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(54) Policy controlled offloading among neighboring networks

(57) Methods and apparatus are disclosed for con-
trolling and distributing data traffic among neighboring
access networks within a geographic area. Subscribers
may be given different priorities. Requests of services by
subscribers may be prioritized. Data traffic within a con-
gested access network may be offloaded to alternate ac-

cess networks based on criteria such as service types
and Quality of Service requirements associated with the
data traffic, subscriber priorities associated with the sub-
scribers, software and hardware capabilities associated
with the user terminals of the subscribers, and resource
availabilities in the alternate access networks.
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Description

Technical field

[0001] The present invention relates generally to dis-
tributing and balancing data traffic among neighboring
access networks.

Background

[0002] Today’s wireless communications technologies
offer different radio access networks for a subscriber to
connect to the core communications network. These dif-
ferent access networks include 3GPP access networks,
such as High Speed Packet Access (HSPA) networks
and LTE access networks, and non-3GPP access net-
works, such as Wireless Local Area Networks (WLAN)
and Worldwide Interoperability for Microware Access
(WiMAX) networks. A user terminal, also known as user
equipment (UE), is often equipped with multiple interfac-
es that allow the user terminal to communicate with the
core network via different access networks.
[0003] A user may also subscribe to different services.
Based on the subscribed services, the user may be clas-
sified into one of different user classes. For example, the
user could be classified to the "gold," "silver," or "bronze"
user class, depending on the subscribed services. Dif-
ferent user classes have different priorities , different cost
structures, and different Quality of Service (QoS) guar-
antees. Subscribers assigned to a "gold" user class pay
more than those of "silver" or "bronze" user class in return
for faster connections, higher QoS, and more reliable
services.
[0004] User terminals within the same geographic area
compete for the network resources of the same access
network. Regardless what services a user may subscribe
to, the user may be denied service if the access network
does not have enough resources to support the request-
ed service. For example, user terminal A may be sub-
scribed to a premium service, which assigns him to the
"gold" user class and be granted access to a video
streaming application that has a high QoS requirement.
When user terminal A initiates a new video streaming
service, the service initiation request may be denied if
the access network is congested, even though user ter-
minal A belongs to the "gold" user class and should be
given a higher priority than those to whom the network
resources are currently allocated.
[0005] In some scenarios, a user terminal of ultra im-
portance may require exclusive use of the network re-
sources in a particular access network. Other users of
this particular access network need to be offloaded to
alternate access networks.
[0006] Accordingly, there is a need to prioritize users
and offload users from one access network to alternate
access networks based on priorities.

Summary

[0007] The present invention relates to methods and
apparatus for making network resources available for pri-
oritized users in a wireless communication network. In a
geographic area where one or more alternate networks
to the wireless communication network are available, one
or more user terminals with established packet flows can
be offloaded to an alternate network to make more re-
sources available for the prioritized users. When a user
terminal initiates a service request in a wireless commu-
nications network, some of these user terminals that are
capable of accessing at least one of the alternate net-
works may be offloaded to the alternate networks to ac-
commodate the service request. Offloading of some user
terminals to alternate networks may be carried out in re-
action to a failed service request. Offloading of some user
terminals to alternate network may also be carried out
proactively in response to a user terminal initiating a serv-
ice request.
[0008] A Policy and Charging Rules Function (PCRF)
node or other network node performs the evaluation and
selection of candidate user terminals for offloading to al-
ternate networks. The PCRF node interacts with other
networks nodes and database servers to obtain subscrib-
er information, capabilities, and available networks for
the user terminals located in the concerned area. Based
on the subscriber information, the access network tech-
nologies supported by the user terminals, and the net-
works that are available to the user terminals in a partic-
ular geographical area, the PCRF node selects potential
packet flows and corresponding user terminals to be of-
floaded and formulates a new set of rules or policies for
the candidate user terminals. The new rules or policies
are pushed down to the user terminals by the PCRF node
through other intermediary network nodes.
[0009] The invention allows an operator to control and
distribute the packet flows of subscribers in a certain ge-
ographical area through all the available access net-
works, based on the subscribers’ user classes, thus max-
imizing the service delivery and prioritizing the most val-
uable subscribers. In particular, an operator can provide
services (e.g., IP connectivity) to highly valuable users
(e.g., those belonging to the "gold" user class) even when
the network is congested. This benefit is achieved by
selecting candidates IP flows pertaining to lower priority
users for offloading to alternate access networks, so that
the intended access network becomes available for ad-
mitting the IP flows established by valuable customers,
that is, customers with higher offloading priority or higher
user class. In some embodiments of the invention the
offloading priority is explicitly defined for each user inde-
pendently of the user class, whereas in others the of-
floading priority is implicitly derived from the user class.
Moreover, the PCRF may be configured to set a final
offloading priority for offloading user terminals to alter-
nate networks based on the combination of both the ex-
plicitly defined offloading priority and the user class.
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Brief Description of Figures

[0010] Figure 1 illustrates a geographic area covered
by multiple access networks.
[0011] Figure 2 illustrates an exemplary architecture
of a wireless communications network that implements
functions related to access network discovery and selec-
tion and policy and charging control.
[0012] Figure 3 illustrates an exemplary messaging
flow during an establishment of a video streaming ses-
sion.
[0013] Figure 4 illustrates a flow chart of an exemplary
offloading process.
[0014] Figure 5 illustrates a flow chart of a selection
process in which candidate packet flows are selected for
offloading to an alternate network.
[0015] Figure 6 illustrates an exemplary messaging
flow in a selection process of candidate IP flows to be
offloaded to an alternate network.
[0016] Figure 7A illustrates a first part of an exemplary
messaging flow in selecting potential user terminals to
be offloaded to an alternate network in response to a
failed service request initiated by a user terminal in a
congested network.
[0017] Figure 7B illustrates a second part of an exem-
plary messaging flow in selecting potential user terminals
to be offloaded to an alternate network in response to a
failed service request initiated by a user terminal in a
congested network.
[0018] Figure 8A illustrates a first part of an exemplary
messaging flow in selecting potential user terminals to
be offloaded to an alternate network in response to a
service request initiated by a user terminal.
[0019] Figure 8B illustrates a second part of an exem-
plary messaging flow in selecting potential user terminals
to be offloaded to an alternate network in response to a
service request initiated by a user terminal.

Detailed Description

[0020] The present application relates to methods and
apparatus for balancing and redistributing traffic among
several neighboring radio access networks and for alle-
viating congestion in a radio access network. By offload-
ing some packet flows with low priority from a first radio
access network to an alternate access network, access
to network resources and services can be guaranteed to
subscribers with high priority.
[0021] Fig. 1 illustrates a wireless communication net-
work 100 comprising three radio access networks: a LTE
access network 102, a WLAN access network 104, and
a 2G/3G cellular access network 106. A user terminal
112 and a user terminal 114 are within the coverage of
both the LTE access network 102 and the WLAN access
network 104. A user terminal 116 is under the coverage
of the LTE access network 102 and the 2G/3G cellular
access network 106. The user terminal 112 is also under
the coverage of the 2G/3G cellular access network 106.

The user terminal 112 can use all three access networks
to connect to the wireless communications network. The
user terminal 114 can use either the LTE or WLAN access
network to connect to the network. The user terminal 116,
however, can rely on the LTE access network 102 or 2G/
3G cellular access network 106 to connect to the network.
[0022] Assume that the user terminal 114 is operated
by a user belonging to the "gold" user class. This user
desires to initiate a video streaming application with the
LTE access network 102. Further assume that user ter-
minals 112 and 116 with lower priority have established
packet flows with the LTE access network 102. If the LTE
access network 102 is congested, the service request by
user terminal 114 to initiate a video streaming application
may be denied. In embodiments of the present invention,
the network can offload packet flows of user terminal 116
to 2G/3G cellular network 106. The packet flows of user
terminal 112 could be offloaded to either the WLAN ac-
cess network 104 or the 2G/3G access network 106.
Thus, resources within the LTE access network 102 can
be freed for use to fulfill the service request of user ter-
minal 114.
[0023] Fig. 2 illustrates the policy and charging control
(PCC) architecture for the wireless communications net-
work 100 according to one exemplary embodiment. The
wireless communication network 100 comprises a packet
core network 200 and three radio access networks: the
LTE access network 102, the WLAN access network 104,
and the 2G/3G cellular access network 106. User termi-
nals in the LTE access network 102 connect to a serving
Gateway (S-GW) 218. User terminals in the WLAN ac-
cess network 104 connect to an Evolved Package Data
Gateway (ePDG) node 220. The S-GW 218 and ePDG
220 in turn connect to a Packet gateway (P-GW) 212.
User terminals in the 2G/3G network 106 connect to a
Serving GPRS Support Node (SGSN) 216, which in turn
connects to a Gateway GPRS Support Node (GGSN)
214.
[0024] The Policy and Charging Rules Function
(PCRF) 202 is the central policy controller within the PCC
architecture. The PCRF 202 implements policy control
decisions and flow-based charging control functionalities
to ensure efficient allocations of network resources.
Rules and policies determined by the PCRF 202 are en-
forced by Policy Control Enforcement Functions (PCEFs)
to ensure proper allocation of network resources. For ex-
ample, the P-GW 212 functions as the PCEF node for
the LTE access network 102 and terminates the Gx ref-
erence point for the LTE access network 102 and the
WLAN access network 104. The ePDG node 220 func-
tions as the PCEF node for the WLAN access network
104 and terminates the Gxb reference point for the WLAN
access network. The GGSN 214 functions as the PCEF
node in the 2G/3G cellular network 106 and terminates
the Gx reference point for the 2G/3G access network
106. The PCRF and PCEF functions are described in
3GPP TS 23.203.
[0025] Other nodes in the PCC architecture include an
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Access Network Discovery and Selection Function
(ANDSF) node 204, a Subscription Profile Repository
(SPR) node 206, a User Agent Profile (UAProf) node 208
and an Application Function (AF) node 210.
[0026] The functions of an ANDSF node are defined
in 3GPP standards, Rel. 8. An ANDSF node assists user
terminals to discover non-3GPP networks and provides
to user terminals rules connecting to those networks. The
ANDSF 204 can provide to a user terminal the following
information:

o Inter-System Mobility Policy (ISMP) - rules for se-
lecting an access network when there is no more
than one active access network connection;
o Inter-System Routing Policy (ISRP) - rules for se-
lecting an access network when there are more than
one active access network connection.
o Discovery Information - a list of access networks
available in the vicinity of the user terminal and other
information that may facilitate connection by the user
terminal to the available access networks.

[0027] The ANDSF 204 communicates directly with us-
er terminals via an S14 interface to push to the user ter-
minals rules or policies concerning discovery, selection,
and connection to an available access network. Based
on the rules and information provided by an ANDSF, and
other information such as network operator policies and
user preferences, a user terminal can switch or offload
one or more packet flows from one access network to
another.
[0028] The SPR node 206 provides the PCRF node
202 with subscriber related information for subscrip-
tion-based policies, and other bearer-level PCC rules.
The PCRF 202 queries the SPR over the Sp interface.
[0029] The AF node 210 provides the PCRF node 202
with session information related to specific applications.
The PCRF 202 communicates with the AF over the Rx
interface.
[0030] The User Agent Profile (UAProf) node 208 is a
database that holds information regarding user terminal
capabilities, for instance, the types of access networks
and the range of frequencies supported by a user termi-
nal.
[0031] Fig. 3 illustrates an offloading scenario in which
the user terminal 114 is attempting to start a video
streaming application with a streaming server (not
shown). The user terminal 114 activates the video
streaming service using Real Time Streaming Protocol
(RTSP) (step 350). The AF node 210 sends a request to
the PCRF node 202 to start the video stream service
(step 301), and receives an acknowledgement (step
302). The request includes details about the requested
video streaming service. The PCRF node 202 derives
certain policy control and charging (PCC) rules regarding
the video streaming service and forwards the rules to the
P-GW 212 (step 303) and receives an acknowledgement
(step 304). The P-GW 212 initiates bearer establishment

for the user terminal 114 (steps 305-308). The methods
for bearer establishment are well-known in the art and
such details are not material to the invention.
[0032] The user terminal 114, or the LTE access net-
work 102, determines that it is unable to provide the re-
quested QoS. In the scenario shown in Fig. 3, the user
terminal 112 reports the failure to initiate a service re-
quest to the P-GW 212 (steps 309-312). The P-GW 212
reports the failure to the PCRF 202 (step 313) and re-
ceives an acknowledgement (step 314). In the meantime,
the user terminal 114, detecting that the service delivery
from the video streaming server has failed (step 360), for
example, due to timeout, initiates session termination
procedures with the AF node 210, which, in turn, termi-
nates the session with the PCRF 202. As a result, the
user terminal 114 is unable to establish a connection for
the video streaming application, for example, because
of the congested network, and/or because of the high
QoS requirement of the video streaming application.
[0033] In the above described scenario, the user ter-
minal 114 would fail in initiating a video service no matter
what user class the user operating the user terminal 114
has. As certain user class subscriptions promise their
subscribers higher quality of service or even guaranteed
services, it is desirable in the above described scenario
that the user terminal 114 be allowed to proceed with the
video streaming application, even in a congested net-
work.
[0034] According to embodiments of the present inven-
tion, the delivery of guaranteed services requested for a
user terminal with a high priority in a congested access
network is enabled by using an offloading technique. The
offloading technique diverts a set of already established
flows for users with lower priority to an alternate access
network. The resources freed up by offloading the lower
priority packet flows can then be used to meet the service
requirements for the high priority users.
[0035] The offloading technique can also be used in
cases when the network is not congested, for example,
to provide exclusive use of one access network to highly
important users, such as government agencies in emer-
gency situations.
[0036] The offloading technique involves three main
steps as shown in Fig. 4. First, one or more alternate
networks in a concerned area are identified (step 402).
Second, the user terminals in the concerned area with
established packet flows that are capable of accessing
at least one of the alternate networks are identified (step
404). Third, one or more established packet flows of the
identified user terminals are offloaded to one of the al-
ternate networks (step 406).
[0037] The determination of which user terminals and
corresponding packet flows are to be offloaded (steps
402 and 404) is carried out at the PCRF 202 through
policies and rules formulation by taking into account the
offloading priority, the user class, or both. In determining
the packet flows to be offloaded, the PCRF 202 examines
the Quality of Service (e.g., bandwidth, guaranteed pack-
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et loss, etc) associated with each of the packet flows for
lower priority user terminals in the concerned area. The
PCRF 202 may also calculate the aggregated QoS of the
packet flows to be offloaded to ensure that the aggregat-
ed QoS of the packet flows is equal to or greater than
the QoS requested by the incoming packet flow. The for-
mulated policies and rules are then forwarded to and im-
plemented by the various PCEF nodes.
[0038] Figure 5 is a detailed flow chart illustrating the
selection of user terminals and their corresponding pack-
et flows that are to be offloaded to an alternate network.
The offloading method can be invoked in response to a
failed service request by a user terminal. Alternative, the
offloading technique can be invoked in response to a
service request initiated by a user terminal. For example,
the user of the terminal may be granted a user class that
gives him exclusive use of one particular access network.
The former scenario is referred to as the reactive scenario
and the latter is referred to as the proactive scenario. The
offloading method can be administratively enabled or dis-
abled for the proactive scenario only, the reactive sce-
nario only, or for both scenarios.
[0039] As shown in Figure 5, the PCRF 202 first makes
the preliminary determination of whether offloading is ap-
plicable (step 502). The offloading method can be ena-
bled or disabled administratively in the PCRF 202. More
specifically, the method can be enable or disabled for the
proactive scenario only, the reactive scenario only, for
both scenarios. If the offloading method is disabled, the
process terminates and the regular policy control and
charging procedures of the PCRF 202 apply (step 590).
If offloading is enabled, the selection process proceeds.
[0040] The next step in the selection process of Figure
5 is to identify the user terminals located in the concerned
geographic area and their corresponding packet flows
(step 504). The concerned area is an area (cell, routing
area, or similar) of a given access network technology
where the user terminal that is trying to establish a new
IP flow is currently located. In the reactive scenario this
area may, for example, have reported congestion when
trying to admit the new IP flow that triggers the mecha-
nism described in this invention.
[0041] The PCRF 202 maintains a list of current packet
flows, along with the corresponding user terminals. At
the time when a packet flow of a user terminal is estab-
lished, the PCRF 202 stores the location information of
the user terminal associated with the packet flow. The
PCRF 202 determines an initial list of user terminals
whose location information indicates the user terminals
are within the concerned area. The PCRF 202 deter-
mines the identity of a user terminal in the concerned
area by relating the packet flow to the user (e.g., MSIS-
DN, IMSI) of the user terminal and/or to the user terminal
(e.g., IP address, IMEI). The location information of a
user terminal maintained by the PCRF 202 may be out-
dated, because the user terminal may have moved to a
different area since the packet flow was established.
Therefore, once the initial candidates for offloading are

identified, the PCRF 202 determines a current location
for each user terminal (step 506).
[0042] In one embodiment, the PCRF 202 retrieves the
current location information for the user terminals from
nodes that maintain such information, for example, the
ANDSF 204 or a positioning server. The PCRF 202 uses
the current location information retrieved from the
ANDSF 204 or from the positioning sever to update the
list of user terminals identified in step 504 by removing
from this list those user terminals whose current locations
are outside of the concerned area (step 506). As a result,
the PCRF 202 obtains a list of candidate user terminals.
[0043] The PCRF 202 fetches subscriber information
for the candidate user terminals (step 508). The subscrib-
er information may reside in the PCRF 202 itself or in the
SPR 206, or some other external nodes. Such informa-
tion includes user classification (for instance, gold/silver/
bronze), monthly caps, operator specific data, etc. Based
on the subscriber information, the PCRF 202 further re-
duces the list of candidate user terminals. For example,
offloading may be prohibited for users belonging to the
"gold" user class, but be allowed for users with lower
priority.
[0044] In some implementations, a new attribute, an
explicit offloading priority, is added to the existing sub-
scriber information. In other implementations, the of-
floading priority may be implicitly derived from the user
class. Moreover, a final offloading priority may be deter-
mined by applying configurable rules to a combination of
the explicit offloading priority and user class. The offload-
ing priority may be used to indicate (1) whether a sub-
scriber is allowed to offload other subscribers’ packet
flows to an alternate access network; and (2) whether
the subscriber’s packet flows are allowed to be offloaded
to an alternative access network. The offloading priority
may also be used to indicate the relative priority of a
subscriber that is subject to offloading. Thus, a subscriber
with low priority cannot offload a user with a higher pri-
ority. The offloading priority may be used in addition to,
or in place of the user class previously discussed. As
discussed above, in some implementations, the offload-
ing priority may be derived or inferred from the user class
where the user belongs to. Based on the offloading pri-
orities, the PCRF 202 can trim the list by removing the
user terminals that belong to the subscribers that are not
subject to offloading, for instance, subscribers belonging
to the "gold" user class (step 510).
[0045] The list of the candidate packet flows can be
further trimmed by removing those packet flows associ-
ated with the user terminals that do not have the offload-
ing capabilities (step 512 and 514). The PCRF 202 fetch-
es the capabilities of each user terminal in the list by
querying the UAProf repository 208 to determine which
user terminals support multiple access network technol-
ogies (step 512). Alternatively, the PCRF 202 can deter-
mine the access network technologies supported by a
user terminal based on the user terminal vendor and
model from information stored in the PCRF 202 itself, or
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from information retrieved from the SPR 206. The PCRF
202 can trim the list obtained in step 506 by removing
the user terminals that do not support multiple access
network technologies, and therefore, can not be offload-
ed, as shown in step 514. As a result, the PCRF 202
obtains a list of user terminals that are currently located
in the concerned area, that have established packet
flows, and whose packet flows are suitable for offloading
(step 516).
[0046] To select among the user terminals remaining
in the list, the PCRF 202 ascertains alternate access net-
works available for each user terminal (step 518) and
then finalizes the list of candidate packet flows that are
to be offloaded (step 520). The PCRF 202 interacts with
the ANDSF 204 in order to determine available access
networks in the surroundings of the user terminals in the
list. It is worth noting that a set of user terminals within
the same geographic area do not necessarily have the
same access networks available. This is because differ-
ent access technologies have different coverage. For ex-
ample, as shown in Figure 1, although the user terminals,
112, 114, and 116, are in the same geographical area,
only the user terminals 112 and 114 are under the cov-
erage of the WLAN access network 104. Relying on the
information of the available access networks for each
user terminal, the PCRF 202 can trim the list of candidate
user terminals by removing those that do not have any
available alternate access networks. The PCRF 202 can
append the information of available access networks for
each of the remaining user terminals in the list.
[0047] From the final list created in step 518, the PCRF
202 selects one or more packet flows belonging to one
or more identified user terminals to be offloaded to an
alternate access network (step 520). In order to honor
the service request initiated by a user terminal of high
offloading priority, the PCRF 202 ensures that the QoS
of the requested service is equal or lower than the ag-
gregated QoS of the established packet flows that are to
be offloaded. The list of the candidate packet flows and
their associated user terminals is then created (step 522).
Policies and rules formulated based on the list of selected
user terminals and corresponding packet flows are
pushed by the PCRF 202 to various PCEF nodes for
implementation.
[0048] In the above described selection process, the
PCRF 202 requires several different pieces of informa-
tion in selecting candidate packet flows. The PCRF 202
retrieves the needed information from several external
nodes during the selection process. For example, the
PCRF retrieves current location information from the
ANDSF 204. The PCRF also obtains information about
alternate networks from the ANDSF 204. The PCRF 202
retrieves subscription information from the SPR 206, and
information about user terminal capabilities from the
UAProf208. Figure 6 illustrates four signaling operations
for retrieval of information, such as current location infor-
mation, subscription data, user terminal capabilities, and
available access networks.

[0049] In step 506 of Figure 5, the PCRF 202 deter-
mines the current location for each user terminal asso-
ciated with the established packet flows. The PCRF 202
retrieves current location information of a user terminal
by querying the ANDSF 204 or a positioning server or
positioning platform. Figure 6 shows that two new sign-
aling messages are introduced to support the querying
operation of current location information by the PCRF
202: message Find Location Request 602 and message
Find Location Response 604. In the message Find Lo-
cation Request 602, the PCRF 202 supplies the ANDSF
204 or other positioning server with a list of user terminals
whose location information is requested. In the message
Find Location Response 604, the ANDSF 204 or other
positioning server returns the current location information
associated with the user terminals included in the mes-
sage Find Location Request 602. Additional information,
such as the identity of the user of each user terminal
(e.g., MSISDN, IMSI, etc.) may also be returned in the
message Find Location Response 604.
[0050] In step 508 of Figure 5, the PCRF 202 retrieves
subscriber information associated with the established
packet flows or their associated user terminals. The sub-
scriber information is fetched from the SPR 206. Figure
6 shows two new messages are introduced to facilitate
the PCRF 202 to retrieve subscriber information for se-
lected user terminals: the message Get Subscriber Data
Request 612 and the message Subscriber Data Re-
sponse 614. The signaling operation associated with
subscriber information retrieval is implementation-de-
pendant and may be LDAP-based or SQL-based, etc. In
the message Get Subscriber Data Request 612, the
PCRF 202 requests the SPR 206 to provide data about
a subscriber (identified, e.g., by the MSISDN). The types
and amount of data to be retrieved may be narrowed by
using some form of filtering. In the message Subscriber
Data Response 614, the SPR 206 returns the requested
data to the PCRF 202. The format, nature, and amount
of data vary depending on the implementation.
[0051] In step 512 of Figure 5, the PCRF 202 fetches
the user terminal capabilities from the UAProf 208 or sim-
ilar repository. Typically, the UAProf208 stores device
capabilities in the form of XML files provided by the device
manufacturer. These files can be stored in repositories,
such as a web server or a database system and different
signaling protocols may be used by the PCRF 202 to
retrieve the information contained in those files. Figure
6 shows two high-level messages are used for the oper-
ation of retrieving user terminal capabilities: message
Get UE Capabilities Request 622 and message Get UE
Capabilities Response 624. In the message Get UE Ca-
pabilities Request 622, the device types of the user ter-
minals (e.g., maker and model) are identified by informa-
tion known by the PCRF 202 or fetched from the SPR
206. In the message Get UE Capabilities Response 624,
the UAProf 208 returns the device capabilities informa-
tion, including the list of implemented access network
technologies, back to the PCRF 202.
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[0052] In step 518 of Figure 5, the PCRF 202 retrieves
from the ANDSF 204 information about available access
networks for selected user terminals. As shown in Figure
6, two new messages are introduced to facilitate the
PCRF 202’s operation of retrieving available access net-
works for the selected user terminals: message Access
Network Request 632 and message Access Network Re-
sponse 634. In the message Access Network Request
632, the PCRF 202 sends a list identifying one or more
user terminals. In the message Access Network Re-
sponse 634, the ANDSF 204 returns to the PCRF 202 a
list of available access networks in the neighborhood of
the user terminal.
[0053] Once the candidate packet flows for offloading
are selected, the PCRF proceeds to offload the packet
flows. More particularly, the PCRF 202 interacts with the
ANDSF 204 to push the policy decisions to the ANDSF.
The PCRF 202 interacts with the ANDSF 204 using two
messages: the Push Access Network Request and Push
Access Network Response. A Push Access Network Re-
quest is sent from the PCRF 202 to the ANDSF 204. It
contains the following data items:

- a subscriber identity, identified by some identifier
such as the MSISDN or IMSI.

- a list of affected packet flows established by the UE
belonging to the aforementioned subscriber.

- a list of one or more alternate access networks that
the UE belonging to the aforementioned subscriber
should offload the aforementioned IP flows to.

[0054] The Push Access Network Response is sent
from the ANDSF 204 to the PCRF 202 in response to a
previous Push Access Network Request. The Push Ac-
cess Network Response indicates to the PCRF 202 the
success or the failure of honoring the previous Access
Network Request message.
[0055] After receiving the policy decision from the
PCRF 202, the ANDSF 204 communicates with the iden-
tified user terminals to execute the switching commands
embodied in the policy decision from the PCRF 202. The
switching commands indicate the packet flows that
should be switched and the designated alternate access
network.
[0056] As described earlier, the offloading process
may be triggered either reactively or proactively. In the
reactive scenario, the PCRF 202 triggers the offloading
when the request for the establishment of the new packet
flow(s) is denied due to a failure to provide the requisite
Quality of Service by the underlying access network, for
example, because of congestion in the selected access
network. In the proactive scenario, the PCRF 202 can
trigger offloading before detecting a service failure.
[0057] Figs. 7A and 7B illustrate the offloading process
in a reactive scenario. In Fig. 7A, the user terminal 112
currently has one or more packet flows established for

service X over the LTE access network 102, identified
by a dashed line labeled [Service X, UE 112]. The user
terminal 114 attempts to establish a new multimedia ses-
sion. It initiates the service activation (701), for instance
by using the Real Time Streaming Protocol to set up the
media streaming flows against a streaming server (not
shown). The AF 210 for the streaming server reports the
session details to the PCRF 202 (step 702) and receives
an acknowledgement (step 703).
[0058] The PCRF 202 derives PCC rules and installs
them in the P-GW 212 (step 704). The P-GW signals the
successful installation to the PCRF 202 (step 705). The
P-GW 212 in the LTE access network 102 initiates sig-
naling towards the LTE access network 102 by request-
ing the resource reservations, for example, requesting a
dedicated bearer setup and receives an acknowledge-
ment (steps 706 and 707). The bearer setup fails because
it is not possible to provide the requested QoS to the user
terminal 114, for example, due to congestion in the ac-
cess network. The user terminal 114 or the eNB of the
LTE access network 102 reports the failure to the P-GW
212, which, in turn, reports the failure to the PCRF 202
(step 708). The P-GW 212 receives an acknowledge-
ment in return (step 709).
[0059] The PCRF 202 uninstalls the failed PCC rules
from the P-GW 212 and receives an acknowledgement
(steps 710 and 711). The failed service request by the
user terminal 114 triggers the offloading process at the
PCRF 202. To accommodate the service request, the
PCRF 202 starts the offloading process by selecting suit-
able packet flows that can be offloaded and formulates
a policy decision based on the selected candidate packet
flows and their associated user terminals (step 712). The
policy decision comprises a list of packet flows for one
or more user terminals to be offloaded to some alternate
access networks. The selected packet flows belong to
user terminals other than the user terminal 114, which
triggered the offloading process.
[0060] The PCRF 202 sends the policy decision to the
ANDSF 204 in a Push Access Network Request (step
713). The ANDSF 204 acknowledges the receipt of this
message and then pushes the new ISMP/ISRP to the
identified user terminals (step 714). In Figure 7B, only
the pushing to the user terminal 112 is shown, although
other terminals may be involved in the offloading process.
[0061] The user terminal 112 implements the ISMP/IS-
RP received. In this example, ISRP dictates that the se-
lected packet flow(s) shall be moved to the WLAN access
network 104. Accordingly, the user terminal 112 signals
dedicated bearer termination to the P-GW 212 in the LTE
access network 102, if applicable (steps 715 to 717) and
initiates the attach to the WLAN access network (steps
718 to 720). Additionally, the user terminal 112 may per-
form some application level specific signaling to indicate
to the AF 210 the change of access network.
[0062] After the offloading of one or more packet flows
of the user terminal 112 is complete, the PCRF 202 at-
tempts the reinstallation of the PCC rules in the P-GW
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212 (steps 721 and 722). The P-GW 212 initiates sign-
aling towards the LTE access network in requesting the
resource reservations, for example, requesting a dedi-
cated bearer setup (steps 723 to 724). This time, the
bearer setup for the user terminal 114 succeeds since
the congestion has been alleviated.
[0063] At the end of the offloading process, the user
terminal 112 has some of its packet flows moved to the
WLAN access network 104, identified by a dashed line
labeled [Service X, UE 112]. The packet flows for the
user terminal 114 is shown in Fig. 7B as a dotted line
labeled [Service Y, UE 114].
[0064] In the above described reactive scenario, the
offloading is triggered by a failed service request. In some
cases, to allocate an access network for exclusive use
by a special user terminal or avoid failed attempts of serv-
ice initiation, the allocation of network resources can be
proactively managed. In the proactive scenario, the
PCRF 202 triggers the offloading before attempting to
establish the requested IP flows.
[0065] Figs. 8A and 8B illustrate offloading in the
proactive scenario. In Fig. 8A, the user terminal 112 cur-
rently has one or more packet flows established over the
LTE access network 102, depicted as a dashed line, la-
beled [Service X, UE112]. The user terminal 114 at-
tempts to establish a new multimedia streaming session.
It initiates the service activation (step 801), for instance,
by using Real Time Streaming Protocol to set up the me-
dia streaming flows against a streaming server (not
shown). The streaming server, which implements the AF
210, reports the session details to the PCRF 202 (step
802) and receives an acknowledgement (step 803). The
PCRF 202 then evaluates whether the newly requested
packet flows shall be accommodated in the current ac-
cess network.
[0066] The criteria for deciding whether to accommo-
date the newly requested packet flows may be defined
by the operator. It can be based on the offloading priority
of the subscriber of the user terminal 114. In some im-
plementations, the offloading priority of the subscriber is
derived from the user class it belongs to. For instance,
subscribers belonging to the "gold" user class may have
been allocated a very high offloading priority, and then,
be permitted to remain in the current access network,
while subscribers of lower user classes (e.g., "silver" and
"bronze") may have been allocated lower offloading pri-
orities and therefore, be selected as candidates for of-
floading. The criteria may be based on time-based factors
such as peak vs. off-peak hours, work days vs. week-
ends, etc. For instance, operators can choose to offload
packet flows to alternate access networks during peak
hours when the network usage is higher, but maintain
packet flows in the original access network during off-
peak hours or weekends. The criteria may also depend
on the current level of congestion in the area where the
user terminal 114 is currently located. For example, if the
access network technology makes it possible to deter-
mine the level of congestion in real time, the level of con-

gestion can be used as input for policy decisions by the
PCRF 202. Otherwise, heuristics and/or historical usage
data can be used.
[0067] As a result of such evaluation, the PCRF 202
decides that it must start the offloading process to ac-
commodate the new service request (step 804). The pol-
icy decision made in the offloading process includes a
plurality of packet flows which are to be offloaded to al-
ternate access networks. The selected packet flows be-
long to user terminals other than the user terminal 114.
[0068] Next, the PCRF 202 pushes the policy decision
to the ANDSF 204 (step 805). The policy decision com-
prises one or more packet flows of one or more user
terminals to be offloaded to alternate access networks.
The PCRF 202 sends this information to the ANDSF in
a Push Access Network Request message. The ANDSF
204 acknowledges the reception of this message and
then pushes the new ISMP/ISRP (step 806) to the user
terminal 112. In Fig, 8A, only the pushing to the user
terminal 112 is depicted. The policy decision may deter-
mine that other user terminals may be affected.
[0069] The user terminal 112 implements the received
ISMP/ISRP. In this example, ISRP dictates that the se-
lected packet flow(s) shall be moved to the WLAN access
network 104. Thus, to enforce the policy, the user termi-
nal 112 signals dedicated bearer termination to the LTE
access network 102, if applicable (steps 807 to 809).
Then the user terminal 112 initiates the attachment to
the WLAN access network (steps 810 to 812). Addition-
ally, the user terminal 112 may need to perform some
application level specific signaling to indicate to the AF
210 the change of access network (not shown).
[0070] The PCRF 202 derives PCC rules for the newly
requested packet flow to be established by the user ter-
minal 114 and installs them in the P-GW 212 (steps 813
and 814). The P-GW 212 initiates signaling towards the
LTE access network 102 requesting the resource reser-
vations, for example, requesting a dedicated bearer set-
up (steps 815 and 816). The bearer setup succeeds be-
cause of the offloading of the packet flows previously
established by the user terminal 112. As the result of the
offloading, the user terminal 112 has an established
packet flow for service X in the LTE access network 102
(shown as solid line labeled [XERVICE X, UE 112] in Fig.
8B). The user terminal 114 has an established packet
flow for service Y in the WLAN access network 114
(shown as dashed line labeled [SERVICE Y, UE 114] in
Fig. 8B).
[0071] Fig. 9 illustrates the main functional compo-
nents of an exemplary PCRF 202. The PCRF 202 com-
prises a network interface 222, processor 224, and mem-
ory 226. The network interface 222 may comprise any
type of interface for connecting to a communication net-
work, such as an Ethernet interface. The network inter-
face 222 enables the PCRF 202 to communicate with
the other nodes in the communication network 100. The
processor 224 comprises the main control logic for mak-
ing and implementing policy decisions as herein de-
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scribed. The processor 224 may be implemented by one
or more microprocessors, microcontrollers, applica-
tion-specific integrated circuits (ASICs), field-program-
mable gate arrays (FPGAs), or a combination thereof.
Memory 226 stores program instructions and data need-
ed to carry out the operations as herein described. The
program instructions and data are preferably stored in a
non-volatile memory, such as an electronically-erasable
programmable read-only memory (EEPROM) or flash
memory. Memory 226 may further include volatile mem-
ory for storing temporary data.
[0072] The present invention may be carried out in oth-
er specific ways than those herein set forth without de-
parting from the scope and essential characteristics of
the invention. One or more of the specific processes dis-
cussed above may be carried out in a cellular phone or
other communications transceiver comprising one or
more appropriately configured processing circuits, which
may in some embodiments be embodied in one or more
application-specific integrated circuits (ASICs). In some
embodiments, these processing circuits may comprise
one or more microprocessors, microcontrollers, and/or
digital signal processors programmed with appropriate
software and/or firmware to carry out one or more of the
operations described above, or variants thereof. In some
embodiments, these processing circuits may comprise
customized hardware to carry out one or more of the
functions described above. The present embodiments
are, therefore, to be considered in all respects as illus-
trative and not restrictive, and all changes coming within
the meaning and equivalency range of the appended
claims are intended to be embraced therein.

Claims

1. A method of making network resource available for
prioritized users in a wireless communications net-
work, said method comprising:

identifying one or more alternate networks in a
concerned area;
identifying user terminals with established pack-
et flows in the wireless communications network
in the concerned area that are capable of ac-
cessing at least one of the one or more alternate
networks;
offloading one or more of the packet flows for
the user terminals to the one or more alternate
networks.

2. The method of claim 1, further comprising determin-
ing an offloading priority for each user terminal,
wherein identifying user terminals with established
packet flows in the wireless communications net-
work in the concerned area that are capable of ac-
cessing at least one of the one or more alternate
networks is based on the offloading priorities of the

user terminals.

3. The method of claim 2, wherein identifying one or
more alternate networks in a concerned area further
comprises:

sending an access network request message to
an access network discovery server, said ac-
cess network request message comprising a list
of user terminals; and
receiving an access network response message
from the access network discovery server, said
access network response message including
the available access networks for each user ter-
minal in the list.

4. The method of claim 2, wherein identifying user ter-
minals in the concerned area with established packet
flows in the wireless communications network that
are capable of accessing at least one of the alternate
networks further comprises:

maintaining a list associating current packet
flows with corresponding user terminals;
determining current locations of the user termi-
nals with current packet flows;
determining access technologies supported by
the user terminals with current packet flows; and
selecting, from the list of current packet flows,
the user terminals in the concerned area that
are capable of accessing at least one of the al-
ternate networks based on the determined cur-
rent locations of the user terminals and access
technologies supported by the user terminals.

5. The method of claim 4, wherein determining current
locations of the user terminals with current packet
flows comprises:

sending a find location request message to a
positioning server where current location infor-
mation of the user terminals is available, said
find location request message including a list of
one or more of the user terminals with current
packet flows;
receiving a find location response message from
the positioning server, said find location re-
sponse message including the current location
information for one or more of the user terminals
included in the list.

6. The method of claim 4, wherein determining access
technologies supported by the user terminals with
current packet flows preferably comprises:

sending a get device capability request mes-
sage to a user agent profile server where the
device capabilities of the user terminals are
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available, said get device capability request
message comprising one or more device type
identifiers corresponding to the user terminals
with current packet flows; and
receiving a get device capability response mes-
sage from the user agent profile server, said get
device capability response message comprising
a list of implemented access technologies for
one or more device type identifiers included in
the get device capability request message.

7. The method of claim 4, wherein selecting the user
terminals in the concerned area that are capable of
accessing at least one of the alternate networks is
further based on subscriber profiles obtained for the
user terminals with current packet flows.

8. The method of claim 7, wherein the offloading priority
of each user terminal is included in the subscriber
profile of the user terminal, or wherein each of the
subscriber profiles includes a user class, and where-
in the offloading one or more of the packet flows es-
tablished by the user terminals is based on the user
classes of the user terminals.

9. The method of any of claims 1 to 8, wherein the meth-
od of making network resource available for priori-
tized users is carried out in response to any of a
failed request by a user terminal to initiate a service
due to congestion and a request by a user terminal
to initiate a service in the concerned area.

10. A network node for making network resource avail-
able for prioritized users in a wireless communica-
tions network, said network node comprising:

a network interface unit for exchanging informa-
tion between the PCRF node and other network
devices;
a processor configured to:

identify one or more alternate networks in a
concerned area;
identify user terminals in the concerned ar-
ea with established packet flows in the wire-
less communications network that are ca-
pable of accessing at least one of the one
or more alternate networks; and
offload one or more of the packet flows for
the user terminals to the identified one or
more alternate networks.

11. The network node of claim 10, wherein the processor
is configured to determine an offloading priority for
each user terminal, and wherein the processor is fur-
ther configured to offload one or more of the packet
flows established by the user terminals based on the
offloading priorities of the user terminals.

12. The network node of claim 11, wherein in order to
identify one or more alternate networks in a con-
cerned area, the processor is further configured to:

send an access network request message to an
access network discovery server, said access
network request message comprising a list of
user terminals; and
receive an access network response message
from the access network discovery server, said
access network response message including
the available access networks for each user ter-
minal in the list.

13. The network node of claim 11, wherein in order to
identify user terminals in the concerned area with
established packet flows that are capable of access-
ing at least one of the one or more alternate net-
works, the processor is further configured to:

maintain a list associating current packet flows
with corresponding user terminals;
determine current locations of the user terminals
with current packet flows;
determine access technologies supported by
the user terminals with current packet flows; and
select, from the list of current packet flows, the
user terminals in the concerned area that are
capable of accessing at least one of the one or
more alternate networks based on the deter-
mined current locations of the user terminals and
access technologies supported by the user ter-
minals.

14. The network node of claim 13, wherein in order to
determine current locations of the user terminals, the
processor is further configured to:

send a find location request message to a posi-
tioning server where current location information
of the user terminals is available, said find loca-
tion request message including a list of the user
terminals with current packet flows; and
receive a find location response message from
the positioning server, said find location re-
sponse message including the current location
information for one or more of the user terminals
identified in the list.

15. The network node of claim 13, wherein in order to
determine access technologies supported by the us-
er terminals, the processor is further configured to:

send a get device capability request message
to a user agent profile server where the device
capabilities of the user terminals are available,
said get device capability request message
comprising one or more device type identifiers
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corresponding to the user terminals with current
packet flows; and
receive a get device capability response mes-
sage from the user agent profile server, said de-
vice capability response message comprising a
list of implemented access technologies for one
or more device type identifiers included in the
get device capability request message; and.

16. The network node of claim 13, wherein the processor
is further configured to:

obtain subscriber profiles for the user terminals
with current packet flows; and
offload one or more of the user terminals to the
one or more alternate networks based on the
subscriber profiles; and

wherein the offloading priority of each user terminal
is either included in the subscriber profile of the user
terminal, and wherein the offloading one or more of
the user terminals to the one or more alternate net-
works is based on the offloading priorities of the user
terminals, or the offloading priority of each user ter-
minal is derived from a user class included in the
subscriber profile of the user terminal.

17. The network node of claim 16, wherein the processor
is further configured to offload the one or more of the
user terminals in response any of a failed request by
a user terminal to initiate a service due to congestion,
and a request by a user terminal to initiate a service
in the concerned area.

19 20 



EP 2 571 311 A1

12



EP 2 571 311 A1

13



EP 2 571 311 A1

14



EP 2 571 311 A1

15



EP 2 571 311 A1

16



EP 2 571 311 A1

17



EP 2 571 311 A1

18



EP 2 571 311 A1

19



EP 2 571 311 A1

20



EP 2 571 311 A1

21



EP 2 571 311 A1

22



EP 2 571 311 A1

23



EP 2 571 311 A1

24


	bibliography
	description
	claims
	drawings
	search report

