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DECOUPLING RADIO RESOURCE MANAGEMENT FROM AN
ACCESS GATEWAY

PATENT APPLICATION

Cross References to Related Applications

[01] This application claims priority from U.S. Utility Patent application Serial
No. [to be determined], entitled “DECOUPLING RADIO RESOURCE MANAGEMENT
FROM AN ACCESS GATEWAY™ filed on Februar& 16, 2007, which claims priority
from both U.S. Provisional Patent application Serial No. 60/774,493 filed on February 17,
2006, and U.S. Provisional Patent application Serial No. 60/780,176 filed on March 6,
2006, all of which are hereby incorporated by reference in their entirety for all purposes.

Technical Field

[02] Particular embodiments generally relate to networking.
Background
[03] In internet protocol (IP) network architectures, a large number of access

technologies communicate through an access gateway. For example, mobile technologies,
such as cellular, wireless fidelity (WiFi), WiMAX, intemet protocol (IP), etc. may

communicate together through the access gateway.

[04] In cellular communications, a radio network controller (RNC) includes a radio
resource manager and a radio bearer. The radio bearer controls the bearer path for media
that flows from an access terminal through a base transceiver station (BTS) to the access
gateway. Also, the radio resource manager provides radio resource management functions
in the control path. Different access technologies may require different radio resource

management functions. For example, code division multiplex access (CDMA), WiFi,
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global system for mobile communications (GSM) may each require configuration of
different radio transmission characteristics that are managed radio resource managers.
The control path and bearer path are combined for each access technology. Accordingly,
the access gateway needs to have independent modules that handle the radio resource
functions for each different access technology. Thus, when changes need to be;, made to
the network, such as a different radio type is included, a new module needs to be installed
in the access gateway or an existing one needs to be changed. This does not make the

access gateway portable and requires undesirable changes that need to be made.

Brief Description of the Drawings

[05]‘ Fig. 1 depicts an example of a system showing a decoupled radio resource
manager.

[06] Fig. 2 depicts an example of a method for providing communications using a

decoupled radio resource manager.

[07] Fig. 3 depicts an example of a system providing session mobility.

Description of Example Embodiments

Overview

[08] Particular embodiments provide an access gateway that facilitates
communication between a plurality of access technologies. The access gateway facilitates
data communication with an access terminal through a bearer path. A radio resource
manager is configured to provide radio resource management functions for the
communications. The radio resource manager is decoupled from the bearer path and
provides control of radio transmission characteristics for the bearer path to the gateway.
Because the radio resource manager is not in the bearer path, the access gateway may be
access technology agnostic. Thus, the access gateway does not need to have access-

specific modules based on the radio technology for each bearer path.

Example Embodiménts
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[09] Fig. 1 depicts an example of a'system showing a decoupled radio resource
manager. As shown, an access gateway 102 is coupled to various access technologies.

. For example, a WiFi network 104-1, CDMA network 104-2, IP network 104-3, cellular
network 104-4 are coupled to access gateway 102. An access terminal 106, a base
transceiver station 108 and a radio bearer 110 are provided and may communicate with
access gateway 102 through a bearer path. A radio resource manager 112 provides radio
resource management functions for access gateway 102 and/or base transceiver station
108.

[10] Access terminal 106 may be any endpoint. For example, access terminal 106
may be a mobile station or node, such as a cellular telephone, personal digital assistant
(PDA), Blackberry-like device, laptop computer, personal computer, set-top box, or any
other wireless access device. Access terminal 106 is configured to participate in any
communications, such as voice cornmunications, Vidgo communications, etc. through an .
access technology. The access technologies include Wireless and wire-line technologies,
suph as CDMA, WIMAX, WiFi, GSM, IP, etc.

[11] Base transceiver station 108 facilitates wireless communication between access
terminal 106 and cellular network 104-4. Base transceiver station 108 terminates the layer
2. For example, base transceiver station 108 terminates the media access control
(MAC)/physical (PHY) layers and is responsibl‘e for radio-specific functions, such as
reverse link frame selection and radio link protocol termination. An IP protocol
interconnects base transceiver station 108 with access gateway 102. Thus, base

transceiver station 108 may send data through an IP network to access gateway 102.

[12] Radio bearer 110 provides the bearer path for communications between access
terminal 106 and access gateway 102. The bearer path is the path in which media flows

from access terminal 106 to access gateway 102.

[13] To provide radio communications, a radio resource manager also needs to
provide radio resource management control. This provides control for radio transmission
éharacteristics. Some characteristic_s that are controlled include transmit power, channel
allocation, handover criteria, modulation scheme, error coding scheme, radio link
supervision (both active and idle OTA channels), radio channel configuration

management, radio channel allocation/de-allocation (both for normal operation and traffic
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bursts), channel power control, channel encoding/decoding, interleaving, and priority

access for radio resources, etc.

[14] Access gateway 102 may not include radio specific modules that are used to
provide radio resource management control. However, access gateway 102 can interact
with various radio technologies using radio resource mana;ger 112, which is decoupled
from access gateway 102. Access gateway 102 does not have to have a specific module
for each radio technology. For example, in CDMA, certain radio measurements need to be
made that are different from another access technology, such as GSM. CDMA may have
different parameters that are controlled differently from GSM. If radio resource
management for CDMA is included in access gateway 102, then a radio-specific module is
" needed for just CDMA. However, Eecause the different radio technologies are managed
using a decoupled radio resource manager 112, access gateway 102 does not have to be
designed to handle the radio functions for each radio technology. This provides scalability

when different radio technologies are added for use with access gateway 102.

[15] Radio resource manager 112 is also decoupled from radio bearer 110. In this
case, the bearer path is decoupled from the control path. When a bearer path is established
with access gateway 102 from access terminal 106, control information is handled by
radio resource manager 112 through a path from base transceiver station 108 to radio
resource manager 112. For example, an opaque channel exists from base transceiver
station 108 and radio resource manager 112 through access gateway 102. Thus,
communications from base transceiver station 108 to radio resource manage 112 may be
tunneled though access gateway 102. However, access gatewa)'r 102 is decoupled from
interpreting and providing any control information. Rather, the information is sent
between radio resource manager 112 and base transceiver station 108. In another
embodiment, base transceiver station 108 may communicate with raciio resource manager

112 without going through access gateway 102.

[16] -Accordingly, decoupling radio resource manager 112 from the bearer path allows
access gateway 102 to be access- technology agndstic. If the bearer path is decoupled
from the radio resource management functions, then IP packets are sent to access gateway
102. The IP packets may be tunneled through a network to access gateway 102. For
example, the data is removed from the radio protocol by base transceiver station 108 and

tunneled to access gateway 102 in IP packets. Thus, the IP packets can be processed
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without being concerned with the radio specific technology that originated them.
Accordingly, access gateway 102 is the point of convergence for IP functionality for the

access network and transport network terminations.

[17] Particular embodiments provide a clear separation between layer 2 and layer 3.
Separating layer 2 from layer 3 allows radio-specific functions to be implemented in radio
resource manager 112 While other network functions are in layer 3 at access gateway 102.
For example, a full suite of IP capabilities with respect to mobility, security, QoS, etc. is
provided in access gateway 102. This allows customers to move to new packet radio
technologies as they become available because they only need to add access/radio
depéndent elements to radio resource manager 112. Thus, access gateway does not need
to be radically changed to support the new radio technologies. However, if radio specific
modules were includeci in access gateway 102, then changes to the radio resource
functions need to be included in access gateway 102. This may require major

modifications to access gateway 102.

[18] Also, decoupling radio resource manager 112 from the bearer path is useful as
the performance in radio continues to increase with each new generation of technology. It
takes into account that the bearer and control paths may evolve in different ways from
different suppliers. The separation also allows vendors to concentrate on separate
functions. For example, the access gateway vendor can concentrate the bearer path and
another vendor can concentrate on the radio resource management functions. Thus, the
control path and bearer path can be developed independently. This also provides more

choices for a customer.

[19] Having radio resource manager 112 loosely-coupled from access gateway 102
may lead to a less costly system upgrade to support seamless inter-technology handles
(i.e., most network components are being used). Also, the upgrade of current network
infrastructure to offer global services in a heterogeneous environment (3gpp/2, WiFi,
WIMAX, etc.) is provided. In this case, when updates need to be made to radio resource
management functions, radio resource manager 112 may be altered. However, access
"gateway 102 does not need to be changed. Rather, when the radio resource management
functions are needed, radio resource manager 112 is communicated with to determine
parameters needed. Thus, the scalability of access gateway 102 with respect to offering

access to different access technologies is provided. Further, access gateway 102 may be
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re-used in differerit environments in which different access technologies are supported.

[20] Fig. 2 depicts an example of a method for providing communications using a
decoupled radio resource manager 112. Step 202 receives a control message from a base
transceiver station. 108. The message may be for any signaling in the control path. For
example, base transceiver station 108 may want to set up a radio link with access terminal
106.

[21] Step 204 sends a request message to radio resource manager 112 to determine
radio control characteristics. For example, the control message may be tunneled from base
transceiver station 108 to access gateway 102. Access gateway 102 provides a channel to

radio resource manager 112 in which the control message may be sent.

[22]' Step 206 receives a response message from radio resource manager 112 that
includes the radio control characteristics. For example, information for setting up the
radio link is received. In other embodiments, radio resource manager 112 may send the
radio control characteristics to base transceiver station 108 without going through access

gateway 102.

23] Step 208 sends the radio control characteristics to base transceiver station 108.
Base transceiver station 108 is configured to use the radio control characteristics to set up

aradio link with access terminal 106.

[24] In step 210, after the radio link is set up, access gateway 102 receives data in a
bearer path from base transceiver station 108. The data may be sent in IP packets that are
sent through an IP network. The data sent in IP packets may have radio characteristics
removed from data that is sent over the air from access terminal 106 to base transceiver
station 108.

[25] An example of how radio resource manager 112 is used will now be described.
Access terminal 106 may first attach to a base transceiver station. For example, access
terminal 106 may be turned on and attaches to the base transceiver station. A radio link
then needs to be established to allow access terminal 106 to make calls. Radio resource
manager 112 is contacted to provide the radio resource management functions. For
example, the base transceiver station may contact radio resource manager 112. There may

be a list of base transceiver stations (not shown) that access terminal 106 can establish a
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radio link with. Radio resource manager 112 selects one of the base transceiver stations.

For example, base transceiver station 108 may be selected.

[26] Radio resource manager 112 contacts base transceiver station 108 to instruct it to
" acquire access terminal 106. Other parameters may also be exchanged to configure a radio
link. Base transceiver station 108 can then establish a radio link with access terminal 106.
The radio link may be set up without involving access gateway 102. For example, radio
resource manager 112 may communicate with base transceiver station 108 without
messages going through access gateway 102. Also, the messages may be sent through
access gateway 102. Also, the messages may be sent (routed via) access gateway 102, in a

manner that does not require interpretation by the access gateway 102.

[27] Base transceiver station 108 may also set up a link with access gateway 102,
This link may-be TP-based. This is the bearer path in which packets of data may flow
through radio bearer 110 to access gateway 102. The bearer path packets are those used
for end user services and carry the data itself. The signaling exchange to set up the radio
link is handled by radio resource manager 112. Access gateway 102 does not need to
perform these functions. However, the signaling messages may flow through access
gateway 102 to base transceiver station 108 through a channel. But, this channel is IP-
based and not related to the radio specific technology. Also, radio resource manager 112

may contact base transceiver station 108 without going through access gateway 102,

[28] Accordingly, the radio link is set up by radio resource manager 112 through a
control path. Access gateway 102 sets up an IP-based link separately. The control path is
decoupled from the bearer path. This allows gateway 102 to port to other technologies
easily. For exarnple,' if a user is using a CDMA access terminal 106 and then later buys a
GSM access terminal 106, if the radio resource management functions are tightly coupled
with access gateway 102, then modifications as to how access gateway 102 handles the
radio-specific functions related to GSM need to be made. However, with radio resource
manager 112 decoupled from access gateway 102, little change needs to be made to access
gateway 102. This is because access gateway is still receiving IP packets from base
transceiver station 108. However, the different radio functions are being handled by radio

resource manager 112.

[29] Fig. 3 depicts an example of a system providing session mobility. Hand-off
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control regarding predictive and hard handovers requires coordination between the session
mobility and radio resource management functions. Base transceiver station 108 and radio
resource manager 112 can coordinate the hand-ove'r through access gateway 102. Session
mobility functions and the bearer pa;ch are in the same functional element while radio
resource management is handled by a different functional element. In one embodiment,
access gateway 102 may handle the session mobility and bearer path functions while radio

resource manager 112 handles the radio resource management.

[30] As shown, an access gateway 102-1 and an access gateway i02—2 are provided.
Access terminal 106 is attached to base transceiver 108-1. In one case, access gateway
102-1 may want to move éccess terminal 106 to a different base transceiver station. In this
case, access gateway 102-1 may get a list of cell sites (e.g., base transceiver stations 106)

from resource radio manager 112. These sites are sent to access gateway 102-2.

[31] Access gateway 102-2 may then determine if bearer path resources are available
based on the cell sites. For example, it may be determined that base transceiver station
108-2 is available. Access gateway 102-2 may then send a message back to access
gateway 102-1 stating that the base transceiver station 108-2 has resources available.
Radio resource manager 112 is then contacted and the switch to base transceiver station
108-2 is initiated. Access terminal 106 may then be transferred to base transceiver station
108-2. For example, radio resource manager 112 may signal to base transceiver station

108-2 to acquire access terminal 106.

[32] In one embodiment, the network may be made ready to start packet flow once the
access terminal 106 is attached to base transceiver station 108-2. For example, it may take
some time to set up a flow for packets for access terminal 106. In this case, radio resource
manager 112 may signal information needed to set up the flow to access gateway 102.
Access gateway 102-2 may then set up the flow before access terminal 106 is transferred

to base transceiver station 108-2.

[33] Once the flow is set up, access terminal 106 may be transferred to base
transceiver station 108-2.' The flow of packets in the bearer path for access terminal 106

may start immediately upon the transfer. Accordingly, latency is reduced in the transfer.
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[34] Although the description has been described with respect to particular
embodiments thereof, these particular embodiments are merely illustrative, and not
restrictive. For example, radio resource manager 112 may be collocated with a base

station.

[35] Any suitable programming language can be used to implement the routines of
particular embodiments including C, C++, Java, assembly language, etc. Different
programming techniques can be employed such as procedural or object oriented. The
routines can execute on a single processing device or multiple processors. Although the
steps, operations, or computations may be presented in a specific order, this order may be
changed in different particular emb?diments. In some particular embodiments, multiple
steps shown as sequential in this specification can be performed at the same time. The
sequence of operations described herein can be interrupted, suspended, or otherwise
controlled by another process, such as an operating system, kernel, etc. The routines can
operate in an operating system environment or as stand-alone routines occupying all, ora
substantial part, of the system processing. Functions can be performed in hardware,
software, or a combination of both. Unless otherwise stated, functions may also be

performed manually, in whole or in part.

[361 In the description herein, numerous specific details are provided, such as
examples of components and/or methods, to provide a thorough understanding of
particular embodiments. One skilled in the relevant art will recognize, however, that a
particular embodiment can be practiced without one or more of the specific details, or with
other apparatus, systems, assemblies, methods, components, materials, parts, and/or the
like. In other instances, well-known structures, materials, or operations are not
specifically shown or described in detail to avoid obscuring aspects of particular

embodiments.

[37] A “computer—readalgle medium” for purposes of particular embodiments may be
any medium that can contain, store, communicate, propagate, or transport the program for
use by or in connection with the instruction execution system, apparatus, system, or
device. The computer readable medium can be, by way of example only but not by
limitation, an electronic, magnetic, optical, elec&omagnetic, infrared, or semiconductor

system, apparatus, system, device, propagation medium, or computer memory.
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[38] Particular embodiments can be implemented in the form of control logic in
software or hardware or a combination of both. The control logic, when executed by one
or more processors, may be operable to perform that what is described in particular

embodiments.

[39] A “processor” or “process” includes any human, hardware and/or software
system, mechanism or component that proéesses data, signals, or other information. A
processor can include a system with a general—pﬁrpose central processing unit, multiple
processing units, dedicated ‘circuitry for achieving functionality, or other systems.
Processing need not be limited to a geographic location, or have temporal limitations. For
example, a processor can perform its functions in “real time,” “offline,” in a “batch
mode,” etc. Portions of processing can be performed at different times and at different

locations, by different (or the same) processing systems.

[40] Reference throughout this specification to “one embodiment”, “an embodiment”,
“3 specific embodiment”, or “particular embodiment” means that a particular feature,
structure, or characteristic described in connection with the particular embodiment is
included in at least one embodiment and not necessarily in all particular embodiments.
Thus, respective appearances of the phrases “in a particular embodiment”, “in an
embodiment”, or “in a specific embodiment” in various places throughout this
specification are not necessarily referring to the same embodiment. Furthermore, the
particular features, structures, or characteristics of any specific embodiment may be
combined in any sujtable manner with one or more other particular embodiments. It is to
be understood that other variations and modifications of the particular embodiments
described and illustrated herein are possible in light of the teachings herein and are to be

considered as part of the spirit and scope.

[41] Particular embodiments may be implemented by using a programmed general’
purpose digital computer, by using application specific integrated circuits, programmable
logic devices, field programmable gate arrays, optical, chemicai, biological, quantum or
nanoengineered systems, components and mechanisms may be used. In general, the
functions of particular embodiments can be achieved by any means as is known in the art.
Distributed, networked systems, components, and/or circuits can be used.

Communication, or transfer, of data may be wired, wireless, or by any other means.

10
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[42} It will also be appreciated that one or more of the elements depicted in the
drawings/figures can also be implemented in a more separated or integrated manner, or
even removed or rendered as inoperable in certain cases, as is useful in accordance with a
particular application. It is also within the spirit and scope to implement a program or
code that can be stored in a machine-readable medium to permit a computer to perform

any of the methods described above.

[43] Additionally, any signal arrows in the drawings/Figures should be considered
only as exemplary, and not limiting, unless otherwise specifically noted. Furthermore, the
term “or” as used herein is generally intended to mean “and/or” unless otherwise
indicated. Combinations of components or steps will also be considered as being noted,

where terminology is foreseen as rendering the ability to separate or combine is unclear.

[44] As used in the description herein and througheut the claims that follow, “a”,
“an”, and “the” includes plural references unless the context clearly dictates otherwise.
Also, as used in the description herein and throughout the claims that follow, the meaning

of “in” includes “in” and “on” unless the context clearly dictates otherwise.

[45] The foregoing description of illustrated particular embodiments, including what
is described in the Abstract, is not intended to be exhaustive or to limit the invention to the
precise forms disclosed herein. While specific particular embodiments of, and examples
for, the invention are described herein for illustrative purposes only, various equivalent
modifications are possible within the spirit and scope , as those skilled in the relevant art
will recognize and appreciate. As indicated, these modifications may be made to the
present invention in light of the foregoing description of illustrated particular

embodiments and are to be included within the spirit and scope.

[46] Thus, while the present invention has been described herein with reference to
particular embodiments thereof, a latitude of modification, various changes and
substitutions are intended in the foregoing disclosures, and it will be appreciated that in
some instances some features of particular embodiments will be employed without a
corresponding use of other features without departing from the scope and spirit as set
forth. Therefore, many modifications may be made to adapt a particular situation or
material to the essential scope and spirit. It is intended that the invention not be limited to

the particular terms used in following claims and/or to the particular embodiment

11
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disclosed as the best mode contemplated for carrying out this invention, but that the

invention will include any and all particular embodiments and equivalents falling within

the scope of the appended claims.

12
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Claims

We claim:

1. An apparatus comprising:

a comumunicator configured to facilitate communications between a
plurality of access technologies, wherein the communicator facilitates a communication
with an access terminal through a bearer path, wherein a radio resource manager
configured to provide radio resource management control for the communication is
decoupled from the apparatus and bearer path and provides radio control for the bearer

path.

2. The apparatus of claim 1, wherein the communicator is configured
to process data for the access terminal through the bearer path, the data being sent through
an IP-based network.,

3. The apparatus of claim 2, wherein the data does not include radio-

specific characteristics.

4. The apparatus of claim 1, wherein the apparatus provides
information sent from the radio resource manager to a base transceiver station to provide
radio control for the access terminal.

5. The apparatus of claim 1, wherein the communicator communicates
with different access technologies using the radio resource manager without using access

specific modules for specific access technologies.

6. The apparatus of claim 1, wherein the bearer path is decoupled from

a control path,

7. The apparatus of claim 1, wherein the communicator is not co-

located with the radio resource manager.

8. A method comprising:

13
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receiving, at an access gateway, a control message from a base transceiver
station;

sending a request message to a radio resource manager to determine radio
control characteristics; ‘

receiving a response message from the radio resource manager including
the radio control characteristics;

sending the radio control characteristics to the base transceiver station,
wherein the base transceiver station is configured to use the radio control characteristics
for a bearer path with an access terminal, wherein the radio resource manager is decoupled

from the access gateway and bearer path.

9. The method of claim 8, wherein the radio control characteristics are

useable to set up a radio link for the access terminal.

10. The method of claim 8, wherein the bearer path comprises an IP

link with the base transceiver station.

11.  The method of claim 10, further comprising receiving data packets
from the base transceiver station through the IP link, wherein the data packets have radio
specific information that is used to send data in the data packets from the access terminal

to the base transceiver station removed.

12. An apparatus comprising:

" aradio resource manager configured to provide radio resource management
functions for communications, wherein the radio resource manager is decoupled from an
access gateway and bearer path and provides radio control for the bearer path, wherein the
access gateway is configured to facilitate communications between a plurality of access
technologies, wherein the access gateway facilitates a communication with an access

terminal through the bearer path.
13. The apparatus of claim 11, wherein the access gateway is

configured to process data for the access terminal through the bearer path, the data being

sent through an IP-based network.

14
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14. The apparatus of claim 12, wherein the radio resource manager and

the access gateway is shared across the plurality of access technologies.

15. The apparatus of claim 11, wherein the radio resource manager is
configured to communicate with a base transceiver station to provide radio control for the

access terminal.

16. The apparatus of claim 14, wherein the radio resource manager is
configured to communicate with the base transceiver station though a channel through the

access gateway.

17. The apparatus of claim 11, wherein the access gateway
communicates with different access technologies without using access specific modules

for specific access technologies.

18. The apparatus of claim 11, wherein the bearer path is decoupled

from a control path.

19.  The apparatus of claim 11, wherein the radio resource manager is

not co-located with the access gateway.

20. An apparatus comprising:

means for receiving, at an access gateway, a control message from a base
transceiver station;

means for sending a request message to a radio resource manager to
determine radio control characteristics;

means for receiving a response message from the radio resource manager
including the radio control characteristics;

means for sending the radio control characteristics to the base transceiver
station, wherein the base transceiver station is configured to use the radio control
characteristics for a bearer path with an access terminal, wherein the radio resource

manager is decoupled from the access gateway and bearer path.
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