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DEVICE ASSISTED CDR CREATION, AGGREGATION, MEDIATION
AND BILLING

CROSS REFERENCE TO OTHER APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application N.o.
61/206,354 (Attorney Docket No. RALEP0O1+) entitled SERVICES POLICY
COMMUNICATION SYSTEM AND METHOD filed January 28, 2009, U.S. Provisional Patent
Application No. 61/206,944 (Attorney Docket No. RALEP002+) entitled SERVICES POLICY
COMMUNICATION SYSTEM AND METHOD filed February 4, 2009, U.S. Provisional -
Application No. 61/207,393 (Attorney Docket No. RALEP003+) entitled SERVICES POLICY
COMMUNICATION SYSTEM AND METHOD filed February 10, 2009, and U.S. Provisional
Patent Application No. (Attorney Docket No. RALEP0O04+) entitled SERVICES
POLICY COMMUNICATION SYSTEM AND METHOD filed on February 13, 2009, and U.S.
Patent Applications Nos. (Attorney Docket Nos. RALEP001-020),

entitled , each filed on March 2, 2009, which are incorporated herein by

reference for all purposes.

BACKGROUND OF THE INVENTION

[0002] With the advent of mass market digital communications and content distribution,
many access networks such as wireless networks, cable networks and DSL (Digital Subscriber
Line) networks are pressed for user capacity, with, for example, EVDO (Evolution-Data
Optimized), HSPA (High Speed Packet Access), LTE (Long Term Evolution), WiMax
(Worldwide Interoperability for Microwave Access), and Wi-Fi (Wireless Fidelity) wireless
networks increasingly becoming user capacity constrained. Although wireless network capacity
will increase with new higher capacity wireless radio access technologies, such as MIMO
(Multiple-Input Multiple-Output), and with more frequency spectrum being deployed in the
future, these capacity gains are likely to be less than what is required to meet growing digital

networking demand.

Attomey Docket No. RALEP022+ 1 PATENT



[0003] Similarly, although wire line access networks, such as cable and DSL, can have
higher average capacity per user, wire line user service consumption habits are trending toward
very high bandwidth applications that can quickly consume the available capacity and degrade
overall network service experience. Because some components of service provider costs go up

with increasing bandwidth, this trend will also negatively impact service provider profits.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Various embodiments are disclosed in the following detailed description and the

accompanying drawings.

[0005] Figure 1 illustrates a wireless network architecture for providing device assisted

CDR creation, aggregation, mediation and billing in accordance with some embodiments.

[0006] Figure 2 illustrates another wireless network architecture for providing device
assisted CDR creation, aggregation, mediation and billing in accordance with some

embodiments.

[0007] . Figure 3 illustrates another wireless network architecture for providing device
assisted CDR creation, aggregation, mediation and billing in accordance with some

embodiments.

[0008] Figure 4 illustrates provisioning of a wireless network for providing device
assisted CDR creation, aggregation, mediation and billing in accordance with some

embodiments.

[0009] Figure § illustrates a network architecture for providing device assisted CDRs in

accordance with some embodiments.

[0010] Figure 6 illustrates another network architecture for providing device assisted

CDRs in accordance with some embodiments.
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[0011] - Figure 7 illustrates another network architecture for providing device assisted

CDRs in accordance with some embodiments.

[0012] Figure 8 illustrates another network architecture for providing device assisted

CDRs in accordance with some embodiments.

[0013] Figure 10 provides a table summarizing various service processer 115 functional

elements in accordance with some embodiments.

[0014] Figurell provides a table summarizing various service controller 122 functional

elements in accordance with some embodiments.

[0015] Figure 12 illustrates a device stack providing various service usage measurement
from various points in the networking stack for a service monitor agent, a billing agent, and an
access control integrity agent to assist in verifying the service usage measures and billing reports

in accordance with some embodiments.

[0016] Figure 13 illustrates an embodiment similar to Figure 12 in which some of the
service processor is implemented on the modem and some of the service processor is

implemented on the device application processor in accordance with some embodiments.

[0017] - Figure 14 illustrates various embodiments of intermediate networking devices
that include a service processor for the purpose of verifiable service usage measurement,

reporting, and billing reports in accordance with some embodiments.

[0018]

Attomey Docket No. RALEP022+ 4 PATENT

10



DETAILED DESCRIPTION

[0019] The invention can be implemented in numerous ways, including as a process; an

~ apparatus; a system; a composition of matter; a computer program product embodied on a
computer readable storage medium; and/or a processor, such as a processor configured to
execute instructions stored on and/or provided by a memory coupled to the processor. In this
specification, these implementations, or any other form that the invention may take, may be
referred to as techniques. In general, the order of the steps of disclosed processes may be altered
within the scope of the invention. Unless stated otherwise, a component such as a processor or a
memory described as being configured to perform a task may be implemented as a general
component that is temporarily configured to perform the task at a given time or a specific
component that is manufactured to perform the task. As used herein, the term ‘processor’ refers
to one or more devices, circuits, and/or processing cores configured to process data, such as

computer program instructions.

[0020] A detailed description of one or more embodiments of the invention is provided
below along with accompanying figureé that illustrate the principles of the invention. The
invention is described in connection wiih such embodiments, but the invention is not limited to
any embodiment. The scope of the invention is limited only by the claims and the invention
encompasses numerous alternatives, modifications and equivalents. Numerous specific details
are set forth in the following description in order to prdvide a thorough understanding of the
invention. These details are provided for the purpose of example and the invention may be V
practiced according to the claims without some or all of these specific details. For the purpose of
clarity, technical material that is known in the technical fields related to the invention has not

been described in detail so that the invention is not unnecessarily obscured.

[0021] There are many new types of digital devices where it is becoming desirable to
‘connect these devices to wireless networks including wireless wide area networks (WWAN, such
as 3G and 4G) and wireless local area (WLAN) networks. These devices include consumer
electronics devices, business user devices and machine to machine devices that benefit from
flexible wide area data connections and Internet. Example devices include netbooks, notebooks,

mobile Internet devices, personal navigation (e.g., GPS enabled) devices, music and multimedia
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players, eReaders, industrial telemetry, automotive emergency response and diagnostics, 2-way
home and industrial power metering and control, vending machines, parking meters, and many
other devices. It is highly advantageous to offer service usagé and service billing plans for such
devices that are more optimal for each type of device and each type of desired user experience.
To accomplish this, more sophisticated service usage measuring and service usage billing
systems must be created as compared to the conventional network based techniques in existence
today. By providing more flexibility in service measurement and billing, more advantageous and
cost effective service plans can be created for the new WWAN connected devices cited above for
all three markets (consumer, business and machine to machine) that still maintain the necessary

profit margins for the WWAN carriers to be successful with these service businesses.

[0022] - Accordingly, various embodiments are disclosed herein provide for a new and
flexible augmentation or replacement for existing carrier network service usage measurement,

service usage accounting and service usage billing systems.

[0023] A charging data record (CDR) is a term that defines a formatted measure of
device service usage information, typically generated by one or more network functions that
supervise, monitor and/or control network access for the device. CDRs typically form the basis
for recording device network service usage, and often form the basis for billing for such usage.
Various embodiments are provided for device assisted CDR creation, mediation and billing.
There are many limitations to the capabilities of service usage recording, aggregation and/or
billing when CDRs are generated exclusively by network based functions or equipment. By
either augmenting network based service usage measures with device based service usage
measures, or by replacing network based service usage measures with device based service usage
measures, it is possible to create a CDR generation, aggregation, mediation and/or billing
solution that has superior or more desirable capabilities/features. In theory, many of the service
usage measurés that can be evaluated on a device can also be evaluated in the network data path
using various network equipment technologies including but not limited to deep packet
inspection (DPI), there are many examples where measuring service usage at the device is either
more desirable‘ or more practical, or in some cases it is the only way to obtain the desired

measure. Such examples include but are not limited to the following:
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= application layer service usage measures (e.g., traffic usage categorized by
application or by combinations of application, destination and/or content
type),

= usage measures that do not involve user traffic but instead i.nvolve
network overhead traffic (e.g., basic connection maintenance traffic,
signaling traffic, network logon/AAA/authentication/monitoring traffic,
service software update traffic),

* usage that is associated with services that are charged to another entity
other than the end user (e.g., basic network connection service offer
traffic, traffic associated with providing network access to or downloading
service marketing information, traffic associated with advertiser sponsored
services, traffic associated with content provider sponsored services, 911
service traffic), -

= usage measures involving encrypted traffic (e.g., traffic that is run over

| encrypted networking protocdls or between secure end points),

* Implementing service usage measure collection and/or servlice usage
billing across multiple networks that may have different and in some cases
incompatible, inaccessible (to the CDR system of record) or incomplete
service usage measurement capabilities,

= Service usage measurement and/or service usage billing capabilities that

~ are not supported by the present network gateways, routers, MWC/HLRs,
AAA, CDR aggregation, CDR mediation, billing and/or provisioning
systems,

= New service usage measures and/or new service usage billing capabilities
that are desirable to implement in a manner that does not require major
changes or upgrades to the existing network gateways, routers,
MWC/HLRs, AAA, CDR aggregation, CDR mediation, billing and/or
provisioning systems,

= New service usage measures and/or new service usage billing capabilities

 that are desirable to implement in a manner that allows for rapid definition

and implementation of new service measures and/or billing plans,
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= New service usage measures and/or new service usage billing capabilities
that are desirable to implement in a manner that may be implemented in a
manner that enables multiple device group definitions where each device
group gets a customized programmable definition for service usage
collection, accounting and/or billing,

= Multi device billing,

= Multi user billing,

* Intermediate device billing with siﬁgle user and multi user with and
without multi device,

= Content downloads from a specific source to a specific application with
the content being of a specific type or even identified down to a particular
content ID, and/or

= Other single event transactions used for billing purposes.

For these and other reasons, it is desirable to provide a system/process that utilizes device
assisted service usage measures that provides either an enhancement of existing network based
service usage CDR system capabilities and/or a replacement for network based CDR system

capabilities.

[0024] In some embodiments, a system/process that utilizes device assisted service usage
measures includes one or more of the following: (1) receiving a service usage measure from a
device in communication with a wireless network, (2) verifying or protc;,cting the validity of the
service usage measure, (3) generating a CDR based on the service usage measure (e.g., device
assisted CDR), (4) aggregate CDRs, (5) mediating the CDR with network CDRs. In some
embodiments, the system/process also includes providing a design and provisioning of
devices/network equipment to recognize the CDRs. In some embodiments, the system/process
also includes provisioning to recognize that the device belongs to a Device Assisted Services
(DAS) device group and corresponding CDRs should be accepted and mediated. In some
embodiments, the device assisted CDRs are also generated using formats, network
communications protocols, network device authentication and/or provisioning to allow device

assisted CDRs into the network CDR system, encryption, and/or signatures as required by the
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network (e.g., to comply with network generated CDR requirements or based on any other

network and/or service provider requirements and/or standards).

[0025] In some embodiments, mediation rules include multi device, multi user, single
user devices, and intermediate networking devices that can be single user or multi user, as

described herein.

[0026] In some embodiments, a device assisted CDR generator collects device based
service usage measures that are used as the basis for, or as enhancement (e.g., supplement/in
addition) to, one or more (network generated) CDRs that provide one or more networking
functions with properly form;tted service usage reports that the network function(s) accepts as
being transmitted from an authorized source, read and utilize for helping to determine the service
usage of a device or group of devices. In some embodiments, he network functions that the
device assisted CDR generator shares CDRs with typically include one or more of service
usage/CDR aggregation and/or mediation servers, gateways, routers, communication nodes,
Mobile Wireless Centers (MWCs, including HLRs), databases, AAA systems, billing interfaces
and/or billing systems. For example, the process of CDR creation in the CDR generator
typically includes either using one or more device based measures of service usage, or one or
more device based measures of service usage in combination with one or more network based
measures of service usage, possibly processing one or more of such service usage measures
according to a set of CDR creation, CDR aggregation and/or CDR mediation rules to arrive at a
final device usage measure that is then formatted with the proper syntax, framed, possibly
encrypted and/or signed, and encapsulated in a communication protocol or packet suitable for
sharing with network functions. In some embodiments, the CDR generator resides in the device.
In some embodiments, the CDR generator resides in a network serveg function that receives the
device assisted service usage measures, along with possibly network based usage measures, and

then creates a CDR (e.g., in the service controller 122).

(0027] In some embodiments, the device assisted CDR generator can reside in the service
processor (e.g., service processor 115), for example, in the service usage history or billing server
functions. In some embodiments, the device assisted CDR generator resides in the device itself,
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for example, within the service processor functions such as the billing agent or the service

monitor agent.

[0028] There are several factors that are considered in the various embodiments in order

to create a useful, reliable and secure device assisted CDR system, including but not limited to:

¢ Identification of each device based service usage measure with one or more usage
transaction codes,

e Verification of the device based usage measure(s),

e Secure communication of the device based usage measures to the network,

e Efficient (e.g., low bandwidth) communication of the device based service usage
measure,

e Coordination/comparison/aggregation of the device based service usage measure with
network based service usage measure(s), ‘

e Formatting the device based service usage measure into a CDR that can be properly
communicated to the network functions and/or equipment that process service usage
information, ‘

¢ Causing the network based functions and/or equipment used for CDR collection,
aggregation, mediation and/or billing to recognize, authorize and accept communications
and CDRs from the device assisted CDR generator, reading-and properly implementing
the correct network session context for the CDR so that the CDR is properly associated
with the correct device /user/session,

e Implementing the CDR aggregation rules that determine how to collect and aggregate the
device assisted CDRé as they are reported up the network CDR system hierarchy,

¢ Implementing the mediation rules that determine how the various device based service
usage transaction code measures are combined and mediated with the other device based
service usage transaction code measures to result in consistent service usage information
for each of the transaction code categories maintained in the network,

¢ Implementing the mediation rules that determine how the device assisted CDRs are
combined and mediated with network based CDRs to result in consistent service usage

information for each of the transaction code categories maintained in the network,
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¢ Implementing mediation rules to reconcile the variances between network based CDR
usage measures and device assisted CDR usage measures,

e Classification of one or more device groups, with each group having the capability to
uniquely define the service usage collection, accounting and/or billing rules

¢ Collecting CDRs generated on networks other than the home network so that service
usage may be measured, accounted for and/or billed for across multiple networks,

"o Multi device billing,
e Muliti user billing, and/or

¢ Intermediate device billing with single user and multi user with and without multi device.

[0029] In some embodiments, verification of the relative accuracy of the device assisted
service usage measure is provided. Given that the service usage measure is often being
generated on an end user device or a device that is readily physically accessed by the general
public or other non-secure personnel from a network management viewpoint, in some
embodiments, the device agents used in one or more of the service processor 115 égents are
protected from hacking, spoofing and/or other misuse. Various techniques for protecting th;a
integrity of the agents used for generating the device assisted service usage measures are

provided.

[0030] In some embodiments, the service usage measures are verified by network based
cross checks of various kinds. Network based cross checks are valuable, because it is in general
not possible or extremely difficult to defeat well designed network based cross checks even if the
measures used to protect the device agents are defeated or if no device protection measures are
employed. Network based cross checks used to verify the device assisted service usage
measures include comparing network based service usage measures (e.g. CDRs generated by
service usage measurement apparatus in the network equipment such as the BTS/BSCs 125,
RAN Gateways 410, Transport Gateways 420, Mobile Wireless Center/HLRs 132, AAA 121,
Service Usage History/CDR Aggregation, Mediation, Feed 118, or other network equipment),
sending secure query/response command sequences to the service processor 115 agents involved
in device assisted CDR service usage measurement or CDR creation, sending test service usage
event sequences to the device and verifyihg that the device properly reported the service usage,

and using various other techniques.
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- [0031] In some embodiments, one or more of the following actions are taken if the
device based service usage measure is found to be in error or inaccurate: bill the user for usage
overage or an out of policy device, suspend the device, quarantine the device, SPAN the device,

and/or report the device to a network administration function or person.

[0032] . In some embodiments, the CDR syntax used to format the device assisted service
usage information into a CDR and/or network communication protocols for transmitting CDRs
are determined by industry standards (including but not limited to, for example, various versions
of 3GPP TS 32.215 format and 3GPP2 TSG-X X.S0011 or TIA-835 format). In some
embodiments, for a given network implementation the network designers will specify
modifications of the standard syntax, formats and/or network communication/transmission
protocols. In some embodiments, for a given network implementation the network designers
will specify syntax, formats and/or network communication/transmission protocols that are

entirely different than the standards.

[0033] In some embodiments, within the syntax and formatting for the CDR the device
assisted service usage is typically categorized by a transaction code. The transaction code can be

similar or identical to the codes in use by network equipment used to generate CDRs, or given

- . that the device is capable of generating a much richer set of service usage measures, the

transaction codes can be a superset of the codes used by network equipment used to generate
CDRs (e.g., examples of the usage activities that can be labeled as transaction codes that are
more readily supported by device assisted CDR systems as compared to purely network based

CDR systems are providéd).

[0034] -In some embodiments, the device sends an identifier for usage activity tag, an
intermediate server determines how to aggregate into CDR transaction codes and which CDR

transaction code to use.

[0035] In some embodiments, the device service processor 115 compartmentalizes usage
by pre-assigned device activity transaction codes (e.g., ‘these can be sub-transactions within the
main account, transactAions within a given bill-by-account transaction or sub-transactions within a
bill-by-account transaction). The device implements bill-by-account rules to send different

usage reports for each bill-by-account function. In some embodiments, the service controller
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122 programs the device to instruct it on how to compartmentalize these bill-by-account service

usage activities so that they can be mapped to a transaction code.

[0036] In some embodiments, the device reports less compartmentalized service usage
information and the service controller 122 does the mapping of service usage activities to CDR

transaction codes, including in some cases bill-by-account codes.

{0037] In some embodiments, the CDR sent to 118 or other network equipment can
consist of various types of transaction codes including but not limited to a raw device usage
CDR, a bill-by-account (e.g., a sub-activity transaction code) CDR, a billing offset CDR, -a
billing credit CDR. The decision logic (also referred to as business fules or CDR aggregation
and mediation rules) that determines how these various types of CDR transaction codes are to be
aggregated and mediated by the core network and the billing system can be located in the
network equipment (e.g., network element (e.g., service tisage) 118), in the service controller 122

or in the billing system 123.

[0038] In some embodiments, the device assisted CDR generator uses the device assisted
service usage measures to generate a CDR that includes service usage information, service usage
transaction code(s) and, in some embodiments, network information context. In some
embodiments, this service usage information, transaction code and/or network information
context is formatted into communication framing, syntax, encryption/signature, security and/or
networking protocols that are compatible with the formatting used by conventional networking
equipment to generate CDRs. For example, this allows networking equipment used for CDR
collection, recording, aggregation, mediation, and/or conversion to billing records to properly
accept, read and interpret the CDRs that are generated with the assistance of devicé based service
usage measurement. In some embodiments, the device assisted service measures are provided to
an intermediate network server referred to as a service controller (e.g., service controller 122. In
some embodiments, the service controller uses a CDR feed aggregator for a wireless network
collects device generated usage information for one or more devices on the wireless network;
and provides the device generated usage information in a syntax (e.g., charging data record

(CDR)), and a communication protocol (e.g.,3GPP or 3GPP2, or other communication protocols)
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that can be used by the wireless network to augment or replace network generated usage

information for the one or more devices on the wireless network.

[0039] In some embodiments, mediation rules include multi device, multi user, single
user devices, intermediate networking devices that can be single user or multi user. For example,
the device assisted CDRs.can be formatted by the device assisted CDR generator to include a
transaction code for one user account, even though the CDRs originate from multiple devices
that all belong to the same user. This is an example embodiment for a multi-user device assisted
CDR billing solution. In another example embodiment for a multi-user device assisted CDR
billing solution, device assisted CDRs from multiple devices and multiple users may all be billed
to the same account (e.g., a family plan or a corporate account), but the bill-by-account CDR
transaction records can be maintained through the billing system so that sub-account visibility is
provided so that the person or entity responsible for the main account can obtain visibility about
which users and/or devices are creating most of the service usage billing. This type of multi-
user, multi-device device assisted CDR billing solution can also be used to track types of service
usage and/or bill for types of service usage that are either impossible or very difficult to account
and/or bill for with purely network based CDR systems. In some embodiments, bill-by-account
CDR transaction records can be used to provide sponsored transaction services, account for
network chaiter, provide service selection interfaces, and other services for multi-user or multi-

device service plans.

[0040] In addition to conventional single user devices (e.g., cell phones, smart phones,
netbooks/notebooks, mobile internet devices, personal navigation devices, music players,
electronic eReaders, etc.) device aséisted service usage measurement and CDRs are very useful
for intermediate networking devices (e.g., 3G/4G WWAN to WLAN bridges/routers/gateways,
femto cells, DOCSIS modems, DSL modems, remote access/backup routers, etc.). In such
devices, particularly with a secure manner to verify that the device assisted service usage
measures are relatively accurate and/or the device service processor 115 software is not
compromised or hacked, many new service provider service delivery and billing models may be
supported that are new and unique. For example, in a WiFi to WWAN bridge or router device
multiple user devices may be supported with the same intermediate networking device in a

manner that is consistent and compatible with the central provider’s CDR aggregation and/or
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billing system by sending device assisted CDRs as described herein that have a service usage

and/or billing code referenced to the end user and/or the particular intermediate device.

[0041] In some embodiments, the device assisted CDRs generated for the intermediate
device may be associated with a particular end user out of many, with each end user being
required to enter a unique log-in to the intermediate device. In this way, all devices that connect
using WiFi to the intermediate device to get WWAN access generate CDRs can either get billed
to a particular end user who is responsible for the master account for that device, or the CDRs
can get billed in a secure manner, with verified relative usage measurement accuracy to multiple
end users from the same intermediate device. In another example embodiment, an end user can
have one account that allows access to a number of intermediate devices, and each intermediate
device generates consistent device assisted CDRs with transaction codes for that end user

regardless of which intermediate device the end user logs in on.

[0042] In some embodiments, some of the services provided by the intermediate device
may be billed to a specific end user device assisted CDR transaction code, while other bill-by-
account services are billed to other transaction code accounts, such as sponsored partner |
transaction service accounts, network chatter accounts, sponsored advertiser accounts, or service
sign up accounts, etc. In this manner, embodiments are possible where intermediate devices
(e.g., a WWAN to WiFi router/bridge) are sold to one user but can service and be used to bill
other users (and this can be covered in the first purchasing user’s service terms perhaps in
exchange for a discount), or such intermediate devices may be located wherever access is desired
without concern that the device will be hacked into so that services may be acquired without

charge.

[0043] In some embodiments, various types of service usage transactions can be billed
for on the intermediate device, to any one or more users,'where the information required to bill
for such services is not available to the central provider or MVNO network equipment, just as is
the case with the conventional single user devices. Those skilled in the art will now readily
understand that similar service models are equally applicable not just to the WWAN to WiFi
intermediate devices, but also to the Femto Cell, remote access router, DOCSIS, DSL and other

intermediate devices.
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[0044] Figure 1 illustrates a wireless network architecture for providing device assisted
CDR creation, aggregation, mediation and billing in accordance with some embociiments. As
shown, Figure 1 includes a 4G/3G/2G wireless network operated by, for example, a central
provider. As shown, various wireless devices 100 are in communication with base stations 125
for wireless network communication with the wireless network, and other devices 100 are in
communication with Wi-Fi Access Points (APs) or Mesh 702 for wireless communication to Wi-
Fi Access CPE 704 in communication with central provider access network 109. In some
embodiments, each of the wireless devices 100 includes a service processor 115 (as shown), and
each service processor connects throilgh a secure control plane link to a service controller 122.
In some embodiments, the network based service usage information (e.g., CDRs) is obtained
from one or more network elements. As shown, an MVNO core network 210 also includes a
CDR storage, aggregation, mediation, feed 118, a MVNO billing interface 122, and a MVNO

billing system 123 (and other network elements as shown in Figure 1).

[0045] As shown in Figure 1, a CDR storage, aggregation, mediation, feed 118 (e.g.,
service usage 118, including a billing aggregation data store and rules engine) is a functional
descriptor for, in some embodiments, a device/network level service usage information
.collection, aggregation, mediation, and reporting function located in one or more of the
networking equipment boxes attached to one or more of the sub-networks shown in Figure 1
(e.g., central provider access network 109 and/or central provider core network 110), which is in
communication with the service controller 122, and a central billing interface 127. As shown in
Figure 1, service usage 118 is shown as a function in communication with the central provider
core network 110 n. In some embodiments, the CDR storage, aggregation, mediation, feed 118
function is located elsewhere in the network or partially located in elsewhere or integrated
with/as part of other network elements. In some embodiments, CDR storage, aggregation,
mediation, feed 118 functionality is located or partially located in the AAA server 121 and/or the
mobile wireless center/Home Location Register(HLR) 132 (as shown, in communication with a
DNS/DHCP server 126). In some embodiments, service usage 118 functionality is located or
partially located in the base station, base station controller and/or base station aggregator,
collectively referred to as base station 125 in Figure 1. In some embodiments, CDR storage,
aggregation, mediation, feed 118 functionality is located or partially located in a networking

component in the central provider access network 109, a networking component in the core
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network 110, the central billing system 123, the central billing interface 127, and/or in another
network component or function. This discussion on the possible locations for the network based
and device based service usage information collection, aggregation, mediation, and reporting
function (e.g., CDR storage, aggregation, mediation, feed 118) can be easily generalized as
described herein and as shown in the other figures described herein by one of ordinary skill in
the art. Also as shown in Figure 1, the service controller 122 is in communication with the
central billing interface 123 (also sometimes referred to as the external billing management
interface or Billing commun'ication interface) 127, which is in communication with the central
billing system 123. As shown, an order management 180 and subscriber management 182 are
also in communication with the central provider core network 110 for facilitating order and

subscriber management of services for the devices 100 in accordance with some embodiments.

[0046] In some embodiments, the CDR storage, aggregation, mediation, feed 118 (and/or
other network élements or combinations of network elements) provides a device/netwofk level
service usage information collection, aggregation, mediation, and reporting function. In some
embodiments, the CDR stofage, aggregation, mediation, feed 118 (and/or other network .
elements or combinations of network elements) collects device generated usage information for
one or more devices on the wireless network (e.g., devices 100)>; and provides the device
generated usage information in a syntax and a communication protocol that can be used by the
wireless network to augment or replace network generated usage information for the one or more
devices on the wireless network. In some embodiments, the syntax is a charging data record
(CDR), and the communication protocol is selected from one or more of the following: 3GPP,
3GPP2, or other communication protocols. In some embodiments, the CDR storage,
aggregation, mediation, feed 118 (and/or other network elements or combinations of network
elements) includes a service usage data store (e.g., a billing aggregator) and a rules engine for
aggregating the collected device generated usage information. In some embodiments, the syntax
is a charging data record (CDR), and the network device is a CDR feed aggregator, and the CDR
storage, aggregation, mediation, feed 118 (and/or other network elements or combinations of
network elements) also aggregates CDRs for the one or more devices on the wireless network:
applies a set of rules to the aggregated CDRs using a rules engine (e.g., bill by account,
transactional billing, and/or any other billing or other rules for service usage information

collection, aggregation, mediation, and reporting), and communicates a new set of CDRs for the
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one or more devices on the wireless network to a billing interface or a billing system (e.g.,
providing a CDR with a billing offset by account/service). In some embodiments, the CDR
storage, aggregation, mediation, feed 118 (and/or other network elements or combinations of
network elements) communicates a new set of CDRs for the one or more devices on the wireless
network to a billing interface or a billing system. In some embodiments, the CDR storage,
aggregation, mediation, feed 118 (and/or other network elements or combinations of network
elements) communicates with a service controller to collect the device generated usage
information for the one or more devices on the wireless network. In some embodiments, the
CDR storage, aggregation, mediation, feed 118 (and/or other network elements or combinations
of network elements) comrpunicates with a service controller, in which the service controller is
in communication with a billing interface or a billing system. In some embodiments, the CDR
storage, aggregation, mediation, feed 118 (and/or other network elements or combinations of
network elements) communicates the device generated usage information to a billing interface or
a billing system. In some embodiments, the CDR storage, aggregation, mediation, feed (and/or
other network elements or combinations of network elements) communicates with a transport
gateway and/or a Radio Access Network (RAN) gateway to collect the network generated usage
information for the one or more devices on the wireless network. In some embodiments, the
service controller 122 communicates the device generated service usage information to the CDR
storage, aggregation, mediation, feed 118 (and/or other network elements or combinations of

network elements).

[0047] In some embodiments, the CDR storage, aggregation, mediation, feed 118 (and/or
other network elements or combinations of network elements) performs rules for performing a
bill by account aggregation and mediation function. In some embodiments, the service controller
122 in communication with the CDR storage, aggregation, mediation, feed 118 (and/or other
network elements or combinations of network elements) performs a rules engine for aggregating
and mediating the device generated usage information. In some embodiments, a rules engine
device in communication with the CDR storage, aggregation, mediation, feed 118 (and/or other
network elements or combinations of network elements) performs a rules engine for aggregating

and mediating the device generated usage information.
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[0048] In some embodiments, the rules engine is included in (e.g., integrated with/part
of) the CDR storage, aggregation, mediation, feed 118. In some embodiments, the rules engine
and associated functions, as discussed herein, is a separate function/device. In some
embodiments, the service controller 122 performs some or all of these rules engine based
functions, as discussed herein, and communicates with the central billing interface 127. In some
embodiments, the service controller 122 performs some or all of these rules engine based .

functions, as discussed herein, and communicates with the central billing system 123.

[0049] In some embodiments, duplicate CDRS are sent from the network equipment to
the billing system 123 that is used for generating service billing. In some embodiments,
duplicate CDRs are filtered to send only those CDRs/records for devices controlled by the
service controller and/or service processor (e.g., the managed devices). For example, .this
approach can provide for the same level of reporting, lower level of reporting, and/or higher

level of reporting as compared to the reporting required by the central billing system 123.

[0050] In some embodiments, a bill-by-account billing offset is provided. For example,
bill-by-account billing offset information can be informed to the central billing system 123 by
providing a CDR aggregator feed that aggregates the device based service usage data feed to
provide a new set of CDRs for the managed devices to the central billing interface 127 and/or the
central billing system 123. In some embodiments, transaction billing is provided usin;; similar
techniques. For example, transaction billing log information can be provided to the central

billing interface 127 and/or the central billirig system 123.

[0051] In some embodiments, the rules engine (e.g., performed by the service usage 118
or another network element, as discussed herein) provides a bill-by-account billing offset. For
example, device generated usage information (e.g., charging data records (CDRs)) includes a
transaction type field (e.g., indicating a type of service for the associated service usage
information). The rules engine can apply a rule or a set of rules based on the identified service
associated with the device generated usage information to determine a bill-by-account billing
offset (e.g., a new CDR can be generated to provide the determined bill-by-account billing
offset). In some examples, the determined bill-by-account billing offset can be provided as a

credit to the user’s service usage account (e.g., a new CDR can be generated with a negative
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offset for the user’s service usage account, such-as for network chatter service usage, or
transactional service usage, or for any other purposes based on one or more rules performed by

the rules engine).

[0052] As another example, for a transactional service, a first new CDR can be generated
with a negative offset for the user’s service usage account for that transactional service related
usage, and a second new CDR can be generated with a positive service usage value to charge that
same service usage to the transactional service provider (e.g., Amazon, eBay, or another
transactional service provider). In some embodiments, the service controller 122 generates these
two new CDRs, and the service usage 118 stores, aggregates, and communicates these two new
CDRs to the central billing interface 127. In some embodiments, the service controller 122
generates these two new CDRs, and the service usage 118 stores, aggregates, and communicates
these two new CDRs to the central billing interface 127, in which the central billing interface
127 applies rules (e.g., performs the rules engine for determining the bill-by-account billing
offset).

[0053] In some embodiments, the service controller 122 sends thé device generated
CDRs to the rules engine (e.g., service usage 118), and the rules engine applies one or more
rules, such as those described herein and/or any §ther Bi]ling/service usage related rules as would
be apparent to one of ordinary skill in the art. In some embodiments, the service controller 122
generates CDRs similar to other network elements, and the rules (e.g., bill-by-account) are
performed in the central billing interface 127. For example, for the service controller 122 to
generate CDRs similar to other netivork elements, in some embodiments, the service controller
122 is provisioned on the wireless network and behaves substantially similar to other CDR

generators on the network) as would be apparent to one of ordinary skill in the art.

[0054] In some embodiments, the service controller 122 is provisioned as a new type of
networking function that is recognized as a valid and secure source for CDRs by the other
necessary elements in the network (e.g., the Service Usage History/ CDR Aggregation and
Mediation Server 118). In some embodiments, where the network necessary apparatus will only
recognize CDRs from certain types of networking equipment (e.g. RAN Gateway 410 or

Transport Gateway 420), then the Service Controller 122 can provide authentication credentials
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to the other networking equipment that indicate it is one of the approved types of equipment. In
some embodiments, the link between the Service Controller 122 and the necessary CDR

aggregation and mediation equipment is secured, authenticated, encrypted and/or signed.

[0055] In some embodiments, the CDR storage, aggregation, mediation, feed 118
discards the network based service usage information (e.g., network based CDRs) received from
one or more network elements. In these embodiments, the service controller 122 can provide the
device based service usage information (e.g., device based CDRs) to the CDR storage,
aggregation, mediation, feed 118 (e.g., the CDR storage, aggregation, mediation, feed 118 can
just provvide a store, aggregate, and communication function(s)), and the device based service
usage information is provided to the central billing interface 127 or the central billing system

123.

[0056] In some embodiments, the device based CDRs and/or new CDRs generated based
on execution of a rules engine as described herein is provided only for devices that are managed

and/or based on device group, service plan, or any other criteria, categorization, and/or grouping.

[0057] Figure 2 illustrates another wireless network architecture for providing device
assisted CDR creation, aggregation, mediation and billing in accordance with some
embodiments. As shown in Figure 2, some devices 100 are in communication with DOCSIS
Head End 125 and some devices 100 are in communication with DSLAM 125, which are in

communication with the central provider access network 109.

[0058] Figure 3 illustrates another wireless network architecture for providing device
assisted CDR creation, aggregation, mediation and billing in accordance with some

embodiments.

[0059] As shown, Figure 3 includes a 4G/3G/2G wireless network operated by, for
example, a central provider. In some embodiments, each of the wireless devices 100 includes a
service processor 115 (as shown), and each service processor connects through a secure control
plane link to a service controller 122. In some embodiments, the network based service usage
information (e.g., CDRs) is obtained from Radio Access Network (RAN) gateway(s) 410 and/or
transport gateway(s) 420.
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[0060] Referring now to the 4G/3G/2G access network as shown in Figure 3, the 4G/3G
and 3G/2G base stations/nodes 125 are in communication with a 4G/3G/2G Radio Access
Network (RAN) gateway 410 via a radio access network 405, which are in communication with
a 4G/3G/2G transport gateway 420 via an access transport network 415. The central provider
core network 110 is in network communication with the access transport network 415 (e.g., via a
dedicated/leased line, and as shown, via a firewall 124). The Internet 120 is available via a
firewall 124 and the transport gateway(s) 420, as shown. Also, as shown, a network apparatus
provisioning system 160, order management 180, and subscriber management 182 are in
communication with the central provider core network 110. As shown, a AAA server 121, a
mobile wireless center/Home Location Register(HLR) 132, a DNS/DHCP 126, and CDR
storage, aggregation, mediation, feed 118 are also in communication with the access transport
network 415. The central billing system 123 and the central billing interface 127 are shown in

communication with the central provider core network 110.

[0061] Figure 4 illustrates provisioning of a wireless network for providing device
assisted CDR creation, aggregation, mediation and billing in accordance with some
embodiments. As shown in Figure 4, the provisioning of various. network equipment is provided
as shown to recognize each other as a CDR source (e.g., this may be done by hand or in an
automated manner). For example, order management 180, subscriber management, billing
interface 127, billing system 123, network provisioning system 160, service controller 122,
access network AAA server 121, mobile wireless center 132, and CDR storage, aggregation,
mediation feed 118 communicate with each other for such provisioning, which can be
implemented using various techniques. In some embodiments, the various network elements are
provisioned to recognize device assisted CDRs being generated by thé service controller 122,
which, for example, can be provided to the billing interface 127 and/or the billing system 123. In
some embodiments, network generated CDRs are provided by RAN/Access gateway 410,
aggregation/transport gateway 425, and/or base station controller 125. In some embodiments,

'~ other network elements generate/receive/store device assisted CDRs, and/or inlsome

embodiments, other network elements generate/receive/store network generated CDRs.
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[0062] In some embodiments, provisioning of various network equipment is provided to
recognize a given device as belonging to a device group that supports a service usage and/or

billing plan that relies upon and/or utilizes device assisted CDRs.

[0063] ' In some embodiments, the CDR formats, transaction codes, and CDR
transmission destinations are programmed for each device that generates CDRs, including the
service controller 122 (e.g., in some embodiments, the service controller 122 is the intermediary
for CDRs) and/or service processor 115 (e.g., in some embodiments, the device sends CDRs to
network CDR aggregation or billing interface 127/billing system 123 with no intermediate server

function).

[0064] Figure 5 illustrates a network architecture for proviiiing device assisted CDRs in
accordance with some embodiments. As shown, network generatéd CDRs are sent from various
network elements to the CDR storage, aggregation, mediation, feed 118 and the service
controller 122, as shown in dashed lines with arrows in Figure 5. In some embodiments, the
network generated CDRs are used for verification of device assisted service (DAS) usage and/or
billing information. In some embodiments, the network generated CDRs are provided to the
service controller 122, and the service controller 122 implements aggregation and/or mediation
rules to examine and, in some cases, aggregate and/or mediate network generated/based CDRs

with device assisted/based CDRs.

[0065] In some embodiments, device assisted CDRs are sent from the service controller
122 to CDR storage, aggregation, mediation, feed 118 and communicated to the billing system
123, as shown in solid lines with arrows in Figure 5. In some embodiments, CDR storage,
aggregation, mediation, feed 118 uses DAS service usage CDRs to augment network
generated/based CDRs with bill-by-account transaction codes (e.g., as similarly discussed
herein). In some embodiments, CDR storage, aggregation, mediation, feed 118 implements
aggregation and/or mediation rules to account for DAS CDR usage amount in a new bill-by-
account transaction code and removes the same service usage amount from the bulk device
account transaction code. In some embodiments, one DAS CDR is sent for the new bill by
account transaction code and another DAS CDR is sent to be used as a correction (credit) the

main device usage account transaction code, and CDR storage, aggregation, mediation, feed 118
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implements the rules to perform this mediation. In some embodiments, one DAS CDR is used
for a given bill-by-account transaction code and another is used as the main device account
transaction code, in which the service controller 122 (or device) has already implemented the
mediation rules so that CDR storage, aggregation, mediation, feed 118 simply passes the DAS

CDRs to billing after aggregating them.

[0066] Figure 6 illustrates another network architecture for providing device assisted
CDRs in accordance with some embodiments. Figure 6 also shows the communication of device
assisted CDRs and network generated CDRs using solid and dashed lines with arrows,
respectively. As shown, in some embodiments, CDR storage, aggregation, mediation, feed 118
sends network based CDRs to service controller 122 for various purposes, such as those

previously discussed herein.

[0067] In some embodiments, service controller 123 sends DAS CDRs to billing for
various uses by the billing system 123. In some' embodiments, the billing system 123 uses DAS
service usage CDRs to augment network based CDRs with bill-by-account transaction codes. In
some embodiments, the billing system 123 implements aggregation and/or mediation rules to
account for DAS CDR usage amount in a new bill-by-account transaction code and removes the
same service usage amount from the bulk device account transaction code. In some
embodiments, one DAS CDR is sent for the new bill by account transaction code and another
DAS CDR is sent to be used as a correction (credit) the main device usage account transaction
code, and the billing system 123 implements the rules to perform this mediation. In some

~ embodiments, one DAS CDR is used for a given bill-by-account transaction code and another is
used as the main device account transaction code, in which the service controller 122 (or device)
has already implemented the mediation rules so that the billing system 123 simply passes uses

DAS CDRs after aggregating them.

[0068] Figure 7 illustrates another network architecture for providing device assisted
CDRs in accordance with some embodiments. Figure 7 also shows the communication of device
assisted CDRs and network generated CDRs using solid and dashed lines with arrows,
respectively. Figure 7 is similar to Figure 6, except as shown in Figure 7, service usage

information is passed through the billing interface 127 instead of the billing CDR aggregation
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interface. For example, the service usage detailed bill-by-account information and offset (credit)
“information can be formatted as a CDR or can be formatted in a higher level syntax as required

by the billing interface 127.

[0069] Figure 8 illustrates another network architecture for providing device assisted
CDRs in accordance with some embodiments. Figure 8 also shows the communication of device
assisted CDRs and network generated CDRs using solid and dashed lines with arrows,
respectively. In some embodiments, as shown in Figure 8, the central provider need not modify
the existing CDR storage, aggregation, mediation, feed 118, so the additional aggregation and
mediation rules discussed above with respect to Figure 5 are implemented as a new layer of rules
in a new network function, shown as secondary DAS CDR aggregation mediation 118A, that is
located between the billing system and the CDR storage, aggregation, mediation, feed 118. This
new network function (e.g., secondary DAS CDR aggregation mediation 118A) can reside in the
network (as shown) or in the service processor 115, in the service controller 122, or elsewhere in

the network or on the device.

[0070] Figure 9 is a functional diagram illustrating a device based service processor 115
and a service controller 122 in accordance with some embodiments. For example, this provides
relatively full featured device based service processor implementation and service controller
implementation. As shown, this cbrresponds to a networking configuration in which the service
controller 122 is connected to the Internet 120 and not directly to the access network 1610. As
shown, a data plane (e.g., service traffic plane) communication path is shown in solid line '
connections and control plane (e.g., service control plane) communication path is shown in
dashed line connections. As previously discussed, it is understood that the division in
functionality between one device agent and another is based on, for example, design choices,
networking environments, devices and/or services/applications, and various different
combinations can be used in various différenfimplementations. For example, the functional
lines can be re-drawn in any way that the product designers see fit. As shown, this includes
cextaih divisions and functional breakouts for device agents as an illustrative implementation,
although other, potentially more complex, embodiments can include different divisions and
functional breakouts for device agent functionality specifications, for example, in order to

manage development specification and testing complexity and workflow. In addition, the
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placement of the agents that operate, interact with or monitor the data path can be moved or re-
ordered in various embodiments. For example, the functional elements shown in Figure 9 are

described below with respect to Figures 10 and 11.

[0071] Figure 10 provides a table summarizing various service processer 115 functional

elements in accordance with some embodiments.

[0072] Figurell provides a table summarizing various service controller 122 functional

elements in accordance with some embodiments.

[0073] . Figure 12 illustrates a device stack providing various service usage measurement
from various points in the networking stack for a service monitor agent, a billing agent, and an
access control integrity agent to assist in verifying the service usage measures and billing reports

in accordance with some embodiments.

[0074] Figure 13 illustrates an embodiment similar to Figure 12 in which some of the
~ Service processor is implementéd on the modem and some of the service processor is

implemented on the device application processor in accordance with some embodiments.

[0075] Figure 14 illustrates various embodiments of intermediate networking devices
that include a service processor for the purpose of verifiable service usage measurement,

reporting, and billing reports in accordance with some embodiments.

[0076] Those of ordinary skill in the art will appreciate that various other rules can be
provided for the rules engine as described herein. Those of ordinary skill in the art will also
appreciate that the functions described herein can be implemented using various other network
architectures and network implementations (e.g., using various other networking protocols and

corresponding network equipment).

[0077]) Although the foregoing embodiments have been described in some detail for
purposes of clarity of understanding, the invention is not limited to the details provided. There
are many alternative ways of implementing the invention. The disclosed embodiments are

illustrative and not restrictive.

[0078] WHAT IS CLAIMED IS:
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CLAIMS

1. A system, comprising:
a processor of a network device in communication with a wireless network, wherein the
pfocessor is configured to:
collect device generated usage information for one or more devices on the
wireless network; and
proilide the device generated usage information in a syntax and a communication
protocol that can be used by the wireless network to augment or replace network
generated usage information for the one or more devices on the wireless network; and

a memory coupled to the processor and configured to provide the processor with

instructions.
2. The system recited in claim 1, wherein the syntax is a charging data record (CDR).
3. The system recited in claim 1, wherein the syntax is a charging data record (CDR), and

the communication protocol is selected from one or more of the following: 3GPP and 3GPP2.

4. The system recited in claim 1, wherein the network device includes a service usage data
store.
5. The system recited in claim 1, wherein the network device includes a service usage data

store and a rules engine for aggregating the collected device generated usage information.

6. The system recited in claim 1, wherein the syntax is a charging data record (CDR), and
the network device is a CDR feed aggregator, and wherein the processor is further configured to:
aggregate CDRs for the one or more devices on the wireless network; and

apply a set of rules to the aggregated CDRs using a rules engine.

7. The system recited in claim 1, wherein the syntax is a charging data record (CDR), and
the network device is a CDR feed aggregator, and wherein the processor is further configured to:

aggregate CDRs for the one or more devices on the wireless network;
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apply a set of rules to the aggregated CDRs using a rules engine; and
communicate a new set of CDRs for the one or more devices on the wireless network to a

billing interface or a billing systéml

8. The system recited in claim 1, wherein the syntax is a charging data record (CDR), and
the petwork device is a CDR feed aggregator, and wherein the processor is further configured to:

aggregate CDRs for the one or more devices on the wireless network;

apply a set of rules to the aggregated CDRs using a rules engine, whereiﬁ at least one rule
includes a bill by account rule; and »

communicate a new set of CDRs for the one or more devices on the wireless network to a

billing interface or a billing system.

9. The system recited in claim 1, wherein the syntax is a charging data record (CDR), and
the network device is a CDR feed aggregator, and wherein the processor is further configured to:

aggregate CDRs for the one or more devices on the wireless network;

apply a set of rules to the aggregated CDRs using a rules engine, wherein at least one rule
includes a bill by account rule; and

communicate a new set of CDRs for the one or more devices on the wireless network to a

billing interface or a billing system, wherein at least one CDR includes a billing offset.

10.  The system recited in claim 1, wherein the syntax is a charging data record (CDR), and
the network device is a CDR feed aggregator, and wherein the processor is further configured to:
communicate a new set of CDRs for the one or more devices on the wireless network to a

billing interface or a billing system.

11.  The system recited in claim 1, wherein the processor is further configured to:
communicate with a service controller to collect the device generated usage information

for the one or more devices on the wireless network.

12. - The system recited in claim 1, wherein the processor is further configured to:
communicate with a service controller, wherein the service controller is in
communication with a billing interface or a billing system, and wherein the service controller

communicates the device generated service usage information to the network device.

13.  The system recited in claim 1, wherein the processor is further configured to:
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communicate the device generated usage information to a billing interface or a billing

system.

14. The system recited in claim 1, wherein a service controller in communication with the
network device performs a rules engine for aggregating and mediating the device generated

usage information.

15.  The system recited in claim 1, wherein a rules engine device in communication with the
network device performs a rules engine for aggregating and mediating the device generated

usage information.

16. The system recited in claim 1, wherein the processor is further configured to:
communicate with a transport gateway or a Radio Access Network (RAN) gateway to
collect the network generated usage information for the one or more devices on the wireless

network.

17.  The system recited in claim 1, wherein the processor is further configured to:

execute rules for performing a bill by account aggregation and mediation function.

18. A method, comprising:

collecting device generated usage information for one or more devices on a wireless
network; and |

providing the device generated usage information in a syntax gmd a communication
protocol that can be used by the wireless network to augment or replace network generated usage

information for the one or more devices on the wireless network.
19.  The method recited in claim 18, wherein the syntax is a charging data record (CDR).

20. The system recited in claim 18, wherein the syntax is a charging data record (CDR), and

the communication protocol is selected from one or more of the following: 3GPP and 3GPP2.
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DEVICE ASSISTED CDR CREATION, AGGREGATION, MEDIATION
AND BILLING

ABSTRACT OF THE DISCLOSURE

[0079] Device assisted CDR creation, aggregation, mediation and billing is provided. In
some embodiments, device assisted CDR creation, aggregation, mediation and billing for a
wireless network collects device generated usage information for one or more devices on the
wireless network; and provides the device generated usage information in a syntax (e.g.,
charging data record (CDR)), and a communication protocol (e.g., 3GPP, 3GPP2, or other
communication protocols) that can be used by the wireleés network to augment or replace

network generated usage information for the one or more devices on the wireless network.

Attorney Docket No. RALEP022+ 30 - PATENT

36



(4074
ysaw 10

. CET 091 Z81 081
‘_WM_Wm au%om\ﬁmzo 131U waisAs juswageue 1usawaseuey
3|IqoN Buiuolsinoad 191
VVV ONAW ONAW ONAW YIOMIBN 13quIsgns pi0
_ ¥t I _ \
€z
waisAg 811 pPaad ‘uonelpsiy
Suiiig / ‘uonebalbby
ONAW ‘abeJo}s ¥aD ONAW
-« otz
ERLIIEMV]]
Bumg ONAW | oMo 0L
3100 ONAW 3dD sS993V
I4-1M

ot

YIOMIaN Au sa
eleqio
SENIEMNI] uonels
oseg D¢
[44
- a9jonu0Y - 601 M.
ARG, A H10MIaN .
4apwnoid / : §5920V
lenuay N = 13pIn0Ig o
OTTHOMISN |, St CHTES -
(T1 \whou JOPIAOId \:@ _ W9 " L
a0eLAY| [eua) o
Suijng (es3ua)
SeL;
341 \
waisAs CO_Hmu.m
uig (eaus) aseg Oy
81| Poa4 ‘uoieIpa | 121 091 A
‘uonebalbby J3AI3S YV . wasAs | 1
‘abe.o) YJoMmiaN uluolsiAold .w,
2 m_oou $S320Y FJOMISN S
81 081
(428 9¢T . juawadeuep judwasdeuen
YTH/OMW dJHQ/SNG 13qUSGNS 13pI0

a N, 00T

_ _ SdV 13-IM
§

DL
00T ®Enaw

et L

37



1 55T . yonely
T 8T 08T HTERW
Lw\mww au_.m_wow\mzo i wiaisAs uawaseuep Juawageue A 1) 1
3IqoIN Suluoisinoig
VvV ONAN ONAIN ONAW YIOMION 13quasqns 13p10
1 25 | | |
€CT :
waisAs / 81| Pead ‘uoneipaiy
Suig / ‘uonebalBbby
ONAW ‘a6eJ0}S ¥JD ONAW SCT NVISd
(44" 01z
CRIITEN] u
3utjjig ONAW / NIOMISN mMNH pu3
210D ONAW pe2H SI1SO0a

1074 S
FOMIaN ‘il (141
eylegio. ., gmuu.nﬁ_w
1BUIBU| - uollels oo.n.. DAy
| /N aseg Og
60T - i %
}J0MISN
55920y | b
. " JapInog o
OTT JOMION [enuay | ®
(Tl 310D Japinold T )
ERLAVE] 1el3ua) L
Suyig jesuad
mNﬂ%
_ . » PO04G
€1 .
e uonels oo
Suyng jenua)d aseq oy
811 Pood ‘uoneipay | 4 091
‘uonyebaibby JANIBS VYWY wdsAS 3
‘abesolg ¥AD ¥IOMIBN Suiuoisinoig .
u $S920Y yIoMm1aN ,
. e Z 9In31y
[4:18 08T
4" 91 juswaBeue N judwasdeue
YTH/OMI ddHA/SNa Jaquasqns 13pI0



oct
SJdomiaN
~ elegJo’
JLv1auda)

vet
llemalny
1
\ 0zY
\ shemajen
; \ Modsues] L
s \ | oz/og/ov o
J Y T J ]
Y
\ : B4
A | uonesg
\ _ uonels BFRaN
_— oseg ;
. 9¢/9¢
vl
llemaany
Oit | 0Ty sov 3
yomiaN e | STV L] shemaeg | JIOMIBN | ©® :
V= | JOMIBN NV s
310D 4 oz/98/ov || ssa0ov | J -
J3pInoid yodsuel) oipey
A . $5920 : :
adepauj jeJjua)d) v
utjjig |eua) T4 vou
’ 4 UDE
‘| uoneis DGO -
X4 \ I~ aseq 4
walsAs
Suyg [eua) . o¢/or
091 ——
waishs L 121 811 Poa ‘UoneipsN
3uluoisiroid JONIS WYY ‘uoneba.bby .
HI0MI3N }JOMIaN ‘abeIolS HAD e i
081 SS90y
wawadeuep <l .
i ¢ 21n81y
81
uawaZeuepy [42" 14
19quISgNS YIH/OMIW dJHA/SNd

39



Q..iv ocy

. M9
Hodsuela)
Juonedau3sdy

0TY MO
. INVY.

‘Uonegaussy.
‘9804015 ¥AD

. ocr
}doMiaN

81T paay ‘Uonelpam

o Lmacmu.; o Jas

ele(g 10
EEEINE T/

Amc_cs_sm MIH
EwEmmmcmE :

HIH ‘SYTH) -

_ﬁNEmawm

5 ,.,,,mmu_m&\s YWY fo\sumz

m__no_>_

@CQ

ugnemsg
POy

- Z81

. Jaquasgns

1

08T

‘Juswageue J9pI0

Ly

| Lzt ®deyionu Bung

¥ 2In31y

40



oty
MD

uodsuel]

No74 A
)OMIBN.
eleq.uo

Juonesaudsy -
]

v

]
]
]
]
Y_ V¥

81T Paa4 “UOREIPO

‘uonedausay -
‘a8e101s 4@

1auIBY). @

A

A

1I||IllllIIIIIIIIIIIIIIIIIIL

_“4uawageuew:
L MTHSYIH),

(Buioums yIH

K

. Tzviens

: <<<vt0>>..—02
o ssany

L21 2depeu| Builg

-uonerg
spaow

G 9an31y

41



Mo 0Ty MO 571
yodsues [€ $S9Y . 1€ 359
T /NVY
v 6 ﬁ (8 , _ - x sg BORMIS
. UIYIIIMS-Y ¥
‘ | 81T poas ‘oneIpaN . = usimsomis : 3 o GO
0zT ‘uonesda.iddy WIH ‘SYTH) | \, | A
SIOMIDN ‘a8eJ01s ¥ad ZETAU) - |TAREASEN |IV@ T N
e1eq Jo A SSA|AIIMN - VYV JJomIaN R ey
SETE] . 3IqoN 55320y
2 @

€2T 3ug

[T doe91u) 3ulj|ig

9 2In3Iy

42



Hodsues)

oy
M9

oct -
NI0MIaN
eleq 10

18Uy @

Juonedasdsy
I

\ 4

 —

0T MO
$S920Y

- INVY

- SCT

Jsd

8TT paa4 ‘uoileipay -

‘uonesas88y
‘a8e403$ ¥YAD

1
[
I
i
I
1
1
I
1
I
1
A 4

(Butydums ¥1H
‘quawaSeurw
YH ‘SYTH)
CET J83Ua)
EIENT
9IqoN

1¢T 19M3S
VYV JI0MI3N
$5320Y

@

% s oneis
% o oy

r
1
l
|

h 4

gcT Buing.

>

LTT d2ep31u| 3ul|ig

£ 9In31y

43



g

podsuesy [€ “ss900y
LT YT V2N R —— .f,,\z<~_;
1 - -

1

1

pod ‘ W
vV VvV ¥ oI B

S  (Bupums iH
"8TT P934 UOREIPIN 1=t . A.Em“c"mmmcME T B
‘uolje8a483y Sy e ‘
. TTTI9NISS llv@
._,_.q«,sqvc.u«,,%,_“.H

‘a8e.01s ¥ad
L BMAOW || sseody.

o e e e e e e e e e s e

uniers
spgoW

oozt
}IOMIBN.

elegio
JouIay|

A T ©SSaPUIM

g aIngd1

44



yied UOHEIIUNWWOD) dUB|d JIjjel] 3IIAIRS =

6 24n314

Y1ed UOIEIIUNWWIOD) dUB|d [0JIUOD IIAIDS = Cm====D

= = e ==

€71
Suypg

991
JAAIRS

JuaA3 8ulj|ig

0991

JaAJas |03U0)
peojumoq
921AI3S

| Ip———

¥S91
19MJ3S AJ8aquy
|0J3u0) SS0Y

‘--"---------------

|

05991

JOAIRS
A103S1H 221AI3S

8€91

NuI Janias
|0J3U0D) IIIAIBS

o e o o o o e s o o e e e e o o

(44"
13}j0J3U0D) 3DIAIBS

811 pasd ‘uonelpay
‘uonebalbby -
‘abelois H@O

S PR

)

174"
l1emaitd
0z1 i 0191
! . 10M}3
U | & HOMISN
$5920Y

T9T @2neqQ
3yl Ag passalay

S3IIAI3S

¢I81 €187 v1i81 ST8T T€8T
13AQ SETNI 4} J9A1Q 19A1Q 19A1Q
wapow Wapow wapow wapow wapow
NYMM NVIM NVdM 18u4ay13 15g/ietd
1 |
]
“ uoI123|3S WIpPON
| ]
2091
. “ _lou ddy 3107
1 °
i 069T ¥eis * S09T
“ mcw_h_wfunu_mz ° uonedyddy 41
“ . :
] A r 091
] “ uonedi|ddy 4oL
1
i
. "
08T 9691
laBeuepy Juady . L691
uoI1323UU0) JOMUOA 3IIAIBS “ 30BH3| 435N
I
A QN I A
Yy L Yy ___ v
-Illllu_mullllllllé IIIIIIII === 0g91sng
' 8y
= ( < uofjesziunwwo) ua
1691 691
. BT ERILET ucwmmmww_ | a8y Ajudayu|
[043U0D) 3IINIBS vaullig |0J3U0) $S3IJY
A
1
1
“ €991
—=====3 J3peojumog ST1
N3 105532014 9JIAIDS
001
321A3( 3pIisu|

45



0T 34n314

(4474
*SHJOMI3U 3I0W JO SUO 0} IJIASP Y] §1I3UU0) ‘€TTZ ‘PZTT 'STTT ‘TYIZ SWapow

SRR ) 3 {34
ﬁwﬁ mﬁwﬁ 5: SI9AUQ wapon-

i

TTST [043U0D pUE UOIID3|IS WIPO

9081 138eUeI UOIIBUO)

€997 J2PEOJUMOQ 3G

nmwﬁ wumtwuc_ ,._mm:n.

.w:____n |BJIUSI YUM SUOIIIBSUEI] 9II3WIIOIR IINPUOD 0} HET SIDAIRS UOIIdESURS ]

YUM S12BJ9)UI ‘SIUSIIPOGWIR BIOS U| "S33I0YD uopdesuel) 3dadde Jo suondo uonoesuesy apinoid ‘Adjjod aBesn 3d1AI9s uo sadloYd 1dadde
‘A2yjod j043u02 aZesn ad1AIaS UO SuOoiIdo apiAoid ‘S|9A3| S8ESN 32IAI3S UO UOIIRIII0U 3pPIAoLd ‘suoidajas ued 3dIAI9s 3dadde ‘suoiido ued
39IAI3S YUM J3SN Y3} mn.>2n 01 /6 By 3284433 JBSM 3YI YIM SIDRISIUI SJUBWIPOGUIS SWOS Ul "S3uaAd Suy||iq spodal pue s3333Q 5697 uady Suyg

u_tm: co_uuw:cou _ma mE: 'S >u_>_tm ipassadaesyiomau m;u%,?mEE:m
L . BWOS u). 0}, umuumccou mm_._ -31A3P ayajet Cw__eb:ouxmu_ UEN mﬁ&n m__obc
., joispodal EmEE:m 5¢) wtonwh mmu_>o._a pue EoumE ersulejulew ‘sIUBWIPOqWIa WS U

cm:obt SMO|j J13jeu} JO m:_ummu co:mu__anm mc;mu_:sEEeu ur ﬂm_mmmi ﬂ:wE_uong wEOm :_

o:.SrmE,m_aE_“E__on v_umum,m:_x‘_osuw: mﬁ R B S
m_mms s mu_>mv mtoaw._ pue; mEeumm © . '969T WISy I0}UOIADIINIDS

‘UoI1BINSIJUOD JO DIBM)OS J0SSIV0Ud DIIAIBS O} mmmcmcu paziJoyineun 32313p 0} Suade 105532044

321AJ3S Y1IM UOI1EIIUNLILIOD 4O §S3IJE AJOWaW Pa3raold ‘Ajande Suipeo| 31emyos sI0}UOW ‘SIUBWIPOGIS dWOS U] '8uisal 3ouanbas
asuodsas-agua|jeyd swiopad Jo sJU3Te J3Y30 JO UOIIEINSIJUOD SANLIIA ‘SIUBWIPOCUIB JWOS U] “PIIIdsns st yaeauq Aja8a1ur wansAs

£ 10 UOIIE|OIA Ad1jod BDIAIIS B UBUM UOIIIE S3IBIU| WISAS [043u0d pue uolejuswajdwi Adrjod 31135 a3 ul saydealq Ayugajul Ajuapl
0} :o:mE._Ec_ SIY3 499y 55047 “Jolneyaq Juase pue uoneandiyuod Jusde ‘a8esn 3dIAIBS ‘Adyjod 3IAISS UO UONELLIOJUI 3IAP S103|10D) | ¥69T Juasdy Ecmmuc_ 1043U0) $$3IY

69T D P ELT ) 3_59

‘_ m.t wm.w..wﬁmm .om_mzﬂ

uawl

vonE 3l

R o ey b e

suopduNy JuaWIpoqu3 Jo Alewwns [erJed | 3uswWIpoqul STT J0SS3I01d INIBS

46




TT 24n314

*2JIABP 9Y} UO SIUSWII|D 3JBMYOS 3I1AI3S 91epdn 1o __Sm:_ 03 uonduNny vmo_:z,on e Sapino.g

0991
J3AI3S |0J3U0D peOjUMOQ IINIDS

E) :: $5pino’

mm_u__oa 321AIS JO SYWI| cm_a 30IAI3S dmﬁ: ESITSER mu_>mu uo sajepdn mmnSoE ﬁcmE__uonEm
awos u] ‘sasueyd uejd 3a21A1s 51da3dy SIUAA3 Bulj|iq J9PIA0.I [BJIUSI 10§ UOIIIUNS UOIIEIPAW SBPIAOI

:m_n IINIDS! wo wn>%m5 wamE;mw 8 vm.tonm ho»uw~>_m:m,=w; injisi EmEE:mwaS

N

>aumﬂ, vmmmwuum ,éozzm m;Eo EmEEzm e wu:_uc_*sms

Ty Lmme

P

i wui

)

4

‘paradsns s yoealq 3..&2:. walsAs e 1o uoiiejoia Adljod 331A13S B Uaym uonoe
saeiul "walsAs 043100 pue uoneuawajdwi Adijod 321A49s a3 Ul s3ydeaLq AjSajul Ajlauapt 01 uolewoul SIY3
S$H99Y2 ss01) ‘Joiaeyaq yuade pue :o_umchcou ade ‘98esn 321135 ‘Ad1jod 9IIAI3S UO UOIIBWIOJUI BJIAIP mﬁw__ou

: wme v_c_._ w?.mm _o::ou mu_?_wm :

suonaung Juawpoquil jo EmEE:m jerued

JUBWA|F TZT 43]|043U0) INAIIS

47



0€9T sng
uonEdUNWILWO)
sy

Mmmm e ——————————

CT 24n3i4

I
- o o i N T-N 4 T

“_] G I wapow wapow wapow wapow
I Wlu!.!.nullul. . = |\ 3Ul0d JUdWiaINseaiN ,

ainsesyy 018G
““ W sng 1 sng
I wapon Wapow
It .
i N T-N ce o 4 T
i an an an anw
I P ————— T 7 AN UIog udliainseay .
il YL ECETELTINETS
I P—— |0J3U0) @ UOI}I3|3aS WIpPO
Il uoljeuLIOY
0 ELTINELS
i llemauny
““ 3y g Almﬁ_mmlmM.IIwM_Nlll!.. Al 3UI0d JudWalnsean -
I Ani8aju| uasy W SoInes
I 011U0) 10}UOW 8unnoy pue 3uinanp dI

ERIINES Insesp 691

“" SS3a3JY DS A..wunnuumw_-ﬂmhwn. L7 1IN0 Juswiaunsea
“_ (Aue }1) jo13u0) D144 pue Sunnoy
““ Poheriaiit kit ~_11 U104 JUBWAINSEAN . .-
“_ d1 43410 dan ddol
I (938 155/S71L ‘dn3as 41 d1seq)
_" JUSWISRUB UOISSS 1R JUSWUSISSY 19%00S
i (212/SNQ/€d0d/dLNS/d13/SdLIH/JLLH)
I . IV S22IAI3S YIOMIBN
““ , JANSEANDANBS ] - | JUIOd JUDWAINSEAA|
““ A..n..,..__m__w.wm__nnnﬁ_wmlnu., aoep91u| uonedyddy
[}
Il
"" <--> uasy 8ul|ig
[ Aulnmdm_u_uwmb-lll 30841 dd dd
I A—— 1IN Vi [ees v
I Aienp uoisioag I .

9 oju| Jasn

48



I o
““ €T 2un314
I :

- O D U S

49

Il 1
——————— i

i€ Y 3 AHd/IVIN Wapo
| e ———— — - - e
I \nmswmos_ e . A\l JUIGd JUSBWAINSEIN -
I

v uady [|eMaJi4 Wapo
“" AuBaqu M,“,_ccﬂm_\d INSEOW SIMES [T .- |11 3UI0d JUSWAINSBAN -
I |043U0) I3 Gmmmmmmmmmmmq 0 ¢ CIEAUIOd 3B A
] SS90V ’ uonejuawajdui Ad1jod d1eil WIPON
I #
I € mommammeed T ||3UIOd JUBWRINSEON
i aInsesiy 99118 - -
=A|||||||..||||||A|||.ﬂ 13A11Q WIPOW
I - ==
] , . wWapow
I _ ,
I AT J3NIQ WIPOIN
] 201088
““ Suinoy pue 8uinanp d|
[ g juasy uag

Aadau) 8 uasy
I 011U07 Joyuon dl 13410 dan ddL
I ERITSELS — -
I $$920Y _ (232 355/57L ‘dn3as dJ1 d1seq)
"“ JuawaSeue UOISSIS 1§ JUBWUSISSY 13205
I (239/SNQ/€d0d/dLNS/d14/Sd1LH/dL1H)
I IdV S9IIAISS HJOMIBN
““ . A 8INSE3N 80IAI8S E T e _aHC_OQ Hcm—tw.:‘.mmms_ E e B ¢ 5
i <= o] U8y 9eM33U| 31N Uonedljddy
Il uoneo)ddy
I ,
I
_"A!. uady 3ul|ig
__ ndu 1asn ucwm<

G mmmmmmmmm==  3ILLID| ddy ce o ddy
oggtsng I -rosmm===s=<P 3310IG J3S
uonReIIUNIWOo) __ Aienp) uois1ag B : S n

uasy || oju| 80113 J8S(



(3) T 24n314 (@) T 24814

0TST 0TST
HUI YIOMISN NUIT HIOMION o
SS3D0Y PAlIM §S920V 11Sa
WPoN W9Ipo 1sd
. a91A3Q
219/11/21982/15a ojWa4 PaIM ad1A8( aBpLg
0} NVMM 1S3 03 i4IM
J91N0Y pa|gqeul sjelpausaiul. J9ln0y pajqeus Eu_quhmu:.

105532044 3IINIBS . 10SS320.d dIIAIAS

g

ﬂ WIpo 14IM

WapoN
130 o1wad

uolsua)xg ojwa4 uoisuaix3 |4IM

(D)1 2unsi4

By
NIOMIBN SSa00Y
sisdo0Q/3|qed

otst
.\\':

4

Wapow

S1S004Q/3198)

aoiaag abpug

s1S90( 0} I4IM

J31n0y pajqeu3
105532044 32INI3S

ajeipauliau|

‘_\ WIpoO 14IM

uojsuaix3y I4IM

01st
) Hur omeN WuI 3omaN
YT 24N i . $S390Y NVMM $5320Y NVMM
WapoOW WapPOAl
Bl3UapIIUO) pue Alelalsdold - uQs:
IERUSPLHOI P d-tiosil 9v/9E NVMM Ov/9E NYMM

Jainoy pajqeul
10553201 IINIBS

asiaaQ 19Inoy

NVMM 0} I1dIM
ajelpawsau|

Suipasemuo4 19yded

0ld

ﬁ Wapon 14IM

WapoN 14IM

(9)yT 24n3i4

uoisuaix3 14IM

uoisuax3 I4IM

0TST

aoslnaqg abpug

NVMM 01 IdIM
ajelpawiaju|

(V)T 24n314

50



PATENT APPLICATION SERIAL NO.

U.S. DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE
FEE RECORD SHEET

. B7/89/2889 KGEBREN! 66868013 588685 61278353
. B1 FC:1883 220,88 DA

PTO-1556
€5/87)

*U.S. Government Printing Office: 2002- 489:267/69033

51





