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Abstract

Apparatus and methods for controlling effective
communication traffic rates are disclosed. Communication

signals that include communication traffic are generated for

transfer on a wireless communication link based on fixed

signalling characteristics. An effective communication

traffic rate of the wireless communication link 1s

controlled by controlling a rate at which communication

g—_.
b

traffic i1s provided to a communication module,

i1llustratively a wilreless transceiver, that generates the

communication signals. Techniques according to embodiments

of the i1nvention thereby enable rate control for wireless

communication links without changing wireless signalling
characteristics or subjecting links to downtime during link
reconfiguration. Collaborative rate control, in which rate
control i1information 1s exchanged between rate control

systems, 1s also contemplated.
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APPARATUS AND METHODS FOR CONTROLLING EFFECTIVE
COMMUNICATION TRAFFIC RATES

Field of the Invention

This 1nvention relates generally to wireless

communications and, 1n particular, to controlling effective

communication traffic rates on wirelegsgs communication links.

Background

Communication networks such as Ethernet networks

can be realized using meshed or ringed network

architectures. The mesh/ring nodes often act as user

#
pr—

trar

fic aggregation points. One of the most common
requlirements of these types of networks 1s the capability to

limit the user data rate on either core network links or

access links.

In conventional wired networks, rate limiting is
typically done at switching/routing nodes. These nodes,
however, tend to use relatively complex rate control

mechanisms, and are expensive to implement.

Where wireless communication links are to be used

to enable communications between switching/routing nodes in

different networks, for example, rate limiting could

potentially be applied on the wireless links. This can in

some cases eliminate the need for the more complex and

expensive switching/routing nodes.

One option for wireless node rate limiting would

be to use similar technigques to those applied at nodes in
wired communication networks. However, as noted above,

these techniques tend to be complex and would therefore
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regulre more complicated and expensive equipment at each

wlireless communilication node.

Another type of rate limiting technigque that could

be used for wireless communication links i1nvolves changing
radio interface characteristics, such as coding and/or
modulation schemes. These techniques can be undesirable 1in
that they disrupt user tratfic and may be contrary to
communication regulations or standards. Changing the over-

alr characteristics of a wireless transmission might affect

regulatory requirements, for example, i1n that a licensed
link may not be allowed to change modulation states or the
states may not be among those that are allowed by a

regulatory body. In addition, link availlability might also

change due to changes i1n radio system galn caused by a

change in modulation state and/or over-air bandwidth.

Thus, there remains a need for i1mproved

communication rate control techniques.

Summary of the Invention

pr—

Embodiments of the present 1invention provide a

mechanism for controlling, and even changing, effective data

rates on wirelegs communication links without changing

actual communication signal characteristics.

For a wireless communication link, a change 1in the
throughput of a communication link using the technigues
disclosed herein do not require changes 1n configurations at
the radio layer. This avoids some of the problems noted

above, and does not subject the link to any downtime when a

rate change 1s to be made.

According to one aspect of the invention, there 1is

provided an apparatus that 1ncludes a communication module



10

15

20

25

30

CA 02547310 2006-05-19

and a rate control system. The communication module 1is

— ™~
e —

1¢, and to generate,

operable to receive communication tra;:

based on fixed signalling characterigstics, communication

signals comprising the communication traffic for output to a
wilreless communication link. The rate control system is
operatively coupled to the communication module, and is

operable to output a communication traffic stream to the

communication module and to control an effective

communication traffic rate of the wireless communication

link by controlling a rate of the communication traffic

stream.

The rate control system may be configurable using

communlication traffic rate control information, and may be

operable to exchange communication traffic rate control

information with a further apparatus that is operatively

coupled to the wireless communication link. If the

communication module enables exchange of communication rate

control information with the wireless communication link,

the rate control system may exchange communication traffic

rate control i1nformation with the further apparatus through
the communication module and the wireless communication

link.

In some embodiments, the rate control system

includes a communication traffic sorter operable to

#

determine to which traffic group of a plurality of traffic

-

groups received communication traffic belongs, a

—
—

communication traffic transfer module, operatively coupled

to the communication traffic sorter, and operable to combine

the received communication traffic into a communication

traffic stream 1n accordance with a transfer scheme that is

based on the plurality of traffic groups, and a rate

b

controller, operatively coupled to the communication traffic
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4

transfer module, and operable to control a rate of the

P
p—

communication traffic stream by controlling the transfer

sCcheme.

The rate control system may also include a

plurality of traffic queues operatively coupled between the

P

fic sorter and the communication traffic

communication tra:

transfer module. Each traffic queue of the plurality of

traffic queues 1s for storing communication traffic of a

r—
p—

respective traffic group of the plurality of communication

traffic groups. The communication traffic sorter may then

store received communication traffic determined to belong to

a traffic group of the plurality of traffic groups to the

P
—

queue for the determined tratffic group.

The transfer scheme applied by the communication

tratfic transfer module may specify respective transfer

rates at which communication traffic of the plurality of

traffic groups may be combined into the communication

traffic stream. The respective transfer rates may include a

commlitted transfer rate at which received communication

tratfic of a traffic group 1s to be combined into the

communication traffic stream, a maximum transfer rate up to

which received communication traffic of a traffic group is

to be combined into the communication traffic stream, or

both a committed transfer rate and a maximum transfer rate.

The rate controller may be operable to control the

transfer scheme to causgse the communication traffic transfer

module to reduce a rate at which communication traffic 1is

F
p—

combined into the communication traffic stream when an input

rate at which the communication traffic stream 1s received

F
p—

by the rate controller exceeds a target effective

communication traffic rate.
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In some embodiments, the rate control system 1is

1implemented in software for execution by a processing

element.

P

A method according to another aspect of the

invention 1ncludes receiving a communication traffic stream

comprising communication traffic, generating communication

signals, based on fixed signalling characteristics, for

output to a wireless communication link, the communication

signals comprising the communication traffic, and

gi—

controlling an effective communication traffic rate of the

wireless communication link by controlling a rate of the

communication traffic stream.

The method may also 1nclude receiving

communication traffic rate control i1information, and

controlling a rate of the communication traffic stream based

P
p—

on the received communication trai

information.

fic rate control

In some embodiments, the method includes sorting

communication traffic into a plurality ot traffic groups,

and combining the sorted communication traffic into the

F
p—

communication traffic stream 1n accordance with a transfer

scheme that 1s based on the plurality of traffic

groups.

Controlling may then involve controlling a rate of the

communication traffic stream by controlling respective

transfer rates at which communication traffic of

ﬁ

plurality of traffic groups may be combined into

communication traffic stream.

-

When a current rate of the communication tra:

the
the

N
h

1C

stream exceeds a target effective communication traffic

P

rate, controlling involves reducing a rate of the

communication traffic stream.
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The method may be embodied, for example, as

instructions stored on a machine-readable medium.

Another aspect of the i1nvention provides an

apparatus that i1ncludes an i1nterface and a communication

traffic rate control system. The interface enables

communication traffic rate control information to be

exchanged with a remote apparatus that 1s operatively
coupled to a wireless communication link. The communication
traffic rate control system 1s operatively coupled to the

pri— L

interface, and 1s operable to exchange communication traffic

rate control 1nformation with the remote apparatus through

the i1nterface and to control an effective communication
traffic rate of the wireless communication link by

controlling, based on the exchanged communication traffic

rate control information, an amount of communication traffic

transferred over the wireless communication link 1in

communication signals that are generated using fixed

signalling characteristics.

The communication traffic rate control system may

exchange communication traffic rate control information with

the remote apparatus by transmitting the communication

traffic rate control i1nformation to the remote apparatus

through the interface or by receiving the communication

traffic rate control information from the remote apparatus

through the i1interface. In some embodiments, the

communication traffic rate control system 1s operable to

exchange communication traffic rate control information with

the remote apparatus by transmitting communication traffic

rate control information to the remote apparatus and

receiving communication traffic rate control information

from the remote apparatus through the interface, to thereby

negotiate communication traffic rate control information
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P

based upon which the amount of communication traffic

transferred over the wireless communication link 1is

controlled.

The apparatus may be 1mplemented, for example, 1n

each of a pair of communication network elements of a

communication system. The communication traffic rate

control systems at the network elements exchange

communication traffic rate control information and establish

the same effective communication traffic rate for

communication signals to be transferred in opposite

directions on the wireless communication link.

A method, according to yet another aspect of the

1nvention, 1ncludes exchanging communication traffic rate

control information between a communication traffic rate

P

fic rate

control system and a remote communication tra:
control system that are operatively coupled to a wireless

communication link, and controlling an effective

communication traffic rate of the wirelegs communication

link by controlling, based on the communication traffic rate

p—

control information, an amount of communication traffic

transferred over the wireless communication link 1in

communication signals that are generated using fixed

signalling characteristics.

Exchanging may involve at least one of:

transmitting the communication traffic rate control
information to the remote communilication traffic rate control

system, and receiving the communication traffic rate control

information from the remote communication traffic rate

control system.

In some embodiments, exchanging involves

negotiating communication traffic control information based
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8
upon which the amount of communication traffic transferred over the wireless
communication link is controlled, by transmitting communication traffic rate control

Information to the remote communication traffic rate control system and receiving

communication traffic rate contro! information from the remote communication traffic
rate control system.

According to another aspect of the invention, there is provided an

- apparatus comprising: a communication module to receive a stream of

communication traffic, and to generate, based on fixed wireless signaling
characteristics, communication signals comprising the communication traffic in the
stream for output to a wireless communication link, the fixed wireless signaling
characteristics providing a fixed communication signai rate on the wireiess
communication link; and a rate control system operatively coupled to the
communication module, to output the communication traffic stream to the
communication module and to control an effective communication traffic rate of the
wireless communication link by controlling an amount of the communication traffic
that is incorporated into the communication signals through control of a rate of the
communication traffic stream, wherein the rate control system comprises: a
communication traffic sorter to determine to which traffic group of a plurality of traffic
groups received communication traffic belongs; a communication traffic transfer
module, operatively coupled to the communication traffic sorter, to combine the
received communication traffic into the communication traffic stream in accordance
with a transfer scheme that is based on the plurality of traffic groups; and a rate
controller, operatively coupled to the communication traffic transfer module, to control
the rate of the communication traffic stream by controlling the transfer scheme,
wherein the transfer scheme specifies respective transfer rates at which
communication traffic of the plurality of traffic groups may be combined into the
communication traffic stream, wherein the respective transfer rates comprise a
committed transfer rate at which received communication traffic of a traffic group is to
be combined into the communication traffic stream, a maximum transfer rate up to

which received communication traffic of a traffic group is to be combined into the
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communication traffic stream, or both a committed transfer rate and a maximum
transfer rate.

A further aspect of the invention provides an apparatus comprising: an
interface for enabling communication traffic rate control information to be exchanged
with a remote apparatus that is operatively coupled to a wireless communication link;
and a communication traffic rate control system, operatively coupled to the interface,
to exchange communication traffic rate control information with the remote apparatus
through the interface and to control an effective communication traffic rate of the
wireless communication link by controlling, based on the exchanged communication
traffic rate control information, an amount of communication traffic that is incorporated
into communication signals that are generated using fixed wireless signaling
characteristics and transferred over the wireless communication link, the fixed
wireless signaling characteristics providing a fixed communication signal rate on the
wireless communication link, at least one of the interface and the communication
traffic rate control system being implemented using hardware, wherein the
communication traffic rate control system exchanges communication traffic rate
control information with the remote apparatus by transmitting communication traffic
rate control information to the remote apparatus and receiving communication traffic
rate control information from the remote apparatus through the interface, to thereby
negotiate communication traffic rate control information based upon which the
amount of communication traffic that is incorporated into the communication signals

and transferred over the wireless communication link is controlled.

There is also provided a communication system comprising: a pair of
communication network elements operatively coupled together via a communication
link, each of the communication network elements comprising such an apparatus, the
communication traffic rate control systems at the network elements exchanging
communication traffic rate control information and establishing the same effective
communication traffic rate for communication signais to be transferred in opposite

directions on the wireless communication link.
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In accordance with a still further aspect of the invention, there is
provided a method comprising: exchanging communication traffic rate control
Information between a communication traffic rate control system and a remote
communication traffic rate control system that are operatively coupled to a wireless
communication link; and controlling an effective communication traffic rate of the
wireless communication link by controlling, based on the communication traffic rate
control information, an amount of communication traffic that is incorporated into
communication signais that are generated using fixed wireless signaling
characteristics and transferred over the wireless communication link, the fixed
wireless signaling characteristics providing a fixed communication signal rate on the
wireless communication link, wherein exchanging comprises negotiating
communication traffic rate control information based upon which the amount of
communication traffic that is incorporated into the communication signals and
transferred over the wireless communication link is controlled, by transmitting
communication traffic rate control information to the remote communication traffic rate
control system and receiving communication traffic rate control information from the

remote communication traffic rate control system.

According to another aspect of the invention, there is provided a
method comprising: receiving a stream of communication traffic; generating, based
on fixed wireless signaling characteristics, communication signals comprising the
communication traffic in the stream for output to a wireless communication link, the
fixed wireless signaling characteristics providing a fixed communication signal rate on
the wireless communication link; and controlling an effective communication traffic
rate of the wireless communication link by controlling an amount of the
communication traffic that is incorporated into the communication signals through
control of a rate of the communication traffic stream, the controlling comprising:
determining to which traffic group of a plurality of traffic groups received
communication traffic belongs; combining the received communication traffic into the
communication traffic stream in accordance with a transfer scheme that is based on

the plurality of traffic groups; and controlling the rate of the communication traffic
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stream by controlling the transfer scheme, wherein the transfer scheme specifies
respective transfer rates at which communication traffic of the plurality of traffic
groups may be combined into the communication traffic stream, wherein the
respective transfer rates comprise a committed transfer rate at which received
communication traffic of a traffic group is to be combined into the communication
traffic stream, a maximum transfer rate up to which received communication traffic of
a traffic group is to be combined into the communication traffic stream, or both a

committed transfer rate and a maximum transfer rate.

Other aspects and features of embodiments of the present invention will
become apparent to those ordinarily skilled in the art upon review of the following

description.
Brief Description of the Drawings

Examples of embodiments of the invention will now be described In

greater detail with reference to the accompanying drawings.
Fig. 1 is a block diagram of a communication system.

Fig. 2 is a block diagram of a communication system incorporating

wireless communication links.

Fig. 3 is a block diagram of an apparatus according to an embodiment

of the invention.

Fig. 4' is a flow diagram of a method according to another embodiment

of the invention.
Detailed Description of Preferred Embodiments

Fig. 1 is a block diagram of a communication system 10, which includes
communication networks 12, 14, 16. Switching/routing nodes 18, 20, 22 that are at
least coupled to or, as shown, form part of the communication networks 12, 14, 16
enable communications between the communication networks through wired

communication links 24, 26, 28.
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Although the communication networks 12, 14, 16 may 1include
many nodes, only one node per network 1s shown 1n Fig. 1 to

avold overly complicating the drawing.

Those skilled 1n the art will be familiar with

various communication systems having a general structure

simllar to that of the system 10, the types of communication
equipment such as the switching/routing nodes 18, 20, 22

provided 1n such systems, and the operation thereof. The

system 10 might be a simple Ethernet wired mesh/ring network

with the three switching/routing nodes 18, 20, 22

F
—

interconnecting different user networks 12, 14, 16, for

instance. As the present invention relates primarily to

controlling communication rates and 18 not specific to any

particular type of communication system, network, or link,

communication system operation 1s described only briefly

'

herein to the extent necessary to convey an understanding of

F

embodiments of the invention.

In many applications, there exists a reguirement
to limit the bandwidth between the switching/routing nodes
18, 20, 22. For example, it may be necessary to apply a

—

bandwidth limit of 10Mbps on communications with the

communication network 16. In a conventional wired
communilication system, this could be done at the
switching/routing node 22 by applying rate limiting on

1ngress data or egress data of a port connecting to the

communication network 16. Embodiments of the invention

provide different techniques for limiting effective

communication traffic rates on wireless 1links.

With advanced networking applications, the
communication network 16 may include many users with

different levels of service, or a user running different
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gr—
p—

ferent levels of service. The

applications requiring di:

communication network 16 might service three levels of

ﬁ

customers, such as “gold”, "“silver”, and “bronze” for

—

instance. In this case, “gold” customers have a highest

*

priority of service over “silver” and “bronze”.

When bandwidth 1s limited to 10Mbps for the
communication network 16 at the switching/routing node 22
noted above, there might be a requirement to provide a

gr—

guaranteed level of bandwidth to “gold” customers.

Similarly, when the communication network 16 includes a

F

single customer running different applications such as

volce, video, and data, 1t may be necessary to guarantee

bandwidth to voice traffic all the time.

adS

In both of these cases, the switching/routing node

22 must apply advanced traffic management and rate limlting

functions.

For wireless ring/mesh network configurations, one

or more of the wired links 24, 26, 28 1in the system 10 1s
replaced with a corresponding wireless link. Fig. 2 1s a

block diagram of a communication system that 1ncorporates

——

wireless 1links. n the system 30, switching/routing nodes

38, 40, 42 in communication networks 32, 34, 36 are
operatively coupled to respective wireless link nodes 46,
48, 50. The wireless link nodes 46, 48, 50 enable the
switching/routing nodes 38, 40, 42, and thus the
communication networks 32, 34, 36, to communicate over

wireless communication links 52, 54, 56.

Bandwidth limiting 1n the system 30 could be

A

performed by the wireless link nodes 46, 48, 50 instead of

by the switching/routing nodes 38, 40, 42. Although

\N\

replacing wired connections with such “intelligent” wirele

S5S
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links may eliminate the requirement of having the

switching/routing nodes 38, 40, 42 or at least some advanced

functionality at those nodes, wireless links are different

—

from wired connections in that two ends of a wirelegs link

F
p—

operate independently. There may also be different layers

of connectivity between two wireless link nodes, including a

radio or wireless transceiver for communicating through the

wireless link, and an intermediate data path for processing

communication signals for transfer between the wireless link

and one of the communication networks 32, 34, 36.

The substantially independent operation of

wireless link nodes that provide a wireless link presents a

P

challenge in terms of rate control. For example, when

bandwidth limiting is requested at one end of a wireless

link, illustratively at the wireless link node 50 for the

wireless link 52, the requested bandwidth limit should be

F
p—

conveyed to the wireless link node 46 at the other end of

the 1ink so that bandwidth i1is limited at both ends

P

synchronously. In the case of a cascaded wireless link that

includes multiple constituent sub-links between multiple
wireless 1link nodes, rate control could be configured at any

of those wireless 1link nodes and communicated to the other

wireless link nodes. Rate control might be configured at a

F

node at one end of a cascaded link, for example, and rate

control information could then be passed from node to node
along each sub-1link so as to establish rate control for the

entire cascaded link.

Some current rate limiting techniques change the

P

signalling characteristics of wireless communication signals

that are transferred over the air, and may result 1n user

I n

traffic downtime during rate changes while radio-level

configurations are updated. In addition, as noted above,
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dynamic changes in wireless signal characteristics might not
be allowed by regulatory requirements or by communication

protocols or specifications, and may also result 1n changes

in wirelegss link availability.

According to embodiments of the invention,
communication rate control technigques are applied at
wireless link nodes such as 46, 48, 50, while avolding the
shortcomings of currently known bandwidth or rate limiting

technigques. The wireless link nodes 46, 48, 50 provide

fixed wireless communication links 52, 54, 56 for which

effective traffic rates are controlled without affecting

wireless signalling characteristics.

Fig. 3 18 a block diagram of an apparatus
according to an embodiment of the invention. The apparatus

60 includes a rate control system 62, a configuration

interface 64 operatively coupled to the rate control system
62, and a wireless communication module 66 operatively

coupled to the rate control system 62.

In the rate control system 62, a traffic sorter 72

-

is operatively coupled to a plurality of traffic queues 74A

through 74N, which are operatively coupled to a transter

module 76. The transfer module 76 18 operatively coupled to

a rate controllexr 78.

It should be appreciated that a network element or
other communication egquipment or device 1n which the
apparatus 60 is implemented may 1include other components

than those explicitly shown in Fig. 3. For example, as will

become apparent, the rate control system 62 controls a rate

P

of a communication traffic stream that 1s output to the

wireless communication module 66, which generates

communication signals for transfer over a wireless
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communication link. The wireless communication module 66
may also in some embodiments receive communication signals

from the wireless communication link and provide

communication traffic i1n those received signals to other

components (not shown) for processing.

P

Thus, the contents of Fig. 3, as well as Fig. 4,

are intended solely for i1illustrative purposes and not to

limit the scope of the present invention. Other embodiments

of the invention may include further, fewer, or different

elements operatively coupled 1n a similar or different

manner than explicitly shown. In some embodiments, 1t 1s

possible to enable or disable components such as the traffic

sorter 72 through configuration of a rate control system.

The various components of the rate control system

62 may be implemented using hardware, software for execution

by one or more processing elements, firmware, or some

F

combination thereof. The operative couplings between these

components therefore need not necessarily be physical

connections. Software components might access the same

memory locations, for example, and thereby be operatively

coupled through a logical connection.

Given the many possible 1mplementations of the

—

components of the rate control system 62, these components

are described below primarily in terms of their respective

functions. Based on these functional descriptions, a person

skilled in the art would be enabled to i1mplement embodiments

-

of the invention in any of many different ways.

The configuration interface 64 may also be

implemented using hardware, software, firmware, or some

combination thereof. The specific structure and operation

of the configuration interface 64 1s at least to some extent
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the apparatus 60, the apparatus 1is incorporated into each

implementation-dependent. In one possible i1mplementation o:

|3

wireless link node 46, 48, 50 (Fig. 2) at which rate control

for a wireless communication link 1s to be applied. 1In the

—~ r—

case of the wireless link node 50, multiple i1nstances of the

apparatus 60 may be provided for respectively controlling

rates on the wireless links 52, 56. For node-based

implementations of the apparatus 60, the configuration

interface 64 may include an interface to a Network

Management System (NMS), such as a Command Line Interface
(CLI), through which an operator may enter control
information.

An authentication procedure or other protection

mechanism may be implemented in the configuration i1intertace
64 to control access to the rate control system 62. Access
controls may be used to prohibit unauthorilized attempts to
change a current allowed bandwidth or a maximum allowed

bandwidth for a particular wireless communication link, for

1nstance.

As described in further detail below, the

configuration interface 64 may also or 1nstead support the

exchange of control information with a remote apparatus wilth

which the apparatus 60 communicates through a wireless

y—

communication link. This type of exchange could be

supported, for example, through dedicated control channels

between communication equipment, 1n-band signalling on a

wirelegss communication link, or some other mechanism. Where

in-band signalling 1is supported, the configuration interface

64 may be operatively coupled to the wireless communication

module 66.
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The wireless communication module 66 1s another
component that may be i1mplementation-dependent. In one
embodiment, the wireless communication module 66 1ncludes

such transmitter elements as an encoder, a modulator, an

amplifier, and one or more antennas 1n a transmit signal

path. Components for performing corresponding lnverse

functions could also be provided in a receive signal path.

Embodiments of the invention may thus be implemented in
conjunction with a transmitter only, with separate

transmitter and receiver modules, or with a transceiver that

supports both transmit and receive functions.

In operation, the traffic sorter 72 receives

communication traffic and determines to which one of

multiple traffic groups the received communication traffic

belongs. Traffic is received from a switching/routing node

in the example shown in Fig. 3. It should be appreciated,

however, that the present invention 1s 1in no way limited to

this arrangement, and that communication traffic could be

P —
P

received from any of various types of systems or devices 1n

other embodiments.

The groups into which incoming communication

traffic is sorted by the traffic sorter 72 may be

configurable through the configuration interface 64. The

P

fic i1nclusion criteria for

number of groups, respective tra:

each group, and possibly other parameters may be provided to

the rate control system 62 to initially confiligure or change

the traffic sorting mechanism applied by the traffic sorter

72. Initially configuring and changing configuration of the
rate control system 62 or any of 1ts components are referred

to collectively herein as establishing rate control.

References to establishing traffic groups, a transfer
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scheme, and other rate control parameters, should be

interpreted accordingly.

Communication traffic may be sorted based on any

of various characteristics, including but not limited to a

type of traffic (e.g., voice, data, or control), priority,

class, source, destination, etc. In general, the traffic

P

sorter 72 sorts blocks of traffic, which may be packets,

gl

cells, or some other form of traffic unit. In the case of

packets, the traffic sorter 72 may access information in the
header of each packet to determine to which group the packet

belongs.

The traffic gqueues 74A through 74N represent one

p—
pr—

fic groups

example of an arrangement through which the tra:

T

can be managed. Each of the traffic queues 74A through 74N

*
p—

may correspond to one traffic group. In some embodiments,

g—
p—

the length of each of the traffic queues 74A through 74N 1s

configurable through the configuration interface 64,

although in some embodiments different queue lengths may be

implemented by assigning multiple fixed-length queues to a

g |
—

1C

single traffic group. Once received communication trat:

has been clagsified, the traffic sorter 72 determines to

1

which one of the traffic gqueues 74A through 74N traffic of

the determined group should be stored, and stores the
traffic to that queue. Group to gqueue mappling may be

determined by accessing a lookup table in memory (not

shown), for example.

The transfer module 76 combines the communication

traffic from the traffic gqueues 74A through 74N 1nto a

p—
—

communication traffic stream 1n accordance with a transfer

scheme that is based on the traffic groups. The transfer

scheme may thus provide service level differentiation
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between traffic groups. More communication tratfic might be

included in the communication traffic stream from a higher

service level gueue than for a lower sexrvice level queue

over a certaln period of time, for instance.

A transfer scheme may specify respective transfer
rates at which communication traffic of the traffic groups
may be combined into the communication traffic stream.
These rates may be 1n the form of a committed transfer rate

at which received communication traffic of a traffic group

18 to be comblined into the communication traffic stream when

the corresponding traffic queue for that traffic group

contains traffic, or a maximum transfer rate up to which
received communication traffic of a traffic group can be

combined into the communication traffic stream, for example.

Different types of rates may be specified for different

traffic groups 1n some embodiments. It 1s also contemplated

that a single traffic group could have both a committed

transfer rate and a maximum transfer rate.

Those skilled 1n the art will be familiar with
many types of transfer schemes that may be used to combine
traffic from the traffic queues 74A through 74N into a
single traffic stream. Weighted Fair Queuing (WFQ) is one
example of such a scheme, although the present invention 1is
in no way limited to this or any other particular transfer

scheme.

In some embodiments, the transfer scheme used by
the transfer module 76 i1s also configurable, to allow the
manner in which the groups of traffic are handled relative

to each other to be i1nitially configured or subsequently

modified.
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—

The rate controller 78 controls a rate of the

communication traffic stream that i1s output from the
transfer module 76, to thereby control the amount of

communication traffic that is output to the wireless

communication module 66. In accordance with an embodiment
of the i1nvention, the wireless communication module 66

generates communication signals that include communication

traffic in the traffic stream i1t receiveg from the rate

controller 78. These communication signals are generated

based on fixed signalling characteristics for output to a

wireless communication link. Thus, the rate controller 78
controls an effective communication traffic rate on the
wireless communication link by controlling a rate of the

communication traffic stream.

Where the effective rate 1s to be lowered, for
example, the rate controller 78 reduces the rate at which
communication traffic in the communication traffic stream is
output to the wireless communication module 66, and
accordingly less communication traffic i1s incorporated into
the communication signals that are generated by the wireless

communication module. Changes 1in the effective

communication traffic rate on the wireless communication

link can therefore be made “one the fly”, and do not require
any changes 1in signalling characteristics or configurations

of the wirelegs communication module 66.

Rate control 1s thereby provided without requiring

changes to signalling characteristics, which can remain

fixed for different effective communication traffic rates.
It should be noted, however, that this does not necessarily
preclude signalling characteristic changes for different

purposes than rate control. Signalling characteristics are

also not “fixed” 1n the sense of pbeing restricted to the
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same signalling characteristics for all embodiments of the
invention. Different types of wireless communication links,

for example, may involve different signalling

characteristics. References herein to fixed signalling

characteristics and fixed wireless communication links

should be interpreted accordingly.

In general, the rate control controller 78 changes

a rate of a communication traffic stream output by the

transfer module 76 1f an 1nput rate at which i1t receives the

*
pr—

stream differs from a target effective communication traffic

rate. This may involve increasing the rate of the stream or

decreasing the rate of the stream. In one embodiment,

traffic stream rate changes are accomplished through a
feedback mechanism, 1llustratively backpressuring, between
the rate controller 78 and the transfer module 76. Feedback
signals may be used to change a transfer mechanism used by
the transfer module 76 to combine received communication

traffic from the traffic queues 74A through 74N into the

communication traffic stream.

Suppose that the traffic sorter 72 sorts received

g
—

communication traffic into “gold” and “silver” service

\

groups, with %“gold” customers having a guaranteed bandwidth

of 5Mbps. As long as an effective rate of higher than SMbps
has been configured at the rate controller 78, traffic from
both service groups will be combined into the communication
traffic stream by the transfer module 76. If the effective
rate 1s subsequently to be limited to S5Mbps, however, then
the rate controller 78 backpressures or otherwise signals
the transfer module 76 to reduce the rate of the
communication traffic stream to 5Mbps. In this case, the

r—
p—

“gold” service group traffic would take precedence, and

!

“silver” traffic, 1f any, would gradually build up in 1its
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associated traffic queue(s) and possibly eventually be

P

dropped unless or until some of the 5Mbps bandwidth 1s not

* F

"1ic or the effective rate on the wireless

used by “gold” tra

communication link 18 increased.

In order to provide for bandwidth control

-

flexibility, the rate controller 78 may be configurable.

The effective rate for a wireless communication link might

be specified in communication traffic rate control

information that 1s provided to the rate controller 78

through the configuration i1nterface 64, for example.

As an extension of the configurability feature,

some embodiments of the i1nvention enable the rate control

system 62, or specific configurable components thereof, to

exchange communication traffic rate control information with
a remote apparatus. For example, the apparatus 60 at one

end of a wireless communication link might exchange control

information with a similar apparatus at a far end of the

F
p—

fective traffic rate for the

link to egtablish the same e:

link. The effective rate of communication traffic is then

controlled i1n the same way at each end of the link, to

thereby provide rate control for communication traffic

transfer 1n opposite directions on the link. Traffic

groups, queues, and/or the transfer scheme applied by the

transfer module 76 may be established in a similar manner by

exchanging control information.

—
p—

In the apparatus 60, this exchange of

communication traffic control i1nformation i1s enabled by the

configuration interface 64. Any or all of the traffic
classifier 72, the transfer module 76, and the rate

controller 78 may thus be operatively coupled to the

configuration interface 64. According to another possible
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implementation, each configurable component 1tself supports

a messaging mechanism or some other control i1nformation

exchange interface. As noted above, communication tratffic

rate control information may be transferred as 1n-band
signalling over the wireless communication link, and

accordingly the wireless communication module 66 may

transmit and/or receive control information in some

embodiments.

It is important to note that the rate control

system 62 or the configurable components thereof may

F
p—

fic rate

establish rate control based on communication tra:

control information and then transmit the communlication

traffic rate control information to a far end of a wireless

communication link, and/or receive communication traffic

rate control information and then establish rate control

based on the received communication rate traffic control

information. In some embodiments, communication traffic

rate control information is negotiated, 1n which case
communication traffic rate control information 1s both
transmitted and received by the apparatus 60. Identical

rate control i1g established at each end of the wireless

communication link after rate control parameters are agreed

upon.

Thus, a palr of communication network elements
such as the wireless link nodes 46, 48, 50 (Fig. 2) that are
operatively coupled together via a communication link, may

—

incorporate respective instances of the apparatus 60.

Communication traffic rate control information 1s exchanged
between the network elements, and the rate control systems

62 provided at the network elements are configured

accordingly.
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Fig. 4 is a flow diagram of a method according to

another embodiment of the invention. The method 80 1nvolves

sorting communication traffic by group at 82, by determining

F

to which one of multiple traffic groups received

communication traffic belongs. The received communication

traffic 1s combined into a communication traffic stream at

84 in accordance with a transfer scheme that 1s based on the

traffic groups. At 86, an effective traffic rate on a
wireless communication link is controlled by controlling a

rate of the communication traffic stream.

g

A further operation of exchanging communication

i 1}

traffic rate control information 18 shown 1n Fig. 4 at 88.

As noted above, this operation might be performed 1in a
different order than shown, where a rate control system 1s
configured based on received control information, for

instance.

Further variations of the method 80 are also
possible. For example, other embodiments of the invention
may involve performing the i1llustrated operations 1in any of

various ways, and/or performing fewer or additional

operations in a similar or different order than explicitly

shown.

]

What has been described 1s merely 1llustrative o:

the application of principles of embodiments of the
invention. Other arrangements and methods can be
implemented by those skilled i1n the art without departing

from the scope of the present invention.

F

For example, the specific division of functions

shown in Fig. 3 is intended solely for the purposes of

pl—

illustration, and not to limit the scope of the invention.

P

Other embodiments of the invention may be 1mplemented using




10

CA 02547310 2006-05-19

23

‘urther or fewer components than shown, interconnected in a

| —_—

similar or different order.

It should also be appreciliated that bandwidth,

effective traffic rate, and effective data rate are used

herein to generally refer to a rate at which actual user
traffic, including any or all of voice, data, multimedia,
etc., 1s transferred across a wireless communication link.

F
—

References to bandwidth, effective traffic rate, and

effective data rate should be interpreted accordingly.

In addition, although described primarily 1n the

context of methods and systemg, other implementations of the

invention are also contemplated, as instructions stored on a

machine-readable medium for example.
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We Claim:

1. An apparatus comprising:

a communication module operable to receive

communication traffic, and to generate, based on fixed

signalling characteristics, communication signals comprising

the communication traffic for output to a wireless

communication link; and

a rate control system operatively coupled to the
communication module, the rate control system being operable

to output a communication traffic stream to the

communication module and to control an effective

communication traffic rate of the wireless communication

—

link by controlling a rate of the communication traffic

stream.

2. The apparatus of claim 1, wherein the rate control

system is configurable using communication traffic rate

control i1nformation.

3. The apparatus of claim 2, wherein the rate control

system is operable to exchange communication traffic rate

control information with a further apparatus that 1is

operatively coupled to the wireless communication link.

4, The apparatus of claim 3, wherein the

e

communication module 1s further operable to enable exchange

of communication rate control i1nformation with the wirelesgs

communication link, and wherein the rate control system 1s
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operable to exchange communication traffic rate control
information with the further apparatus through the

communication module and the wirelegs communication link.

P

5. The apparatus of any one of claims 1 to 4, whereiln

the rate control system comprises:

a communication traffic sorter operable to

P

fic group of a plurality of traffic

gr—
p—

I

determine to which tra:

groups received communication traffic belongs;

a communication traffic transfer module,

operatively coupled to the communication traffic sorter, and

operable to combine the received communication traffic 1into

a communication traffic stream 1n accordance with a transfter

scheme that is based on the plurality of traffic groups; and

a rate controller, operatively coupled to the

communication traffic transfer module, and operable to

control a rate of the communication traffic stream by

controlling the transfer scheme.

6 . The apparatus of claim 5, wherein the rate control

system further comprises:

a plurality of traffic queues operatively coupled

between the communication traffic sorter and the

U}

communication traffic transfer module, each traffic gueue o:

p—

the plurality of traffic queues being for storing

P

communication traffic of a respective traffic group of the

plurality of communication traffic groups,
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wherein the communication traffic sorter 1is

operable to store received communication traffic determined

to belong to a traffic group of the plurality of traffic

groups to the gueue for the determined traffic group.

g—

7 . The apparatus of claim 5, wherein the transfer

scheme specifies respective transfer rates at which

po— s
p—

communication traffic of the plurality of tra:

f1c groups may

be combined into the communication traffic stream.

8 . The apparatus of claim 7, wherein the respective
transfer rates comprise a committed transfer rate at which
received communication traffic of a traffic group is to be

combined i1nto the communication traffic stream, a maximum

b

transfer rate up to which received communication traffic ot
a traffic group 1s to be combined into the communication
traffic stream, or both a committed transfer rate and a

maximum transfer rate.

F

9. The apparatus of claim 5, wherelin the rate

controller is operable to control the transfer scheme to

cause the communication traffic transfer module to reduce a

rate at which communication traffic i1s combined into the

communication traffic stream when an input rate at which the

communication traffic stream 1s received by the rate

controller exceeds a target effective communication traffic

rate.
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10. The apparatus of any one of claims 1 to 4, wherein

the rate control system 1s implemented in software for

execution by a processing element.

11. A method comprising:

recelving a communication tra:

comprising communication traf:

— —
—t

'l

fic stream

1C;

generating communication signals, based on fixed

signalling characteristics, for output to a wireless

communication link, the communication signals comprising the

communication traffic; and

controlling an effective communication traffic

rate of the wireless communication link by controlling a

F
—

rate of the communication traffic stream.

F

12. The method of claim

11, fturther comprising:

recelving communication traffic rate control

information; and

controlling a rate of the communication traffic

stream based on the received communication traffic rate

control information.

13. The method of claim

comprilising:

11 or claim 12, further

sorting communication traffic into a plurality of

traffic groups; and
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combining the sorted communication traffic into the communication
traffic stream in accordance with a transfer scheme that is based on the plurality of

traffic groups,

wherein controlling comprises controlling a rate of the communication
traffic stream by controlling respective transfer rates at which communication traffic of
the plurality of traffic groups may be combined into the communication traffic stream.

14. The method of claim 11 or claim 12, wherein controlling comprises
reducing a rate of the communication traffic stream when a current rate of the

communication traffic stream exceeds a target effective communication traffic rate.

15. A computer-readable medium storing computer-executable instructions,

which when executed by a computer perform the method of claim 11 or claim 12.
10. An apparatus comprising:

an interface for enabling communication traffic rate control information
to be exchanged with a remote apparatus that Is operatively coupled to a wireless

communication link: and

a communication traffic rate control system, operatively coupled to the
interface, and operable to exchange communication traffic rate control information with
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the remote apparatus through the interface and to control an

aand

effective communication traffic rate of the wireless

communication link by controlling, based on the exchanged

B

communication traffic rate control information, an amount o:

communication traffic transferred over the wireless

communication link 1n communication signals that are

generated using fixed signalling characteristics.

17. The apparatus of claim 16, wherein the

communication traffic rate control system 1s operable to

exchange communication traffic rate control i1nformation with

the remote apparatus by transmitting the communication

P
e

traffic rate control information to the remote apparatus

through the i1nterface.

P

18. The apparatus of claim 16, wherein the

communication traffic rate control system 1s operable to

exchange communication traffic rate control information with
the remote apparatus by receiving the communication traffic

rate control information from the remote apparatus through

the i1nterface.

19. The apparatus of claim 16, wherein the

communication traffic rate control system i1s operable to

exchange communication traffic rate control information with
the remote apparatus by transmitting communication traffic
rate control information to the remote apparatus and

receiving communication traffic rate control information

from the remote apparatus through the interface, to thereby

negotiate communication traffic rate control i1nformation
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based upon which the amount of communication traffic

transferred over the wireless communication link 1is

controlled.

20 . A communication system comprising:

a palr of communication network elements
operatively coupled together via a communication link, each
of the communication network elements comprising an
apparatus of any one of claims 16 to 19, the communication

traffic rate control systems at the network elements

F
—

fic rate control information

exchanging communication tra:

'y

— —
e

1C

and establishing the same effective communication tra:

rate for communication signals to be transferred in opposite

directionsg on the wireless communication link.

21 . A method comprisiling:

exchanging communication traffic rate control

information between a communication traffic rate control

g—

fic rate control

system and a remote communilication tra:

system that are operatively coupled to a wireless

communication link: and

F
B

controlling an effective communication traffic

rate of the wireless communication link by controlling,

based on the communication traffic rate control information,

an amount of communication traffic transferred over the

wireless communication link in communication signals that

are generated using fixed signalling characteristics.
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22. The method of claim 21, wherein exchanging comprises at least one of:
transmitting the communication traffic rate control information to the remote
communication traffic rate control system, and receiving the communication traffic

rate control information from the remote communication traffic rate control system.

23. The method of claim 21, wherein exchanging comprises negotiating
communication traffic rate control information based upon which the amount of
communication traffic transferred over the wireless communication link is controlled,
by transmitting communication traffic rate control information to the remote
communication traffic rate control system and receiving communication traffic rate

control information from the remote communication traffic rate control system.
24. An apparatus comprising:

a communication module to receive a stream of communication traffic,
and to generate, based on fixed wireless signaling characteristics, communication
signals comprising the communication traffic in the stream for output to a wireless
communication link, the fixed wireless signaling characteristics providing a fixed

communication signal rate on the wireless communication link; and

a rate control system operatively coupled to the communication module,
to output the communication traffic stream to the communication module and to
control an effective communication traffic rate of the wireless communication link by
controlling an amount of the communication traffic that is incorporated into the

communication signals through control of a rate of the communication traffic stream,

wherein the rate control system comprises: a communication traffic
sorter to determine to which traffic group of a plurality of traffic groups received
communication traffic belongs; a communication traffic transfer module, operatively
coupled to the communication traffic sorter, to combine the received communication
traffic into the communication traffic stream in accordance with a transfer scheme that

is based on the plurality of traffic groups; and a rate controller, operatively coupled to



10

15

20

25

CA 02547310 2011-12-09

78766-46

32

the communication traffic transfer module, to control the rate of the communication

traffic stream by controlling the transfer scheme,

wherein the transfer scheme specifies respective transfer rates at which
communication traffic of the plurality of traffic groups may be combined into the
communication traffic stream,

wherein the respective transfer rates comprise a committed transfer
rate at which received communication traffic of a traffic group is to be combined into
the communication traffic stream, a maximum transfer rate up to which received
communication traffic of a traffic group is to be combined into the communication

traffic stream, or both a committed transfer rate and a maximum transfer rate.

295. The apparatus of claim 24, wherein the rate control system is

configurable using communication traffic rate control information.

26. The apparatus of claim 25, wherein the rate control system exchanges
communication traffic rate control information with a further apparatus that is

operatively coupled to the wireless communication link.

27. The apparatus of claim 26, wherein the communication module enables
exchange of communication rate control information with the wireless communication

link, and wherein the rate control system exchanges communication traffic rate

control information with the further apparatus through the communication module and

the wireless communication link.

28. The apparatus of claim 24, wherein the rate control system further

comprises:

a plurality of traffic queues operatively coupled between the
communication traffic sorter and the communication traffic transfer module, each
traffic queue of the plurality of traffic queues being for storing communication traffic of

a respective traffic group of the plurality of communication traffic groups,
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wherein the communication traffic sorter stores received communication

traffic determined to belong to a traffic group of the plurality of traffic groups to the
queue for the determined traffic group.

29. The apparatus of claim 24, wherein the rate control system is

implemented in software for execution by a processing element.

30. An apparatus comprising:

an interface for enabling communication traffic rate control information

to be exchanged with a remote apparatus that is operatively coupled to a wireless
communication link; and

a communication traffic rate control system, operatively coupled to the
interface, to exchange communication traffic rate control information with the remote
apparatus through the interface and to control an effective communication traffic rate
of the wireless communication link by controlling, based on the exchanged
communication traffic rate control information, an amount of communication traffic
that is incorporated into communication signals that are generated using fixed
wireless signaling characteristics and transferred over the wireless communication
link, the fixed wireless signaling characteristics providing a fixed communication

signal rate on the wireless communication link,

at least one of the interface and the communication traffic rate control

system being implemented using hardware,

wherein the communication traffic rate control system exchanges

communication traffic rate control information with the remote apparatus by
transmitting communication traffic rate control information to the remote apparatus
and receiving communication traffic rate control information from the remote
apparatus through the interface, to thereby negotiate communication traffic rate

control information bésed upon which the amount of communication traffic that is
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incorporated into the communication signals and transferred over the wireless
communication link is controlled.

31. A communication system comprising:

a pair of communication network elements operatively coupled together
via @ communication link, each of the communication network elements comprising
an apparatus of claim 30, the communication traffic rate control systems at the
network elements exchanging communication traffic rate control information ana
establishing the same effective communication traffic rate for communication signals

to be transferred in opposite directions on the wireless communication link.
32. A method comprising:

exchanging communication traffic rate control information between a
communication traffic rate control system and a remote communication traffic rate

control system that are operatively coupled to a wireless communication link; and

controlling an effective communication traffic rate of the wireless
communication link by controlling, based on the communication traffic rate control
information, an amount of communication traffic that is incorporated into
communication signéls that are generated using fixed wireless signaling

characteristics and transferred over the wireless communication link, the fixed

wireless signaling characteristics providing a fixed communication signal rate on the

wireless communication link,

wherein exchanging comprises negotiating communication traffic rate
control information based upon which the amount of communication traffic that is
incorporated into the communication signals and transferred over the wireless
communication link is controlied, by transmitting communication traffic rate control
information to the remote communication traffic rate control system and receiving

communication traffic rate control information from the remote communication traffic

rate control system.
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33. A method comprising:
recelving a stream of communication traffic;

generating, based on fixed wireless signaling characteristics,
communication signals comprising the communication traffic in the stream for output
to a wireless communication link, the fixed wireless signaling characteristics providing

a fixed communication signal rate on the wireless communication link; and

controlling an effective communication traffic rate of the wireless
communication link by controlling an amount of the communication traffic that is
incorporated into the communication signals through control of a rate of the

communication traffic stream,

the controlling comprising: determining to which traffic group of a
plurality of traffic groups received communication traffic belongs; combining the
received communication traffic into the communication traffic stream in accordance
with a transfer scheme that is based on the plurality of traffic groups; and controlling

the rate of the communication traffic stream by controlling the transfer scheme,

wherein the transfer scheme specifies respective transfer rates at which

communication traffic of the plurality of traffic groups may be combined into the

communication traffic stream,

wherein the respective transfer rates comprise a committed transfer
rate at which received communication traffic of a traffic group is to be combined into
the communication traffic stream, a maximum transfer rate up to which received
communication traffic of a traffic group is to be combined into the communication

traffic stream, or both a committed transfer rate and a maximum transfer rate.
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