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(57) ABSTRACT

A method and system for configuring a service at a base
station of a wireless communication network are disclosed.
According to one aspect, a base station receives from a
network node a service identifier that identifies a service to
be provided via a plurality of bearers to a user equipment.
The base station configures the plurality of bearers accord-
ing to a service configuration associated with the service
identifier.
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WIRELESS COMMUNICATION NETWORK
BEARER MANAGEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 14/368,905, filed Jun. 26, 2014, entitled
“WIRELESS COMMUNICATION NETWORK BEARER
MANAGEMENT,” which was a Submission Under 35
U.S.C. §371 for a U.S. National Stage patent application of
International Application Number PCT/IB2014/062276,
filed Jun. 16, 2014 entitled “WIRELESS COMMUNICA-
TION NETWORK BEARER MANAGEMENT,” the
entirety of all which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to a method and
system for configuring radio bearers in a wireless commu-
nication system, and in particular, configuring radio bearers
associated with a particular service.

BACKGROUND

[0003] Inawireless communication system, such as a long
term evolution (LTE) communication system, services are
provided to a subscriber on radio bearers. Radio bearers are
channels that carry audio, video, data, and/or control sig-
naling between a network node, such as a mobile manage-
ment entity (MME), and a base station or between a base
station and a user equipment (UE) of a subscriber. For
example, voice packets of a voice-only service between a
landline caller and a wireless subscriber are carried by an
uplink bearer carrying voice packets and overhead from the
UE of the wireless subscriber to the base station and a
downlink bearer carrying voice packets and overhead from
the base station to the wireless subscriber. Also, a transport
bearer carries voice and overhead from the base station to a
network node that is connected to the public switched
telephone network (PSTN) or backhaul network and another
transport bearer carries voice and overhead from the net-
work node to the base station.

[0004] Some services, such as video and voice over Inter-
net protocol (VoIP) or voice over LTE (VoLTE) require at
least two bearers in each direction, one for carrying voice
and one for call signaling. For such services, a first downlink
bearer carries voice from the serving base station to the UE
and a second downlink bearer carries signaling from the
serving base station to the UE. Similarly, a first uplink bearer
carries voice from the UE to the serving base station and a
second uplink bearer carries signaling from the UE to the
serving base station. Further, four transport bearers carry
voice and signaling between the base station and the net-
work node.

[0005] The base station and network nodes currently use
the bearer as the level of granularity to manage connections.
This means that if a bearer associated with a service fails, the
remaining bearers associated with the service continue to be
reserved for the service, thereby unnecessarily tying up
resources. Further, quality of service (QoS) bandwidth and
bit rates are specified for each bearer independently, without
regard to the particular needs of the service as a whole.
Admission control is also performed at the bearer level.
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Thus, for example, one bearer of a service may be admitted
while others are not, thereby preventing the service from
being established correctly.

SUMMARY

[0006] The present invention advantageously provides a
method and system for configuring a service at a base station
of a wireless communication network. According to one
aspect, a base station receives from a network node a service
identifier that identifies a service to be provided via a
plurality of bearers to a user equipment. The base station
configures the plurality of bearers according to a service
configuration associated with the service identifier.

[0007] According to this aspect, in some embodiments,
receiving the service identifier includes receiving a plurality
of Radio Access Bearer (RAB) messages, each RAB mes-
sage being associated with a respective one of the plurality
of bearers and including the service identifier. In some
embodiments, each of the plurality of RAB messages is one
of an E-RAB Setup message, an E-RAB Modity message
and an Initial Context Setup Message. In some embodi-
ments, the received service identifier is received in an S1AP
message having a plurality of bearers associated with the
service identifier, the S1AP message being one of an E-Ser-
vice Setup message, an E-Service Modify message and an
E-Service Release message.

[0008] In some embodiments, the method further includes
receiving the service configuration from the network node.
In some embodiments, the service configuration is stored at
the base station. In some embodiments, the method further
includes at least one of establishing, modifying and releas-
ing one of the plurality of bearers. In some embodiments, the
method further includes adapting a bit rate for each of the
plurality of bearers. In some embodiments, the service
configuration includes one of at least one service configu-
ration parameter and at least one bearer configuration
parameter for each of the plurality of bearers. In some
embodiments, a least one bearer configuration parameter
includes one of a video resolution, a frame rate and a codec.
In some embodiments, the codec is one of an adaptive
multi-rate codec, a video Motion Picture Experts Group
(MPEG) codec at a specified frame rate and an audio codec.
In some embodiments, the service is one of a voice over long
term evolution (VOLTE) service, an Internet Protocol Mul-
timedia Subsystem (IMS) video service, a voice over Inter-
net (VoIP) best effort service, and a video best effort service.
In some embodiments, the network node is a mobile man-
agement entity, MME.

[0009] According to another aspect, the invention pro-
vides a base station that configures bearers associated with
a service. The base station includes a receiver, a memory and
a processor. The receiver is configured to receive a service
identifier that identifies a service to be provided to a user
equipment (UE). The memory is configured to store the
received service identifier. The processor is in communica-
tion with the memory and is configured to associate a
plurality of bearers with the identified service, and to con-
figure the plurality of bearers according to the identified
service.

[0010] According to this aspect, in some embodiments, the
configuration of the plurality of bearers specifies, for each
bearer, at least one of a video resolution, a frame rate and a
codec. In some embodiments, the service identifier is
received in a radio access bearer (RAB) message associated
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with one of the plurality of bearers. In some embodiments,
the service identifier is received in an S1AP message.
[0011] According to yet another aspect, the invention
provides a method of configuring a service at a base station
of a wireless communication network. The method includes
receiving a first message associated with a first bearer, the
first message containing a first quality of service class
identifier (QCI) and receiving a second message associated
with a second bearer, the second message containing a
second quality of service class identifier (QCI). The method
further includes determining a service identifier based on at
least one of the first and second QCIs. The method also
includes configuring at the base station the first and second
bearers according to a service configuration associated with
the service identifier.

[0012] According to this aspect, in some embodiments, the
service configuration is stored at the base station. In some
embodiments, the method further includes at least one of
establishing, modifying and releasing one of the first and
second bearers. In some embodiments, the method further
includes adapting a bit rate for each of the first and second
bearers. In some embodiments, the service configuration
includes one of at least one service configuration parameter
and at least one bearer configuration parameter for each of
the plurality of bearers. In some embodiments, the at least
one bearer configuration parameter comprises one of a video
resolution, a frame rate and a codec.

[0013] According to yet another aspect, the invention
provides a base station having a receiver, a memory and a
processor. The receiver is configured to receive a request for
one of a plurality of services and at least one quality of
service class identifier (QCI) corresponding to the requested
service. The memory is configured to store a table mapping
QClIs to corresponding service identifiers, and service con-
figuration parameters. The processor is in communication
with the memory and is configured to determine a service
identifier using the at least one received QCI, and to identify
a set of service configuration parameters associated with the
service identifier.

[0014] According to this aspect, the set of service con-
figuration parameters are associated with a plurality of
bearers, the configuration parameters identifying at least one
of a video resolution, a frame rate and a codec for each of
the plurality of bearers.

[0015] According to another aspect, the invention pro-
vides a base station having a receiver module, a memory
module and a processor module. The receiver module is
configured to receive a service identifier that identifies a
service to be provided to a user equipment, UE. The memory
module is configured to store the received service identifier.
The processor module is in communication with the memory
and is configured to associate a plurality of bearers with the
identified service, and to configure the plurality of bearers
according to the identified service.

[0016] According to yet another aspect, the invention
provides a base station having a receiver module, a memory
module and a processor module. The receiver module is
configured to receive a request for one of a plurality of
services and at least one quality of service class identifier,
QCI, corresponding to the requested service. The memory
module is configured to store a table mapping QClIs to
corresponding service identifiers and to store service con-
figuration parameters. The processor module is in commu-
nication with the memory and is configured to determine a
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service identifier using the at least one received QCI, and to
identify a set of service configuration parameters associated
with the service identifier.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] A more complete understanding of the present
invention, and the attendant advantages and features thereof,
will be more readily understood by reference to the follow-
ing detailed description when considered in conjunction
with the accompanying drawings wherein:

[0018] FIG. 11is a block diagram of a portion of a wireless
communication network constructed in accordance with
principles of the present invention;

[0019] FIG. 2 is a block diagram of one embodiment of a
base station constructed in accordance with principles of the
present invention;

[0020] FIG. 3 is a block diagram of one embodiment of a
network node constructed in accordance with principles of
the present invention;

[0021] FIG. 4 is a block diagram of an HSS database
constructed in accordance with principles of the present
invention;

[0022] FIG. 5 is a flowchart of an exemplary process for
configuring bearers associated with a service; and

[0023] FIG. 6 is flowchart of another exemplary process
for configuring bearers associated with a service.

DETAILED DESCRIPTION

[0024] Before describing in detail exemplary embodi-
ments that are in accordance with the present invention, it is
noted that the embodiments reside primarily in combinations
of apparatus components and processing steps related to
configuring bearers in support of a service in a wireless
communication system. Accordingly, the system and
method components have been represented where appropri-
ate by conventional symbols in the drawings, showing only
those specific details that are pertinent to understanding the
embodiments of the present invention so as not to obscure
the disclosure with details that will be readily apparent to
those of ordinary skill in the art having the benefit of the
description herein.

[0025] As used herein, relational terms, such as “first” and
“second,” “top” and “bottom,” and the like, may be used
solely to distinguish one entity or element from another
entity or element without necessarily requiring or implying
any physical or logical relationship or order between such
entities or elements.

[0026] Embodiments described herein provide for config-
uring a plurality of bearers associated with a service that is
identified by a service identifier. In some embodiments, the
service identifier is sent from a network node, such as an
MME, to a base station, such as a long term evolution (LTE)
eNode B (eNB). The base station looks up the received
service identifier from a table stored at the base station. The
service identifier is associated in the table with a set of
configuration parameters for the plurality of bearers associ-
ated with the service. Some or all of these bearers may be
bidirectional, being implemented in both the uplink and the
downlink. In some embodiments, the MME sends one or
more quality of service class identifiers (QClIs) to the base
station, and the base station correlates the QClIs to a service
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identifier which is associated with a set of configuration
parameters for the plurality of bearers associated with the
service.

[0027] The plurality of bearers are configured according to
the configuration parameters associated with the service
identifier. In this way, features such as quality of service
(QoS), bandwidth, codec and bit rate are assigned to each
bearer associated with a service, rather than assigning these
features to a bearer without cognizance of the service to
which the bearer belongs. Further, admission decisions are
collectively made for the group of bearers associated with
the service, rather than making uncorrelated admission deci-
sions for each bearer individually without regard to service
association. These admission decisions may be in addition
to, part of, or as an alternative to the bearer configuration
herein described and include establishing, modifying or
releasing one or more of the bearers associated with the
service.

[0028] In some embodiments, the service configuration
parameters are stored in the base station, as noted. However,
in some embodiments, at least some of the service configu-
ration parameters are stored in a network node that is in
communication with the base station. For example, a Home
Subscriber Service (HSS) database may store service iden-
tifiers and configuration parameters for each of a plurality of
bearers associated with the service. This data is sent to the
MME, which forwards the data to the base station in
response to a request to provide a particular service to a user
equipment (UE). The data from the MME includes QCIs and
may include the service identifier and the base station uses
the QCIs alone or QCIs and the service identifier to config-
ure additional parameters of bearers of the service.

[0029] In some embodiments, the QCIs alone or the QCls
and the service identifier are transmitted from the network
node to the base station in a radio access bearer (RAB)
message. RAB messages, such as E-RAB setup request and
E-RAB modify request, carry information used to configure
the radio bearer specified in the message. Thus, in some
embodiments, the service identifier is included in the RAB
messages for each bearer associated with the identified
service.

[0030] In other embodiments, the QCls alone or the QCls
and the service identifier is sent with an initial context setup
message. In some embodiments, more generally, the QCIs
alone or the QClIs and the service identifier are sent as an
S1AP message on the S1 interface between the MIME and
the base station. Also, a handover request containing at least
the service identifier, and possibly some configuration
parameters as well, may be sent from a source base station
to a target base station on an X2 interface as an X2AP
message, to facilitate the process of handing off the UE from
the source base station to the target base station.

[0031] In some embodiments, the QCIs alone or the QCls
and the service identifier are included in a message from a
serving gateway to the MME on an S11 interface, from a
packet data network (PDN) gateway to the serving gateway
on an S5 or S8 interface, and from a policy control and
charging rules function (PCRF) to the PDN gateway on a Gx
interface.

[0032] In some embodiments, the message carrying the
service identifier also includes rate information, such as
codec bit rates, including codec maximum and minimum bit
rates for one or more bearers. In other embodiments, the
codec bit rates for each bearer associated with a service are
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stored in the base station and are identified with the service
identifier at the base station. The service configuration
parameters associated with a service identifier may
include—for at least some of the bearers associated with the
service—a codec identifier, one or more codec bit rates
(including maximum and minimum codec bit rates) associ-
ated with the identified codec, a resolution and frame rate.
[0033] Referring now to the drawing figures, in which like
reference numerals refer to like elements, there is shown in
FIG. 1 a block diagram of one embodiment of the portion of
a wireless communication system 10 useful for understand-
ing the principles of the invention. The wireless communi-
cation system 10 includes an MME 12, a serving gateway
13, an HSS 14, a packet data network (PDN) gateway 15, a
plurality of base stations 16a and 165, referred to collec-
tively as base stations 16, a policy control and charging rules
function (PCRF) 17, at least one UE 18 and an operator’s IP
services 19. The operator services 19 define the various
services to be provided to a subscriber, and may be an
Internet Protocol Multimedia Subsystem (IMS) network. In
some embodiments, the IMS network may include the PCRF
17.

[0034] The MME 12 stores one or more QCIs and/or
service identifiers 20, and may also store service configu-
ration parameters 22. In some embodiments, the QCIs
and/or service identifiers 20 and service configuration
parameters 22 of the MME 12 are obtained from a database
24 of the HSS 14. In some embodiments, some service
configuration parameters may arrive at the MME 12 from
the serving gateway 13. In some embodiments, the MME 12
only stores QCls and/or service identifiers 20 and all service
configuration parameters are stored at the base station 16.
[0035] Thus, the base stations 16 also store QCIs and
service identifiers and service configuration parameters. The
QCls/service identifiers 26, 30 and service configuration
parameters 28, 32 stored at the base stations 16 may be
obtained from the MME 12 at a time of setup, modification,
or deletion of a service, or may be pre-stored. The MME 12
communicates with the base station 16a over an S1 interface
and communicates with the HSS 14 over an S6 interface.
The base station 16a communicates with the UE 18 over the
air interface and communicates with other base stations 165
over an interface, such as the X2 interface. Note that
although the configuration of FIG. 1 is an LTE network, the
inventive concepts and principles discussed herein apply to
other wireless communication systems such as, for example,
a Worldwide Interoperability for Microwave Access (WI-
MAX) network, a Universal Mobile Telecommunications
System (UMTS) network or any other network or system
where connections, calls, or bearers (bidirectional or other-
wise) required for a service are not managed collectively,
i.e., are managed individually.

[0036] In some modes of operation, service creation is
triggered in one of several ways. For example, creation of a
service with associated bearers may occur when the UE 18
attaches to the network by, for example, initiating a call.
During authentication of the UE 18, the MME 12 retrieves
the subscriber profile from the database 24 of the HSS 14 via
the S6 interface to authenticate the subscriber and determine
if the subscriber is subscribed to the requested service.
[0037] Thus, when a subscriber attaches to the network,
the subscriber at the UE 18 may request a particular service
that requires a plurality of bearers to carry the data and
signaling required to establish and maintain the service. This
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request may be communicated to the MME 12 via the base
station 16a. The MME 12 obtains one or more QClIs alone
or QCIs and a service identifier 20 for the requested service.
The QClIs and/or service identifier may be pre-stored at the
MME 12, obtained from the HSS 14 or from the serving
gateway 13. The MME 12 sends the QCls alone or the QCls
and the service identifier to the base station 16a.

[0038] The QCIs alone or the QClIs and the service iden-
tifier (hereafter, QCls/service identifier) may be communi-
cated to the base station 16a via an E-RAB setup message
or an E-RAB modify message. For example, the QClIs/
service identifier may be included in the E-RAB level QoS
parameters information element of the E-RAB setup mes-
sage for the E-RAB to be setup. Similarly, the QCls/service
identifier may be included in the E-RAB level QoS param-
eters information element of the E-RAB modify message for
the E-RAB to be modified. When the RAB messages are
used to communicate the QCls/service identifier, optional
parameters may also be included. These optional parameters
are specific to the particular service and may, for example,
include codec information. As an alternative to using RAB
messages to communicate the QCls/service identifier, the
QCls/service identifier may be sent in an S1AP message. For
this purpose, two new S1AP messages may be introduced:
E-Service Setup and E-Service Modify. Each of these mes-
sages include service configuration parameters for a plural-
ity of bearers associated with the service. Thus, in one
embodiment, an RAB is sent for each bearer associated with
a service, and in another embodiment, a single message
includes service configuration parameters for all of the
bearers supporting the service.

[0039] In some modes of operation, the UE 18 may
already be attached to the network and may request, modify
or terminate a service. If the service is Internet protocol
multimedia subsystem (IMS)-based, an IMS node (which
may include the PCRF 17) may trigger service creation or
modification. As is known by those of ordinary skill in the
art, the IMS is a network that supports service management
such as support for creation, deletion and modification of a
service.

[0040] When a service is created, the policy control and
charging rules function (PCRF) 17 transmits QCls/service
identifier on the Gx interface to the packet data network
(PDN) gateway 15. The PDN gateway 15 forwards the
QCls/service identifier to the serving gateway 13 on the S5
interface. The serving gateway 13 forwards the QCls/service
identifier to the MME 12 via the S11 interface. The MME 12
then forwards the QCls/service identifier to the base station
164 on the 51 interface. In addition to the service identifier,
service configuration parameters are also transmitted from
the PCRF 17 to the base station 164 via of the PDN gateway
15 and the serving gateway 13.

[0041] In some modes of operation, a deep packet inspec-
tion (DPI) node can be used to monitor traffic for a UE 18.
When the DPI node sees a new service requested, e.g., a
session initiation protocol (SIP) INVITE message to start a
VoIP session, the DPI node creates the request and signals
the request to the MME. The DPI node may use the same
messages as IMS nodes. The DPI node may be a logical
node collocated with the PDN gateway 15 or be a physical
node between the PDN gateway 15 and the Internet. The DPI
node intercepts packets from or to the PDN gateway 15 to
determine if a new service is being initiated. For example,
when the DPI node detects that a new session, such as VoIP,
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is being initiated, the DPI node triggers creation of the
bearers for the call by signaling the information contained in
Table 1 to the MME 12.

[0042] As noted, in some embodiments, a service identi-
fier is sent from the MME 12 to the base station 16, which
correlates the service identifier to service configuration
parameters. Table 1 shows the contents of an exemplary QoS
message or information element (IE) used to convey the
service identifier from one of the PCRF 17, PDN gateway
15, the serving gateway 13 or the MME, ultimately destined
for the base station 16. A QCI is contained in Octet 6 and is
omitted in some embodiments. Octets 27-28 include the
service identifier and octets 29-44 contain service configu-
ration parameters for the bearer. Octets 33-36 contain the
resolution of a service if applicable, octets 37-40 contain the
frame rate of a service if applicable and octets 41-56 contain
the bit rate parameters for the bearer. Note that the term
service identifier and service profile identifier are used
interchangeably herein. Note that in some embodiments, the
service identifier is sent without any service configuration
parameters. In these embodiments, the base station relies on
a table stored at the base station that correlates the service
identifier with the service configuration parameters suffi-
cient to configure all the bearers in support of the service.

TABLE 1
Bits
Octets 8 7 6 5 4 3 2 1
1 Type = 80 (decimal)
2-3 Length =n
4 Spare Instance
5 Spare PCI PL Spare PVI
6 Label (QCI)
7-11 Maximum bit rate for uplink
12-16 Maximum bit rate for downlink
17-21 Guaranteed bit rate for uplink
22-26 Guaranteed bit rate for downlink
27-28 Service Profile Identifier
29-30 Codec Identifier for uplink
31-32 Codec Identifier for downlink
33-34 Resolution for uplink
35-36 Resolution for downlink
37-38 FrameRate for uplink
39-40 FrameRate for downlink
41-44 Minimum bit rate for uplink
45-48 Minimum bit rate for downlink
49-52 Codec Bit Rate List for uplink
53-56 Codec Bit Rate List for downlink
57 to (n +4)  These octet(s) is/are present only if explicitly specified
[0043] The bearer QoS message of Table 1 may be

included in: a create bearer request message, an update
bearer request message, a create session request message, a
create session response message, a forward relocation
request message, a context response message, a multimedia
broadcast and multicast service (MBMS) session start
request message and an MBMS session update request
message.

[0044] Table 2 is an alternative example of information
communicated in a message that carries a service identifier
from the MIME 12 to the base station 16a.
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TABLE 2
IE/Group Pres- IE type and Semantics
Name ence Range reference description
Service Level
Parameters
Service M INTEGER This parameter identifies the
Profile (0 ...65535) service so that nodes can
Identifier expand it into or retrieve a
set of service level
parameters.
Service level (@) This IE applies to non-GBR
AMBR bearers only and shall be

ignored otherwise.
E-RAB IE list M

service.

This IE identifies the list of
E-RAB associated to the

[0045] In the examples discussed herein, the “M” indi-
cates that the field is mandatory, whereas the “O” indicates
that the field is optional. AMBR is the aggregated maximum
bit rate and GBR is the guaranteed bit rate. IE refers to an
information element. In this embodiment, the service iden-
tifier is sent with an indicator (E-RAB IE list) that identifies
the list of radio access bearers associated with the service.
When the service identifier is received by the base station
164, the base station 16a maps the service identifier to a set
of service configuration parameters that are applied to the
identified bearers. These bearers are pre-associated with the
service, or associated with the service at the time of con-
figuring the bearers.

[0046] For example, the service identifier 26 may identify
a VoIP service, and the service configuration parameters 28
may specify, inter alia, a type of codec and codec bit rates
for each bearer supporting the service. For a video service,
the service configuration parameters may specify a video
resolution, a frame rate and codec. These service configu-
ration parameters 28 configure the plurality of bearers
associated with the service identified by the service identifier
26. Some of the service configuration parameters may apply
to all bearers, i.e., to the service as a whole, while other
service configuration parameters apply to a specific one of
the bearers. Note also that configuration of a service may
include implementing admission control, including estab-
lishing, modifying or releasing a particular one of a plurality
of bearers associated with the identified service. The service
configuration may also include bit rate adaptation of some or
all of the bearers. Further, service configuration may include
configuration at the time the service is set up or refer to
service that is modified post set up.

[0047] In the case of handover of the UE from the base
station 16a to the base station 165, at least a service level

identifier 26 is sent from the base station 16a to the base
station 165 on the X2 interface. The service level identifier
26 may be contained in an E-RAB Level QoS parameter
information element. Upon receiving the service level iden-
tifier, the base station 165 retrieves corresponding service
configuration parameters 32 to configure the bearers asso-
ciated with the service identifier. The service configuration
parameters applied to the bearers at the target base station
165 may be received from the source base station 16a or
may be stored in the base station 165 and associated with the
service identifier from the source base station 16a. In some
embodiments, service configuration parameters received
from the source base station 16a supersede the service
configuration parameters stored in the target base station
16b.

[0048] Some of the services that may be associated with a
set of configuration parameters include voice over long term
evolution (VoLTE) service, an Internet Protocol Multimedia
Subsystem (IMS) video service, a voice over Internet (VoIP)
best effort service, and a video best effort service.

[0049] In connection with the provision of these services,
different types of codecs may be specified, including an
adaptive multi-rate (AMR) codec, a video Motion Picture
Experts Group (MPEG) codec at a specified frame rate and
an audio codec.

[0050] Table 3 is another example of a message that may
be sent from the MIME 12 to the base station 16. The
message optionally includes a service identifier which is
used to retrieve the service configuration parameters stored
at the base station. The message also includes a rate infor-
mation field that provides bearer level information related to
rates supported.

TABLE 3
IE type
IE/Group and Semantics Assigned
Name Presence Range reference description Criticality Criticality
QCI M INTEGER QoS Class — —
0 ...255) Identifier
defined in TS
23.401.

Logical range
and coding
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TABLE 3-continued

IE type
IE/Group and Semantics Assigned
Name Presence Range reference description Criticality Criticality
specified in TS
23.203.
Allocation M 3GPP TS — —
and 36.413
Retention 9.2.31
Priority
GBR QoS (@) 3GPP TS This IE applies — —
Information 36.413 to GBR bearers
9.2.10 only and shall be
ignored
otherwise.
Service (@) INTEGER  This identifier is — —
Identifier (0...65535) used to retrieve
New the service
specific
configuration in
the eNB.
Rate (@) New This IE provides — —
Information bearer level
information
related to rates
supported.

[0051] Table 4 shows rate information that may be iden- [0053] Table 4 specifies a supported codec identifier, and

tified by the rate information field of the message of Table bearer resolutions, frame rate and bit rates, for an uplink
3. bearer and a downlink bearer associated with the service
TABLE 4
IE/Group Pres- IE type and ~ Semantics
Name ence Range reference description
e-RAB-CodecDL M New Downlink supported codec
and bit rate list
e-RAB-ResolutionDL (¢] New Resolution that downlink
bearer will use.
e-RAB- (@) BitRate Downlink initial/preferred
MinimumBitrateDL New bit rate in kbps (remote to
local).

Note that the GBR
parameter can be used as
target bit rate when this
parameter is omitted.

e-RAB- (@) BitRate Downlink initial/preferred
MaximumBitrateDL New bit rate in kbps (remote to
local).

Note that the GBR
parameter can be used as
target bit rate when this
parameter is omitted.
e-RAB-FrameRateDL (@) New The frames per second
transmitted in the
downlink direction.

e-RAB-CodecUL M New Uplink supported codec
and bit rate list

e-RAB-ResolutionUL (@) New Resolution that uplink
bearer will use.

e-RAB- (@) BitRate Uplink initial/preferred bit

MinimumBitrateUL New rate in kbps (remote to
local).

e-RAB- (@) BitRate Uplink initial/preferred bit

MaximumBitrateUL New rate in kbps (remote to
local).

e-RAB-FrameRateUL (@) New The frames per second
transmitted in the uplink
direction.

[0052] Numerical references such as 9.2.31 refer to pas- identified by the service identifier of Tables 1, 2 or 3. In

sages in 3GPP communication standard TS 36.413. some embodiments, these parameters are transferred from
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the MME 12 to the base station 16a. In other embodiments,
these parameters are pre-stored in the base station 16 and
associated with a service profile.

[0054] In one embodiment, the service profile or service
identifier is an unsigned 32 bit field which indicates the
service to which the specific information refers. More spe-
cifically, the service identifier identifies the service to which
a plurality of bearers belong, and is used by the base station
to retrieve the service configuration parameters for config-
uring the associated bearers. In one embodiment, the service
identifier originates at the PCRF 17 and is transmitted to the
PDN 15 via the Gx interface. In one embodiment, the PDN
15 forwards the service identifier to the serving gateway 13
via the S5 interface. In one embodiment, the serving gate-
way 13 forwards the service identifier to the MME 12 via the
S11 interface.

[0055] The service identifier groups one or more bearers
into an application level service such as VoLTE or video
service. The service configuration parameters may include
the parameters indicated in Table 4, and may include addi-
tional parameters. For example, service configuration
parameters may include bit rate information which is of the
type “Grouped”. Each type contains the bit rate associated
with one direction of one service bearer within one appli-
cation level service. Thus, the service configuration param-

Dec. 1, 2016

maximum bit rate in bits per second for a service data flow.
The bandwidth contains all the overhead coming from the
IP-layer and the layers above, e.g., IP, UDP, RTP and RTP
payload.

[0058] The service configuration parameters may also
include a codec bit rate that specifies a bit rate supported by
the codec. Multiple instances are required to specify mul-
tiple bit rates supported. In one embodiment, the codec bit
rate is of type “unsigned32”, and indicates a bit rate in bits
per second for a service data flow. The bandwidth contains
all the overhead coming from the IP-layer and the layers
above, e.g., IP, UDP, RTP and RTP payload. The service
configuration parameters may also include a maximum
number of supported codec bit rates, a codec bit rate ID, and
resolution ID.

[0059] Thus, in some embodiments, the base station
receives a service identifier in a message that includes a rate
information indicator that refers the base station 16 to a table
of service configuration parameters to be implemented for
each bearer so that the bearers associated with a service can
be treated as a group. At least some of these service
configuration parameters may be included in information
elements transmitted from the MME 12 to the base station
12. Examples of these information elements are as follows:

IE/Group Pres- IE Type and Semantics
Name ence Range Reference Description  Criticality
Codec Info Item 1... EACH
<maxnoofCodec-
Ttems>
>codecldentifier M New —
>codecBitRateList M New —
eters may include a bitrate information-UL. message that
specifies a codec, a codec bitrate list, a resolution, a code .
A . A Range bound Explanation
frame rate, a codec minimum bit rate and a codec maximum
bit rate, all for an uplink bearer. Similar information is . .
provided for a downlink bearer. These parameters may be maxnoofCodecltems Maximum no. of Codec Bit Rate
sent in the same message or in different messages. supported for the given Codec, the
[0056] The service configuration parameters may include maximum value is 16.
a codec identifier value that applies to services that use a
codec, such as, for example, adaptive multi rate (AMR),
sound or video. The service configuration parameters may
include a codec bit rate list that applies to services that .
support multiple bit rates, such as, for example, video or IE/Group Pres- IE Type and Semantics
L . . . . Name ence Range Reference Description
voice services. The bit rate list may include a type
unsigned32 data value for each bit rate in the list. The Codec Identifier M ENUMERATED
service configuration parameters may include a resolution (AMR,
that applies to service that use a resolution, such as a video ;/Il)dg’g/liPEG""
. at30fps,
service. ) ) ) VideoMPEG-4-
[0057] The service configuration parameters may include ASPat30fps,
a codec minimum bit rate that specifies the minimum bit rate Sound-H.264,)
to be allowed for the associated service data flow. In one
embodiment, the codec minimum bit rate is of a type
“unsigned32” and indicates the minimum bit rate in bits per
second for a service data flow. The bandwidth contains all IE/Group Pres- IE Type and  Semantics
the overhead coming from the IP-layer and the layers above, Name ence Range Reference Description
e.g., IP, UDP, RTP and RTP payload. The service configu- -
. . . . Codec Bit Rate Info
ration parameters may also include a codec maximum bit SCodoc Bit Rate D M New
rate that specifies the maximum bit rate to be allowed for the >Codec Bit Rate M BitRate, New

associated service data flow. In one embodiment, the codec
maximum bit rate is of type “unsigned32”, and indicates the
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TABLE 5-continued

IE/Group Pres- IE Type and Semantics
Name ence Range Reference Description

QCI Service-
Codec Bit Rate ID M OCTET L o

STRING D Description Priority profile-ID
255 Operator’s Existing ID in range
field [0...65535]

IE/Group Pres- IE Type and Semantics
Name ence Range Reference Description

Resolution ID M INTEGER(O . . . 65535)

Semantics
description

IE/Group Pres-
Name ence

IE type and

Range reference

FrameRate M INTEGER( . . . 512)

[0060] In some embodiments, rather than transmit a ser-
vice identifier 20 to the base station 16a, a plurality of QoS
class identifiers (QCls), each associated with a different
bearer associated with the service, are sent from the MME
to the base station 16a. In this case, the base station 16 can
use the QCIs to determine the set of service configuration
parameters 28. For example, each QCI may be sent via a
different one of a plurality of RAB messages, each RAB
message pertaining to a particular one of the plurality of
bearers of the service. The base station 16a determines a
service identifier 26 based on the received QCIs from a table
stored at the base station 16a. The determined service
identifier 26 identifies a requested service and is associated
with a set of service configuration parameters 28. Table 5 is
an example of a table stored in the base station 16 that
associates the received QCIs with a service identifier. The
description refers to whether the QCI is associated with a
communication standard or is available for operator-speci-
fied use. The priority field is an existing field in accordance
with the embodiment of Table 5. As is shown, it is contem-
plated that other fields can be incorporated into Table 5.

TABLE 5
QCI Service-
D Description Priority profile-ID
1 Standardized Existing ID in range
field [0...65535]
Standardized Existing ID in range
field [0...65535]
9 Standardized Existing ID in range
field [0...65535]
10 Operator’s Existing ID in range
field [0...65535]
Operator’s Existing ID in range
field [0...65535]

[0061]

vices identified by the service identifier and bearer profile

Table 6 provides an exemplary description of ser-

identifiers for each service. It is understood that service
profile IDs can be associated with any manner of bearer
profile IDs. In Table 6, “Bearer correlated” indicates whether
two or more bearers depend one from another, such that

removing one would cause removal of the other.

TABLE 6
Service
profile Bearer Bearer Profile ID
D Description ~ Correlated (BPID)
0 Default
1 VoLTE- No Voice = BPID 1
Service Yes Signal = BPID 2
2 IMS Video  Yes, to sound DL Video = BPID 3
service Yes, to sound UL Video = BPID 3
Yes, to video DL Sound = BPID 5
Yes, to video UL Sound = BPID 5
Yes, to all Signal = BPID 6
3 VoIP over No Voice = BPID 7
Best Effort  Yes Signal = BPID 8
4 Video over  Yes, with sound Video = BPID 9
Best Effort  Yes, with video Sound = BPID 10
Yes, with all. Signal = BPID 11
255
65535
[0062] Each bearer profile identifier may be associated

with one or more codecs and bitrates to be applied to bearers
associated with the service, as shown in the examples
provided in Table 7.

TABLE 7
Inter-
Bearer Codec and Target packet
Profile ID  Desc. bit rate (in kbps) bit rate period
0 Default
1 AMR AMR_12.20 12.2 12.20 20 ms,
AMR_10.20 10.2 160 ms
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TABLE 7-continued
Inter-
Bearer Codec and Target packet
Profile ID  Desc. bit rate (in kbps) bit rate period
AMR_7.95 7.95 for SID
AMR_7.40 7.40
AMR_6.70 6.70
AMR_5.90 5.90
AMR_5.15 5.15
AMR_4.75 4.75
AMR_SID 1.80
2 IMS
Signal
3 Video Max Max
MPEG- buffer  rate packet size
4-SP L3 640 384 CIF 352 x 288
at 30 L2 640 128 256 x 192
fps L1 160 64 128 x 92
LOb 320 128
Lo 160 64
4 Video Max
MPEG- buffer  rate Max pkt size
4-ASP L5 1792 8000 720 x 576
at 30 14 1280 3000 352 x 576
fps 704 x 288
L3b 1040 1500 CIF 352 x 288
L3 640 768 CIF 352 x 288
L2 640 384 256 x 192
L1 160 128 QCIF 176 x 144
Lo 160 128 QCIF 176 x 144
5 Sound Bit rates are codec specific Example:
H.264 Example: H.264 encoding at 64 kbits/sec 33 ms
8 Video- Example: 0.5, 2, 4
signal
255
[0063] Thus, a service identifier may specify a bearer module 36, a receiver module 38 and a transmitter module

profile for each bearer associated with the service, and the
bearer profile may specify a codec to be applied to the
bearer.

[0064] In some embodiments, one or more QCls are
received at the base station 16 from the MME 12 via a
variety of different types of messages such as RAB mes-
sages, and are correlated to determine a service identifier.
Each QCI is associated with a particular bearer, or one QCI
is associated with the service as a whole. When the one or
more QCls are received at the base station, the base station
correlates the QCIs with a service identifier, as from Table
5. The service identifier identifies a service and is associated
with a bearer profile in Table 6, which is correlated by the
base station 16 with a codec and bit rates in Table 7.

[0065] Thus, in some embodiments, the service identifier,
rather than the QCI, is received at the base station 16 from
the MIME 12 in a message such as shown in Tables 1, 2 or
3. The base station 16 correlates the received service iden-
tifier with the service configuration parameters of which
some are included in Table 4. In other embodiments, at least
one QCI is received at the base station 16 from the MIME
12. The base station 16 correlates the received at least one
QCI with a service identifier as in Table 5. The service
identifier is correlated with a bearer profile in Table 6 and the
bearer profile is correlated to a codec and bit rates in Table
7.

[0066] Returning now to the drawing figures, FIG. 2 is a
block diagram of one embodiment of a base station 16. The
base station 16 has a memory module 34, a processor

40. Although shown and described as modules, elements 34,
36, 38 and 40 may be implemented as a memory, processor,
receiver and transmitter, respectively. Alternatively, process-
ing means which include a processor and a memory may be
used by the base station 16. The memory module 34 stores
QClIs and service identifiers 26, and service configuration
parameters 28. The processor module 36 has a bearer-
service association module 42 that identifies bearers asso-
ciated with a service identifier received from a network
node. The processor module 36 also has a bearer configu-
ration module 44 that configures the bearers associated with
the identified service. In one embodiment, the processor
module 36 can be implemented as a microprocessor oper-
ating under the direction of software instructions, or may be
an application specific integrated circuit, for example. Thus,
the bearer-service association module 42 and the bearer
configuration module 44 may provide functions that are
implemented by a mix of hardware and software modules.
The receiver module 38 receives the service identifier and/or
a QCI from the network node, such as the MIME 12. The
transmitter module 40 may transmit a service request to the
network node, so that the network node can select a service
identifier corresponding to the requested service.

[0067] FIG. 3 is a block diagram of one embodiment of a
network node 12. The network node 12 has a memory
module 46, a processor module 48, a receiver module 50 and
a transmitter module 52. As with the base station, elements
46, 48, 50 and 52 may be implemented as a memory,
processor, receiver and transmitter, respectively. The
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memory module 46 stores QCls and/or service identifiers
20. In some embodiments, the memory module 46 also
stores service configuration parameters 22. In these embodi-
ments, the processor module 48 has a bearer-service asso-
ciation module 54 that associates bearers with an identified
service. In one embodiment, the processor module 48 can be
implemented as a microprocessor operating under the direc-
tion of software instructions, or may be an application
specific integrated circuit, for example. Thus, the bearer-
service association module 54 may provide functions that
are implemented by a mix of hardware and software mod-
ules. Once the bearers associated with the service are
identified, the service configuration parameters 22 for each
bearer may be transmitted to the base station 16 along with
the service identifier and/or the QCls associated with the
bearers.

[0068] In some embodiments, the service identifiers/QCls
20 and the service configuration parameters 22 are obtained
from the database 24 of the HSS 14 or from the serving
gateway 13. The database 24 organizes the different services
for each of a plurality of subscribers according to service
identifiers and bearers, as shown in FIG. 4, where AMBR is
an aggregated maximum bit rate. Thus, the database 24 may
specify what services are provided to each subscriber of
multiple subscribers, and may specify the parameters for
each service for each subscriber.

[0069] FIG. 5 is a flowchart of an exemplary process for
configuring bearers associated with a service. A base station
16 receives a service identifier that identifies a service to be
provided via a plurality of bearers to a UE 18 (block S100).
The service identifier may be carried in a RAB message or
separate S1AP message, for example, and may include the
information one of Tables 1, 2 or 3. The base station 16
configures the plurality of bearers according to a service
configuration associated with the service identifier (block
S102). Details of the service configuration may be found in
Table 4. For example, the base station 16 may adapt a bit rate
for one or more voice bearers, or adjust a video resolution
and frame rate for a video bearer.

[0070] In some embodiments, all of the service configu-
ration parameters are stored at the base station, and the base
station receives only a service identifier from a network
node to identify the service to be established, modified or
deleted. In some embodiments, some but not all of the
service configuration parameters associated with a service
identifier are received by the base station from a network
node. In some embodiments, the service configuration
parameters stored in the base station override the service
configuration parameters received from a network node. In
other embodiments, the service configuration parameters
received from the network node override the service con-
figuration parameters stored at the base station. Note further
that in some embodiments, a service-wide configuration
parameter, i.e., one that applies to all bearers supporting the
service, may take precedence over a conflicting bearer-
specific configuration parameter. In other embodiments, the
opposite case exists, where a bearer-specific configuration
parameter may supersede a service-wide configuration
parameter.

[0071] FIG. 6 is a flowchart of another exemplary process
for configuring bearers associated with a service. A first
message is received at the base station 16 that is associated
with a first bearer and has a first QCI (block S104). A second
message is received at the base station 16 that is associated
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with a second bearer and has a second QCI (block S106). A
service identifier is determined based on at least one of the
first and second QCls (block S108) as in Table 5. The first
and second bearers are configured according to a service
configuration associated with the determined service iden-
tifier (block S110) as in Tables 6 and 7. Note that the first and
second messages are RAB messages in some embodiments.
Also, note that the service configuration may include a
service-wide configuration that applies to all bearers sup-
porting the service, and/or may include bearer-specific con-
figurations that apply only to particular bearers.

[0072] Embodiments described herein enable the base
station 16 to perform admission control, congestion and rate
adaptation with respect to a service, rather than at a per
bearer level. For example, when congestion is detected at the
base station 16, rate adaptation algorithms may be chosen to
adapt the rates of multiple bearers associated with the
service. For example, an IMS video service may use a
signaling bearer, a voice bearer and a data bearer. To address
congestion, a service level rate adaptation algorithm could
consider rate adaptation for all three bearers.

[0073] In conventional systems applying admission deci-
sions at the bearer level only, one bearer used to support a
service may be admitted, while other bearers needed to
support the service may not be admitted. This wastes
resources since the service is not useable. By basing admis-
sion on service level information, admitting all bearers that
support the service is possible. For example, a video service
may have 3 bearers (voice, data, control signaling). When
admitting a video service, based on the service identifier, the
number of bearers associated with the service is known.
Hence, resources can be reserved for all three bearers.
Similarly, preemption can be performed at the service level,
rather than at the bearer level. Service level rate adaptation,
admission and preemption improve resource utilization and
increase end user satisfaction.

[0074] The present invention can be realized in hardware,
or a combination of hardware and software. Any kind of
computing system, or other apparatus adapted for carrying
out the methods described herein, is suited to perform the
functions described herein. A typical combination of hard-
ware and software could be a specialized computer system,
having one or more processing elements and a computer
program stored on a storage medium that, when loaded and
executed, controls the computer system such that it carries
out the methods described herein. The present invention can
also be embedded in a computer program product, which
comprises all the features enabling the implementation of
the methods described herein, and which, when loaded in a
computing system is able to carry out these methods. Stor-
age medium refers to any volatile or non-volatile storage
device.

[0075] Computer program or application in the present
context means any expression, in any language, code or
notation, of a set of instructions intended to cause a system
having an information processing capability to perform a
particular function either directly or after either or both of
the following a) conversion to another language, code or
notation; b) reproduction in a different material form.
[0076] It will be appreciated by persons skilled in the art
that the present invention is not limited to what has been
particularly shown and described herein above. In addition,
unless mention was made above to the contrary, it should be
noted that all of the accompanying drawings are not to scale.
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A variety of modifications and variations are possible in
light of the above teachings, which is limited only by the
following claims.

1. A method for a network node for configuring a service
at a base station of a wireless communication network, the
method comprising:

receiving a message for a service to be provided to a user

equipment;

associating a plurality of bearers with the service to be

provided; and

sending a service identifier to the base station, the service

identifier identifying the service to be provided to the
user equipment via the plurality of bearers and being
associated with a service configuration for configuring
the plurality of bearers.

2. The method of claim 1, wherein sending comprises
sending a plurality of Radio Access Bearer (RAB) messages,
each RAB message being associated with a respective one of
the plurality of bearers and including the service identifier.

3. The method of claim 2, wherein each of the plurality of
RAB messages is one of an E-RAB Setup message, an
E-RAB Modify message and an Initial Context Setup mes-
sage.

4. The method of claim 1, wherein the service identifier is
sent in an S1AP message having a plurality of bearers
associated with the service identifier, the SIAP message
being one of an E-Service Setup message, an E-Service
Modify message and an E-Service Release message.

5. The method of claim 1, further comprising sending the
service configuration associated with the service identifier to
the base station.

6. The method of claim 1, wherein the service configu-
ration is stored at the base station.

7-8. (canceled)

9. The method of claim 1, wherein the service configu-
ration comprises one of at least one service configuration
parameter and at least one bearer configuration parameter
for each of the plurality of bearers.

10. The method of claim 9, wherein a least one bearer
configuration parameter comprises one of a video resolution,
a frame rate and a codec.

11. The method of claim 10, wherein the codec is one of
an adaptive multi-rate codec, a video Motion Picture Experts
Group (MPEG) codec at a specified frame rate and an audio
codec.

12. The method of claim 1, wherein the service is one of
a voice over long term evolution (VOLTE) service, an
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Internet Protocol Multimedia Subsystem (IMS) video ser-
vice, a voice over Internet (VoIP) best effort service, and a
video best effort service.

13. The method of claim 1, wherein the network node is
a mobile management entity (MME).

14. A network node, comprising:

a receiver configured to receive a message for a service to

be provided to a user equipment;

a memory configured to store a service identifier identi-

fying the service to be provided; and

a processor in communication with the memory and

configured to:

associate a plurality of bearers with the service to be
provided; and

send the service identifier to a base station, the service
identifier being associated with a service configura-
tion for configuring the plurality of bearers.

15. The network node of claim 14, wherein the configu-
ration of the plurality of bearers specifies, for each bearer, at
least one of a video resolution, a frame rate and a codec.

16. The network node of claim 14, wherein the processor
is configured to send the service identifier to the base station
in a radio access bearer, RAB, message associated with one
of the plurality of bearers.

17. The network node of claim 14, wherein the processor
is configured to send the service identifier to the base station
in an S1AP message.

18-19. (canceled)

20. The network node of claim 14, wherein the service
configuration is stored at the base station.

21. The network node of claim 14, wherein the service
configuration comprises one of at least one service configu-
ration parameter and at least one bearer configuration
parameter for each of the plurality of bearers.

22. The network node of claim 21, wherein the at least one
bearer configuration parameter comprises one of a video
resolution, a frame rate and a codec.

23. The network node of claim 22, wherein the codec is
one of an adaptive multi-rate codec, a video Motion Picture
Experts Group (MPEG) codec at a specified frame rate and
an audio codec.

24. The network node of claim 14, wherein the service is
one of a voice over long term evolution (VOLTE) service, an
Internet Protocol Multimedia Subsystem (IMS) video ser-
vice, a voice over Internet (VoIP) best effort service, and a
video best effort service.

25. The network node of claim 14, wherein the network
node is a mobile management entity (MME).

#* #* #* #* #*



