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SYSTEMS AND METHODS FOR WIRELESS 
RESOURCE MANAGEMENT WITH 

MULTI-PROTOCOL MANAGEMENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. § 
119(e) of co-pending U.S. Provisional Patent Application 
Ser. No. 60/808,693, entitled Wireless Resource Manage­
ment, filed on May 25, 2006, which is incorporated by 
reference herein in its entirety for all purposes. 

BRIEF DESCRIPTION OF THE INVENTION 

[0002] This invention relates generally to the field of 
wireless networks. More particularly, this invention relates 
to system and methods for resource management in wireless 
networks such as 802.11 and 802.16 networks, including 
dynamic resource management of processes, hardware, and 
software. 

BACKGROUND OF THE INVENTION 

[0003] Traditional telecom (fixed wire) networks, such as 
the public switched telephone network (PSTN), have been 
developed with a static infrastructure configuration. Most or 
all network element locations, including end user telephone 
sets, modems, or other devices, are known and fixed. In 
addition, the capacity of the network is planned ahead of 
time. 

[0004] In mobile cellular networks the network infrastruc­
ture and backbone elements are also typically static; how­
ever, end user devices such as mobile handsets can move 
throughout the network, and can be connected to the net­
work dynamically and at different locations. As originally 
designed, cellular networks were configured as narrowband 
networks tailored for supporting voice communications. 
Many of these networks are now being upgraded using 
technologies such as code division multiple access (CDMA 
lxRTT or lxEDVO), or global system for mobile commu­
nications (GSM/UMTS) to add broadband capability. 

[0005] Both of these types of cellular networks were 
designed to be fully manageable on an end-to-end basis and 
allow access only to their subscribers. In contrast, many 
wireless local area networks (WLANs) such as those based 
on the IEEE 802.11 standard for wireless local area networks 
(also known and denoted herein as Wi-Fi) and IEEE 802.16 
standards for wireless metropolitan networks (WMAN s ), are 
designed to be broadband networks with shared media. Use 
of WLANs and WMANs has been growing rapidly, and 
these networks have begun to overlap on the territory and 
functionality of traditional telecom wired and wireless net­
works. 

[0006] Enterprises, goverrnnent, and telecom operators 
face key challenges as they begin adopting wireless net­
works, particularly for mission-critical applications. Popu­
larity of wireless networks in residences is also growing for 
home computer networks, video and other media delivery, 
gaming, and other home networking purposes. These mobil­
ity solutions have significant differences from traditional 
wired data networks and present new problems related to 
configuration, provisioning, and management. In particular, 
failure to adequately manage network resources and opera-
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tion in real time can lead to high latency, packet loss, and 
network congestion, resulting in decreased network perfor­
mance. In some cases, failure to manage network resources 
may lead to performance degradation sufficient to render the 
network partially or completely ineffective. 

[0007] Static network configurations and management 
controls typically work well for static device environments. 
With a static network environment network elements and 
operation can be configured based on known element loca­
tions and other known or predictable parameters to ensure at 
least a minimal level of service. However, wireless network 
characteristics and performance often fluctuate over time. 
Within any given day as well as week-to-week and month­
to-month network performance may change due to a chang­
ing device environment as well as changes in real-time 
traffic requirements for content such as voice and video. 

[0008] Wireless network standards such as IEEE 802.11 
typically provide for a wide range of device configuration 
parameters, settings, and the like; however, equipment 
manufacturers typically set configurable parameters to 
default values and/or fail to configure or enable all of the 
network management capabilities in individual devices. 
Since network devices are available from a wide range of 
manufacturers, system level configuration and control of 
device parameters in order to manage network operation and 
optimize performance based on a particular network's 
requirements has been lacking. This type of overall network 
management and configuration control has not been 
addressed by individual equipment manufacturers who are 
normally unable to predict the particular network configu­
rations or application requirements that their devices will be 
required to operate under. As a consequence, network per­
formance quality has generally not been optimized based on 
the specific demands of a particular wireless network. 

[0009] Dynamic and Adaptive Wireless Network Manage­
ment 

[0010] Based on past and current trends, the density of 
wireless devices will likely increase in an uncontrolled 
manner, and ad-hoc multi-hop communication will be intro­
duced in the enterprise environment, thus increasing the 
risks of un-controlled interference and degradation of qual­
ity of service (QOS). At the same time, current technology 
lacks consistent configuration and coordination throughout 
an entire WLAN or WMAN, including access points and 
repeaters/distributed antennas. This configuration and coor­
dination need includes both static/initial configuration 
(addressing, hardware settings, etc.) and dynamic configu­
ration and provisioning (settings for QOS, security, and the 
like) performed for individual devices as well as for the 
network as a whole. Often all devices must be dynamically 
updated at the same time to ensure consistency. 

[0011] The shared nature of the WLAN medium creates 
needs for continuous monitoring and control/modification to 
maximize performance and to minimize the interference. 
However, wireless network configurations and topologies 
may not be known a priori, as in the case of ad-hoc networks, 
or may be changing as mobile nodes are moving, appearing, 
and disappearing from the network. The current art does not, 
however, provide for dynamic, adaptive, real-time resource 
management to ensure guaranteed QOS for dynamic net­
work configurations. 
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[0012] Quality of Service (QOS) Management 

[0013] In a related aspect of wireless resource manage­
ment, quality of service (QOS) management may be con­
sidered. There are many approaches to QOS management of 
packet-based transmission systems known in the current art. 
A typical QOS management process for packet based trans­
mission systems will include packet classification, marking, 
queuing, and scheduling. These processes are static and not 
very granular. Marking of the packets is performed accord­
ing to a classification rule, and typically is limited to a 
relative priority between packets to be transmitted. These 
packets are then placed into queues according to their 
relative priorities. A scheduling function is responsible for 
determining which packet should be sent next on the trans­
mission medium. A number of scheduling algorithms cur­
rently exist for both wireline and wireless transmissions. 

[0014] A typical scheduling algorithm for wireline trans­
mission involves allocating constant and known link capac­
ity/bandwidth between traffic flows (packets) according to a 
predefined and static rule. Examples include first in, first out 
(FIFO), weighted fair queuing (WFQ), and well as others. 
Scheduling in wireless networks requires different 
approaches as the capacity/bandwidth of the link varies in 
time, depends on location, and is subject to other environ­
mental conditions. In addition, most of the existing sched­
uling algorithms assume some type of channel conditions, 
without a real knowledge of the channel's true conditions, 
thus potentially making these algorithms ineffective, and 
sometimes even counterproductive. 

[0015] Typically these algorithms are "hardwired" into the 
wireless device, such as the base station or access point. In 
wireless networks, network configurations and topologies 
may not be know a priori, as in the case of ad hoc networks, 
or may be changing as mobile nodes are moving, appearing, 
and disappearing from the network. In certain cases such 
algorithms fail to provide desired levels of QOS in the face 
of changing network conditions. 

[0016] Multi-Protocol Management 

[0017] In another aspect of wireless resource manage­
ment, management of multi-vendor devices using multiple 
types of management and control interfaces, also denoted 
herein as multi-protocol management, may be considered. 

[0018] Network management may be defined as the execu­
tion of the set of functions required for controlling, planning, 
allocating, deploying, coordinating, and monitoring the 
resources of a network. This may include performing func­
tions such as initial network planning, frequency allocation, 
predetermined traffic routing to support load balancing, 
cryptographic key distribution authorization, configuration 
management, fault management, security management, per­
formance management, accounting management, as well as 
other aspects of network management. 

[0019] A large number of protocols exist to support net­
work and network device management. Common protocols 
include SNMP, CMIP, WBEM, Common Information 
Model, Transaction Language 1, Java Management Exten­
sions, netconf, and other protocols and standards. Despite 
these standards, management and control of networks com­
prising multi-vendor device that use multiple types of man­
agement and control interfaces is a difficult task. 
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[0020] Typically, network management functions are 
executed via communications between a management agent 
and a manager carried over a management interface. A 
management agent is a software agent that runs on a 
managed device and provides an interface to management 
resources. It can perform operations on managed objects or 
resources in the device on its own or on request from a 
manager. It can also forward notifications to the manager. As 
used herein, a management manager is a software program 
that runs on a management server and manages communi­
cations with management agents. 

[0021] A typical management and control interface is 
composed of two parts: an information part and a commu­
nications part. The information part is concerned with what 
information is passed through the interface and is defined by 
messages carrying data between respective systems. This 
information describes the resources to be managed and 
controlled. The communications part is concerned with what 
communications protocols (capabilities) are used and is 
defined by its communications protocol profile (communi­
cations facilities). The need for multi-vendor environments 
and interoperability is driving standardization of manage­
ment and control interfaces. This standardization includes 
both the information and communications parts. 

[0022] For standard interfaces, information is an abstrac­
tion of the resources to be managed and controlled, pre­
sented in a machine/computer readable and standardized 
format. The communications part is a set of operations ( such 
as get, set, filter, etc.) to be performed on the information, 
presented as a set of standard management messages and 
frames. Frequently for new technologies and high perfor­
mance systems, proprietary management and control proto­
cols are initially used. Later, these proprietary solutions may 
be used as a base for standardization by a standard organi­
zation such as IEEE, ITU, or IETF. 

[0023] In the realm of WLAN standards, abstractions of 
resources are still not available for 802.11 mobile terminals, 
and an abstraction of the 802.1 1 MAC layer, addressing 
which link-layer protocols must use, is still evolving to a 
standard definition. Thus, for management and control of 
802.11 mobile terminals and MAC resources proprietary 
interfaces have to be used, and these differ for each radio 
type and are often tightly coupled to dedicated hardware. 

[0024] To overcome this lack of standard interfaces, most 
devices have a built in command line interface (CLI) for 
configuration and troubleshooting purposes. Network access 
to the CLI has traditionally been through the TELNET 
protocol, while the SSH protocol is becoming more popular 
to address security issues associated with TELNET. It is 
important to note that typical command line interfaces are 
proprietary, and they cannot be used efficiently to automate 
processes in an environment with a heterogeneous set of 
devices. 

SUMMARY OF THE INVENTION 

[0025] The present invention is generally related to sys­
tems and methods for wireless resource management. More 
particularly but not exclusively, the present invention relates 
to the dynamic management of wireless networks and asso­
ciated network resources such as IEEE 802.11 WLANS and 
802.16 WMANs. 
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[0026] In one aspect the present invention is related to a 
software architecture and functions that enable management 
of wireless networks and their resources according to rules, 
policies, quality of service (QOS) requirements, context, and 
other requirements driven by users, applications, and con­
ditions. Such wireless networks may be deployed at various 
enterprises ( such as hospitals, factories, retail operations, 
transportation, and small and large businesses), telecom 
service operations (such as wireless ISPs, municipal wire­
less networks), govermnent agencies (such as public safety, 
homeland security, and defense/military), in homes, apart­
ments, and other residences, as well as in other locations 
where similar networking functionality is required. 

[0027] In another aspect, the present invention relates to 
hardware and hardware/software devices and configurations 
for implementing and managing a wireless network based on 
one or more network specific criteria. Such criteria may 
include throughput, specific types of network content such 
as text, voice, video, audio or other content, quality of 
service, or other network customization parameters and 
requirements such as are described herein. 

[0028] In another aspect the present invention relates to 
systems and methods of provisioning and dynamic resource 
management (DARM) for managing enterprise resources in 
a wireless network. 

[0029] In another aspect the present invention relates to 
systems and methods for provisioning and managing quality 
of service (QOS) in a wireless network. 

[0030] In another aspect the present invention relates to 
systems and methods for provisioning and providing multi­
protocol management in a wireless network comprised of 
devices operating in accordance with multiple protocols. 

[0031] Additional aspects of the present invention are 
contemplated as described herein. 

BRIEF DESCRIPTION OF THE FIGURES 

[0032] The invention is more fully appreciated in connec­
tion with the following detailed description taken in con­
junction with the accompanying drawings, in which: 

[0033] FIG. 1 illustrates a typical wireless network man­
aged in accordance with aspects of the present invention. 

[0034] FIG. 2 illustrates a high level object model of an 
embodiment of the present invention. 

[0035] FIG. 3 illustrates an embodiment of a User/Ac­
count object model in accordance with aspects of the present 
invention. 

[0036] FIG. 4 illustrates an embodiment of a Group object 
model in accordance with aspects of the present invention. 

[0037] FIG. 5 illustrates an embodiment of a Service/ 
Application object model in accordance with aspects of the 
present invention. 

[0038] FIG. 6 illustrates an embodiment of Service Pro­
visioning workflow in accordance with aspects of the 
present invention. 

[0039] FIG. 7 illustrates an embodiment of a Device 
object model and relationships in accordance with aspects of 
the present invention. 
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[0040] FIG. 8 illustrates an embodiment of a Device Agent 
architecture in accordance with aspects of the present inven­
tion. 

[0041] FIG. 9 illustrates an embodiment of an Enterprise 
Wireless Management (EWM) system in accordance with 
aspects of the present invention. 

[0042] FIG. 10 illustrates an embodiment of a Functional 
Architecture according to aspects of the present invention. 

[0043] FIG. 11 illustrates an embodiment of an EWM 
functional binding process in accordance with aspects of the 
present invention. 

[0044] FIG. 12 illustrates an embodiment of EWM 
sequential functions and associated processes. 

[0045] FIG. 13 illustrates an embodiment of static rela­
tionships associated with FIG. 11. 

[0046] FIG. 14 illustrates an embodiment of an adminis­
trative, configuration, and provisioning in accordance with 
aspects of the present invention. 

[0047] FIG. 15 illustrates one embodiment of a DARM 
system configuration and management process using a sta­
tion management entity (SME). 

[0048] FIG. 16 illustrates one embodiment of a DARM 
system configuration and management process using an 
SME proxy appliance. 

[0049] FIG. 17 illustrates one embodiment of a DARM 
system configuration and management process in the context 
of an 802.11 wireless network. 

[0050] FIG. 18 illustrates one embodiment of quality of 
service (QOS) system configuration and management. 

[0051] FIG. 19 illustrates an embodiment of a represen­
tative multi-protocol system architecture and management 
configuration. 

[0052] FIG. 21 illustrates one embodiment of a multi­
protocol architecture and module interconnectivity. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0053] The present invention is related to network 
resource management in wireless networks. While embodi­
ments of the present invention disclosed below are typically 
described in terms of wireless local area networks (WLAN s) 
such as those based on the popular IEEE 802.11 wireless 
local area network standards ( also known as WI-FI), the 
systems and methods described herein are not so limited, 
and embodiments based on other WLAN configurations, as 
well as wireless wide area networks such as 802.16 wireless 
networks (WMANs), are possible and fully contemplated 
herein. Accordingly, the embodiments disclosed are merely 
provided for purposes of illustration, not limitation. 

[0054] The present invention is generally related to sys­
tems and methods for wireless resource management. In one 
aspect the present invention is related to a software archi­
tecture and functions that enable management of wireless 
networks and their resources according to rules, policies, 
quality of service (QOS) requirements, context, and other 
requirements driven by users, applications, and conditions. 
Such wireless networks may be deployed at various enter-
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prises ( such as hospitals, factories, retail operations, trans­
portation, and small and large businesses), telecom service 
operations (such as wireless ISPs, municipal wireless net­
works), government agencies (such as public safety, home­
land security, and defense/military), in homes, apartments, 
and other residences, as well as in other locations where 
similar networking functionality is required. Typical deploy­
ments may consist of either or both in-door and out-door 
installations in any of the above environments. It will be 
noted that, as used herein, the term "enterprise" may inter­
changeably be used to refer to any of the above settings as 
well as any equivalents. 

[0055] In another aspect, the present invention relates to 
hardware and hardware/software devices and configurations 
for implementing and managing a wireless network based on 
one or more network specific criteria. Such criteria may 
include throughput, specific types of network content such 
as text, voice, video, audio or other content, quality of 
service, or other network customization parameters and 
requirements such as are described herein. 

[0056] In another aspect the present invention relates to 
dynamic resource management systems and methods 
(DARM) for managing enterprise resources in a wireless 
network. 

[0057] In another aspect the present invention relates to 
systems and methods for managing quality of service (QOS) 
in a wireless network. 

[0058] In another aspect the present invention relates to 
systems and methods for providing multi-protocol manage­
ment in a wireless network. 

[0059] Additional aspects of the present invention are also 
contemplated as further described herein. 

[0060] Certain embodiments of the present invention are 
premised on providing knowledge based applications for 
wireless networks. A knowledge based application is one 
that can be aware of its resources, contexts, and performance 
and tailor network performance accordingly. Such aware­
ness may be in real or near real time, and may be adaptive 
to changing conditions, and adaptive to the requirements of 
transmitted applications. This awareness may include 
knowledge of one or more of the following: application 
semantics knowledge; flow, frame, and packet header 
knowledge; connection parameters/information knowledge; 
RF resources (such as transmit power, channel bandwidth, 
etc.); channel condition (such as noise, received signal 
strength. etc.); channel performance ( operating margin, bit 
error rate (BER), etc.); loading and resource requirement 
issues in the network that can lead to performance degra­
dation; as well as other related information. 

[0061] It will be noted that certain aspects of the present 
invention are described below with reference to the open 
systems interconnection model. The open systems intercon­
nection basic reference model (OSI model) is a layered 
abstract description widely used for communication and 
network protocol design. The OSI model consists of seven 
layers, wherein each layer includes one or more entities/ 
modules implementing its functionality. 

[0062] The OSI model layers include Layer 1 (Physical 
Layer); Layer 2 (Data Link Layer, Media Access Control); 
Layer 3 (Network Layer); Layer 4 (Transport Layer); Layer 
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5 (Session Layer); Layer 6 (Presentation Layer); and Layer 
7 (Application Layer). Each entity normally interacts 
directly only with the layer immediately below it, and 
provides facilities for use by the layer above. Associated 
protocols may be used to enable an entity in one device to 
interact with a corresponding entity at the same layer in 
another device. 

[0063] Within the OSI framework, wireless network 
resources are normally managed at Layer 2 (Data Link 
Layer, also denoted as DLC/MAC) and Layer 1 (Physical 
Layer, also denoted as PHY) of the OSI model, using their 
services and protocol messages (also denoted as protocol 
data units or PDUs). Wireless network resource manage­
ment, may, however, benefit from additional knowledge or 
information outside the PHY and DLC/MAC layers. 

[0064] For example, knowledge about application seman­
tics, connection, flow, frame, and packets can be acquired 
from information available at higher layers (Layers 3 
through 7) of the OSI model, providing additional informa­
tion that can be used for resource management. Conse­
quently, embodiments of enterprise wireless resource man­
agement according to aspects of the present invention can be 
implemented by taking a broad, holistic view that may 
include one or more of the following: Users and groups of 
users defined by their associated accounts and their client 
devices; Network and client devices used to run software 
applications and to communicate with other devices and 
networks; Software applications with their associated 
parameters, profiles, statuses and other attributes; An intel­
ligent and adaptive network/transport layer; Services that are 
designed by associating the above components, including a 
number of conditions, rules and policies; as well as other 
network information and parameters. 

[0065] Turning now to FIG. 1, a typical enterprise wireless 
network 100 is illustrated wherein wireless resource man­
agement in accordance with aspects of the present invention 
may be implemented. As shown in FIG. 1, a wireless 
network may comprise one or more wireless base stations 
110 such as access points, wireless hubs, routers, servers, or 
other devices providing control functionality over other 
network devices as well as providing connectivity to other 
networks such as the Internet. Base station 110 may include 
one or more modules implemented in hardware, software, or 
some combination of both to provide control and function­
ality to the network. In addition, control functionality may 
be distributed throughout additional network devices as 
described below. Base station 110 may include a local server 
and/or may be connected to a local server 125. 

[0066] Base station 110 may be connected to a wired or 
wireless connection such as the Internet, telephony infra­
structure, or other networks to provide a wide area network 
backbone. Base station 110 may also be connected to a 
remote server 120 through wired or wireless networks 
including the Internet, and may also be connected to other 
networks or networking backbones. 

[0067] Base station 110 is configured to communicate 
with other wired and wireless devices within the network. 
For example, base station 110 may communicate with one or 
more wireless computer devices 130, such as rack mount­
able computers, desktop computers, portable computers, 
notebook computers, embedded computers, or other com­
puter devices configured with wireless connectivity. Base 
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station 110 may also be in wireless communication with 
other wireless devices 140 such as personal digital assistants 
(PD As), other portable devices, or any other wireless 
enabled devices supporting the relevant wireless networking 
standards used by the network. 

[0068] The managed wireless network may also include 
one or more node or repeater devices 150. Such devices may 
be used to extend the range of the network beyond the reach 
of a particular access point. For example, node 150 as shown 
in FIG. 1 may be configured and operative to extend the 
signal from access point 110 to a remote computer device 
130c. 

[0069] In some embodiments a managed network may 
comprise two or more wireless devices operating in an 
ad-hoc mode, such as is shown in FIG. 1 wherein wireless 
devices 140a and 140b may be configured and operative to 
communicate directly with each other. 

[0070] While FIG. 1 is representative of a typical wireless 
network, it will be apparent that a wide variety of other 
network devices and configuration are possible and contem­
plated herein. 

[0071] In accordance with exemplary embodiments of the 
invention, one or more elements of a managed wireless 
system may be described with respect to object models 
wherein the objects illustrate users of the system or com­
ponents of the system. As described herein, objects may 
represent both users as well as components of a wireless 
management system such as may be implemented in hard­
ware, software, or combinations of hardware and software. 
Some objects may consist of standalone modules or appli­
cations, whereas some objects may comprise multiple or 
distributed modules or applications. 

[0072] FIG. 2a illustrates a simplified high level view of 
a managed wireless network according to aspects of the 
present invention wherein such an object model may be 
employed to provide management wireless network func­
tionality. As shown in FIG. 2a, one or more wireless 
resource management servers 290, such as servers 120 or 
125 as shown in FIG. 1, may implement elements of a server 
side object model as described below. Server 290 may be 
connected either directly to the managed network 295 or 
may be connected through the Internet as shown in FIG. 2a. 

[0073] Attention is now directed to FIG. 2b which illus­
trates a server side high level object model 200 of one 
embodiment of a managed enterprise according to aspects of 
the present invention. As illustrated in FIG. 2b, server side 
management may comprise management of one or more 
system objects including users (also denoted herein as 
accounts) 210, groups 220, devices 230, software packages 
240, services 250, and roles 270. A user 210 may be based 
on a particular individual user, group of users, or other user 
configurations. A particular wireless resource management 
system may comprise one or more users 210, wherein each 
user may further comprise one or more user attributes. 
Information related to users may be provided to the resource 
management system to customize network management and 
operations based on specific network requirements. Group 
220 associates users 210 with one or more devices 230, roles 
270, and software packages 240. Each software package 240 
may be associated with one or more package items 244. 
Each group 220 may have one role 270 assigned. Assign-
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ment between roles and groups defines which services 250 
will be accessible on devices 230 assigned to the specified 
group 220. Services 250 may contain preset service param­
eters 252, which define service 250 properties. Service 
parameters 252 may have predefined values such as: UpStre­
amBandwidth, DownStreamBandwidth, service priority, 
maximum delay, and the like. Group structure may be 
hierarchical. A group may have an assigned priority 211. 
Priority of a group may be inherited from a superior group. 

[0074] For example, service 250 may represent a network 
or communications service, realized as a service flow with 
its associated QOS profiles. Each service 250 must be one of 
a service class 251. Each service can have multiple param­
eters assigned (however, in an exemplary embodiment each 
parameter can be assigned only once). The relation to a 
service class defined how a service instance or flow is 
identified in the network. A role 270 represents a group of 
services 250 and rules 271 under which these services are 
used and managed. 

[0075] A managed enterprise will comprise one or more 
devices 230 such as those devices shown in FIG. 1. Devices 
may include any of a wide variety of network devices such 
as, for example, 802.11 routers, hosts, portable devices, 
wireless computers, repeaters, or other networking enabled 
devices. Information related to various characteristics of 
each device may be provided to the resource management 
system to customize operation based on specific network 
requirements. Each device may further have specific 
attributes such as device types 234 and statistics 231. Within 
each device type there may further be defined or configured 
one or more communication channels and channel informa­
tion 236 as well as device profile information 238. Device 
type 234 attributes may include information such as manu­
facturer's name, model number, or other similar informa­
tion. Statistics 231 may include information such as device 
communication parameters, services used, logs, perfor­
mance parameters, or other related statistical and data infor­
mation. Communication channel 236 may include informa­
tion such as the name of a specific communication, 
management or control protocol available to the device type. 
Device type 234 profiles may further describe characteristics 
such as maximum bandwidth, maximum storage, maximum 
loading, and other characteristics of the device. 

[0076] It will be noted that in various embodiments an 
Enterprise Wireless Manager (EWM) server side system 
may be used to manage the objects as shown in FIG. 2b as 
well as their relationships with other objects. In addition, 
other object classes, such as tickets, reports, billing, and the 
like may be used to support management of the enterprise. 

[0077] Attention is now directed to FIG. 3, which illus­
trates one embodiment of an user object model 300 showing 
a user object 310 along with typical relationships with other 
objects. A user 310 is an object used to associate users or 
groups of users with other objects such as services, appli­
cations, tickets, and the like. The user object represents a 
user of the enterprise wireless management system, which is 
also an owner of the end-user device. User attribute 312 
represents any attributes of the user. Role 370 represent's the 
user's role in the network, which may be both a bundle of 
services a user can be provisioned with as well as rules under 
which those services are available. 

[0078] Attention is now directed to FIG. 4 which illus­
trates one embodiment of a group object model 400. Group 
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410 may be associated with users, devices, roles, priorities, 
and other objects and attributes, such as software packages, 
as show in the FIG. 4. A group object represents a group of 
users and devices, used for associated provisioning. User 
privileges 412 and group privileges 414 may be used to 
define privileges for an administrator to manage an EWM 
system. 

[0079] Attention is now directed to FIG. 5 which illus­
trates one embodiment of a service object model 500. 
Service class object 520 represents a generic service class 
that may be used to define a set of methods used to classify 
service flows of this class. Pattern object 425 represents a 
method of classification. Service parameters object 527 may 
be used to describe parameters of the service, for example 
bandwidth, priority, and the like. Service object 510 defines 
a service in the system, which represents a basic provision­
ing unit. Rule object 530 defines a dynamic behavior of the 
system per service, e.g., invoking a service degradation or 
other adaptation action or method to optimize behavior and 
performance in case of some network event. Groups, users, 
devices and service objects may be defined by their asso­
ciation to patterns, parameters, rules, roles, and the like as 
shown in the FIG. 5. 

[0080] Attention is now directed to FIG. 6 which illus­
trates one embodiment of an example of service provision­
ing in accordance with aspects of the present invention. 
Service design and provisioning is a process of defining 
relationships between objects such as those shown in FIG. 6 
and assigning various parameters, roles, and rules to groups 
and services to enable dynamic, adaptive, and closed loop 
management of wireless systems. 

[0081] Attention is now directed to FIG. 7, which illus­
trates one embodiment of a device object model 700 and 
associated relationships. Device objects 710 may be used to 
represent devices such as PDAs, tablets, laptops, mobile 
phones, cameras, other handheld wireless devices, access 
points and other devices and device types used by the 
enterprise. Devices can be grouped by device types, and can 
be characterized by their communications capabilities and 
other parameters, profiles, and rules. A device can be asso­
ciated with users or group of users, and with various 
software packages containing network properties and other 
items. Devices may interact with other devices or objects 
such as is shown in FIG. 7. Device type object 720 repre­
sents the type of device and shared device properties. 
Communication channel object 730 defines the communi­
cations protocols and services that can be used by the device 
to communicate with other systems and devices. Commu­
nications can be used for data exchanges, real time and 
multimedia communications, as well as control and man­
agement functions. Examples of protocols that may be used 
in exemplary embodiments are CAPWAP, SNMP, TCP, IP, 
UDP, SIP, SOAP, 802.11, 802.16 and the like. Software 
package object 750 groups a set of software components 
such as device configuration files, programs, device images, 
and other content that may be downloaded as a bundle or as 
individual components to a device for management and 
control purposes and/or for other user needs, applications, or 
uses. Item object 765 is a software component that can be 
shared between different software packages. Item type 
object 760 represents a type of software item distinguished 
by its properties, usage, interfaces, behavior and other 
attributes including a description of a method for its instal-
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lation and configuration. Update script object 770 defines a 
set of commands for installation, configuration, and other 
behavior and performance of the item. 

[0082] The objects illustrated in a representative fashion in 
FIGS. 2-7 are typically implemented on the server side of 
the managed wireless network, and are typically managed 
and administered by enterprise personnel such as system 
administrators. In typical embodiments, however, there is 
also a device (client) side of the managed wireless network 
that is provided to manage wireless devices and their rela­
tionships, such as is shown in FIG. 7. More specifically, in 
some embodiments a software client (device agent) may be 
used for deployment on the device. Further, in some embodi­
ments multiple agents (software clients/modules) may be 
present on a device. As used herein, the term "device agent" 
may be used to describe any or all of them. 

[0083] A device agent may be used and given the respon­
sibility for managing device resources, for communications 
with management servers (EWM servers) via external net­
works, for communications with device resources via device 
internal communications mechanisms such as APis, and for 
other related or similar purposes. 

[0084] One embodiment of a device agent architecture is 
illustrated in FIG. 8. As shown in FIG. 8, a device 810 may 
include one or more device agents 820, in the form of 
software, hardware, or software/hardware modules. A device 
agent may include an internal resource manager (RM) 850, 
scheduler 870, device manager (DM) 860, device internal 
communications module or modules 830, external commu­
nications network module 840, and other components asso­
ciated with device functionality as described elsewhere 
herein. Device internal communication module 830 is a 
layer for communication with the device, for example for 
reading, writing, and changing management information 
base (MIB) values using standard and proprietary service 
access points (SAPs ). Distributed network detector module 
(DNWD) 852 is used for detecting, observing, analyzing, 
correlating, and tracking network changes and events. Dis­
tributed resource manager (DRM) module 854 is used for 
managing and controlling the network node. Scheduler 
object 870 is used to invoke and manage periodic and other 
time related operations of the agent. Update object 862 is a 
module for updating content, configuration, and other soft­
ware components present on the device. External network 
communication module 840 is a layer for communication 
with external systems and applications, and it defines the 
communications protocols and services that can be used by 
the device for such communications. These communications 
can be used for data exchanges, real time and multimedia 
communications, as well as for control and management 
functions. Examples of such protocols include CAPWAP, 
SNMP, TCP, IP, UDP, SIP, SOAP, 802.11, 802.16, and the 
like. 

[0085] In some embodiments, a Device Manager (DM) 
module or subsystem 860 may be provided to assist the 
EWM in management and control of devices and their 
associated relationships such as is described representatively 
in FIG. 7. The DM may be configured and operative to 
communicate with EWM servers to perform one or more of 
the following functions, as well as others: Device image 
rehashing; Software package updates (full and incremental); 
Device reconfiguration; Device monitoring; Device secu­
rity; and other functions. 
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[0086] In some embodiments, the DM module may be 
used to serve as a component for implementation of a 
dynamic adaptation system and process configured and 
operative to manage dynamic device and network configu­
rations according to rules, policies, triggers, and other 
attributes and conditions. 

[0087] In some embodiments, a device agent may be a part 
of a dynamic and adaptive resource manager (DARM) 
system configured and operative to manage and control 
wireless network resources dynamically and adaptively. 
DARM real time management functions may include one or 
more of the following as well as others: performance opti­
mizations; interference avoidance; quality of service (QOS) 
management; and other specialized applications and tech­
niques. Additional details of embodiments of a DARM 
system are provided below and in subsequent sections. 

[0088] In an exemplary embodiment a DARM system may 
include management servers and a number of other man­
agement and control agents in addition to a device agent. As 
noted elsewhere herein, agents are software clients/modules 
deployed on a wireless devices, and multiple agents may be 
present on a device. Each agent may be assigned responsi­
bility for a specialized management and/or control function, 
such as device management, radio resource management, 
application performance optimization, etc. 

[0089] As will be described below, in exemplary embodi­
ments, all EWM components and servers such as DM, RM, 
and device agents are configured and operative to work 
together to enable conditional provisioning and dynamic 
management of the enterprise wireless network and mission 
critical applications using the wireless network and its 
resources. 

[0090] Attention is now directed to FIG. 9 which illus­
trates a typical EWM deployment scenario and system 900. 
As shown in FIG. 9, a wireless LAN/MAN 910 may include 
one or more wireless devices 912, 914, 916. It will be noted 
that the number of wireless devices is not limited in any way 
as shown in FIG. 9. Any or all of the devices may include 
a device agent module 920 configured to manage one or 
more elements of device operation. Exemplary device agent 
embodiments are described in further detail elsewhere 
herein. Each device may connect through a local wireless 
LAN/MAN 930 to a base station 940, access point, or 
equivalent device, which may then be connected to or 
integrated with a router 960. The LAN/MAN 910 may also 
include an optional RM server 950 to provide management 
functions as described elsewhere herein, as well as other 
devices that may be connected to the particular wireless 
network. 

[0091] The LAN/MAN 910 may also be connected to a 
remote installation 970 such as a network operation center 
(NOC) or similar facility housing one or more EWM serv­
ers. The remote facility may include a router 972, database 
server 974, EWM DM Server NFTP Upload 976, EWM DM 
Server NFTP Download 978, optional RM Server 980, 
EWM Business Server 982, EWM WebServices Server 984, 
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as well as other servers or devices. Additional details of 
embodiments of these servers and their associated function­

ality is describe elsewhere herein. 

[0092] As used herein, a service is an assembly of com­

ponents that have to be identified and placed appropriately 

in a network and associated devices. Service provisioning is 

the task that operates on a service already that has already 

been designed in order to provide a runtime instance of the 

service. One example of an embodiment of service provi­

sioning is shown in FIG. 6. 

[0093] EWM's managed object classes, such as user, 

group device, application, profile, and attributes may be 
used as components for the design and configuration of a 
specific service, based upon context, profiles, performance 

metrics, or other needs. FIG. 11 illustrates one embodiment 

of a workflow of service design steps and the required EWM 

functional binding process. As shown in FIG. 11, the process 

starts with a basic design at step 1110. Additional details of 

the service may be provided at step 1120, such as, for 

example, temporal parameters. For example, a temporal 

parameter may include a period that enterprise is managed, 
such as 24 hours/day for a factory. At step 1130 a service 

class description is provided, this may include a description 

of the service to be provided, such as, for example, realtime 

voice over IP. It will be noted that all the steps prior to step 

1140 typically done before the specific network use case is 

determined. In successive steps starting with step 1140 
dynamic/configurable parameters may be provided/pro­

cessed based on application specifications. For example, an 

application may be directed to voice, video, data, or other 
parameters. These may be defined/provisioned at step 1140. 
In step 1150 network parameters such as network devices, 

characteristics, and the like may be provided. Finally, sched­

ulers and boosters may be provided such as scheduling 
packets in devices, real time provisioning, and the like. FIG. 
13 illustrates a more detailed embodiment of this process 
showing these static relationships. 

[0094] Attention is now drawn to FIG. 12 which illustrates 
one embodiment of EWM sequential functions and process 
as provided in a representative EWM system managing a 
wireless network. As shown in FIG. 12, the administrative 
process begins with a user/device administration step 1210. 
This step is associated with identifying and configuring the 
system, typically as a CIO function. The particular service is 
then configured in step 1220, also an administrative func­
tion. Service to end users are configured/provided in steps 
1230-1250. The wireless system is first provisioned in step 
1230, where, for example, conditions of service are pro­
vided, service is established, etc. The service may then be 
activated at step 1240, for example, the network is started or 
turned on. Devices/users may be admitted to the network as 
well as being rejected and/or having rejections handled. 
Finally, normal runtime operation is done at step 1250 based 
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on the particular provisioned and established services. Runt­
ime management may also be provided in step 1250. It will 
be noted that the value of any management services is 
provided only to active, enabled users, i.e. to users and 
associated devices configured and managed by the network. 
FIG. 14 provides a more detailed description of this process 
for one exemplary embodiment of the present invention, 
where administrative and configuration processes are illus­
trated at the top and the provisioning process is illustrated 
below. 

[0095] One illustrative example is encrypted service flows 
of a virtual private network (VPN) service. These service 
flows are products of the components present in the user 
devices, performing encryption or decryption at the edges 
along with quality-of-service (QOS) algorithms and sched­
ulers performing QOS management in the intermediate 
network elements. 

[0096] It will be apparent that particular services have 
unique requirements. For example, in video applications 
color depth may be more important than frame rate to some 
users, while for other users the preference may be the other 

User!D 

Joe Doe 
M32416 

way around. In some applications time delay or lack thereof 
may be important. For example, some applications may be 

delay sensitive and can tolerate errors, and some other may 

not tolerate errors but may tolerate delays. 

[0097] As shown in FIGS. 12 and 14, instances of object 
classes such as those described previously can be created/ 

ProflD 

QOS0l 
QOS04 

edited/deleted manually by a system administrator or a user 

as an administrative function, based on established policies 

and privileges to tailor these services for a specific user or 

application instance. Other objects enabling communication 

services, such as service flows, connections, etc. may be 

created/modified/deleted automatically on either pre-provi­

sioned or ad-hoc basis, and are components of runtime 

service as part ofEWM automated functions as illustrated in 

FIG. 12. 
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[0098] Therefore, in some embodiment of the present 

invention an EWM will allow a system administrator or 

other authorized user to configure the service (pre-designed 

by using industry specific templates and default configured) 

for the needs of its users and applications, and to define how 

the particular user/application will need to adapt under 

overload or suboptimal network conditions, or under differ­

ent context or other operational criteria. Each user or appli­

cation may have a list of alternative specifications, and 

associate a utility value with each specification. This may be 

based upon a list of alternative specifications, with associ­

ated context, priority value, or performance metrics for each 

specification. 

[0099] All the required components may be linked to form 

a specific service configuration. It could a row in a table, as 

illustrated below. Examples of IDs values shown in the 

tables below are only provided for the purpose of illustra­

tion, not limitation. Real values in a particular embodiment 

may need to comply with standard syntax and terminology. 

TABLE 1 

Exarn12le of Service Configuration 

Account!D Sevice!D Device!D Applic!D ProflD Rule!D 

B162552 premium Vtl00l-02 Voice0l QOS0l Rule02 
6479229 basic M35890 Voice04 QOS04 Rulell 

[0100] Each of the fields/components in the service con­
figuration can be expanded further to include additional 
characteristics associated with the particular service or ser­
vices provided. For example, a performance profile may 
include a combination of specific parameters, as shown in 
the table below. Individual ProfID entries may have different 
values/specifications for included parameters. 

TABLE 2 

Examples of Profile Definition 

ServClass TrafcPriorty MaxDataRate MinDataRate MaxDelay 

Pv00l 
Pv003 

7 
4 

64000 
32000 

8000 
4000 

80 
120 

[0101] Providing customized user/application services 

requires that different components with different character­

istics be placed appropriately in the network and devices for 

a specific service instance. Service design/configuration 

specifies the components required by a service and how to 

link/relate them. The outcome is a creation of a service flow. 

A service flow may be a row in a service flow table as 

illustrated below. 
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TABLE 3 

Example of a Service Flow 

Ser Flow ID MACaddr Direction State ProflD Item!D 

34166546 00:60:21:A5:0A:23 3 
14563289 00:60:21:A5:0A:57 2 

QOS0l 
QOS04 

S2201 
S1008 

[0102] Among others, as shown in this example, a service 
flow may be associated with a specific device (MAC 
address), pointing to a specific performance profile, or other 
parameters. In addition, a service flow may be assigned a 
specific state, such as (pre) provisioned, admitted, active, or 
other specialized or conditional states. However, service 
flows may be associated with other objects, and identified by 
other IDs. 

[0103] In addition, specialized schedulers (identified to 
DM as ItemID) may me be assigned dynamically to a service 
flow DARM System and Process. A specific scheduler may 
be a set of parameters with specified max/min values and 
packet handling policies. The table below illustrates a pos­
sible definition of scheduler. 

TABLE 4 

Example of Scheduler Definition 

Item!D MinRsrvRate MaxSustRate MaxDelay GrantSchdType RxTxPolicy 

S2201 
S1008 

8000 
400 

64000 
1200 

150 
2000 

4 
6 

6 
3 

[0104] A service deployment/provisioning process may 
then perform the actual mapping of these defined compo­
nents into the network, devices, and other objects as 
described elsewhere herein. 

[0105] In a typical embodiment, both global (end-to-end) 
and local (link, device) knowledge related to service flow 
may be required. This knowledge is acquired through one or 
more of the interfaces: An application semantics knowledge 
interface; A flow, frame, and packet header knowledge 
interface; A connection parameters/information knowledge 
interface; An OSI Layer 2 and Layer 1 management and 
control interface (e.g., MLME SAP); A Multi protocol 
management and control interface; or other similar inter­
faces. 

[0106] In a typical embodiment an EWM resource man­
ager (RM) is provided. The EWM RM is focused on 
management of wireless link performance, an in particular 
the weakest and most unpredictable links in the end-to-end 
architecture, to ensure that end-to-end performance meets 
specified service classes and performance limits. Therefore, 
once service is configured and running, the RM continu­
ously operates to optimize service performance in real time 
and adapt network configurations and performance based on 
specific context. 

[0107] This may be accomplished by utilizing local and 
global schedulers and boosters (i.e. device software items). 
A global scheduler job may be used to divide tasks among 
network components according to rules and performance 
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metrics, and to provide global knowledge about service flow. 
A local scheduler/booster may be provided to focus on local 
optimization, which is typically targeted to a single node or 
single parameter. The local scheduler/booster is typically 
performing such optimizations continuously and in real 
time. 

[0108] The combination is a priori unknown, because 
users may install applications dynamically and the network­
ing environment may changes (for example, due to device 
and/or terminal mobility). Thus the schedulers/boosters have 
to be updated continuously or periodically accordingly to 
support a specific combination provided by global scheduler. 
As described in further detail below, DARM systems and 

processes may be provided and assigned responsibility for 
management of these dynamic configurations. 

[0109] Dynamic and Adaptive Wireless Network Manage­
ment 

[0110] Another aspect of wireless resource management is 
related to dynamic and adaptive wireless network manage­
ment, including a software architecture and functions that 
enable dynamic and adaptive management of wireless net­
works and their resources, typically in wireless packet 
networks, according to rules, policies, quality of service 
(QOS) requirements, and other requirements driven by 
users, applications, and conditions. 

[0111] In some embodiments of the present invention a 
dynamic and adaptive resource manager (DARM) system 
comprised of one or more modules may be provided to 
manage and control multiprotocol wireless network 
resources (including access points, repeaters, & distributed 
antennas) dynamically and adaptively. DARM real time 
management functions may include the following as well as 
others: performance optimizations; interference avoidance; 
quality of service (QOS) management; as well as other 
specialized applications, functions, and techniques. Among 
other functions, DARM management functions may include 
predicted and real time adaptation to location and proximity 
based parameters of the network. 

[0112] In order to further describe DARM functionality it 
is helpful to consider programmable networks and associ-
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ated abstractions. Traditionally, active or progrannnable 
networks have been proposed to accelerate the introduction 
of new connnunication services and to cope with the pace of 
network evolution. The concept of progrannnable networks 
or network elements assumes that two types of network 
element components exist: control elements (CE) in a con­
trol plane, and forwarding elements (FE) in a forwarding 
plane (or data plane). Forwarding elements are typically 
ASIC, network-processor, or general-purpose processor­
based devices that handle data path operations for each 
packet. Control elements are typically based on general­
purpose processors that provide control functionality, such 
as routing and signaling protocols and the like. 

[0113] To enable open/standard progrannnability it is 
helpful to abstract the networking hardware, and include 
environments to download and install the networking soft­
ware above the hardware abstraction level, because pro­
grannnable networks usually assume the existence of a 
common abstraction of the underlying hardware. In embodi­
ments of the present invention both standard and proprietary 
abstractions of resources may be used. These may differ for 
each radio type and are often tightly coupled to dedicated 
hardware. In some exemplary embodiments proprietary net­
working software environments are used that may be down­
loaded and installed above the hardware abstractions if 
standard and open resource abstractions are not available. 
When proprietary interfaces to the managed resources are 
used, they may differ for each device type and often need to 
be tightly coupled to dedicated hardware. 

[0114] In many devices resources such as processing 
power and memory are limited. To overcome the problem of 
limited resource availability on a device, dynamic software 
updates may be used for re-configurable devices, where 
protocol modules are downloaded to update or extend the 
existing code. A device management client in coordination 
with a connnunications and control manager may be used to 
perform such procedures. Alternately, a station management 
entity (SME) proxy appliance architecture as is further 
describe below and shown in FIG. 16 may be employed to 
overcome resource limitations and/or to increase DARM 
performance. 

[0115] For a typical wireless device there may be multiple 
management and control clients present. These may exist as 
a set of functions implemented in software, firmware, or 
software and hardware combinations or modules of various 
types. Functions may be implemented as a set of specialized 
clients, which typically will reside on an SME, or on other 
system and/or device components as dictated by the specific 
performance, functional, and architectural requirements. In 
typical embodiments agents are responsible for monitoring 
local resources on a device, reporting back to a management 
and control manager, and performing requested actions by 
this manager. Major functions of agents include but not 
limited to: Monitoring wireless network resources, such as 
bandwidth, RF signal strength, noise level, QOS parameters, 
roundtrip times, signal path loss, and others, including 
location based measures and the like; Applying various 
algorithms and techniques to process information and pre­
dict the future state of network resources; Mapping policies 
and profiles to available resources; Allocating and reserving 
local resources to provisioned flows; providing feedback on 
critical resources to higher level managers; Employing vari­
ous optimization algorithms and techniques to dynamically 
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adjust to channel condition; as well as a variety of other 
functions and processes including those described elsewhere 
herein. Embodiments of aspects of DARM system configu­
ration and functionality are further described below. 

[0116] In some embodiments a resource management cli­
ent (RMC) may be assigned responsibility for monitoring 
local RF resources on a device, reporting information back 
to a resource manager (RM) and performing actions 
requested by the RM. The RMC may be tightly coupled with 
device resources to enable real-time reporting and control of 
local RF resources on a particular device. Additional spe­
cialized agents may also be used by the management system 
to perform more advanced and specialized functions, such as 
trajectory or interference management. 

[0117] In some embodiments a semantics interface may be 
provided. This interface may be used to provide access to an 
application's semantics knowledge (i.e. to obtain knowledge 
of the applications used). Understanding of application 
semantics may allow additional performance optimization 
of particular transmitted streams. For example, it will be 
recognized that for multimedia applications such as voice or 
video the loss of some packets may have more significant 
impact on the perceived quality, as not all the packets have 
the same importance for objective speech or video quality. 

[0118] As another example, given speech signal properties 
and low bit rate codec features, it may be possible to 
distinguish between important and unimportant packets. 
Once such semantic knowledge is obtained, one or more 
application optimization agents may be used to mark these 
packets according to their importance in the same flow. The 
application optimization agent may then apply a proper 
scheduler function to mediate an access to the shared RF 
transmission channel for multiple flows produced by mul­
timedia applications, including the possibility of treating 
packets individually within a single flow, as well as dynamic 
adaptation to the particular channel state. 

[0119] In some embodiments this functionality may be 
performed by enhanced Link/MAC Layer functions capable 
of influencing the quality of the transmission of the radio 
channel, by, for example, adjusting the transmission power, 
usage of multiple antennas (MIMO), beam forming/steering, 
of other similar channel control/performance enhancement 
techniques. In some exemplary embodiments this may 
include selective packet loss recovery to protect packets by 
using different configurations of the physical and data link 
layer and switching between them on a per-packet basis. 
Another approach may be applied using redundant trans­
missions and packet duplications to protect the packets 
classified as important. 

[0120] In some embodiments, the implementation of the 
application optimization function may include software 
modules interfaced to a transmitting side, located on a 
mobile device, and to a receiving side, located on an access 
point. Both modules may be located at the MAC- and link 
layer, and they can be pre-installed on devices, or dynami­
cally deployed to support a specific instance of a flow using 
systems and techniques as described herein. 

[0121] In some embodiments there may also be a flow & 
packet header knowledge (FPHK) interface to the control 
plane and control element(s). The purpose of this interface 
is to obtain flow and packet knowledge available in the 
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header of the packet or frame of higher layers of the OSI 
stack (i.e., Layers 3 through 7). This knowledge may be used 
by DARM agents and management and control applications 
to manage the flows and packets according to established 
rules, policies, and conditions. 

[0122] In some embodiment there may also be a connec­
tion and signaling knowledge (CSK) interface. The purpose 
of this interface is to obtain connection knowledge infor­
mation available in connection establishment and signaling 
messages. This knowledge may be used by DARM agents 
and management and control applications to manage the 
connections and flows according to established rules, poli­
cies, and conditions. This information may also used to 
trigger management and control events associated with the 
knowledge, such as, for example, identifying the establish­
ment and termination of a connection. 

[0123] Embodiments of a DARM system will typically 
include management servers that contain enterprise wide 
policies, priorities, and conditions for users, devices, and 
applications. Management servers may also store and man­
age downloadable schedulers, configurations, classifiers and 
monitors as well as provide other functions as described 
elsewhere herein. 

[0124] In some embodiments interactions and communi­
cations between management and control agents and man­
agement servers may be performed using a multi-protocol 
control and management interface, managed by a commu­
nications and control manager as described elsewhere 
herein. In a typical embodiment the manager is a central part 
of DARM. It may be configured to interact with "condi­
tional" provisioning functions to maximize resource effi­
ciency (access points, routers, & repeaters) and manages 
activities and functions of agents, including the selection of 
the specific agent to be used, to ensure that enterprise wide 
requirements and policies are met. 

[0125] The management and control manager may be 
provided as a software application/controller/module that 
may be deployed at an access point, base station, router, 
repeater, smart antenna system, proxy appliance, central 
server/controller, or other network node as dictated by the 
specific use case or performance requirements. 

[0126] As noted previously, a DARM system may include 
management servers as well as one or more management 
and control agents. As used herein, agents are software 
clients/modules deployed on the wireless devices or in 
conjunction with a wireless proxy appliance which may be 
used in the event there are insufficient processing or memory 
resources to support the control agents on the network and 
client devices. Multiple agents may be present on a single 
device. A proxy appliance may likewise manage and control 
multiple wireless devices. Each agent may be assigned 
responsible for a specialized management and/or control 
function, such as device management, radio resource man­
agement, application performance optimization, or other 
aspects of device operational or performance management. 

[0127] In some embodiments enterprise wireless manage­
ment servers may be remotely located and may include 
profiles, policies, priorities, and associated contexts for the 
enterprise users and devices. In addition, management serv­
ers may have downloadable software modules such as 
schedulers, configurations, classifiers, monitors, and the like 
that can be dynamically uploaded to wireless devices as 
described herein. 
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[0128] In some embodiments a station management entity 
(SME) may be provided to represent management and 
control capabilities present locally on a device, or on a SME 
proxy appliance. In addition to management and control 
agents, local policies, monitors, MIBs, and other manage­
ment capabilities may be present on an SME. 

[0129] In some embodiments there may also be an inter­
face to an application or applications for obtaining knowl­
edge of application semantics. Knowledge of application 
semantics may be used as described elsewhere herein to 
optimize performance and quality of application transmis­
sion over the media channel. Specialized classifiers and 
schedulers may be employed to perform such optimizations. 

[0130] Management and control agents may communicate 
with the MAC/PHY control plane of the device using either 
standard or proprietary interfaces, APis, or messages. As an 
illustrative example, an embodiment employing the IEEE 
802.11 standards define them as MLME-SAP and PLME­
SAP, with corresponding messages, as shown on FIG. 17. 
[0131] Management and control agents may communicate 
with one or more communications and control managers 
present at management servers using multi-protocol control 
and management interfaces and messages. Both standard 
and proprietary protocols and messages may be used by this 
interface. Embodiments of multi-protocol systems and and 
methods are provided in later sections herein. 

[0132] In one exemplary embodiment a DARM System 
includes the following components in the form of hardware, 
software, or combinations of hardware and software: means 
for accessing wireless network resources, typically via an 
interface or API; One or more management and control 
clients, including a resource management client (RMC); 
One or more communications and control managers, includ­
ing a resource manager (RM); A multi protocol control and 
management interface; management servers with download­
able management modules; One or more preprogrammed 
rules engines to control the application of RMC to network 
devices; One or more listeners to constantly monitor net­
work and client connectivity behavior and performance, 
among other parameters. 

[0133] The above embodiments of the present invention, 
as well as additional aspects, are further illustrated with 
respect to the figures. FIG. 15 illustrates a representative 
DARM architecture 2100. A DARM system may comprise 
multiple applications/functions/devices such as are 
described below in the form of software applications, mod­
ules, software and hardware combination applications/mod­
ules, or other means of providing functionality as are known 
in the art. Functionality may be distributed over multiple 
devices, such as over a management server 2110 and wire­
less device 2105 as shown in FIG. 15. A wireless device 
2105 may include modules implementing multiple func­
tions. One or more applications 2120 may provide informa­
tion to the OSI MAC/PHY layer 2140 for wireless trans­
mission over a wireless channel 2160. A station management 
entity (SME) 2130 may receive information such as flow 
and packet header knowledge from the MAC/PHY layer 
2140, application semantics knowledge from application 
2120, connection setup and signaling information from a 
setup application 2150 such as a SIP, and multi-protocol 
information from one or more management servers 2110. 
[0134] A separate management server 2110 may be 
included in a DARM system either locally or remotely to 
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provide enterprise wide management functionality including 
managing users, devices, policies, priorities, and any other 
related management or control functionality. Management 
server 2110 may also comprise downloadable modules such 
as schedulers, configurations, classifiers, monitors, or other 
downloadable functions or features. Management server 
2110 may also comprise a communication and control 
manager configured and operative to communicate with one 
or more SMEs, such as via a multi-protocol interface as 
shown in FIG. 15. 

[0135] As shown in FIG. 15, an SME 2130 may include 
one or more modules to implement functionality including 
managing local and downloadable policies, configuration, 
state scheduling, and other functions for applications, users, 
conditions, and the like. The SME 2130 may implement 
and/or provide one or more management and control agents 
related to devices, resources, policy, flow, and other related 
parameters. In addition, the SME may include local moni­
tors and controls, threshold setting/detection, anomaly set­
tings/detection, faults, degradations, and the like. Informa­
tion related to historical performance may also be provided 
including known signatures, multipath, channel loads, fad­
ing, and other related information. 

[0136] In some embodiments, a DARM System may alter­
nately employ an SME proxy appliance architecture as 
shown in FIG. 16 to run some applications and functions in 
separate modules, hardware, co-processor(s), or "dongles." 
It will be noted that many of the components/modules 
shown in FIG. 16 may be interchanged with the analogous 
component/module as shown in FIG. 15. As shown in FIG. 
16, a wireless device 2205 including one or more applica­
tions 2220 may offload some functionality to an SME Proxy 
Appliance 2230, wherein functionality similar to that imple­
mented in SME 2130 as shown in FIG. 15 is implemented. 
The wireless device 2205 may include a proxy management 
and control agent within a station management entity 2265, 
which is configured to communicate with SME proxy appli­
ance 2230. The wireless device may also include an OSI 
MAC/PHY module 2240 configured to communicate with a 
wireless channel 2160. 

[0137] FIG. 17 illustrates one embodiment of a DARM 
system 2500 in the context of an 802.11 network. Forward­
ing plane 2510 modules address packet forwarding func­
tionality including physical signaling via the transmission 
channel, quality of service functions related to classification, 
scheduling, buffer management, and other related function­
ality. Control plane 2520 modules address state management 
functionality including setting routing tables, QOS function­
ality related to reservation, signaling, setting schedulers, 
setting parameters, and related functionality. Management 
plane modules 2530 address configuration and monitoring 
functionality including routing algorithms, addresses, QOS 
functions related to policies, classes, parameters, and related 
functionality. An interface is provided to external systems 
2540, such as an external network management system. 

[0138] Quality of Service (QOS) Management 

[0139] Another aspect of the present invention is related to 
management of wireless network quality of service (QOS). 
As noted previously, a number of problems exist with 
respect to quality of service management in current wireless 
networks. For example, existing QOS management of 
packet based transmission systems typically include packet 
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classification, marking, queuing and scheduling. These pro­
cesses are static and not very granular. 

[0140] Scheduling in wireless networks may require dif­
ferent approaches from those used in wireline networks, as 
the capacity/bandwidth of the link varies in time, depends on 
location, and is subject to other environmental conditions. In 
addition, most of the existing scheduling algorithms assume 
some type of channel conditions, without a real knowledge 
of the channel's true conditions, thus potentially making 
these algorithms ineffective, and sometimes even counter­
productive. Typically these algorithms are "hardwired" into 
the wireless device, such as in a base station or access point 
device. In wireless networks, network configurations and 
topologies may be not know a priori, as in the case of ad hoc 
networks, or may be changing as mobile nodes are moving, 
appearing, and disappearing from the network. 

[0141] In one aspect, the present invention relates to 
addressing these problems as well as other through the use 
of dynamic and efficient management of deterministic/guar­
anteed QOS. As used herein, QOS may be defined as a set 
of elements/parameters describing expected and/or required 
network resources, such as bandwidth, data rate, delay, jitter, 
error rate, and the like. QOS requirements may be expressed 
in different terms and at different levels than network 
resources. However, all of them need to be translated/ 
mapped to manageable network resources. This requires 
specialized algorithms and tools at various levels of the OSI 
stack. 

[0142] Deterministic or guaranteed QOS is hard bounded, 
and typically QOS calculation is based on upper bounds 
(worst case) and must be satisfied for a duration of service/ 
session, even under the worst case conditions, thus ensuring 
high reliability of service. One alternative is a static reser­
vation of resources, or overcapacity, which can lead to poor 
network utilization and lack of efficiency. This approach 
may work well for static networks such as wireline LANs, 
but it typically will not work well for networks with dynami­
cally changing configurations and unpredictable perfor­
mance characteristics, such are experienced in WLANs. 

[0143] Some representative examples of unique condi­
tions of wireless networks include the characteristics that as 
nodes move in and out of range of other nodes, the connec­
tivity and network topology may change dynamically, and 
communication between mobile nodes requires that the 
received signal strength be adequate to connect to another 
mobile node at a specified QOS level. 

[0144] In order to address these and other concerns, 
embodiment of the present invention manage and control 
wireless network resources dynamically and in real time, 
including performance optimizations, interference avoid­
ance, quality of service (QOS) management, and other 
specialized applications and techniques. 

[0145] In some embodiments, a QOS management system 
(also denoted herein as a QOS system) may be a component 
of an EWM system as discussed previously. In addition, in 
some embodiments a QOS management system may be a 
component of a DARM system as also discussed herein. One 
representative embodiment of QOS functionality within a 
DARM system is shown in FIG. 15. 

[0146] In some embodiments a QOS system may include 
one or more elements including a QOS agent or agents, a 
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QOS manager or managers, as well as other objects, com­
ponents, and subsystems as described herein. In embodi­
ments wherein a QOS system is a component of a DARM 
system, as discussed in further detail previously, the DARM 
system may include management servers and a number of 
other management and control agents, in addition to one or 
more QOS agents. Agents as defined herein are software 
clients/modules deployed on wireless devices, and multiple 
agents may be present on a particular device. Each agent 
may be assigned responsibility for a specialized manage­
ment and/or control function, such as device management, 
radio resource management, application performance opti­
mization, QOS management, and the like. A QOS agent may 
be implemented as a standalone software module or may be 
part of other management and control agents, or may be a set 
of specialized agents. A QOS manager may be provided as 
a software component ofEWM servers such as are shown in 
FIG. 9. 

[0147] In some embodiments, a QOS Management Pro­
cess may include packet classification, marking, queuing, 
and scheduling. A QOS Management System may employ 
techniques described herein, in addition to standards based 
techniques, for these functions. 

[0148] In some embodiments these techniques are 
dynamically applied to the QOS Management Process. In 
addition, fine granularity of QOS management, rather than 
coarse as is typical in wireless networks, where each packet 
within a session/flow is assigned a certain priority level and 
is managed accordingly to this priority may be employed. 

[0149] In some embodiments, a QOS management system 
may utilize one or more of the following DARM interfaces 
or equivalent interfaces: Application Semantics Knowledge 
(ASK) interface-the purpose of this interface is to obtain 
semantics knowledge of the applications used; Flow and 
Packet Header Knowledge (FPHK) interface to control 
plane and control element-the purpose of this interface is 
to obtain a flow and packet knowledge available in the 
header of the packet or frame of higher levels of the OSI 
stack (i.e., layers 3 through 7); Connection and Signaling 
Knowledge (CSK) interface-the purpose of this interface is 
to obtain connection knowledge information available in 
connection establishment and signaling messages. 

[0150] Attention is now directed to FIG. 18, which illus­
trates an exemplary embodiment of a QOS management 
system architecture and process flow. As shown in FIG. 18, 
a QOS management system may comprise a number of 
modules including hardware, software, or a combination of 
hardware and software, configured and operated to imple­
ment QOS functionality such as data processing, storage, 
and transfer. The modules may comprise process steps 
and/or associated hardware or software to implement such 
steps. Such modules may interface with other modules to 
control operation and implement data and/or control transfer 
between modules as well as external devices. 

[0151] A QOS management process may start with an 
understanding of application semantics as shown in step 
3112. Semantics knowledge may be provided via an appli­
cation semantics interface from a DARM system or equiva­
lent as discussed elsewhere herein. This allows for granular 
and more intelligent QOS performance optimization of the 
transmitted data streams. For example, in a network config­
ured for optimization based on transmission of multimedia 
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such as voice or video, it will be recognized that loss of some 
packets may have more significant impact on the perceived 
quality, as not all the packets have the same importance for 
objective speech or video quality, and therefore less impor­
tant packets may be disgarded and/or assigned a lower 
transmission priority. In speech transmission applications it 
is known in the art that not all the packets have the same 
importance for objective speech quality. This provides a 
basis for network tailoring through QOS management to 
optimize performance. Considering the properties of speech 
signals and low bit rate codec features, processing based on 
this semantics knowledge may be implemented to distin­
guish between important and unimportant packets, and the 
important packets may be processed and transmitted while 
less important packets may be delayed or discarded, effect­
ing improved quality of speech within a network while 
minimizing transmitted information. This approach can be 
implemented to improve perceived quality of speech trans­
mitted through the network, and can be applied to other 
tailored applications wherein knowledge of application 
semantics may be used to process content accordingly. 

[0152] Application semantic knowledge may be provided 
through a DARM system and may be used to obtain appli­
cation somatic knowledge (i.e., important voice packets, 
important video packets, etc.), and to identify and classify 
relative importance of each packet in the flow such as is 
shown in 3114 in FIG. 18. This may further be done in 
addition to relative prioritization of the flows (ie. data vs. 
voice vs. video), that can be obtained through a Connection 
Parameters Knowledge (CPK) interface as well as through a 
Flow and Packet Header Knowledge interface of the DARM 
system as shown in interface 3140. The packets may then be 
marked accordingly at 3116 for transmission over the net­
work at 3118, 3120, 3132, where they are transmitted 
through the PHY layer channel at 3136 to the wireless 
channel 3150. 

[0153] A module 3110 may be provided to manage appli­
cation service flow. Service flow module 3110 may provide 
information to application semantics knowledge module 
3112 based on particular application information or quality 
of service criteria. Information may also be provided to the 
control plane 3118 (control/packetization information) and 
forwarding plane 3120 ( data payload information) to be used 
in conjunction with information/data from other modules to 
generated data payloads and associated packet headers. 

[0154] One or more modules 3124 may be provided to 
manage QOS rules and policies. Input to this module may be 
provided from a variety of interfaces/modules, including 
from interface 3140, as well as from a module or modules 
3122 providing known QOS patterns and conditions. QOS 
rules and policy module 3124 may then provide information 
to a Queuing management module 3128 for managing 
queuing in one or more associated queues and/or buffers 
3132, where content provided from the control plane 3118 
and forwarding plane 3120 may be provided to be queued 
for transmission. Module 3124 may also provide informa­
tion to a scheduling management module 3130, wherein data 
scheduling is managed via one or more schedulers 3134. 
Schedulers 3134 may provide scheduling information to 
queues/buffers 3132. Packetized data may then be trans­
ferred from queues/buffers 3132 to a PHY channel module 
3136 wherein packets are transmitted on wireless channel 
3150. 
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[0155] It will be further noted that application of QOS 
rules and policies may be done in a variety of ways. For 
example, application of QOS rules and policies may be be 
applied to each marked packet within a flow (i.e., a voice or 
video flow), in addition to or instead of application of per 
flow QOS rules and policies. 

[0156] Another aspect of QOS management is related to 
adapting data transmission by using channel aware sched­
uling. It is know in the art that when transmitting applica­
tions over a wireless channel, multimedia traffic is faced 
with the error prone, time-varying nature of wireless com­
munication. Multimedia applications may be particularly 
susceptible to degradations associated with channel varia­
tions. 

[0157] This problem can be addressed by tailoring trans­
mission to the measured, known, or predicted state of the 
channel. For example, in some embodiments of QOS man­
agement, this situation may be improved by adapting the 
transmission decisions ( e.g., time to transmit or parameters 
like transmission power or FEC to the current) to the actual 
state of the wireless channel by using channel-aware sched­
uling. Channel-aware scheduling is a technique that adapts 
the transmission start time of a packet to the channel 
condition. Sending packets over a channel when the channel 
is in an undesirable state is avoided as the data would likely 
get lost anyway. 

[0158] To make such decisions, knowledge about future 
channel state is needed. This knowledge may be obtained 
from channel prediction algorithms based on mathematical 
models such as are known in the art, and/or available from 
multiple sources and applied to known, measured, or pre­
dicted channel characteristics and associated application 
requirements. 

[0159] In some embodiments of the present invention a 
QOS management system in accordance with aspects of the 
present invention applies a scheduler function to mediate 
access to the shared RF transmission channel for multiple 
flows produced by multimedia applications, including in 
some embodiments treating packets within a single flow 
individually, as well as applying dynamic adaptation to the 
channel state. 

[0160] This may be performed by implementing enhanced 
Link/MAC Layer functions wherein the functions are 
capable of influencing the quality of the transmission of the 
radio channel by, for example, adjusting parameters such as 
the transmission power, usage of multiple antennas 
(MIMO), beam forming/steering, or other techniques for 
channel control and adaptation know in the art. 

[0161] In one embodiment this process may include selec­
tive packet loss recovery to protect packets by using differ­
ent configurations of the physical and data link layer and 
switching between them on a per-packet basis. Another 
exemplary approach may use redundant transmissions and 
packet duplications to protect the packets as classified based 
on their importance. 

[0162] In some embodiments, QOS rules and policies may 
require a specific queuing and scheduling mechanism, in 
addition to, or in replacement of, per flow queuing and 
scheduling mechanisms that may need to be invoked for a 
managed flow instance. In embodiments using a DARM 
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systems, the DARM system may be assigned responsibility 
for dynamic management (deployment and installation) of 
these mechanisms. 

[0163] Another aspect of QOS management is related to 
proactive and predictive QOS management as further 
described below. 

[0164] As noted and further described elsewhere herein, in 
an embodiment using a DARM system, the DARM system, 
through its interfaces, may passively monitor and records 
real network patterns (traces), such as for flow, traffic, 
conditions, and the like, apply trigger and threshold condi­
tions, and then associate a particular QOS failure or perfor­
mance degradation to a known and repeatable network 
condition. Specific rules, produced a priori and off-line, for 
these known patterns may be provided to QOS Manager as 
a part of the DARM system. In addition, self-learning and 
adaptive techniques may be used over the life cycle of 
network management to enhance and tune the reliability and 
precision of these tools. The system may be configured and 
operative to analyze historical results of transmission types, 
associated QOS mandated responses, and intervention 
results to better categorize thresholds and threat to QOS 
profiles, and accordingly optimize RM responses. 

[0165] For example, in one exemplary embodiment a QOS 
agent in cooperation with a QOS manager manages QOS 
performance proactively based upon knowledge of these 
known traffic flow patterns (usage peaks, static connections, 
etc.) as well as known network performance problem areas 
(known poor coverage areas, high interference, etc.). Based 
upon knowledge of these known conditions, and by using 
pattern recognition techniques for boundary conditions, such 
as are known in the art, a QOS manager may proactively 
invoke specialized rules and/or schedulers, such as are 
discussed above and elsewhere herein, to manage QOS for 
identified flows. 

[0166] In some embodiments, a QOS agent screens QOS 
related parameters against predefined thresholds and moni­
tors their changes and behaviors. Continuous monitoring of 
QOS may be performed and aggregated, and analyzed 
feedback is provided to the QOS manger or management 
application to invoke rules and the desired modification to 
wireless and network settings. To accomplish this, a client 
device must be able to support QOS settings and their 
associated management. This may be accomplished by 
deployment of a software client to support both standard and 
proprietary communications, such as is described elsewhere 
herein. 

[0167] In some embodiments, a "lightweight" version of 
QOS with lesser functionality may be obtained without the 
client application modification by network side analysis of 
invoked protocols and traffic patterns associated with device 
profiles. In this version, any ensuing analysis can likewise 
hit threshold trigger rules in the QOS manager and invoke 
the appropriate network management modifications. 

[0168] It is typically also desirable to monitor and signal 
when a desired QOS level is not or cannot be maintained. 
Consequently, in some embodiments, QOS management 
functionality may include functions related to notification of 
inability to maintain a desired QOS level. When the QOS 
manager is not able, or is predicting that it will not be able, 
to maintain the required QOS level, it may notifies a QOS 
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management application that is a part of EWM and/or 
DARM. The QOS management application may then pro­
vide specific instruction to the QOS Manager about any 
desired and/or required action. This action may be based 
upon "higher" level knowledge of the user/application pri­
orities such as QOS requirements, network wide informa­
tion, session relationships, and other related or similar 
priorities as predefined and administered by EWM and/or 
DARM. 

[0169] Multi-Protocol Management 

[0170] Another aspect of the present invention is related to 
multi-protocol management. As noted previously, a number 
of problems exist in typical wireless networks where multi­
vendor devices operate in accordance with multiple proto­
cols. In some aspects related to multi-protocol management, 
embodiments of the present invention are directed to soft­
ware architecture and functions that enable dynamic proto­
col negotiations making network management and control 
applications and functions protocol agnostic. 

[0171] Configuration management is one of the most 
complex and critical management activities to be performed 
on a managed device in a wireless network. Standard and 
legacy technologies such as SNMP, CLI, and the like are not 
very well suited for configuration management due their 
inherent limitations. In addition, these standard and legacy 
approaches are static and do not provide negotiation capa­
bilities. 

[0172] In some embodiments of the present invention, a 
fully or partially proprietary management system may be 
used. The management system comprises a management 
client embedded into the device environment ( either 
directly, via APis, via an associated dongle, or via other 
techniques known in the art including those described else­
where herein) that enables efficient and powerful control 
over both standard and proprietary management interfaces. 

[0173] Management applications and functions can use 
this management system to transparently manage devices 
over multiple management interfaces, both standard and 
proprietary. A strength of this approach is the ability to 
bridge multiple wireless and network protocols, using both 
standard and custom interfaces, to allow management of all 
resources from a single management point or application. 

[0174] In some embodiments, access to managed wireless 
network resources may be provided via standard, open, or 
proprietary interfaces and APis. A multi-protocol manage­
ment and control communications layer may then be used to 
enable protocol agnostic execution of management applica­
tions, policies and functions, including optimizations per­
formed by agents. 

[0175] The following functions, as well as others, may be 
implemented to enable multi protocol management and 
control of heterogeneous devices: Protocol type negotiations 
to choose a specific type of protocol for a management 
function that is supported by the device; Capabilities nego­
tiations to establish knowledge about specific profile and 
options that are supported by the device; Protocol configu­
ration that is required to ensure interoperability; Protocol 
message mapping that may be required to ensure interoper­
ability between management applications and functions and 
the protocol messages supported by the device; Information 
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translation and adaptation that may be required to ensure 
that correct information is managed and controlled. 

[0176] Attention is now directed to FIG. 19, which illus­
trates one embodiment of a multi protocol management and 
control communications layer used to manage heteroge­
neous devices. As shown in FIG. 19, a typical wireless 
network being managed according to a multi-protocol man­
agement system may comprise multiple mobile as well as 
fixed wireless devices such as mobile devices 4110, 4112, 
4114, and 4116. The mobile devices may be configured to 
operate according to multiple wireless protocols such as 
IEEE 802.11 in various forms, IEEE 802.16, AirSync, or 
other wireless configurations or protocols. It will be noted 
that while the embodiment of FIG. 19 is shown with respect 
to these protocols, the invention is not so limited and other 
protocols are fully contemplated herein. 

[0177] The wireless network may further comprise one or 
more fixed location wireless devices such as devices 4130, 
4132, 4134, and 4136. These devices may be configured to 
communicate with the mobile wireless devices as shown in 
FIG. 19, or in other similar configurations with other wire­
less devices. Management and control of the multiple 
mobile wireless devices may be in accordance with recog­
nized protocols such as those shown in FIG. 19 including 
AirSync, IEEE 802.11 basic, primary, and/or secondary, 
IEEE 802.llv, IEEE 802.11, or other protocols known in the 
art. In some embodiments a wireless termination point 4120 
may be provided to enable interfacing between the 802.11 
MAC/PHY layer and may use protocols such as control and 
provisioning of wireless access points (CAPWAP) to access 
controller 4136. Interfaces between fixed wireless devices 
4130, 4132, 4134, 4136, as well equivalent devices in other 
network configurations may then be provided to a manage­
ment and control communications layer module 4140, 
wherein multi-protocol management functionality may be 
implemented. 

[0178] FIG. 20 illustrates one embodiment of an architec­
ture implementing multi-protocol management and control 
of heterogeneous devices. As shown in FIG. 20, a set of 
protocol independent tools and applications 4210 may com­
prise a manager module or modules 4210 along with other 
modules, with the manager module used as a central element 
of a multi-protocol management and control system. Man­
ager module 4210 may be configured and used to provide 
high level management functionality, independent of par­
ticular protocols. This may include a range of tools, func­
tions and applications which may be provided by manager 
module 4210 alone or in conjunction with other modules, 
subsystems, or applications. Manager 4210 may interact 
with one or more "conditional" provisioning function mod­
ules 4220 to maximize resource efficiency (access points, 
routers, repeaters, smart antenna systems, specialized net­
work appliances and end user wireless systems) by provid­
ing conditional provisioning, such as provisioning associ­
ated with particular device interfaces, protocols, and the like. 
Conditional provisioning modules may provide dynamic 
adaptation and mediation functionality within modules 
including modules configured to perform protocol negotia­
tion 4221, capabilities negotiation 4223, protocol configu­
ration 4225, protocol message mapping 4227, information 
translation and adaptation 4229, as well as other related 
functions. This layer may be used to provide an interface 
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between protocol independent management functionality 
and standards based or proprietary based devices and their 
associated interfaces. 

[0179] An addition level 4230 comprising protocol spe­
cific communications channels and one or more associated 
modules 4235 may be provided to manage and control 
communications channels based on particular device and 
channel requirements. This may include management of 
protocol specific communication channels based on standard 
(i.e. SNMP, netconf, CAPWAP, 802.16g, 802.llv, or other 
standards) or proprietary (AirSync, CLI, API, and the like) 
channels/standards. It will be noted that AirSync is a pro­
prietary communication standard developed by Proximetry, 
Inc. 

[0180] In addition, a management and control layer 4240 
may be provided on managed devices to manage, control, 
deploy, and operate device agents 4251, 4253, 4255, 4257 
and agent functionality on one or more managed devices 
such as managed devices 4241, 4243, 4245, and 4247 as 
shown in FIG. 20. Management may include the activities 
and functions of agents, including the selection of a specific 
agent or agents to be used, to ensure that established SLAs 
and QOS requirements are met. Agents may be deployed on 
multiple devices such as managed devices 4241, 4243, 4245, 
and 4247, these devices representing various types of wire­
less devices such as are shown in FIG. 19. It will be apparent 
that a wide variety of different managed devices may be 
provided/used. 

[0181] It will be noted that manager module access (inter­
face or API) to QOS profiles, SLAs, and policies may be 
provided via standard, open, or in some cases proprietary 
interfaces or APis. In some embodiments the present inven­
tion uses proprietary interfaces if standard or open interfaces 
and APis are not available. 

[0182] Attention is now directed to FIG. 21 which illus­
trates one embodiment of management architecture. In some 
embodiments, management and control clients are respon­
sible for monitoring local resources on a device, reporting 
back to a management and control manager, and performing 
requested actions by the manager. These communications 
may be sets of simple operations performed on the managed 
resources. The names of these operations are typically 
protocols specific. For example, in FIG. 21 these operations 
are generalized to READ/WRITE operations described as 
GET/SET. Specific protocols may support other type of 
operations denoted differently such as DELETE, CANCEL, 
FILTER, or other protocol specific terminology. 

[0183] Management and control functionality of the 
embodiment shown in FIG. 21 can generally be divided into 
three components comprising one or more modules based on 
software, hardware, or combinations of hardware and soft­
ware. Management and control applications and functions 
4310 may interact with a multiprotocol management and 
control communications layer 4320 which may further inter­
act with specific network and device resources 4340 to 
provide multiprotocol network management functionality. 

[0184] The information received/obtained from managed 
devices may be passed to management applications and 
functions as a set of primitives. The applications may then 
process these input primitives according to their computing 
logic. The output of these calculations may be provided to 
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other higher level applications or may be provide as set of 
output primitives requesting specific actions, such as SET, 
on managed/controlled resources such as wireless base 
stations, access points, or other devices. 

[0185] For example, as shown in FIG. 21, one or more 
modules implementing optimization algorithms 4312 may 
be provided to receive input primitives from a management 
and control manager module 4322 and may provide output 
primitives based on one or more optimization criteria. Input 
primitives may be provided to one or more modules 4314 to 
provide visualization and/or reporting information about 
various aspects of managed network operation. Additional 
management and control functions 4316 may be imple­
mented to provide control services and functions. Modules 
4316 may similarly receive input primitives from a man­
agement and control manager 4322 and provide output 
primitives based on their functionality. 

[0186] Management and control manager 4322 may also 
interface with one or more management and control agents 
4324 as shown in FIG. 21. Management and control agents 
4324 may then interface with particular devices and/or other 
network resources based on device specific standards, con­
figuration parameters, and the like. For example, a manage­
ment and control agent may provide information to device 
and network resources 4342, may provide and receive 
configuration information from devices to configure net­
work resources based on application or network specific 
requirements 4344, and may receive device and network 
information 4346 such as device and network performance 
parameters, measurements, statistics, or other device or 
network status, configuration, or operational information. 
Additional illustrative examples provide further details 
regarding embodiments of the invention. 

ILLUSTRATIVE EXAMPLE 1 

RF Interface Control 

[0187] In an embodiment of a optimization application for 
RF interference control, the application may receive input 
primitives such as power/noise levels, error rates, or other 
parameters related to the RF channel or interface for its 
computational algorithm and associated processes, and then 
provide output primitives such as power level and/or chan­
nel number that will be need to be changed on the device by 
SET operations. For example, as shown in FIG. 21 the 
primitives associated with power/noise levels may be pro­
vided from manager 4322 to optimization algorithm module 
4312, which then provides the power level, channel infor­
mation, or other RF related parameters back to the manage­
ment and control manager for further processing and/or 
transmission via agents to network resources such as base 
stations, access points, and wireless devices. 

ILLUSTRATIVE EXAMPLE 2 

A Reporting and Visualization Application 

[0188] In an embodiment of a reporting and visualization 
application, the application may present received input 
primitives in a human readable format such as a text or 
graphical representation of the information and/or events, or 
information and/or data stored in one or more files in a 
computer readable/displayable/printable format. This may 
include information about particular device configuration, 
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performance, transmitted or received data, overall network 
performance metrics, or other information related to device 
or network operation or data suitable for reporting or visu­
alization. 

[0189] In some embodiments, a management and control 
manager module or modules may be provided as a software 
application/controller that may be deployed within the man­
aged network, such as at a base station, access point, router, 
repeater, smart antenna system, proxy appliance, and central 
server/controller, as dictated by the specific use case or 
performance requirements. In other embodiments, a man­
agement and control manager module or modules may be 
provided at a remote location such as on an EWM server or 
other remote system or device. 

[0190] As noted previously, some embodiments of the 
present invention are directed to computer software and/or 
computer hardware/software combinations configured to 
implement one or more processes or functions associated 
with the present invention. These embodiments may be in 
the form of modules implementing functionality in software 
and/or hardware software combinations. Embodiments may 
also take the form of a computer storage product with a 
computer-readable medium having computer code thereon 
for performing various computer-implemented operations, 
such as operations related to functionality as describe herein. 
The media and computer code may be those specially 
designed and constructed for the purposes of the present 
invention, or they may be of the kind well known and 
available to those having skill in the computer software arts, 
or they may be a combination of both. 

[0191] Examples of computer-readable media within the 
spirit and scope of the present invention include, but are not 
limited to: magnetic media such as hard disks, floppy disks, 
and magnetic tape; optical media such as CD-ROMs, DVDs 
and holographic devices; magneto-optical media; and hard­
ware devices that are specially configured to store and 
execute program code, such as application-specific inte­
grated circuits ("ASICs"), programmable logic devices 
("PLDs") and ROM and RAM devices. Examples of com­
puter code may include machine code, such as produced by 
a compiler, and files containing higher-level code that are 
executed by a computer using an interpreter. Computer code 
may be comprised of one or more modules executing a 
particular process or processes to provide useful results, and 
the modules may communicate with one another via means 
known in the art. For example, some embodiments of the 
invention may be implemented using Java, C#, C++, or other 
programming languages and software development tools as 
are known in the art. Other embodiments of the invention 
may be implemented in hardwired circuitry in place of, or in 
combination with, machine-executable software instruc­
tions. 

[0192] The foregoing description, for purposes of expla­
nation, used specific nomenclature to provide a thorough 
understanding of the invention. However, it will be apparent 
to one skilled in the art that specific details are not required 
in order to practice the invention. Thus, the foregoing 
descriptions of specific embodiments of the invention are 
presented for purposes of illustration and description. They 
are not intended to be exhaustive or to limit the invention to 
the precise forms disclosed; obviously, many modifications 
and variations are possible in view of the above teachings. 
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The embodiments were chosen and described in order to 
best explain the principles of the invention and its practical 
applications, they thereby enable others skilled in the art to 
best utilize the invention and various embodiments with 
various modifications as are suited to the particular use 
contemplated. It is intended that the following claims and 
their equivalents define the scope of the invention. 

I claim: 
1. A multi-protocol management system for use in a 

wireless network facilitating communication in accordance 
with a first wireless protocol and a second wireless protocol, 
said system comprising: 

a multi-protocol management module disposed to gener­
ate control information based at least in part upon 
operational information characterizing said wireless 
network; and 

a wireless system management module configured to 
control one or more parameters of said wireless net­
work in accordance with said control information. 

2. The multi-protocol management system of claim I 
wherein said operational information characterizing said 
wireless network comprises information related to said first 
wireless protocol and information related to said second 
wireless protocol. 

3. The multi-protocol management system of claim 1 
wherein said first wireless protocol comprises an 802.11 
wireless protocol and said second wireless protocol com­
prises an 802.16 wireless protocol. 

4. The multi-protocol management system of claim I 
wherein said multi-protocol management module receives 
information from a wireless network management module 
and provides information via a first wireless protocol to a 
first base station disposed to operate in accordance with said 
first wireless protocol and a second base station disposed to 
operate in accordance with said second wireless protocol. 

5. The multi-protocol management system of claim 4 
wherein said first wireless protocol is an 802.11 wireless 
protocol and said second wireless protocol is an 802.16 
wireless protocol. 

6. A multi-protocol wireless network management system 
comprising: 

a plurality of agents configured to collect information 
concerning operation of at least a first managed device 
operative in accordance with a first protocol and a 
second managed device operative in accordance with a 
second protocol; 

an adaptation and mediation module disposed to commu­
nicate with said plurality of agents in accordance with 
at least said first protocol and said second protocol; and 

a wireless network management system disposed to com­
municate with said adaptation and mediation module 
using a protocol-independent interface. 

7. The system of claim 6 wherein said adaptation and 
mediation module further comprises a protocol negotiation 
module, a capabilities negotiation module, a protocol con­
figuration module, a protocol message mapping module, and 
an information translation and adaptation module. 

8. A managed wireless network comprising: 

a first wireless device disposed to operate in accordance 
with a first wireless protocol; 
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a second wireless device disposed to operate in accor­
dance with a second wireless protocol; 

a first base station disposed to operate in accordance with 
said first wireless protocol; 

a second base station disposed to operate in accordance 
with said second wireless protocol; 

a server disposed to connnunicate with said first and said 
second base station, said server including a multi­
protocol management module configured to generate 
network information used by said first and said second 
wireless devices. 

9. A method of managing a multi-protocol wireless net­
work, the method comprising: 
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receiving, at a multi-protocol management module, a first 
connnunication from a first wireless device operating in 
accordance with a first wireless protocol; 

receiving, at the multi-protocol management module, a 
second connnunication from a second wireless device 
operating in accordance with a second wireless proto­
col; 

converting said first and said second connnunications to a 
protocol independent connnunication; and 

providing said protocol independent connnunication to a 
management application. 

* * * * * 




