireless communication network is detected by the at least one data

processor in response to the wireless communication network configuring at least one

secondary cell.
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65. An apparatus, comprising:

means for detecting in a wireless communication network an excess capacity condition;

and

means for increasing, from a currently subscribed-to value, to a higher value an

aggregated bit rate for a mobile node operating in the wireless communication network.

66. An apparatus, comprising:

means for operating a mobile node in a wireless communication network in accordance

with a currently subscribed-to value of an aggregated maximum bit rate; and

means, responsive to an occurrence of availability of additional capacity in the wireless
communication network, for sending information from the mobile node to the wireless
communication network for requesting an increase from the currently subscribed-to value

of the aggregated maximum bit rate to a higher value.

40



PCT/IB2011/051178

WO 2012/127280

1 "Old

Z NVIM
S
02
4SONV NV oL
W g
_xu_zoo/oNN ~—4d91
Nad 81 s1 | [908d _vol
KN Y-gzz o9,/ | dd A
444 90ud - N
7 da
Jce a9l
/
MO Nod V¢l N—1S
m %
> ail
S
(aNe 6%3) sg n 80 b
NN gy NN T—gz1 el 0~ 301 | WA
90¥d cl 904d - VZl y 504d
il | 99| L\ | ozt/| ¢ l N <201
7 S ] i —-vol
24!
i DN\_\ /WS giliey
MI-S/INN Vil
MYOMLIN 340D NV S . \D _
L MHOMIIN ¥vINTT30 NI SSTTIMIM NOLLNE "301-

AV1dSIa

SUBSTITUTE SHEET (RULE 26)



WO 2012/127280 PCT/IB2011/051178

2/ 8
MME/S—GW MME /S-GW
A I N
I\ Il
[\ /1
I\ /|
[ ! |
I .
St Y
@ ! o
Y S1 | B
' ) / ' E-UTRAN
| \ / |
_ ]

SUBSTITUTE SHEET (RULE 26)



PCT/IB2011/051178

WO 2012/127280

3/8

(3@ SSd ‘SWI
"6°8) SIDINY3S d
S, 401vy3d0

SIARIE

4¥9d

AVMILYD| . [AVM3LYD n-1s _
NOd | go | ONIAYES | NviLn-=J
4+ (0] B
1S

O st —
3NN “
ogs | INN-1S
¢S+
SSH NVY39
NS9S
NVLN

nn-311

an

SUBSTITUTE SHEET (RULE 26)



WO 2012/127280 PCT/IB2011/051178

4/8

[UE 10 [PDN_Gw}22

MODIFY PDP CONTEXT REQUEST
{ALLOW AMBR RELAXATION[PARAMS]}

MODIFY PDP_CONTEXT ACCEPT
AMBR RELAXATION[PARAMS]}

FIG.S

[UE 10 [PON_GW}22

MODIFY PDP CONTEXT REQUEST
{SECONDARY AMBR [PARAMS]}

MODIFY PDP CONTEXT ACCEPT
{SECONDARY AMBR [PARAMSJ}

FIG.4

SUBSTITUTE SHEET (RULE 26)



PCT/IB2011/051178

WO 2012/127280

5/8

G'Old

[ALIanvA)

3Lvadn Y8V~

WYIANOD ¥EAY MIN-

WHIINOD ¥EBAY MIN-

~ TALIGNVA] 98WV M3N’

NN\_;O ZDn__

J—

[ALIGNVA] ¥8AY M3N-

{[SAVIVA]YBAY AYVANOD3S 3ILVAILOV
‘[SAVHVYd] NOILYIXV134}

—

.v—\_ JNN _

1S3ND3Y AWy~

z1 | 8N3 ]

oL 30 ]

SUBSTITUTE SHEET (RULE 26)



PCT/IB2011/051178

WO 2012/127280

9°0I4 |99 OI-

v9°9l4 Y9 Ol
"(NINO 8S/GS (3Sv8—dINd ¥04) Ol4vil 3NVId ¥3sn (3NV1d ¥3sSn)
X X ONION3S ¥04 a3sn ATINIYYND MO—d 3HL 40 SS3¥AAV di 3HL 3SN NI SS3¥AQY Mo—d
‘(AINO 8S/SS @3SVE—dl9 ¥04) “IOV4HIINI 3NV (INV1d TOHLNOD)
X X  TOYINOD 8S/SS 3HL ¥04 ¥3IHIINIAI INIOJAN3 13NNNL MO—d 8S/GS 404 Q3L MoO—d
"ONITIVNOIS (3NV1d TOMLNOD)
X X 3NVId TOMINOD 3JHL ¥04 8S/SS JHL ¥04 SSINAAV dI MO—d  8S/SS ¥04 SSI¥AAY dI MI—d
‘(KINO 8S/SS Q3asva-diNd ¥04)
"0l44vL MNMNMOQ ¥04 3NVId ¥3sn 3HL (ANV1d ¥3SN) Jld4vilL
X X ¥04 JOV4YIINI 8S/SS IHL ¥O4 A3IX JH9 GINOISSV MO ONIAM3S MNIINMOQ ¥O4 AN FHO MO-S
‘(K\INO 8S/SS Q3Sva—dINd ¥04) "Old4vdL INVId ¥3SN (3NVId ¥3sN)
X X ONIAN3S ¥04 Q3sn ATINIYYNO MO—S 3HL 40 SS3¥AAY di 3HL 3SN NI SS3NAQAY M9-S
@ "(AINO 8S/GS Q3SvE—d1O ¥04) "INVId TO¥INOD 3HL ¥04 (3NV1d 104LNOD)
© | X X JOVIYIINI 8S/SS IHL ¥O4 M3I4IIN3IAI INIOAANI T13NNNL MO-S 8S/GS ¥04 @31l M9-S
| "ONITIVNOIS 3NV1d TOHINOD (INVId TO¥LNOD)
X X ONION3S ¥04 d3sn ALNI¥YND MO—S 3IHL 40 SSIMAAV dl IHL 3SN NI SS34aav M9-S
X X OAPAdI MO ‘9AdI ‘PAd 3dAL Nad
X X XI43Md 9AdI HO/ANV SS3NAAY #Ad (s3)ss3yaav di
‘NdV 3HL NIHLM NOILD3INNOD NOd HOV3 ¥04 Q31vad3¥ 3Hv SIHINI ONIMOTIO4 3HL :3ION
INdV 3HL NIHUM NOILOANNOD NAd HOV3 ¥0d
"‘NdV SIHL ¥04 Q3HSNAV1IS3 ¥V HOIHM
‘SYIYVIG ¥E9—-NON TV SSONOV Q3NVHS 38 OL S3NTVA
X X HAN MNIMNMOG ANV MNMdN Q3LVOFH9IV WNNIXYIN 3HL ¥ENY—NJY
X X "MO-S JHL WOM4 Q3IANII3Y SV ‘03SN ATINIYEND NdV 3HL 3SN NI NdV

"‘NdV HOVA ¥04 (3Lv3d3y 34V S3MINI/ONIMOTIO4 3HL -310N

mzéé%z,;mézoomm
SN Vv E%.L NOLLYXV13Y NNV
[440/NO] QIMOTIV NOLLd30X3 HEWV

SUBSTITUTE SHEET (RULE 26)



PCT/IB2011/051178

WO 2012/127280

7/8

g49°0l4

‘ONITIIE 10H ¥O/ONV 3LVH-1V14 ‘AVdIdd “TYWHON

‘6@ NOLLDINNOD NOd SIHL 40 SOUSINILOVEVHO ONISYVHO 3HL
"(031¥0ddNS 34V Ndv INVS FHL Ol

SNOLLOINNOD NGd INdUINW 41 8S/SS @3Sva diNd ¥04 ¥O 8S/SS
Q3sva d19 ¥04) ‘NOLLDINNOO NGd 3HL NIHUM 1S¥ld Q3IHSNEVLS3

S| HOIHM 3NO 3HL SI ¥34v38 1NV430 3HL "Gl ¥3¥v38 Sd3 S

X A9 NOLDINNOD NGd 3HL NIHUM ¥3¥v38 1INV43Q FHL SFLUNIQI
"NVELN/NVHI9 ¥04 Q0N TOYINOD ¥3¥v38 Q3LVII093N 3HL

"3N08Y JHL 40 NOLLYNIGNOD ANV ¥O “Y38WIN 9SD

v 1ON S| ¥38140SNS JHL HOMHM NI ST13D QI¥aAH () ONV "IGWaN
939 V S 43GI0SANS 3JHL HOHM NI STI3D @I¥aAH (@) ‘ST139 950 (o)
404 NOLLYWYOANI 9SD ¥3SN NI SIONVHO AN3S OL Q3LS3ND3Y Fav
NS9S/3NN JHL ¥3IHIIHM A13LYNVdIS SILON3IQ Q1314 SIHL ¥3¥v3d
SIHL 404 JONVHO NOLLYAHOANI 9S2 ¥3SN NI SIONVHO GN3IS OL

X Q3LSINDIY IMV/SI NSOHS IHL ¥O/ANV INN 3HL ¥3IHIIHM SALON3Q
'4Y34v38 SIHL Y04

JONVHO NOLLYWHOANI NOLLYOOT ¥3SN NI SIONVHO ON3S OL

X Q31SIND3IY 3WV/SI NSOHS FHL ¥O/ONV IWN IHL ¥3HLIHM SAION3A
‘SIONVHD  NOLLYWHOANI

95D ¥3ISN ¥O/ANV NOLLYWMOANI NOILVOO01 ¥3SN ONILYO43Y 04
SUNA300Ud (S)L¥OddNS 3N 3HL ONIAYIS NSIS ¥O/ANV NN 3IHL
"(NINO 8S/SS Q3SVE—diNd ¥04) "Ol44vil MNMdN ¥04 INVId ¥3Sn

X JHL 404 JOVAYAINI 8S/GS FHL HO4 AIX IND GINOISSY MO NGd

SOUSIHILIVIVHO
ONIOYVHO NOd Sd3

yvag 11nv43d
Wod

NOLLOV
ONLLYOd3Y NOILVAYOANI OSO

NOLLOV
ONILMOd3Y JONVHO O4ANI SW

NOLLYDIONI 140ddNnS
ONILYOJIY FONVHO O4NI SW
(ANVId ¥3SN) id4vilL
MNMdN 804 A3X F¥9 M9—d

SUBSTITUTE SHEET (RULE 26)



WO 2012/127280 PCT/IB2011/051178

8/8

DETECTING IN A WIRELESS COMMUNICATION |-7A
NETWORK AN EXCESS CAPACITY CONDITION

V
INCREASING FROM A CURRENTLY
SUBSCRIBED—TO VALUE, TO A HIGHER VALUE, 7B

AN AGGREGATED BIT RATE FOR A MOBILE NODE[~
OPERATING IN THE WIRELESS COMMUNICATION
NETWORK

FIG.7

OPERATING A MOBILE NODE IN A WIRELESS
COMMUNICATION NETWORK IN ACCORDANCE WITH]-8A
A CURRENTLY SUBSCRIBED-TO VALUE OF AN

AGGREGATED MAXIMUM BIT RATE

|
IN RESPONSE TO AN OCCURRENCE OF
AVAILABILITY OF ADDITIONAL CAPACITY IN THE
WIRELESS COMMUNICATION NETWORK, SENDING
INFORMATION FROM THE MOBILE NODE TO THE|-8B
WIRELESS COMMUNICATION NETWORK FOR
REQUESTING AN INCREASE FROM THE CURRENTLY
SUBSCRIBED-TO VALUE OF THE AGGREGATED
MAXIMUM BIT RATE TO A HIGHER VALUE

FIG.8

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/IB2011/051178

A. CLASSIFICATION OF SUBJECT MATTER

IPC: see extra sheet

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

IPC: HO4W

Minimum documentation searched (classification system followed by classification symbols)

SE, DK, FI, NO classes as above

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, PAJ, WPI data, COMPENDEX, INSPEC

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Paragraphs [0028]-[0030]

X EP 2104275 A1 (RESEARCH IN MOTION LTD), 23
September 2009 (2009-09-23); abstract; claims 1, 8;

1-66

1-66

A WO 2010020637 A1 (ERICSSON TELEFON AB LM ET AL),

25 February 2010 (2010-02-25); abstract

Saunalahti Group Oyj, "Annual Report 2004". Retrieved from:

http://web.lib.hse.fi/Fl/yrityspalvelin/pdf/2004/Esaunalahti2004.

1-66

pdf; page 7

|:| Further documents are listed in the continuation of Box C.

& See patent family annex.

# Special categories of cited documents:
to be of particular relevance

filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

«0” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than
the priority date claimed

«p” document defining the general state of the art which is not considered

“E” earlier application or patent but published on or after the international <X

“T” later document published after the international filing date or priority

date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

05-12-2011

Date of mailing of the international search report

06-12-2011

Name and mailing address of the ISA/SE
Patent- och registreringsverket

Box 5055

S-102 42 STOCKHOLM

Facsimile No. + 46 8 666 02 86

Authorized officer
Ralf Bostrém

Telephone No. + 46 8 782 25 00

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

PCT/IB2011/051178

Continuation of: second sheet
International Patent Classification (IPC)

HO4W 72/12 (2009.01)

Download your patent documents at www.prv.se

The cited patent documents can be downloaded:

e From “Cited documents” found under our online services at www.prv.se
(English version)

e From “Anférda dokument” found under “e-tjanster” at www.prv.se
(Swedish version)

Use the application number as username. The password is RUGNRJTESG.

number 08-782 28 85).

Cited literature, if any, will be enclosed in paper form.

Paper copies can be ordered at a cost of 50 SEK per copy from PRV InterPat (telephone

Form PCT/ISA/210 (extra sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/IB2011/051178

EP 2104275 A1 23/09/2009 AT 484129 T 15/10/2010
CA 2658540 A1 21/09/2009
DE 602008002894 D1 18/11/2010
EP 2312795 At 20/04/2011
EP 2381718 Af 26/10/2011

e us 20090238207 A1 24/09/2009

WO 2010020637 A1 25/02/2010 EP 2340635 A1 06/07/2011
us 20110138066 A1 09/06/2011

Form PCT/ISA/210 (patent family annex) (July 2009)



	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 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - wo-search-report
	Page 51 - wo-search-report
	Page 52 - wo-search-report

