
METHOD AND SYSTEM FOR USING CONTACTLESS PAYMENT CARDS
IN A TRANSIT SYSTEM CROSS-REFERENCE TO RELATED
APPLICATIONS This application claims the benefit of
United States provisional patent application No.
60/681,513 filed on May 16, 2005, and United States
provisional patent application No. 60/717,626 filed on
September 16, 2005, both of which are incorporated by
reference in their entireties herein. BACKGROUND OF
THE INVENTION Smart card technology is fast becoming
commonplace in our culture and daily lives. A smart
card is a card that is embedded with either a
microprocessor and a memory chip or only a memory chip
with non-programmable logic. The microprocessor card
can add, delete, and otherwise manipulate information
on the card, while a memory-chip card (for example,
pre-paid phone cards) can only undertake a pre-defined
operation. Smart cards, unlike magnetic stripe cards,
can cany all necessary functions and information on
the card. Therefore, they do not require access to
remote databases at the time of the transaction. Smart
cards, which are also generally referred to by the
industry as "microprocessor cards" or "chip cards",
offer greater memory storage and security of data than
a traditional magnetic stripe cards. Smart cards may
have up to 8 kilobytes of RAM, 346 kilobytes of ROM,
256 kilobytes of programmable ROM, and a 16-bit
microprocessor. A smart card uses a serial interface
and receives its power from external sources like a
card reader. The processor uses a limited instruction
set for applications such as cryptography. The smart
cards are used for a variety of applications,
especially those that have cryptography built in,
which require manipulation of large numbers. Thus,
smart cards have been the main platform for cards that
hold a secure digital identity. The most common smart
card applications are: * Credit cards Electronic cash
* Computer security systems Wireless
communicationLoyalty systems (like frequent flyer
points) Banking Satellite TV Government identification
Delivering security - i.e. ensuring access is granted
only for authorized usage by authorized cardholders -
is the fundamental attribute of smart cards. The
effectiveness of smart cards in delivering security is
one of the reasons they have been so widely adopted,
especially in financial services and mobile phones,
why the growth of smart cards has been explosive, and
why their usage is expected to expand rapidly for
other applications such as personal identity cards,
access to pay TV/entertainment, health care services
and transportation. Transportation or transit systems
including rail, metro, bus, ferry and tolls are
utilized by hundreds of millions of people the daily.
Cost effective, efficient and reliable transit is a
civic necessity in modern metropolitan areas. Smart
cards can advantageously remove notes and coins from
the transit environment. Not only are smart card
payments fast and reliable but they also help to
reduce the cost of equipment maintenance. Leading
transit systems around the world are moving to new
payments mechanisms based upon smart card technology.
Several RPID technologies are available for use in
contactless smart card and card readers/terminals. The
basic components of a contactless system are the
contactless reader (or Proximity Coupling Device
(PCD)) and a transponder. The contactless reader is an
antenna connected to an electronic circuit. A
transponder consists of an inductive antenna and an
integrated circuit connected to the ends of this
antenna. The combination reader-transponder behaves as
a transformer. An alternating current passes through a
primary coil (reader antenna) that creates an
electromagnetic field, which induces a current in the
secondary coil (transponder antenna). The transponder
converts the electromagnetic field (or RF field)
transmitted by the contactless reader (PCD) into a DC
voltage by means of a diode rectifier. This DC voltage
powers up the transponder's internal circuits. The
configuration and tuning of both antennas determines
the coupling efficiency from one device to the other.
The transponders may be the contactless payment cards.
For contactless payment card systems to be
economically viable and to gain commercial acceptance,
the contactless payment cards must be interoperable
atall or most RFID-enabled payment terminals, even
when the cards and terminals have technological
features that are proprietary to specific card
providers/issuers, vendors or terminal manufacturers.
Industry-wide interoperability is desirable. Towards
this end, industry standards organizations and groups
(e.g., International Organization for Standards (ISO)
and International Electro Technical Committee (IEC))
have formulated voluntary industry standards for
implementation of contactless smart card payment
technologies. Three such exemplary standards which
have been defined by ISO/DEC are the ISO/EEC 10536,
ISO/EEC 14443, ISO/BBC 15693 standards applicable to
Close Coupling, Proximity and Vicinity cards,
respectively. Recently, assignee MasterCard
International Incorporated ("MasterCard") has
developed proprietary specifications MasterCard
PayPass(tm) ISO/IEC 14443 Implementation Specification
("PayPass") for implementation of proximity
(contactless) payment card technologies. PayPass is a
RFID-enabled contactless payment platform, which lets
users tap or wave a device in front of a special
reader in order to process a transaction. The PayPass
implementations are consistent with the ISO 14443
Standard and provide a convenient example illustrating
the principles of the present invention. See e.g.,
Smets et al. U.S. patent application Nos. 11/182,354,
11/182,357, 11/182,358, 11/182,356, 11/182,355, and
11/182,351, all filed July 15, 2005 and all of which
are incorporated by reference herein. Assignee
MasterCard is a global leader in the provision of open
payment solutions, which leverage the MasterCard
family of brands, including credit, debit and prepaid
payment solutions. In addition, MasterCard is well
placed to enable Prepaid Private Label payment
programs, tailored specifically to the needs of
transit. The PayPass implementations are targeted at
meeting the needs of merchants that require quick
service and high throughput, typically for small
amounts (e.g., less than fifty U.S. dollars). See
e.g., MasterCard Payment Card Industry Data Security
Standard, January 2005, available at
https://sdp.mastercardintl.com/pdf/pcd_manual.pdf,
which and MasterCard's Security Rules and Procedures,
July 2005 Revised August 2005, available at
www.mastercardmerchant.com/acquirers/index.html, both
of which publications are incorporated by reference in
their entireties herein. Additional public
documentation on PayPass features is available at
https://mbe2stl 101 .mastercard.net/hsm2stl
101/public/login/ebusiness/mobile_commer
ce/paypass/documentation/index.jspConsideration is now
being given to enhancing payment solutions that are
utilized in transit system environments. Desirable
payment solutions are "open" solutions, i.e. in which
users are able to access the transit system using
contactless access cards specific to a transit system
and/or smart cards that have broad commercial use
beyond the transit system. SUMMARY OF THE INVENTION
The present invention provides automatic fare
collection (AFC) 



systems and methods for transit systems. An exemplary
AFC system is based on the use of RFID-enabled
contactless payment cards issued by commercial card
issuers. The RFID-enabled contactless payment cards
conform to open industry standards ( e.g., ISO 14443
Standard) for contactless payment cards. The AFC
system includes RFID-enabled card readers disposed at
entrances to the transit system pay areas and a
transit payment platform. The RFID-enabled card
readers may be interfaced with a terminal or station
controller. The AFC system further includes a transit
payment platform or application designed to conduct
transaction payment authorization, clearing and
settlement processes over electronic networks common
in the payment-by-card industry. A customer desiring
to gain access to gated pay areas of the transit
system presents his or her contactless payment card (
e.g., MasterCard's PayPass card) to be read by the.
The RFID-enabled card reader for fare payment. The
card reader/terminal controller evaluate the read
contactless payment card data against a list of hot
cards (i.e., cards that reported lost, stolen,
expired, or delinquent in payments) and accordingly
grant or deny the customer access to gated pay areas
of the transit system. A card transaction record is
prepared an communicated to the transit payment
platform for payment authorization, clearing and
settlement. For single fare rides, the transaction
payments are charged to the customer's card account
(e.g., credit or debit account) with the card issuer.
The transit payment platform can be further configured
so that customers can register or set up pre-funded
transit accounts linked to their contactless payment
cards. The pre-funded accounts may be have currency
balances ( e.g., dollar amounts), ride entitlement
balances (e.g., number of rides) or time balances,
whichcorrespond, for example, to pay-per-ride ticket,
maximum number of rides per ticket, and unlimited ride
ticket fares. For fare transactions with such
contactless payment cards, the transit payment
platform settles the transaction payments against the
prefunded transit accounts associated with the
transacting customers' contactless payment cards.
Further features of the invention, its nature and
various advantages will be more apparent from the
accompanying drawings and the following detailed
description. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1
is a block diagram illustrating the logical elements
of an electronic payment solution for a transit
system, in accordance with the principles of the
present invention. FIG. 2 is a block diagram
illustrating an exemplary automated fare collection
architecture for a transit system based on the use of
PayPass cards for fare payment, in accordance with the
principles of the present invention. FIG. 3 is
schematic diagram illustrating the components of a
smart card payment platform which is interfaced a
transit system infrastructure for automatic fare
collection, in accordance with the principles of the
present invention. FIG. 4 is flow diagram illustrating
the exemplary steps involved in a process for
registering a customer's smart card for use in a
transit system, in accordance with the principles of
the present invention. FIG. 5 is flow diagram
illustration the exemplary steps involved in a process
for processing a fare transaction when a customer
presents a smart card at a transit system's card
reader for fare payment, in accordance with the
principles of the present invention. DETAILED
DESCRIPTION OF THE INVENTION The present invention
provides an automatic fare collection (AFC) solution
for transit systems. This AFC solution, which is based
on the use of smart cards, allows automatic fare
collection systems and procedures to be implemented in
a transit system. The automatic fare collection
systems and procedures canadvantageously reduce
operating costs by reducing, for example, currency
handling costs, ticket vending machine and turnstile
maintenance costs, fare media procurement costs (e.g.,
plastic/paper fare cards), and the number of staffed
ticket booths in operation. The AFC solution is based
on smart cards (e.g., MasterCard's PayPass) that
conform to a common or open industry standard (e.g.,
ISO 14443 Standard) for contactless payment devices.
FIG. 1 is a block diagram, which shows the logical and
structural components of an exemplary electronic
payment solution 100 for a transit system. Exemplary
electronic payment solution 100 is based on Master
Card's PayPass implementations. In solution 100, a
cardholder is issued a PayPass card 110 by an issuer
120. The customer can present the PayPass card to pay
fares, for example, at a turnstile 132 (e.g., a subway
turnstile or gate), to gain entry to gated pay areas
of the transit system. Turnstile 132 is provided with
a RFID-enabled card reader 130 for electronically
reading the PayPass card presented by the customer for
automated fare collection (AFC). Card reader 130 is
electronically linked to a transit system's payment
host 140 via an optional terminal controller 150 and a
PayPass Transit Payment Platform 160. The customer's
fare payment may be electronically processed in a
manner similar to the present payment-by-card schemes
that are used to process PayPass credit or debit card
payment transactions, for example, in the retail
industry. For this purpose, Transit Agency Payment
Host 170 is linked to card issuer 120 and other
entities or organizations via a conventional
payment-by-card electronic network 190. The
transaction payment processing steps (e.g.,
transaction/payment authorization request, approval,
and settlement steps) may involve conventional
electronic payment infrastructure entities such as an
acquirer 170 and the PayPass card association 180
(i.e. MasterCard) who are also linked by network 190.
In an implementation of payment solution 100,
customers may set-up and register pre-funded transit
accounts, which are linked to the customers' PayPass
cards. In practice, a customer presents or "taps" or
his or her PayPass card 110 at card reader 130 mounted
on transit turnstile 132 to gain access to the gated
pay areas of the transit system. Data encoded in the
card is read and transmitted to terminal controller
150. Terminal controller 150 responds by either
accepting or rejecting the card. The customer is
accordingly given or denied access through the
turnstile. Terminal controller 150 software
communicates a transaction data record to
PayPassTransit Payment Platform 160. PayPass Transit
Payment Platform 160 provides necessary authorizations
and batch settlement processing functions for
transactions, as well as continued maintenance of the
card terminal software. It will be understood that the
selection of the PayPass implementation for purposes
of illustration is only exemplary, and that the
principles of the present invention can be more
generally applied to electronic payment devices and
systems that operate under other common industry or
proprietary standards. Other electronic payment
devices and systems may be based on contactless cards
such as American Express ExpressPay and Visa Wave. The
PayPass implementations bring open payments to the
transit environment and provide new options to transit
entities that are planning to deploy, or already
deploying, smart card based payment solutions. The
PayPass implementations can be advantageously tailored
to leverage open payment solutions to benefit both the
transit entities and their customers. Further, the
application of the inventive electronic payment
solution is described herein with reference to an
exemplary subway transit system -NY City Transit ("NY
Transit"), which is operated by the Metropolitan
Transportation 



Authority ("MTA") of the State of New York. It will be
understood that the choice of MTA/NY Transit is only
for purposes of illustration and that the inventive
electronic payment solution may be utilized in any
other transit systems (e.g., Staten Island Railway,
Long Island Rail Road, Long Island Bus, Metro-North
Railroad, and Bridges & Tunnels). Electronic payment
solution 100 may be designed for integrated AFC
applications across several transit systems (e.g.,
subways, buses, railroads, etc.) and also may be
integrated with other electronic payment solutions
such as the E-ZPass solution, which is deployed in the
MTA' s Bridges and Tunnels operation for AFC. With
renewed reference to FIG. 1, solution 100 may be
operable with any suitable number of different card
types and card distribution models. The transit
functionality of these different card types is enabled
by suitable design of Transit Payment Platform 140.
The suitable number of card types and card
distribution models may be selected with a view to
extend smart card use to as wide a proportion of the
transit system's ridership as makes economic sense.
The selected card types may include, for example,
cards that support single-ride, time based (unlimited
ride) modes ofoperation, and/or value based cards that
that support pay-per-ride modes of operation. Examples
of potential card distribution models include: (1)
Bank issued cards (e.g., MasterCard PayPass) Banks may
issue PayPass enabled standard credit or debit cards
for general use by cardholders at merchants. These
PayPass cards may also be used for travel within the
MTA system and have the ability to cater to the needs
of the regular commuters in addition to the infrequent
travelers and visitors to the region. The cards may
either be registered with the transit system to set up
a pay-per-ride pre-funded transit account, which may
be spent solely within the MTA environment (in a
similar manner to E-ZPass). Registered PayPass cards
can perform the functionality of a regular MetroCard
for value based (pay-per-ride), or time based
(unlimited ride) products. Unregistered PayPass cards
may be used within the MTA to pay at the gate for a
small number of rides each month. (2) MTA / bank
co-branded cards (e.g., MTA / MasterCard PayPass
co-branded MetroCard) The co-branded cards may be
marketed and issued by banks as 'commuter', 'city' or
'travel' cards. Within the MTA system, the co-branded
cards have functionality similar to that of a regular
MetroCard ticket, which is based magnetic stripe
technology, for value based (pay-per-ride), or time
based (unlimited ride) products. The cards will
function as normal bank payment cards outside the MTA
environment. All cardholders are automatically
registered with the transit system for the purpose of
travel, either on a value based (pay-per-ride) or time
based (unlimited ride) basis according to cardholder
selection at the time of enrollment. (3) MTA private
label card powered by PayPass: The MTA private label
card may target riders who are regular users of the
system but who do not wish to combine their travel
cards with bank payment cards. The MTA and its agents
may distribute these private label cards via an
issuing partner. This card product has functionality
similar to that that of a regular MetroCard for value
based (pay-per-ride), or time based (unlimited ride)
products. The MTA private label card is a true prepaid
card that may only be used within the MTA environment.
The MTA private label card may be appropriate for
under banked customers and/or those who prefer a
separate payment card for travel. Customers might pay
a fee and/or deposit in order to obtain the card.
Allcardholders may be automatically be registered with
the Transit Payment Platform for the purposes of
travel, either on a value based (pay-per-ride) or time
based (unlimited ride) basis. In practice, MasterCard
and its member banks will be promoting the
RFID-enabled PayPass concept for speedy transactions
throughout the United States. As deployment occurs in
geographies other than New York City, it may be
possible to begin linking up the transit capabilities
available in one area with those in another.
Initially, this may make most sense on a regional
basis, but has the potential to be extended nation
wide. Therefore, visitors from other parts of the US
will be able to gain entry to the MTA systems using
their existing PayPass cards. This may reduce costs
for the MTA, and also improve the overall utility of
the system for riders. MTA' s adoption of a PayPass
solution would give riders the ability to travel from
Albany to NY City using their MasterCard PayPass card.
Exemplary implementations of solution 100 based on
MasterCard's PayPass may be configured to be
consistent or compatible with pre- existing the fare
structures and card or ticket types that are used by
the transit system. Appendix A shows a fare structure
for MTA/NY Transit. Further, Appendix B shows in
tabular form a comparison of the transit fare
structure features supported by each of the three card
types discussed above. Solution 100 may be configured
to support any number of AFC architectures or schemes.
An exemplary AFC architecture -"Host plus Distributed
Negative File," is based on the use of standard
PayPass payment cards. In this architecture, there is
no need for any special transit application to be
loaded onto the payment cards. A customer presents a
standard PayPass card 110 to turnstile 130/reader 132
for fare collection. Turnstile 130 validates the card
data (e.g., personal account number, Expiry Date, and
card validation code) and checks whether the card is
listed in a negative file or hot list. If the card is
listed in the negative file, turnstile 130/terminal
150 deny the customer access to the gated pay areas of
the transit system. Conversely, if the card is not
listed in the negative file, turnstile 130/terminal
150 activates a gate to allow the customer access to
the pay areas of the transit system. Turnstile
130/terminal 150 concurrently or later forwards a raw
transaction data record associated with the card use
to the transit payment platform 160, which may be
configured to process single-ride, pay-per-ride and
unlimited ridetransactions. Transit payment platform
160 receives raw transactions from transit system
(e.g., MTA) and processes them against registered
customer accounts. Where appropriate, transit payment
platform host 140 may forward the single-ride
transaction data to an acquirer 170 for further
processing. Transit payment platform host 140
generates and maintains the negative file, which is
distributed to turnstiles 130, for example, via
terminal controller 150. Another exemplary AFC
architecture -"Host plus Distributed Entitlements," is
also based on the use of standard PayPass cards. In
this architecture, Transit payment platform host 140
distributes a positive file of entitlements to
turnstiles 130 in the transit system. The entitlements
may be represented as a list of valid unlimited ride
cards, and valid value based cards that have a
positive pre-funded balance. When a customer presents
a standard PayPass card 110 to turnstile 130/reader
132 for fare collection, turnstile 130 validates the
card data and checks whether the card is listed in the
entitlement file. If the card is listed in the
entitlement file, turnstile 130 activates a gate to
allow the customer access to the gated pay areas of
the transit system. Conversely, if the card is not
listed in the entitlement file, turnstile 130 denies
the customer access to the gated pay areas of the
transit system. Turnstile 130 may concurrently or
later forward a raw transaction data record associated
with the card to the transit payment platform host
140. Transit payment platform host 140 processes
transactions and updates entitlement file and balances
for distribution back to turnstiles 130. 



The Host plus Distributed Entitlements architecture
may advantageously reduce incidents of unpaid rides
that are possible with the Host plus Negative File
architecture. However, the entitlement files used in
the former architecture may be large. The large
entitlement files may require provision of additional
memory at turnstiles 130/terminal controller 150 in
comparison to the memory required for the smaller
negative files used in the latter architecture. Like
the Host plus Negative File architecture, the Host
plus Distributed Entitlements architecture uses
standard PayPass cards. There is no need for special
transit application to be loaded onto cards. Yet
another exemplary architecture -"Host plus Smart
Ticketing Application on PayPass Card," uses standard
PayPass cards that are enhanced with a special transit
application. The special transit application records
real-time rideractivity and a shadow pre-funded
balance. The card's pre-funded balance/entitlement may
be updated by a customer, for example, at an MTA
PayPass enabled vending machine. In this architecture,
turnstiles 130/readers 132 are configured to read and
update a rider activity record stored on the card. The
records of rider activity may be used to prevent
unpaid rides and abuse of unlimited ride tickets. When
a customer presents a standard PayPass card 110 to
turnstile 130/reader 132 for fare collection,
turnstile 130 validates the card data and checks
whether the card is listed in a negative file or an
entitlement file. Further, automatic fare collection
transaction processing may occur in a manner similar
to that in the previously described two AFC
architectures. FIG. 2 shows AFC solution 200, which is
an exemplary implementation of the Host plus
Distributed Negative File AFC architecture in a mass
transit system. The structural components of this
solution include entities such as PayPass issuers 290,
and software and hardware components such as a
standard PayPass Card/device 2 10, a Gate Reader 220,
Ticket Vending Machine 230, Bus Fare Box 240, station
controller 250, a Transit System Host 260, a Transit
Payment platform 270, PayPass Card issuers 290, a
rePower Host 280 and electronic payments network
(MasterCard Network 292). In AFC solution 200, PayPass
Card/device 210 may be an ISO 14443 smart card or
other device (e.g. key fob) containing the MasterCard
PayPass application. Gate Reader 220 may be a
conventional turnstile or gate, which is augmented
with an ISO 14443 card reader and a PayPass terminal
application. Similarly, Bus Fare Box 240 may be a
conventional bus fare box, which is augmented with an
ISO 14443 card reader and a PayPass terminal
application. Ticket Vending Machine 230 may be a
conventional ticket vending machine, which is similar
to those currently deployed by the MTA at subway
stations. Station controller 250 may be a conventional
station controller, which is modified to process
PayPass transactions and handle the negative file.
Transit System Host 260 may be an existing system host
used by the MTA. Transit fare payment transactions may
be routed via Host 260 and Transaction Payment
Platform 270 to MasterCard Network 292, which is
presently deployed to process and route MasterCard
transactions in the US and world-wide. Alternatively,
the fare payment transactions may be routed to
MasterCard Network 292 via a separate gateway host
(e.g., Network Gateway 296). Use of NetworkGateway 296
as an alternate to route fare payment transactions may
minimize the processing load or impact on the existing
system host used by the MTA. MasterCard Network 292
links Transit Payment Platform 270, optional rePower
Host 280, PayPass Issuers 290 and PayPass Merchant PoS
294. PayPass Issuers 290 may be conventional issuers
of PayPass credit or debit cards (e.g., MasterCard
member banks). In FIG. 2, PayPass Merchant PoS 294
represents the point of sale infrastructure outside
the MTA for merchant acceptance of MasterCard PayPass
credit and debit cards (e.g. for conducting retail
merchant-customer sales). Transit Payment Platform 270
may be a host system, which is suitably configured to
manage single-ride, pay-per-ride and unlimited ride
transactions for the MTA/NY Transit and other transit
systems (e.g., transit systems 298). Transit Payment
Platform 270 receives raw transactions from the MTA
Transit System Host 260 or alternate network gateway
296, and processes the raw transactions against
registered cardholder accounts. Transit Payment
Platform 270 may forward singleride transactions to a
third party (e.g., an acquirer) where appropriate.
Further, Transit Payment Platform 270 generates or
maintains a negative file, which is passed back to the
MTA Transit System Host 260 for distribution to
station controllers 250. Optional rePower Host 280 may
be any host system that is configured to reload value
based and time based (pre-funded) card accounts
automatically or in response to requests. rePower is
MasterCard's branded facility for loading value to
pre-funded accounts. The rePower host may have
suitable interfaces that facilitate reload requests,
for example, via the Internet, text message, or
telephone. rePower Host 280 provides updated reload
information to linked Transit Payment Platform 270.
When a customer presents PayPass Card/device 210 for
fare payment, solution 200 may use an exemplary
PayPass transit card processing procedure 300 for AFC
according to the fare type (e.g., single ride, value
based pay-per-ride, or time based). Exemplary process
steps and outcomes that take place at Gate Reader 220
and/or at Transit Payment Platform 270 are listed in
Table 1.Table 1 PayPass transit card processing
procedure 300As shown in Table 1, PayPass transit card
processing procedure 300 includes checks on the usage
of PayPass cards at two stages. First, the presented
card is checked against a negative file at gate 220
(step 312). Next, the presented cardchecked at Transit
Payment Platform 320 (payment authorization steps
322a, 323a, and ride entitlement check step 324a). If
either check fails, the card may be added to the
negative file. The Transit Payment Platform checks may
be performed asynchronously (i.e. at a later time than
card presentment). Therefore, it may be possible for a
cardholder whose card clears the first "gate" check to
gain access to gated pay areas of the transit system
even if the later Transit Payment Platform check
fails. In addition to verifying that the presented
card is not present in the negative file, the gate
check performed at gate 220 (step 312) may include
verification that format of the card data is correct,
and that the card has not expired. The gate check also
may include other verifications, for example, velocity
profiling (i.e. that the presented card has not been
used more than a fixed number of times in the same day
at the same transit station). Similarly, the Transit
Payment Platform check may include verification that
the presented card has not expired and is not on a
list of cards reported as lost or stolen. For MTA
Private Label cards that are reported as lost or
stolen to a transit service agent, the service agent
may update a Transit Payment Platform list of cards
reported as lost or stolen. For MasterCard branded
cards, Transit Payment Platform 270 may have access to
MasterCard's global lost/stolen cards file and use
that file for verification that the presented card has
not reported as lost or stolen. Transit Payment
Platform 270 may be configured to conduct additional
checks the transaction data records in order to
implement the fare plan rules (e.g., rules concerning
transfers between routes/lines). Where appropriate for
the implementing such rules, Transit Payment Platform
270 may generate additional payment transactions. The
checks designed to implement fare rules may depend on 



the type of the fare transaction. For example, for
single ride transactions the additional checks may
include verification that a maximum number of rides
per month has not been exceeded (e.g., 10), and that
the payment is authorized by the card issuer. For
pay-per-ride transactions, the additional checks may
include verification that the cardholder's pre-funded
transit account balance is sufficient to fund the
ride. For unlimited ride transactions, the additional
checks may include verification that thecardholder's
unlimited travel period has not expired and that the
card has not been presented more than once at the same
station within a restricted period (e.g., currently 18
minutes for an MTA MetroCard, which uses magnetic
stripe technology). AFC solution 200 relies on a hot
list of cards (i.e., the negative file) to prevent
cardholders from improperly gaining access to the
system. If a card is included within the negative
file, the gate to pay areas of the transit system will
not open. In practice, the effectiveness of this
method of preventing improper access depends on the
frequency at which the negative file is updated and
the distributed throughout the transit system. An
updated negative file may be conveniently distributed
daily. However, more frequent updates/distribution
will likely reduce the incidence of unpaid fare
riders. AFC solution 200 is also configured to remove
or delete card listings from the negative file when
appropriate. For example, when a pay-per-ride card is
loaded or an unlimited ride card is renewed, any
corresponding entry in the negative file is removed.
The updated negative file can take effect only after
the next distribution of the negative file. In the
case of a daily distribution schedule, this may mean
that the pay-per-ride/unlimited ride card is valid for
travel only on the following day. More frequent
updates and distribution of the negative file may be
desirable. FIG. 2 shows rePower Host 280, which is
MasterCard's branded facility for loading value to
pre-funded transit accounts. A cardholder can register
with rePower by filling in a form, via the Internet or
as part of a transit account setup procedure.
Following registration, the cardholder may top-up his
or her pre-funded transit account via the Internet,
phone, cell phone text message, e-mail or IVRU. The
rePower facility also may be extended to ATMs, PoS
devices, machines and possibly to existing ticketing
agents. Solution 200 may be configured to provide a
cardholder with an automatic top-up option, which
replenishes value to a pre-funded transit account from
an associated debit or credit card when the account
balance falls below a certain level. In a transaction
for loading value, rePower Host 280 may first deduct
fares for unpaid rides or alternatively add refunds to
the designated load amount for the transit account.
Further, negative file entries associated with the
re-loaded card are deleted.Similarly, when an
unlimited ride ticket is purchased or renewed, any
unpaid fares are added to the purchase amount.
Further, negative file entries associated with the
renewed unlimited ride ticket are deleted. AFC
solution 200 may affect other conventional aspects of
transit system operation. However, AFC solution 200
may be modified to improve or accommodate the affected
aspects. For example, under AFC solution 200 transit
system riders will not have traditional paper tickets,
which can be inspected by on board train conductors.
If on-board inspection is desired, solution 200 may
provide portable PayPass Card readers to on-board
train conductors or ticket inspectors. The portable
PayPass Card readers can be used to inspect PayPass
cards presented by on board riders. The portable
PayPass Card readers may be provided with mobile
communication capabilities so that rider's fare
entitlement or payment can be confirmed, for example,
with the Transit System Host. AFC solution 200 may
involve two types of settlement of transactions and
payments. One type of settlement relates to
single-ride transactions authorized by PayPass Issuers
290. Settlement for these transactions may be
conducted via a third party (e.g., an acquirer, FIG.
1) to Transit Payment Platform and then to the MTA.
Alternatively, the single ride transactions settlement
may involve transaction aggregation or the use of
pre-authorized amounts. Transaction aggregation, which
aggregates several single-ride transactions by rider
or account-holder, may provide efficient settlement. A
second type of settlement relates to transactions for
rides made using pay-per-ride or unlimited ride
PayPass cards. This type of settlement is conducted
directly between Transit Payment Platform 270 and the
MTA. A suitable commercial arrangement may be set up
for this purpose between an operator of Transit
Payment Platform 270 and the MTA. It will be
understood, further, that the foregoing is only
illustrative of the principles of the invention, and
that various modifications can be made by those
skilled in the art, without departing from the scope
and spirit of the invention. For example, AFC solution
200 for MTA NY Transit subways can be readily extended
to MTA buses or other modes of transportation. In such
extensions, buses or other vehicles or points of
access can be equipped with a smart card reader
attached to the existing fare box/ticket validator
240. Transactions would be stored within theequipment
and downloaded to the host system when the bus
returned to base. Further, for example, the principles
of AFC solution are readily extendable to
implementations of the Host plus Smart Ticketing
Application on PayPass Card architecture and the Host
plus Distributed Entitlements architecture, which for
brevity are not described in further detail herein.
FIG. 3 shows the desired or required functions of the
PayPass Transit Payment Platform 510 and the Subway
Turnstile Infrastructure 520 associated with a
demonstration of a PayPass based AFC solution in
MTA/NY Transit. Similarly, Appendix C lists the
functions and processing steps at each of the key
components. Subway Turnstile Infrastructure 520: All
PayPass reader 522 and terminal 524 hardware and
software preferably comply with published MasterCard
PayPass specifications. PayPass readers 522 and
terminals 524 preferably store and send information
securely (e.g., in encrypted format) to prevent
unauthorized access to the information. PayPass
readers 522 and terminals 524 preferably are able to
store or log two weeks worth of information in the
event of a communications failure. Once these logs
(e.g., error and transaction logs) are full, the data
may not be overwritten until the logged information is
uploaded from terminal 524. When communicating with
the PayPass Transit Payment Platform 510, PayPass
readers 522 and terminals 524 preferably provide
device health information (e.g. that the device
functioning correctly). PayPass Transit Payment
Platform 510: PayPass Transit Payment Platform 510
processes only PayPass transactions for turnstile
access. All existing turnstile access legacy functions
may continue to utilize existing transit agency
infrastructure (e.g., station controller 504, ticket
vending machine 506). PayPass Transit Payment Platform
510 has applications for management of activities
associated with PayPass transactions. These
applications may include customer account management
602 and 604, account maintenance 512,
payment-processing 516, file management 516, and
network management 518 applications. PayPass Transit
Payment Platform 510 may interact with MTA systems in
support of processing PayPass transactions. PayPass
Transit Payment Platform 510 may have appropriate
management reporting functions for reporting daily
activity (e.g.: authorizations obtained, transactions
settled for funding, turnstile activity, etc.) to
MTA.PayPass Transit Payment Platform 510 has customer
account management applications 602 and 604 for
managing pre-funded and post-funded 



customer accounts, respectively. Transactions on the
two types of account have different payment processing
flows(i.e. transaction authorization and clearing
flows). PayPass Transit Payment Platform 510
preferably has the ability to link a PayPass card
number to a pre-funded account for admittance through
the turnstiles (pre-registration). Funding options may
include auto loading, cardholder requested website
reloads, SMS, etc. Further, PayPass Transit Payment
Platform 510 preferably has a mechanism for
cardholders to establish and maintain their pre-funded
accounts. PayPass Transit Payment Platform 510 may
provide a web based customer interface to allow
cardholders to obtain ride history relating to
aggregated post-funded transactions and/or pre-funded
transactions, and transaction history associated with
pre-funded account "top-up" activity. The web based
customer interface also may allow cardholders to
enroll and un-enroll for pre-funded accounts. FIG. 4
shows a process 400 by which a customer who is mailed
a PayPass card by an issuing bank can pre-register the
PayPass card for use on a transit system, and link the
card to a pre-funded transit account. At step 4 1 of
process 400, the bank mails the PayPass card to the
cardholder. At step 42, the cardholder may elect to
register the card with the transit system. If the
cardholder does not elect to register the card, the
cardholder can still use the card for post-paid fare
transactions on the transit system. If the cardholder
elects to register the card, PayPass Transit Payment
Platform 510 at step 43 sets up a pre-funded account
associated with the card at an Automated Credit
Service (ACS). The cardholder may further choose at
step 44 to activate automatic reload features for the
pre-funded account. If the cardholder does not choose
to activate automatic reload, a pre-funded account is
assigned a one time value (step 46). Conversely, if
the cardholder chooses to activate automatic reload
features, account load limits are set up for automatic
reloading at step 45. Step 45 may utilize a
conventional address verification service (AVS) to
check cardholder qualifications. The issuing bank may
be notified if for three consecutive enrollment
attempts the AVS check fails. However, the failing
card may not be automatically hot listed. The issuing
bank will have the necessary information and may
choose to either hot list the card or allow the AVS
checking parameters to be reset.When pre-registering a
card, PayPass Transit Payment Platform 510 may have
access to the transit agency's fare rules (see e.g.,
Appendix A) allowing cardholders the choice of transit
agency defined fare options (i.e. discount bulk
purchase, buy 5 get one free, etc.). PayPass Transit
Payment Platform 510 preferably has the ability to
perform authorization and clearing functions related
to "top-up" activity for prefunded accounts. The
transit agency may be the merchant for these
transactions and the existing merchant/acquirer
relationships that are already in place can be
utilized. PayPass Transit Payment Platform 510 may
maintain and manage the balance for all pre-funded
accounts. If a pre-registered card account balance is
depleted and not reloaded, the card will be added to
the negative file. A cancellation facility may be
provided for cardholders who may decide that they no
longer wish to use the prefunded functionality but
would rather use the post-funded functionality. If the
auto load function has been set up previously, the
cardholder may be given the choice of canceling only
the auto load function or both the auto load function
and the prefunded account itself. Pre-funded accounts
may allow "pass back", for up to six (6) rides in 18
minutes. Once a pre-funded PayPass device is reported
lost, the cardholder may be able to get any remaining
value transferred to a new PayPass account. For
post-funded accounts, PayPass Transit Payment Platform
510 preferably has the ability to aggregate payment
card transactions for clearing and authorization at a
later time based on a set of pre-defined business
rules. For the demonstration project, MasterCard, the
transit agency and the card issuer may jointly define
the rules. Post-funded accounts may allow "pass back",
for up to six (6) rides in 18 minutes. The
authorization procedures for post- funded transactions
may be as follows: At the beginning of any
transaction, PayPass Transit Payment Platform 510 may
check if the card used at a turnstile has a pre-funded
account already set up, if no pre-funded account is
found the transaction may be considered post-funded;
and For the first post-funded transaction, PayPass
Transit Payment Platform 510 may perform an
authorization. This authorization may be for theamount
described in the aggregation business rules below. If
the issuer declines this authorization request, the
account may be added to the negative file. Once this
authorization is obtained, the card can be used in the
transit system according to suitable business rules. A
suitable business rule for aggregation of post-funded
transactions requires the aggregated transaction
amounts to be sent for clearing when any of the
following conditions are met or exceeded: (1) 10 rides
have been taken, (2) a maximum of one half of a month
has passed since the first ride. On the 1st and 15th
of the month, the post paid accumulated accounts that
have been open for at least 2 weeks may be posted. (3)
the card is hot listed after a transaction has been
accepted but prior to the aggregated amount being sent
for authorization. These conditions are parameter
based. The parameters may be set through PayPass
Transit Payment Platform 510 and downloaded to the
PayPass reader/terminal. After any one of the
aggregation business rule conditions have been met,
PayPass Transit Payment Platform 510 may create a
clearing transaction. For the next (post settlement)
use of the card, PayPass Transit Payment Platform 510
may treat the card as unknown and process an
authorization request. PayPass Transit Payment
Platform 510 preferably has access to a network for
performing authorization and clearing functions. It is
assumed that the transit agency is the merchant for
these transactions and that existing merchant/acquirer
relationships are already in place. PayPass Transit
Payment Platform 510 preferably may provide an audit
trail of all transactions and interactions occurring
on the platform and at the turnstiles. This data may
be exportable to the designated support systems and
file formats. PayPass Transit Payment Platform 510
maintains and manages the positive (entitlement) and
negative files. The negative file is used to list hot
cards (e.g., lost, stolen, and "Never Received in
Issuance" (NRI) cards). The negative file is
downloaded to terminals 524 on a regular basis,
preferably as frequently as every four hours. PayPass
Transit Payment Platform 510 may update the negative
file multiple times per day based upon a data feed
from the card issuer, a data feed fromMasterCard,
and/or PayPass Transit Payment Platform activity
(e.g., a card that has depleted all of its pre-funded
account balance may be added to the negative file).
Cards may be taken off the hot list when a request is
made by the issuer bank to remove a card from the hot
list (e. g., when a customer in arrears, who was
previously added to the hot list, pays their bill), or
when a depleted pre-funded account is funded again.
PayPass Transit Payment Platform 510 and the terminal
systems may maintain a velocity file to track usage of
the PayPass devices. This velocity file may be sent to
the transit agency multiple times during the day. The
PayPass Transit Payment Platform may be required to
communicate with the terminals, e.g., over a 



dial up phone line provided and maintained by the MTA.
FIG. 5 shows the exemplary steps involved in the AFC
process 700 when a customer presents a PayPass card
for fare payment at a transit system's card reader. At
step 71, the card's bank identification number (BIN)
is checked. If the BIN is in range, at step 72 the
card is checked against the hot list. If the result of
the checks at either step 7 1 and 72 are unfavorable,
the transaction is declined (step73). If the result of
the checks at steps 7 1 and 72 are favorable, a
transaction is posted (step74) and sent to the PayPass
Transit Payment Platform for processing (step 75). The
PayPass Transit Payment Platform, at step 76
determines if there is a pre-funded account associated
with the card. In case there is a pre-funded account,
the PayPass Transit Payment Platform at step 77
performs pre-funded account activity. In case there is
no pre-funded account associated with the card, the
PayPass Transit Payment Platform at step 78 determines
if there is an accumulation or aggregation account
associated with the card. In case there is no
accumulation account associated with the card, the
PayPass Transit Payment Platform at step 79 sets up an
accumulation account associated with the card. In case
there is an accumulation account associated with the
card, the PayPass Transit Payment Platform at step 80
accumulates the transaction to the accumulation
account. Lastly the PayPass Transit Payment Platform
step 81 prepares an accounting/clearing record for
aggregation when a business rule condition is
triggered. In accordance with the present invention,
software (i.e., instructions) for implementing the
aforementioned AFC solutions can be provided on
computerreadable media. It will be appreciated that
each of the steps (described above inaccordance with
this invention), and any combination of these steps,
can be implemented by computer program instructions.
These computer program instructions can be loaded onto
a computer or other programmable apparatus to produce
a machine, such that the instructions, which execute
on the computer or other programmable apparatus,
create means for implementing the functions of the
aforementioned AFC solutions. These computer program
instructions can also be stored in a computer-readable
memory that can direct a computer or other
programmable apparatus to function in a particular
manner, such that the instructions stored in the
computer-readable memory produce an article of
manufacture including instruction means which
implement the functions of the aforementioned AFC
solutions. The computer program instructions can also
be loaded onto a computer or other programmable
apparatus to cause a series of operational steps to be
performed on the computer or other programmable
apparatus to produce a computer implemented process
such that the instructions which execute on the
computer or other programmable apparatus provide steps
for implementing the functions of the aforementioned
AFC solutions. It will also be understood that the
computer-readable media on which instructions for
implementing the aforementioned AFC solutions are be
provided, include without limitation, firmware, micro
controllers, microprocessors, integrated circuits,
ASICS, and other available media.APPENDIX A MTA FARE
STRUCTURE  Single-ride - Full Fare - $2  Single-ride -
Reduced Fare - $ 1  Pay-per-ride MetroCard (pre-funded
journeys at either Full or Reduced Fare)  Buy as many
rides as you want from $4 to $80  Put $10 or more on
your card and receive a 20 percent bonus  Automatic
free transfer between subway and bus, or between buses
(no transfers from subway to subway or to the bus
route on which you started)  (refill as often as you
like, until card expires)  (can be used to pay for up
to 4 people at a time)  Unlimited Ride MetroCard
(pre-funded, unlimited journeys in a given time
period)  1-Day Fun Pass  7-Day  30-Day  7-Day Express
Bus Plus  30-Day Unlimited Ride (JKF AirTrain Only)
(no refills - purchase a new card for each new period)
(cannot be used at the same subway station or on the
same bus route for 18 minutes) (can only be used by
one person at a time). APPENDIX B Table - Possible
Types of Card and Transit Payments SupportedLAMINATED
FELT ARTICLES BACKGROUND OF THE INVENTION 1. Field of
the Invention The invention relates to laminated felt
sheets, and assemblies thereof, having utility for
impact absorption, ballistic resistance, penetration
resistance per se, as well as in spall shields,
structural composites and other applications. 2.
Description of the Related Art The construction of
body armor for personal protection is an ancient but
not archaic art. Metal armor, already well known to
the Egyptians by 1500 B.C., persisted in use until
about the end of the 17th century. In recent times,
body armor has again become practical through the
discovery of new strong fibers such as aramids, high
molecular weight polyethylene, and polybenzazoles.
Various fiber-reinforced constructions are known for
use in impactresistant, ballistic-resistant and
penetration-resistant articles such as helmets,
panels, and vests. These articles display varying
degrees of resistance to penetration by impact from
stabbing implements such as knives and spikes or
projectiles such as bullets, shells, shrapnel, glass
fragments and the like. Ballistic-resistant and/or
penetration-resistant articles which include high
strength fibers made from materials such as high
molecular weight polyethylene, aramids and
polybenzazoles are known. See, e.g., United States
Patents (USP's) 6,534,426, 6,475,936, and a 1984
publication of E.I. duPont De Nemours International
S.A. entitled "Lightweight Composite Hard Armor Non
Apparel Systems with T-963 3300 dtex DuPont Kevlar 29
Fibre." The fibers may be woven or non-woven.
Non-woven fibers may be knitted, uniaxially aligned
and cross-plied, or felted. Such articles are said to
be either flexible or rigid depending upon the nature
of their construction and the materials employed. USP
4,1 8 1,768 describes a rigid armor formed by press
laminating alternate layers of 6,6 nylon film and
poly-(p-phenylene terephthalamide)fabric. The fabric
can be a non-woven such as a needle-punched felt. USP
5,343,796 describes armor systems comprising a first
pliable fibrous layer and a second pliable cut
resistant fibrous layer. The second layer comprises an
uncoated needle-punched felt. US Patent Application
Publication 2002/0106956 describes fabric articles
comprising at least two 



fiber types: one having a tenacity of at least 10 g/d
and another having a tenacity of less than 10 g/d. The
fabrics have a layer resistant to puncture by thorns,
snake bite, sharp branches and the like, and may have
a microporous membrane layer behind the puncture
resistant layer. The puncture resistant layer can be a
needle-punched felt. US Patent Application Publication
2003/0022583 describes ballistic resistant fabric
comprising at least two types of fibrous materials
blended and consolidated together to create a single
layer of composite material. The fibrous materials are
consolidated by needle punching and compression. H.L.
Thomas, discusses "Needle-punched Non-woven Fabric for
Fragmentation Protection", in materials presented at
the 14th International Conference on Composite
Materials, July 14-18, 2003, San Diego, CA. Complete
analysis of penetration of fiber-reinforced composites
is still beyond present capabilities, although several
mechanisms have been identified. A small pointed
projectile can penetrate armor by laterally displacing
fibers without breaking them. In this case, the
penetration resistance depends on how readily fibers
may be pushed aside, and therefore, on the nature of
the fiber network. Important factors are the tightness
of weave or periodicity of cross-overs in cross-plied
unidirectional composites, yarn and fiber deniers,
fiber-to-fiber friction, matrix characteristics,
interlaminar bond strengths and others. Sharp
fragments can penetrate by shearing fibers. The
earlier constructions had several disadvantages.
Cross-plied unidirectional fiber composites generally
have better ballistic resistance and weigh less than
woven fabrics made from the same fiber type, however,
they are typically more costly to produce. Each of the
constructions cited above represents progress toward
the goals to whichthey were directed. However, none
described the specific constructions of the laminates
and assemblies of this invention, and none satisfied
all of the needs met by this invention. SUMMARY OF THE
INVENTION The invention comprises laminated felt
sheets, and assemblies thereof, having utility for
impact absorption, ballistic resistance and
penetration resistance per se, as well as in spall
shields, structural composites and other applications.
Surprisingly, it is found that constructions of the
invention provide unexpected reduction in back face
deformation when impacted by ballistic projectiles,
and improved resistance to penetration by stabbing
implements. In one embodiment, among others, the
invention is a freestanding laminate comprising: a
compressed felt sheet comprising two lateral surfaces
and consisting essentially of one or more high
strength fibers having a tenacity equal to or greater
than about 17 grams per denier (g/d) as measured by
ASTM D2256-02; plastic film bonded to one or both
lateral surfaces of the felt sheet; and optionally,
bonding material between the lateral surface(s) and
the plastic film. Another embodiment is an article
comprising two or more of the inventive laminates
stacked together in face-to-face relationship, wherein
the laminates are connected only in an edge portion. A
further embodiment is an article comprising two or
more of the inventive laminates having a bonding
material between the lateral surfaces of the felt and
the plastic film, wherein the laminates are bonded
together in face-to-face relationship. Yet another
embodiment is an article comprising one or more of the
inventive laminates described above in combination
with one or more fibrous layers selected from the
group consisting of woven sheets of high strength
fibers, sheets of uniaxially-aligned and cross-plied
high strength fibers in a matrix, sheets of
uniaxially-aligned and cross-plied high strength
fibers laminated in a plastic film, said high strength
fibers having a tenacity of at least about 17 g/d;
wnerein said tibrous layers and said laminates are
stacked together in face-to-face relationship. A still
further embodiment is an article comprising one or
more of the inventive laminates previously described
in combination with a rigid plate selected from the
group consisting of: sheets of woven high strength
fibers in a matrix, bonded together; sheets of
uniaxially-aligned and crossplied high strength fibers
in a matrix, bonded together; sheets of
uniaxiallyaligned and cross-plied high strength fibers
laminated in a plastic film and bonded together;
wherein the rigid plate and the inventive laminates
are stacked together in face-to-face relationship. A
yet further embodiment is an article comprising: one
or more of the previously described inventive
laminates in combination with a rigid plate selected
from the group consisting of a ceramic, a glass, a
metalfilled composite, a ceramic-filled composite, a
glass-filled composite and a cermet; wherein the rigid
plate and the inventive laminates are stacked together
in face-to-face relationship. BRIEF DESCRIPTION OF THE
DRAWINGS Figures 1 - 4 are schematic drawings of
laminates of the invention. Figure 5 is a schematic
drawing of an article of the invention. DETAILED
DESCRIPTION OF THE INVENTION High strength fibers used
in ballistic- and/or penetration-resistant
constructions are produced by complex processes, are
intrinsically expensive and are also used in other
applications such as ropes, commercial fishing nets,
tire cord and a variety of reinforced plastic
products, both military and civilian. In times when
military demands are high, production capacity may not
meet all needs. Because production capacity cannot be
quickly increased, a need exists to more efficiently
utilize the limited supply of high strength fibers. A
thus far minimally exploited resource is the short
fiber packages that all fiber production processes
unintentionally produce because of breakage or other
problems. Short fiber packages are undesirable for
weaving or prepregging operations. However, tiber in
these packages can be beneficially utilized in felted
constructions. The invention comprises novel laminated
felt sheets, and assemblies thereof. In one
embodiment, among others, the invention is a
free-standing laminate comprising: a compressed felt
sheet comprising two lateral surfaces and consisting
essentially of one or more high strength fibers having
a tenacity equal to or greater than about 17 grams per
denier (g/d) as measured by ASTM D2256-02; plastic
film bonded to one or both lateral surfaces of the
felt sheet; and optionally, a bonding agent between
the lateral surfaces of the felt and the plastic film.
Surprisingly, it is found that laminates and
assemblies of the invention provide unexpected
reduction in back face deformation when impacted by
ballistic projectiles, and improved resistance to
penetration by 



stabbing implements. The laminates of the invention
also absorb less water when immersed than a felt
material does. For the purposes of the present
invention, a fiber is an elongate body the length
dimension of which is much greater that the transverse
dimensions of width and thickness. Accordingly, the
term fiber includes filament, ribbon, strip, and the
like having regular or irregular crosssection. A yarn
is a continuous strand comprised of many fibers or
filaments. Preferably the high strength fibers
constituting the felt of the inventive laminate have a
tenacity of at least 25 g/d, more preferably at least
30 g/d and most preferably at least 35 g/d as measured
by ASTM D2256-02. Preferably the high strength fibers
constituting the felt of the inventive laminate are
selected from the group consisting of polyolefin,
polyaramid, polybenzazole, polyvinyl alcohol, and
poly{2,6-diimidazo[4,5- b4',5'-e]pyridinylene-1
,4(2,5-dihydroxy)phenylene} (PIPD). More preferably,
the high strength fibers are selected from the group
consisting of polyethylene, poly(p-phenylene
terephthalamide), polybenzoxazole (PBO), and
poly{2,6-diimidazo[4,5-b4\5'-e]pyridinylene-1 ,4(2,5-
dihydroxy)phenylene} (PIPD).A S usea nerein, me term
polyethylene means a predominantly linear polyethylene
material that may contain minor amounts of chain
branching or comonomers not exceeding 5 modifying
units per 100 main chain carbon atoms, and that may
also contain admixed therewith not more than about 50
wt % of one or more polymeric additives such as
alkene-l-polymers, in particular low density
polyethylene, polypropylene or polybutylene,
copolymers containing mono-olefins as primary
monomers, oxidized polyolefins, graft polyolefin
copolymers and polyoxymethylenes, or low molecular
weight additives such as antioxidants, lubricants,
ultra violet screening agents, colorants and the like.
High strength polyethylene fibers may be grown from
solution as described in USP 4,137,394 or USP
4,356,138, or spun from a solution to form a gel
structure, as described in German Off. No. 3,004, 699
and GB No. 2,051 ,667, and especially as described in
USP 4,413,1 10 and sold under the SPECTRA(r) trademark
by Honeywell International Inc. The disclosure of USP
4,413,1 10 is hereby incorporated by reference to the
extent that it is not inconsistent herewith. The
polyethylene fibers may also be produced by a rolling
and drawing process as described in UPS 5,702,657 and
sold under the TENSYLON(r) trademark by ITS Industries
Inc. In the case of aramid fibers, suitable fibers
formed from aromatic polyamides are described in USP's
3,671 ,542 and 5,010,168 which are hereby incorporated
by reference. Aramid fibers are produced commercially
by E.I. Dupont Co. under the KEVLAR(r) and NOMEX(r)
trademarks; by Teijin Twaron BV under the TWARON(r),
TECHNORA(r) and TEIJINCONEX(r) trademarks; by JSC Chim
Volokno under the name ARMOS; and by Kamensk Volokno
JSC under the names RUSAR and SVM. Poly(p-phenylene
terephthalamide) and p-phenylene terephthalamide
aramid copolymer fibers having moderately high moduli
and tenacity values are particularly useful in the
present invention. An example of a p-phenylene
terephthalamide copolymer aramid useful in the
invention is co-poly-(paraphenylene
3,4'-oxydiphenylene terephthalamide). Also useful in
the practice of this invention are
poly(m-phenyleneisopntnaiamide) tibers. Suitable
polybenzazole fibers for the practice of this
invention are disclosed for example in USP's
5,286,833, 5,296,185, 5,356,584, 5,534,205 and
6,040,050 hereby incorporated by reference.
Preferably, the polybenzazole fibers are ZYLON(r)
poly(p-phenylene-2,6- benzobisoxazole) fibers from
Toyobo Co. Suitable PIPD fibers are disclosed in USP's
5,674,969, 5,939,553, 5,945,537 and 6,040,478, hereby
incorporated by reference. A preferred fiber is the
M5(r) brand available from Magellan Systems
International, LLC. For the purposes of the invention,
a felt is a non-woven network of randomly oriented
fibers, preferably at least one of which comprises
discontinuous fibers, preferably staple fiber,
preferably having a length ranging from about 0.25
inches (0.64 cm) to aboutiO inches (25 cm). There are
several methods to lay such a random network of
fibers, for example by carding or fluid laying (air or
liquid), and melt blowing and spin laying as are
conventional in the art. Consolidation of the network
for handling, i.e. bonding of the network of fibers,
can occur by any of the following means: mechanically,
e.g., needle punching, stitch-bonding,
hydro-entanglement, air entanglement, spun bond,
spun-lace ; chemically, e.g., with an adhesive; and
thermally, with a fiber to point bond or a blended
fiber with a lower melting point. The preferred
consolidation method is needle punching alone or
followed by one of the other methods;. The most
preferred felt is a needle punched felt. Needle
punching is a process by which webs of loose fibers
are converted into a coherent non-woven fabric by
mechanical entanglement on machinery called needle
looms. Needle looms are manufactured, for example, by
the firms of Oskar DiIo Maschinenfabrik KG,
Eberbach/N, Germany, Ferher AG, Linz, Austria and
Asselin, Elbeuf, France. During needle punching,
barbed needles punch fiber into the web and withdraw
leaving the fibers entangled. By varying the strokes
per minute, the advance rate of the web, and the
weight of the web, a wide range of felt densities can
be made.I ne Teit component of the inventive laminate
is preferably produced from a web having an areal
density of from about 1 to 50 oz/yd2 (0.034 to 1.67
Kg/m2) , more preferably from about 2 to 20 oz/yd2
(0.068 to 0.68 Kg/m2) and most preferably from about 4
to 10 oz/yd2 (0.136 to 0.34 Kg/m2) . Preferably, the
needle punch density is from about 100 to 2000 per
square inch (15.5 to 310 punches/cm 2) of web, and
more preferably from about 200 to 1000 punches/in 2
(31 to 155 punches/cm 2) . The felt is mated with one
or two plastic films on one or both of its lateral
surfaces under heat and pressure sufficient to bond
the plastic film to the felt surfaces and to compress
the felt. Optionally, a bonding agent is applied to
either the felt or the plastic film surfaces before
mating the felt and the plastic film. The bonding
agent may be applied as a solution, a melt or as a
solid film. The plastic film is selected from the
group consisting of polyolefin, polyamide,
polycarbonate, ionomer, polyimide, polyvinyl chloride,
polyester and polyurethane films. Preferably, the
plastic film is polyethylene, polyamide,
polycarbonate, ionomer or polyester. Preferably, the
plastic film has a thickness from about 0.008 mm to
about 1 mm, and more preferably from about 0.008 mm to
about 0.5 mm. 



When a bonding agent is present in an inventive
laminate, it comprises from about 1 to about 10
percent by weight of the laminate. Preferably, the
bonding agent is an elastomeric material having a
tensile modulus less than about 4 1.3 MPa as measured
by ASTM D638-03. A wide variety of elastomeric
materials and formulations having appropriately low
modulus may be utilized as a bonding agent. For
example, any of the following materials may be
employed: polybutadiene polyisoprene, natural rubber,
ethylene-propylene copolymers, ethylenepropylene-
diene terpolymers, polysulfide polymers, polyurethane
elastomers, chlorosulfonated polyethylene,
polychloroprene, plasticized polyvinylchloride using
dioctyl phthalate or other plasticizers well known in
the art, butadiene acrylonitrile elastomers, poly
(isobutylene-co-isoprene), polyacrylates, polyesters,
polyethers, fluroelastomers, silicone elastomers,
thermoplastic elastomers, copolymers of ethylene.
Preferably, the bondingagent is a tri-block copolymer
of a vinyl aromatic monomer and a conjugated diene
elastomer such as are produced commercially by Kraton
Polymers Inc. Preferably, the laminating pressure is
from about 100 to 5000 psi (0.690 MPa to 34.5 MPa),
The laminating temperature when no bonding agent is
present is selected with respect to the softening
point of the plastic film and/or the melting points of
the high strength fibers. When the felt includes high
strength polyethylene fibers, the laminating
temperature is preferably from 1000C to 13O0C. When
the felt contains only fibers melting above the
melting point of the plastic film, then the laminating
temperature is preferably from 1000C to the softening
point of the plastic film. The softening point of a
bonding agent should be at a lower temperature than
the softening point of the plastic film or the melting
point of the high strength fibers. When a bonding
agent is present, the laminating temperature is from
about the softening point of the bonding agent to
about the softening point of the plastic film or to
about 2O0C below the melting point of the lowest
melting high strength fiber, whichever is lower. The
laminating operation bonds the plastic film to the
felt and compresses the felt, making it more compact
and dense. Preferably, a laminate of the invention has
a density of from about 0.05 g/cm3 to 1.5 g/cm3 and
more preferably, from about 0.1 to1 .5 g/cm3.
Preferably, a laminate of the invention has an areal
density of from about 0.1 Kg/m2 to about 2 Kg/m2.
Figure 1 schematically illustrates a laminate of the
invention 100 consisting of a compressed felt 10 of
high strength fibers and a plastic film 20 on one
lateral surface of the felt 10. As shown in Figure 2 ,
a laminate of the invention 200 may have an optional
bonding agent 30 between the felt 10 and the plastic
film 20. Figure 3 schematically illustrates a laminate
of the invention 300 consisting of a compressed felt
10 of high strength fibers and plastic films 20 on
both lateral surfaces of the laminate 300. As shown in
Figure 4, aiaminaie otme invention 400 may have an
optional bonding agent 30 between the lateral surfaces
of felt 10 and plastic films 20. Preferably, a
laminate of the invention has a low apparent bending
modulus as measured by ASTM D747-93. A low apparent
bending modulus is equivalent to high flexibility.
High flexibility insures that the laminate will
readily conform to a human body. Preferably, a
laminate of the invention has an apparent bending
modulus of less than about 10 psi (137 KPa), more
preferably less than about 5 psi (69 KPa), and most
preferably less than about 2 psi (13.7 KPa), as
measured by ASTM 747-93. In another embodiment, the
invention is an article comprising two or more
laminates of the invention stacked together in
face-to-face relationship, wherein the laminates are
connected only in an edge portion, preferably by
stitching. By "only in an edge portion" is meant the
area within about 1.5 inches (3.8 cm) of the edge.
Preferably, the laminates are not connected to one
another. The assemblies of the invention may be
contained within a pouch or envelope. Preferably, the
article is ballistically resistant, having against the
17 grain ( 1 .1 gram) fragment simulating projectiles
described by MIL-P- 46593A, a V50 velocity of at least
about 1800 ft/sec (549 m/sec), a specific energy
absorption (SEA) of at least about 50 J-m2/Kg and a
back face deformation at the V50 velocity of less than
about 55 mm as measured by MIL-STD 662E. The V50
velocity is that velocity at which a projectile has a
50% probability of penetrating the article. The
specific energy absorption (SEA) is the kinetic energy
of the projectile at the V50 velocity divided by the
areal density of the article, the SEA having units of
Joules-m 2/Kg. Preferably, the article is resistant to
penetration by pointed objects, having against the
"engineered spike" threat at a strike energy of 36
Joules, a penetration depth in millimeters, as
measured by NIJ Standard 0 1150.00, Sept. 2000,
satisfying the following inequality: Penetration
Depth, mm < 45/ Article Areal Density, Ib/ft2
(Penetration Depth, mm <220/ Article Areal Density,
Kg/m2) .A further embodiment of the invention is an
article comprising two or more of the inventive
laminates having a bonding material between the felt
surfaces and the plastic film, described above,
wherein the laminates are bonded together in
face-to-face relationship. Yet another embodiment is
an article comprising one or more of the inventive
laminates described above in combination with one or
more fibrous layers selected from the group consisting
of woven sheets of high strength fibers, sheets of
uniaxially-aligned and cross-plied high strength
fibers in a matrix, sheets of uniaxially-aligned and
cross-plied high strength fibers laminated in a
plastic film, said high strength fibers having a
tenacity of at least about 17 g/d; wherein the fibrous
layers and the inventive laminates are stacked
together in face-to-face relationship. A still further
embodiment is an article comprising one or more of the
inventive laminates previously described in
combination with a rigid plate selected from the group
consisting of: sheets of woven high strength fibers in
a matrix, bonded together; sheets of
uniaxially-aligned and crossplied high strength fibers
in a matrix, bonded together; and sheets of
uniaxially-aligned and cross-plied high strength
fibers laminated in a plastic film and bonded
together; wherein the rigid plate and the inventive
laminates are stacked together in face-to-face
relationship. A yet further embodiment is an article
comprising: one or more of the previously described
inventive laminates in combination with a rigid plate
formed from a ceramic, a glass, a metal-filled
composite, a ceramicfilled composite, a glass-filled
composite and a cermet; wherein the rigid 



plate and the inventive laminates are stacked together
in face-to-face relationship. The following examples
are presented to provide a more complete understanding
of the invention. The specific techniques, conditions,
materials, proportions and reported data set forth to
illustrate the principles of the invention are
exemplary and should not be construed as limiting the
scope of the invention.EXAMPLES Comparative Example 1
A 1200 denier, 120 filament, high strength
polyethylene yarn having a tenacity of 30 g/d as
measured by ASTM D2256-02, commercially available from
Honeywell International inc. as SPECTRA(r) 900 yarn,
was chopped into lengths of 1.5 inches (3,81 cm). A
non-woven web of randomly oriented, loosely connected
high strength fibers was formed from these fibers by
Tex Tech Industries, Portland, ME. The web was needle
punched at a punch density of 600 punches/in 2 (93
punches/cm 2) to produce a felt sheet having an areal
density of 8 oz/yd2 (0.27 Kg/m2) and thickness of
0.155 inch (0.394 cm). The apparent bending modulus of
the felt sheet, as measured by ASTM D747-93, was 1.50
psi (10.3 KPa). Thirteen unconnected sheets of this
felt having dimensions of 16 in x 16 in (41 cm x 4 1
cm) were stacked in face-to-face relationship. The
article consisting of the 2.02 in (5.12 cm) thick
stack of felt sheets was clamped around its edges in
an edge portion and subjected to ballistic testing by
MIL-STD-662E, using 17 grain (1.1 gram), fragment
simulating projectiles (FSP) described by
MIL-P-46593A. The results of the ballistic testing are
shown in Table I below. Comparative Example 2 A high
strength polyethylene fiber felt sheet identical to
that described in Comparative Example 1 was placed in
a press and compressed at 200 psi ( 1 .38 MPa) at a
temperature of 1160C for one hour. At the end of this
time, the compressed felt was removed from the press
and cooled to room temperature. The apparent bending
modulus of the 0.022 inch (0.056 cm) thick compressed
felt sheet, as measured by ASTM D747-93, was 0.53 psi
(3.6 KPa). Thirteen high strength polyethylene fiber
felt sheets identical to those described in
Comparative Example 1 were stacked together
face-toface. The stacked sheets were placed in a press
and compressed at 200 psi ( 1 .38 MPa) at a
temperature of 1160C for one hour. At the end of this
time, the compressed stack was removed from the press
and cooled to room temperature. The article consisting
of the 16 in x 16 in x 0.325 in (41cm x 4 1 cm x 0.826
cm) stack of compressed felt sheets was clamped around
its edges in the edge portion and subjected to
ballistic testing in a manner identical to that
described in Comparative Example 1. The results of the
ballistic testing are shown in Table I below. Example
1 A high strength polyethylene fiber felt sheet
identical to that described in Comparative Example 1
was placed on a 0.00035 in (0.0089 mm) thick linear
low density polyethylene film. The ensemble of the
felt sheet and plastic film was placed in a press and
compressed at 200 psi ( 1 .38 MPa) at a temperature of
1160C for one hour. At the end of this time, a
laminate of the invention having a plastic film on one
lateral surface of the felt was removed from the press
and cooled to room temperature. The apparent bending
modulus of the 0.022 inch (0.056 cm) thick laminate of
the invention, as measured by ASTM D747-93, was 0.61
psi (4.2 KPa). Example 2 Thirteen laminates were
prepared as in Example 1 and stacked together
face-to-face. The article of the invention consisting
of the stack of unconnected laminates, having
dimensions of 16 in x 16 in x 0.52 in (41 cm x 4 1 cm
x 1.32 cm), was clamped around its edges in the edge
portion and subjected to ballistic testing in a manner
identical to that described in Comparative Example 1.
The projectile entered the film side of the article.
Some properties of the article and results of the
ballistic testing are shown in Table I below. Example
3 A high strength polyethylene fiber felt sheet
identical to that described in Comparative Example 1
was placed between two 0.00035 in (0.0089 mm) thick
linear low density polyethylene films. The ensemble of
the felt sheet sandwiched between plastic films was
placed in a press and compressed at 200 psi (1.38 MPa)
at a temperature of 1160C for one hour. At the end of
this time, a laminate of the invention having plastic
films on both surfaces was removed from the press and
cooled to room temperature. The apparent bending
modulus of the 0.025 inch (0.0635cm) thick laminate of
the invention, as measured by ASTM D747-93, was 1.65
psi ( 1 1.4 KPa). Example 4 Thirteen laminates were
prepared as in Example 3 and stacked together
face-to-face. The article of the invention, consisting
of the stack of unconnected laminates and having
dimensions of 16 in x 16 in x 0.455 in (41 cm x 3 1 cm
x 1.16 cm), was clamped around its edges in the edge
portion and subjected to ballistic testing in a manner
identical to that described in Comparative Example 1.
Some properties of the article and results of the
ballistic testing are shown in Table I below. Example
5 A high strength polyethylene fiber felt sheet
identical to that described in Comparative Example 1
was coated on both surfaces with a cyclohexane
solution of a styrene-isoprene-styrene block copolymer
(KRATON(r) D 1107) elastomeric bonding agent, followed
by drying. The elastic modulus of the bonding agent
was 200 psi (1.38MPa) as measured by ASTM D638-03. The
coated felt sheet was placed between two 0.00035 in
(0.0089 mm) thick linear low density polyethylene
films. The ensemble of the coated felt sheet
sandwiched between plastic films was placed in a press
and compressed at 200 psi ( 1 .38 MPa) at a
temperature of 1160C for one hour. At the end of this
time, a laminate of the invention having plastic films
on both surfaces and a bonding agent between the felt
and the plastic films was removed from the press and
cooled to room temperature. Example 6 Thirteen
laminates were prepared as in Example 5 and stacked
together face-to-face. The article of the invention
consisting of the stack of unconnected laminates,
having dimensions of 16 in x 16 in x 0.975 in (41 cm x
4 1 cm x 2.48 cm), was clamped around its edges in the
edge portion and subjected to ballistic testing in a
manner identical to that described in Comparative
Example 1. Some properties of the article and the
results of the ballistic testing are shown in Table I
.It is seen that the V50 and SEA's of the felts of the
Comparative 



Examples and the articles of the invention were not
significantly different from one another. However,
surprisingly, the articles of the invention having
plastic films on the felt surface(s) showed much
reduced back face deformation as compared to the
either the uncompressed or compressed felts of the
Comparative Examples. Body armor must be capable of
stopping a projectile, and additionally must protect
the wearer against "blunt trauma" '. If the projectile
causes excessive back face deformation of the armor,
serious injury or even death may result. It is seen
that the articles of the invention, formed from the
laminates of the invention, are both capable of
effectively stopping a projectile and reducing the
potential for blunt trauma injury. Without being held
to a particular theory of why the invention works, it
is believed that a plastic film surface beneficially
changes the mechanism of interaction of a projectile
with the fibers in a felt. Comparative Example 3 A 210
denier, 60 filament, high strength polyethylene yarn
having a tenacity of 38 g/d as measured by ASTM
D2256-02, commercially available from Honeywell
International Inc. as SPECTRA(r) 1000 yarn, was
chopped into lengths of 3.0 inches (7.62 cm). A 1000
denier, 1.5 denier/fil high strength aramid yarn
produced by Teijin Twaron and having a tenacity of 25
g/d as measured by ASTM D2256-02 was chopped into
lengths of 3.0 inches (7.62 cm). The polyethylene and
aramid chopped fibers were blended in 50/50 wt%/wt%
proportions and a non-woven web of randomly oriented,
loosely connected high strength fibers was formed from
these fibers by Tex Tech Industries, Portland, ME. The
web was needle punched at a punch density of 600
punches/in 2 (93 punches/cm 2) to produce a felt sheet
having an areal density of 7 oz/yd2 (0.24 Kg/m2) and
thickness of 0.12 inch (0.305 cm). Fifteen unconnected
sheets of this felt having dimensions of 16 in x 16 in
(41 cm x 4 1 cm) were stacked in face-to-face
relationship. The article consisting of the 2.02 in.
(5.14 cm) thick stack of felt sheets was clamped
around its edges[0001] METHOD AND SYSTEM FOR REPORTING
EVOLVEDUTRAN CAPABILITIES [0002] FIELD OF INVENTION
[0003] The present invention is related to a wireless
communication system. More particularly, the present
invention is related to a method and system for
reporting evolved universal mobile telecommunication
systems (UMTS) terrestrial radio access network
(E-UTRAN) capabilities. [0004] BACKGROUND [0005]
Different types of wireless access systems have been
developed to provide different types of services. Some
examples of the wireless access systems include
wireless local area networks (WLANs), (such as IEEE
802-based networks), and cellular networks, (such
asUMTS terrestrial radio access network (UTRAN), a
global packet radio service (GPRS)/enhanced data rate
for global system for mobile communication (GSM)
evolution (EDGE) radio access network (GERAN), or the
like). Each of these networks have been developed and
tailored to provide specific applications. [0006]
Proposals for an E-UTRAN have been made to improve
wireless system capacity and enhanced performance. The
E-UTRAN will provide significant advantages over
existing wireless communication systems and additional
services may be available through the E-UTRAN. Figure
1 shows an exemplary integrated wireless communication
system 100 including the EUTRAN. The system 100
includes an access system stratum 110, a network
stratum 120 and a multimedia stratum 130. The access
system stratum 110 includes a plurality of radio
access networks (RANs), a core network (CN) 116 and an
evolved CN 117. The RANs include a generic access
network (GAN) 111, a GERAN 112, a UTRAN 113, an
E-UTRAN 114 and an interworking wireless local area
network (I-WLAN) 115. The RANs 111-115 are connected
to the CN 116 or the evolved CN 117 toprovide
services, (such as multimedia services from an
Internet protocol (IP) multimedia subsystem (IMS)
131), to one or more WTRUs while interacting with an
authentication, authorization and accounting(AAA)
server 121, a mobile IP (MIP) server 122, or other
network entities in the network stratum 120 via a
gateway GPRS support node (GGSN) 118 or a packet data
gateway (PDG) 119. [0007] Currently, multimode WTRUs
for supporting several wireless communication systems
are available. The capabilities of each of the WTRUs
may vary. For example, some WTRUs may support only
UMTS, while other WTRUs may have an I-WLAN support.
The WTRUs that are capable of supporting E-UTRAN will
also be available in the future. When the WTRU has an
E-UTRAN support, it would be desirable to report the
WTRU capabilities to a CN and to report additional
E-UTRAN services to the WTRUs such that the WTRUs may
receive and/or utilize such additional services.
[0008] SUMMARY [0009] The present invention is related
to a method and system for reporting E-UTRAN
capabilities. The WTRU sends a first message to report
the E-UTRAN capabilities of the WTRU to a CN. The CN
then updates the WTRU capabilities based on the first
message. The first message may include a radio access
capability information element (IE) which carries
information regarding the E-UTRAN capabilities of the
WTRU and/or a network capability IE which carries
information regarding network capabilities of the
WTRU. The CN may send a second message to the WTRUto
report network capabilities with respect to the radio
access networks (RANs) to which the core network is
connected and services that can be provided over the
E-UTRAN. [0010] BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Figure 1 shows an exemplary prior art
integrated wireless communication system including an
E-UTRAN and an evolved CN. [0012] Figure 2 is a block
diagram of an exemplary integrated wireless
communication system configured in accordance with the
present invention. [0013] Figure 3 is a flow diagram
of a process for reporting E-UTRAN capabilities of a
multimode WTRU in accordance with the present
invention.[0014] Figures 4A and 4B are diagrams of
network capability IEs in accordance with prior art
and the present invention. [0015] Figures 5A and 5B
are diagrams of radio access capability IEs in
accordance with the prior art and the present
invention. [0016] DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS [0017] When referred
tohereafter, the terminology "WTRU" includes but is
not limited to a user equipment, a mobile station, a
fixed or mobile subscriber unit, a pager, or any other
type of device capable of operating in a wireless
environment. [0018] The features of the present
invention may be incorporated into an integrated
circuit (IC) or be configured in a circuit comprising
a multitude of interconnecting components. [0019]
Figure 2 is a block diagram of an exemplary integrated
wireless 



communication system 200 configured in accordance with
the present invention. In Figure 2 many different
types of WTRUs 202a-202d having different capabilities
are communicating with the integrated system 200
including many different types of RANs 212, 214, 216
and 218. For example, a cellular phone 202a and a
personal data assistance (PDA) 202b are shown
communicating with a global standards for mobile
communication (GSM) RAN 212 and a UMTS/GPRS RAN 214,
and a laptop computer 202c is shown communicating with
the UMTS/GPRS RAN 214 and an I-WLAN 216. Another
laptop computer 202d is shown communicating with the
UMTS/GPRS 214, an I-WLAN 216 and an E-UTRAN 218. All
WTRUs 202a-202d have a capability to communicate with
the UMTS/GPRS RAN 214. As mentioned above, the system
200 of Figure 2 is presented as an example. Thus,
different types of WTRUs having different capabilities
and different types and compositions of RANs are
possible. [0020] Each of the RANs 212-218 is connected
to a CN entity. For example, the GSM RAN 212 is
connected to a mobile switching center (MSC) 222
tohandle calls under GSM radio access technology
(RAT). The UMTS/GPRS RAN 214 is connected to a GPRS
support node (GSN) 224 for supporting UMTS and
GPRSservices. The I-WLAN 216 is connected t o a PDG
and/or aWLAN access gateway (WAG) 226 for supporting
WLAN services. The E-UTRAN 218 is connected to the
evolved CN 228 for supporting E-UTRAN services. The CN
entities 222-228 are further connected toother network
entities, such as a visitor location register (VLR)
230, a home location register (HLR) 234 and a short
message service (SMS)-gateway mobile switching center
(GMSC)/interworking mobile switching center (IW-MSC)
232 for providing a service, such as SMS, from a
service center 236. The SMS-GMSC/IW-MSC 232 serves as
a gateway between the service center 236 and the MSC
222, the GSN 224 or the PDG/WAG 226. The SMSGMSC/
IW-MSC 232 accepts mobile terminated or originated
messages and delivers the messages to and from the MSC
222, the GSN 224 or the PDGAVAG 226. [0021] In
accordance with the present invention, a WTRU
202a-202d reports WTRU capabilities including E-UTRAN
capabilities to the CN over the UMTS/GPRS RAN 214.
After the CN is aware of the capabilities of the WTRU
202a-202d, the CN may report network capabilities,
such as interworking capabilities and other types of
services, (e.g., services that are available to WTRUs
having E-UTRAN capabilities), to the WTRU 202a-202d
over the UMTS/GPRS RAN 214. [0022] The operator may
provide the WTRU(optionally upon request from the
WTRU) inter-access network information pertaining to
locally available 3GPP and non-3GPP access
technologies, (e.g., access name, type, capability, or
the like) . The inter-access network information may
include operator preferences based on locally
available 3GPP and non-3GPP access technologies, and
the information may be restricted to access
technologies and/or networks that the WTRU can use
based on WTRU capabilities and/or subscription. [0023]
Figure 3 is a flow diagram of a process 300 for
reporting E-UTRAN capabilities of a multimode WTRU 302
in accordance with the present invention. The WTRU 302
includes multiple radio units for supporting multiple
wireless communication interfaces, such as an E-UTRAN
air interface, an UTRAN air interface, an I-WLAN air
interface, a GPRS/GSM air interface, or the
like.Preferably, the WTRU 302 informs a CN about its
E-UTRAN capability during an. attachment procedure to
the UMTS system, (i.e., registration). [0024] Upon
power up at step 312, the WTRU 302 sends a radio
resource control (RRC) connection request message to a
radio network controller (RNC) 304 of an UMTS/GPRS RAN
to establish a connection to the UMTS/GPRS RAN (step
314). The RNC 304 performs an admission control
procedure based on a plurality of factors, such as the
availability of resources, or the like (step 316). If
the RNC 304 decides to admit the WTRU 302, the RNC 304
sends an RRC connection setup message to the WTRU 302
(step 318). The WTRU 302 then sends an RRC connection
complete message to the RNC 304 (step 320). [0025] The
WTRU 302 then sends an attach request message to the
RNC 304 in order t o receive GPRS services (step 322).
In accordance with the present invention, the E-UTRAN
capability information is sent along with the attach
request message. The RNC 304 selects a serving GRPS
support node (SGSN) 306 to serve the WTRU 302 and
forwards the attach request message to the selected
SGSN along with the E-UTRAN capability information
(step 324). Authentication and security functions are
then performed between the WTRU 302 and the SGSN 306
(step 326). Once the WTRU 302 is authenticated at step
328, the SGSN 306 sends an update WTRU capability
message to an HLR 308 to update WTRU capabilities
(step 330). The SGSN 306 then sends an attach accept
message to the WTRU 302 via the RNC 304 (steps 332,
334). The SGSN 306 may include the message to report
the network capabilities in the attach accept message.
[0026] In accordance with the present invention, a
radio access capability IE and a network capability IE
of existing GPRS/UMTS capability messages are amended
to include new values toreport the E-UTRAN capability
information to a CN. [0027] Figures 4A and 4B show the
network capability IEs before and after being amended
in accordance with the present invention. The network
capability IEs report WTRU characteristics tothe CN.
As shown in Figure 4B, the network capability IE
includes a new value 400 to indicate the E-UTRAN
capabilities,such as an I-WLAN interworking
capability, of the WTRU in accordance with the present
invention. [0028] Figures 5A and 5B show the radio
access capability IEs before and after being amended
in accordance with the present invention. The radio
access capability IEs report information concerning
radio aspects of the WTRU to the CN. As shown in
Figure 5B, the radio access capability IE includes a
new value 500 to report the multimode capabilities of
the WTRU, (e.g., support of E-UTRAN and/or other
technologies) to the CN. The new value 500 in the
radio access capability IE carries all aspects of the
E-UTRAN capabilities of the WTRU including supported
technology, (e.g., orthogonal frequency division
multiplexing (OFDM), orthogonal frequency division
multiple access (OFDMA), wideband code division
multiple access (WCDMA), or the like), supported
bandwidth, (e.g., 5 MHz, 10 MHz, 15 MHz, 20 MHz,
etc.), scalability, supported bit rates, quality of
service (QoS) support, terminal type, (e.g., PDA,
laptop, phone), memory size, screen size, processing
power, or the like. [0029] As described hereinbefore,
after updating the WTRU capability, the CN may send a
second message to the WTRU 302 to report the
availability of new network capabilities, (such as
I-WLAN capabilities and evolved CN capabilities), or
services that can be provided over the E-UTRAN. The
second message may by included in the attach accept
message or any other message. The availability of new
network capabilities may be indicated by using the
same network capability IE shown in Figure 4B. [0030]
Embodiments. [0031] 1. A method of reporting E-UTRAN
capabilities of a WTRU. [0032] 2. The method of
embodiment 1 including a WTRU sending a 



first message to a CN wherein the first message
reports E-UTRAN capabilities of the WTRU to the CN.
[0033] 3. The method of embodiment 2 wherein the CN
updates the WTRU capabilities based on the first
message. [0034] 4. The method as in any embodiments
2-3, wherein the first message includes a radio access
capability IE which carries information relatedto the
E-UTRAN capabilities of the WTRU. [0035] 5. The method
of embodiment 4, wherein the radio access capability
IE includes at least one of supported technology
information, supported bandwidth information,
scalability information, supported bit rates
information, quality of service (QoS) information,
terminal type information, memory size information,
screen size information, and processing power
information. [0036] 6. The method as in any
embodiments 2-5, wherein the WTRU supports at least
one of an E-UTRAN air interface, a UTRAN air
interface, an IWLAN air interface, and a GPRS and GSM
air interface. [0037] 7. The method as in any
embodiments 2-6, wherein the first message includes a
network capability IE which carries information
related to network capabilities of the WTRU. [0038] 8.
The method of embodiment 7, wherein the network
capability IE includes information related to
interworking capabilities with an I-WLAN. [0039] 9.
The method as in any embodiments 2-8, wherein the
first message is transmitted during an attach
procedure. [0040] 10. The method as in any embodiments
2-9 further comprising the CN sending a second message
to the WTRU, the second message reporting network
capabilities with respect to a plurality of radio
access networks (RANs) t o which the CN is connected.
[0041] 11. The method of embodiment 10 wherein the
second message includes information regarding
interworking capabilities with an I-WLAN. [0042] 12.
The method as in any embodiments 10-11, wherein the
second message includes information regarding services
that can be provided over the EUTRAN. [0043] 13. The
method as in any embodiments 10-12, wherein the second
message is transmitted during an attach procedure.
[0044] 14. The method as in any embodiments 1-13,
wherein the CN provides the WTRU inter-access network
information pertaining to locally available third
generation partnership (3GPP) and non-3GPP
accesstechnologies. [0045] 15. The method of
embodiment 14 wherein the inter-access network
information is provided upon request from the WTRU.
[0046] 16. The method as in any embodiments 14-15,
wherein the interaccess network information includes
at least one of access name, type, capability. [0047]
17. The method as in any embodiments 14-16, wherein
the interaccess network information includes operator
preferences based on locally available 3GPP and
non-3GPP access technologies. [0048] 18. The method as
in any embodiments 14-17, wherein the interaccess
network information is restricted to access
technologies/networks that the WTRU may use based on
WTRU capabilities and subscription. [0049] 19. An
integrated wireless communication system for reporting
EUTRAN capabilities of a WTRU. [0050] 20. The system
of embodiment 19 comprising a CN and a WTRU configured
to send a first message to the CN, the first message
reporting EUTRAN capabilities of the WTRUt o the CN,
wherein the CN updates the WTRU capabilities based on
the first message. [0051] 21. The system of embodiment
20 wherein the first message includes a radio access
capability information element (IE) which carries
information related to the E-UTRAN capabilities of the
WTRU. [0052] 22. The system as in any embodiments
20-21, wherein the radio access capability IE includes
at least one of supported technology information,
supported bandwidth information, scalability
information, supported bit rates information, QoS
information, terminal type information, memory size
information, screen size information, and processing
power information. [0053] 23. The system as in any
embodiments 20-22, wherein the CN is connected t o a
plurality of RANs deployed under different radio
access technologies including at least one of an
E-UTRAN, a UTRAN, an I-WLAN, and a GPRS and GSM
network. [0054] 24. The system as in any embodiments
20-23, wherein the first message includes a network
capability IE which carries network capabilities ofthe
WTRU. [0055] 25. The system as in any embodiments
20-24, wherein the network capability IE includes
information related to interworking capabilities with
an I-WLAN. [0056] 26. The system as in any embodiments
20-25, wherein the first message is transmitted during
an attach procedure. [0057] 27. The system as in any
embodiments 20-25, wherein the CN is configured to
send a second message tothe WTRU, the second message
reporting network capabilities with respect t o the
RANs t o which the CN is connected. [0058] 28. The
system of embodiment 27wherein the RANs include an
IWLAN and the second message includes information
regarding interworking capabilities with the I-WLAN.
[0059] 29. The system as in any embodiments 27-28,
wherein the second message includes information
regarding services that can be provided over the
EUTRAN. [0060] 30. The system as in any embodiments
27-29, wherein the second message is transmitted
during an attach procedure. [0061] 31. The system as
in any embodiments 20-30, wherein the CN provides the
WTRU inter-access network information pertaining to
locally available 3GPP and non-3GPP access
technologies. [0062] 32. The system of embodiment 31
wherein the inter-access network information is
provided upon request from the WTRU. [0063] 33. The
system as in any embodiments 31-32, wherein the
interaccess network information includes at least one
of access name, type, capability. [0064] 34. The
system as in any embodiments 31-33, wherein the
interaccess network information includes operator
preferences based on locally available 3GPP and
non-3GPP access technologies. [0065] 35. The system as
in any embodiments 31-34, wherein the interaccess
network information is restricted to access
technologies/networks that the WTRU may use based on
WTRU capabilities and subscription. [0066] Although
the features and elements of the present invention
aredescribed in the preferred embodiments in
particular combinations, each feature or element can
be used alone without the other features and elements
of the preferred embodiments or in various
combinations with or without other features and
elements of the present invention.CLAIMS What is
claimed is: 1. A method of reporting evolved universal
mobile telecommunication systems (UMTS) terrestrial
radio access network (E-UTEAN) capabilities, the
method comprising: 



a wireless transmit/receive unit (WTRU) sending a
first message to a core network (CN), the first
message reporting E-UTRAN capabilities of the WTRUto
the CN; and the CN updating the WTRU capabilities
based on the first message. 2. The method of claim 1
wherein the first message includes a radio access
capability information element (IE) which carries
information related tothe E-UTRAN capabilities of the
WTRU. 3. The method of claim 2 wherein the radio
access capability IE includes at least one of
supported technology information, supported bandwidth
information, scalability information, supported bit
rates information, quality of service (QoS)
information, terminal type information, memory size
information, screen size information, and processing
power information. 4. The method of claim 1 wherein
the WTRU supports at least one of an EUTRAN air
interface, a UTRAN air interface, an interworking
wireless local area network (I-WLAN) air interface,
and a global packet radio services (GPRS) and global
standards for mobile communication (GSM) air
interface. 5. The method of claim 1 wherein the first
message includes a network capability information
element (IE) which carries information related to
network capabilities of the WTRU.6. The method of
claim 5 wherein the network capability IE includes
information related to interworking capabilities with
an interworking wireless local area network (I-WLAN).
7. The method of claim 1wherein the first message is
transmitted during an attach procedure. 8. The method
of claim 1 further comprising: the CN sending a second
message to the WTRU, the second message reporting
network capabilities with respect to a plurality of
radio access networks (RANs) to which the CN is
connected. 9. The method of claim 8 wherein the second
message includes information regarding interworking
capabilities with an interworking wireless local area
network (I-WLAN). 10 . The method of claim 8 wherein
the second message includes information regarding
services that can be provided over the E-UTRAN. 11.
The method of claim 8 wherein the second message is
transmitted during an attach procedure. 12. The method
of claim 1 wherein the CN provides the WTRU
inter-access network information pertaining to locally
available third generation partnership (3GPP) and
non-3GPP access technologies. 13. The method of claim
12 wherein the inter-access network information is
provided upon request from the WTRU.14. The method of
claim 12 wherein the inter-access network information
includes at least one of access name, type,
capability. 15. The method of claim 12 wherein the
inter-access network information includes operator
preferences based on locally available 3GPP and
non-3GPP access technologies. 16. The method of claim
12 wherein the inter-access network information is
restricted to access technologies/networks that the
WTRU may use based on WTRU capabilities and
subscription. 17. An integrated wireless communication
system for reporting evolved universal mobile
telecommunication systems (UMTS) terrestrial radio
access network (E-UTRAN) capabilities, the system
comprising: a core network (CN); and a wireless
transmit/receive unit (WTRU) configured to send a
first message to the CN, the first message reporting
E-UTRAN capabilities of the WTRU to the CN, wherein
the CN updates the WTRU capabilities based on the
first message. 18. The system of claim 17 wherein the
first message includes a radio access capability
information element (IE) which carries information
related tothe E-UTRAN capabilities of the WTRU. 19.
The system of claim 17 wherein the radio access
capability IE includes at least one of supported
technology information, supported bandwidth
information, scalability information, supported bit
rates information, quality of service (QoS)
information, terminal type information, memory size
information, screen size information, and processing
power information.20. The system of claim 17 wherein
the CN is connected toa plurality of radio access
networks (RANs) deployed under different radio access
technologies including at least one of an E-UTRAN, a
UMTS terrestrial radio access network (UTRAN), ah
interworking wireless local area network (I-WLAN), and
a global packet radio services (GPRS) and global
standards for mobile communication (GSM) network. 21.
The system of claim 17 wherein the first message
includes a network capability information element (IE)
which carries network capabilities of the WTRU. 22.
The system of claim 21 wherein the network capability
IE includes information related to interworking
capabilities with an interworking wireless local area
network (I-WLAN). 23. The.system of claim 17 wherein
the first message is transmitted during an attach
procedure. 24. The system of claim 20 wherein the CN
is configured to send a second message tothe WTRU, the
second message reporting network capabilities with
respect to the RANs to which the CN is connected. 25.
The system of claim 24 wherein the RANs include an
interworking wireless local area network (I-WLAN) and
the second message includes information regarding
interworking capabilities with the I-WLAN. 26. The
system of claim 24 wherein the second message includes
information regarding services that can be provided
over the E-UTRAN. 27. The system of claim 24 wherein
the second message is transmitted during an attach
procedure.28. The system of claim 17 wherein the CN
provides the WTRUinter-access network information
pertaining to locally available third generation
partnership (3GPP) and non-3GPP access technologies.
29. The system of claim 28 wherein the inter-access
network information is provided upon request from the
WTRU. 30. The system of claim 28 wherein the
inter-access network information includes at least one
of access name, type, capability. 31. The system of
claim 28 wherein the inter-access network information
includes operator preferences based on locally
available 3GPP and non-3GPP access technologies. 32.
The system of claim 28 wherein the inter-access
network information is restricted to access
technologies/networks that the WTRU may use based on
WTRU capabilities and subscription. 


